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SECTION 1 CONGENITAL AND PEDIATRIC PROBLEMS 
 

Introduction (Purpose) 
The Home Study Course is designed to provide relevant and timely clinical information for 

physicians in training and current practitioners in otolaryngology - head and neck surgery. The 

course, spanning four sections, allows participants the opportunity to explore current and cutting 

edge perspectives within each of the core specialty areas of otolaryngology. 

 

The Selected Recent Material represents primary fundamentals, evidence-based research, and 

state of the art technologies in congenital and pediatric problems.  The scientific literature 

included in this activity forms the basis of the assessment examination. 

 

The number and length of articles selected are limited by editorial production schedules and 

copyright permission issues, and should not be considered an exhaustive compilation of 

knowledge on congenital and pediatric problems. 

 

The Additional Reference Material is provided as an educational supplement to guide 

individual learning.  This material is not included in the course examination and reprints are not 

provided. 

 

Needs Assessment  

AAO-HNSF’s education activities are designed to improve healthcare provider competence through 

lifelong learning.  The Foundation focuses its education activities on the needs of providers within the 

specialized scope of practice of otolaryngologists. Emphasis is placed on practice gaps and education 

needs identified within eight subspecialties. The Home Study Course selects content that addresses these 

gaps and needs within all subspecialties. 

 

Target Audience 

The primary audience for this activity is physicians and physicians-in-training who specialize in 

otolaryngology-head and neck surgery. 

 

Outcomes Objectives 

The participant who has successfully completed this section should be able to: 
 

1. Describe the presentation and management of pediatric parotid and other salivary gland masses 
2. Discuss the presentation and management of pediatric thyroid masses  

3. Explore the presentation and management of pediatric vascular anomalies and hemangiomas 

4. Identify the indications for propranolol administration to treat pediatric hemangiomas  

5. Review the indications and methodology for airway evaluation by drug-induced sleep endoscopy (DISE) 

6. Describe the presentation and management of pediatric autoimmune neuropsychiatric disorder associated 

with streptococcus (PANDAS) 

7. Discuss the presentation and management of pediatric deep neck and peritonsillar abscesses 

8. Review the current recommended guidelines for managing pediatric obstructive sleep apnea (OSA) 

including adenotonsillar disease 

9. Explore some aspects of workup and management of pediatric sensorineural hearing loss including genetic 

testing and cochlear implantation 

10. Consider the current recommended guidelines for tympanostomy tube insertion  

11. Discuss the management of velopharyngeal insufficiency and the relationship of this condition to cleft 

palate  

12. Explain the diagnosis and management of common traumatic pediatric facial fractures 

13. Review the management of Pierre Robin Sequence including indications for mandibular distraction 

osteogenesis (MDO) 

14. Describe the presentation and management of orbital and central nervous system complications of acute 

sinusitis  



Medium Used 
The Home Study Course is available in electronic or print format.  The activity includes a review of 

outcomes objectives, selected scientific literature, and a self-assessment examination.   

 

Method of Physician Participation in the Learning Process 
The physician learner will read the selected scientific literature, reflect on what they have read, 

and complete the self-assessment exam. After completing this section, participants should have a 

greater understanding of congenital and pediatric problems as they affect the head and neck area, 

as well as useful information for clinical application. 

 

Estimated time to complete this activity: 40.0 hours 

 

Accreditation Statement 
The American Academy of Otolaryngology—Head and Neck Surgery Foundation (AAO-HNSF) is 

accredited by the Accreditation Council for Continuing Medical Education to provide continuing medical 

education for physicians. 

 

Credit Designation 
The AAO-HNSF designates this enduring material for 40.0 AMA PRA Category 1 Credit(s)™.  Physicians 

should claim credit commensurate with the extent of their participation in the activity. 

 

ALL PARTICIPANTS must achieve a post-test score of 70% or higher for a passing completion to 

be recorded and a transcript to be produced.  Residents:  results will be provided to the Training Program 

Director.   

 

PHYSICIANS ONLY:  In order to receive Credit for this activity a post-test score of 70% or higher is 

required.  Two retest opportunities will automatically be available if a minimum of 70% is not achieved 

with the first attempt. 

 

Disclosure 
The American Academy of Otolaryngology Head and Neck Surgery/Foundation (AAO-HNS/F) supports 

fair and unbiased participation of our volunteers in Academy/Foundation activities. All individuals who 

may be in a position to control an activity’s content must disclose all relevant financial relationships or 

disclose that no relevant financial relationships exist.  All relevant financial relationships with commercial 

interests1 that directly impact and/or might conflict with Academy/Foundation activities must be 

disclosed. Any real or potential conflicts of interest2 must be identified, managed, and disclosed to the 

learners. In addition, disclosure must be made of presentations on drugs or devices, or uses of drugs or 

devices that have not been approved by the Food and Drug Administration. This policy is intended to 

openly identify any potential conflict so that participants in an activity are able to form their own 

judgments about the presentation.  
 

[1]A “Commercial interest” is any entity producing, marketing, re-selling, or distributing health care goods or services consumed by, or used on, 

patients.  
2 “Conflict of interest” is defined as any real or potential situation that has competing professional or personal interests that would make it 

difficult to be unbiased.  Conflicts of interest occur when an individual has an opportunity to affect education content about products or services 

of a commercial interest with which they have a financial relationship. A conflict of interest depends on the situation and not on the character 

of the individual. 
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This 2017-18 Home Study Course Section 1 Course includes discussion of off-label uses of the following 

drugs and devices which have not been approved by the United States Food and Drug Administration:   

 

Name of Drug(s) or Device(s)  Nature of Off-label Discussion 
Cochlear Implant   Use in single-sided deafness 

 

Disclaimer 
The information contained in this activity represents the views of those who created it and does not 

necessarily represent the official view or recommendations of the American Academy of Otolaryngology – 

Head and Neck Surgery Foundation. 

 

October 9, 2017:  Suggested section 1 Exam submission deadline; course closes 

August 7, 2018. 
 

EVIDENCE BASED MEDICINE 
The AAO-HNSF Education Advisory Committee approved the assignment of the appropriate level of 

evidence to support each clinical and/or scientific journal reference used to authenticate a continuing 

medical education activity.  Noted at the end of each reference, the level of evidence is displayed in this 

format: [EBM Level 3]. 
 

Oxford Centre for Evidence-based Medicine Levels of Evidence (May 2001)  

Level 1 Randomized1 controlled trials2 or a systematic review3 (meta-analysis4) of randomized 

controlled trials5. 

Level 2 Prospective (cohort6 or outcomes) study7 with an internal control group or a systematic review 

of prospective, controlled trials. 

Level 3 Retrospective (case-control8) study9 with an internal control group or a systematic review of 

retrospective, controlled trials. 

Level 4 Case series10 without an internal control group (retrospective reviews; uncontrolled cohort or 

outcome studies). 

Level 5 Expert opinion without explicit critical appraisal, or recommendation based on 

physiology/bench research. 

Two additional ratings to be used for articles that do not fall into the above scale.  Articles that are informational only 

can be rated N/A , and articles that are a review of an article can be rated as Review.  All definitions adapted from 

Glossary of Terms, Evidence Based Emergency Medicine at New York Academy of Medicine at www.ebem.org. 
 

                                                           
1 A technique which gives every patient an equal chance of being assigned to any particular arm of a controlled 

clinical trial. 
2 Any study which compares two groups by virtue of different therapies or exposures fulfills this definition. 
3 A formal review of a focused clinical question based on a comprehensive search strategy and structure critical 

appraisal. 
4 A review of a focused clinical question following rigorous methodological criteria and employing statistical 

techniques to combine data from independently performed studies on that question. 
5 A controlled clinical trial in which the study groups are created through randomizations. 
6 This design follows a group of patients, called a “cohort”, over time to determine general outcomes as well as 

outcomes of different subgroups. 
7 Any study done forward in time.  This is particularly important in studies on therapy, prognosis or harm, where 

retrospective studies make hidden biases very likely. 
8 This might be considered a randomized controlled trial played backwards.  People who get sick or have a bad 

outcome are identified and “matched” with people who did better.  Then, the effects of the therapy or harmful 

exposure which might have been administered at the start of the trial are evaluated. 
9 Any study in which the outcomes have already occurred before the study has begun. 
10 This includes single case reports and published case series. 

http://www.ebem.org/


 

OUTLINE 

Section 1 Congenital and Pediatric Problems 

September 2017 
 

 

 
I.    Airway, Bronchoesophagology, and Laryngology 

 

II. Craniofacial Abnormalities and Trauma 

 

III. Adenotonsillar Disease and Sleep Disorders 

 

IV. Rhinology 

 

V. Otology 

 
VI. Head and Neck 

 



 

 



TABLE OF CONTENTS 
Selected Recent Materials - Reproduced in this Study Guide 

 
SECTION 1: CONGENITAL AND PEDIATRIC PROBLEMS 

SEPTEMBER 2017 
 

 

 

ADDITIONAL REFERENCE MATERIAL………………….....…………………………………i - iv 
 

 

 

 

I. Airway, Bronchoesophagology, and Laryngology 

 Butskiy O, Mistry B, Chadha NK.  Surgical interventions for pediatric unilateral vocal cord 

paralysis: a systematic review.  JAMA Otolaryngol Head Neck Surg.  2015; 141(7):654-660.  

EBM level 3............................................................................................................................1-7 

 

 Summary: This article presents a systematic review of surgical interventions for pediatric 

unilateral vocal cord paralysis (UVCP).  The authors present a review of 15 articles and 

conclude that although the overall level of evidence is relatively low, surgical interventions 

for UVCP tend to be successful, with a particular emphasis on the increasing experience with 

laryngeal reinnervation procedures.  The article provides a knowledge base for appropriate 

counseling of affected children. 

 

 Carter J, Rahbar R, Brigger M, et al.  International Pediatric ORL Group (IPOG) 

laryngomalacia consensus recommendations.  Int J Pediatr Otorhinolaryngol.  2016; 86:256-

261.  EBM level 5.................................................................................................................8-13 

  

 Summary: This article presents an installment from the International Pediatric 

Otorhinolaryngology Group, which was formed by a series of thought leaders in the field to 

develop clinical consensus for conditions and therapies that lack a strong base of quantitative 

data.  This article seeks to provide data-driven recommendations where available, but 

primarily focuses on the experience of the group and resultant consensus in developing 

algorithms.  The manuscript provides detailed evaluation and management strategies for 

children presenting with laryngomalacia. 

 

 Richter A, Chen DW, Ongkasuwan J.  Surveillance direct laryngoscopy and bronchoscopy in 

children with tracheostomies.  Laryngoscope.  2015; 125(10):2393-2397.  EBM 

level 4..................................................................................................................................14-18 

  

 Summary: This article presents a large single-institution experience regarding practice of 

surveillance bronchoscopy in children with tracheostomy.  The authors report that 58% of 

procedures were associated with interventions such as removal of granulation tissue or 

tracheostomy tube exchange.  The article provides support for the practice of surveillance 

bronchoscopy in children to ensure optimal airway care. 

  



 Zdanski CJ, Austin GK, Walsh JM, et al.  Transoral robotic surgery for upper airway 

pathology in the pediatric population.  Laryngoscope.  2017; 127(1):247-251.  EBM 

level 4..................................................................................................................................19-23 

  

 Summary: This article presents a retrospective review of children undergoing transoral 

robotic surgery for upper airway pathology.  Although the review is limited to 16 patients, the 

authors expand on prior publications by demonstrating a broader experience and provide 

useful clinical pearls that the reader may find useful as indications and capabilities expand. 

 

II. Craniofacial Abnormalities and Trauma 

 Coon D, Kosztowski M, Mahoney NR, et al.  Principles for management of orbital fractures 

in the pediatric population: a cohort study of 150 patients.  Plast Reconstr Surg.  2016; 

137(4):1234-1240.  EBM level 3........................................................................................24-30 

  

 Summary: This is a retrospective analysis of 150 pediatric trauma patients evaluated in a 

tertiary care facility.  The majority of these patients underwent acute surgical repair of orbital 

injury, although some underwent delayed repair.  Complications were noted in 4.7% of 

patients, and two patients had poor vision at their last follow-up visit.  The authors describe 

four potential indications for surgical repair of pediatric orbital fractures: rectus muscle 

entrapment, early enophthalmos, central-gaze diplopia or extra-ocular muscle entrapment 

after resolution of swelling, and loss of orbital support. 

 

 Flores RL, Greathouse ST, Costa M, et al.  Defining failure and its predictors in mandibular 

distraction for Robin sequence.  J Craniomaxillofac Surg.  2015; 43(8):1614-1619.  EBM 

level 4..................................................................................................................................31-36 

  

 Summary: This is a retrospective review of patients with Pierre Robin sequence who were 

assessed for the need for mandibular distraction after birth.  The authors defined failed 

outcome after distraction as tracheostomy, persistent obstructive sleep apnea, and death.  

They used bivariate and regression analysis to identify variables associated with failure using 

a scoring system.  Analysis of 81 patients over a 10-year period of time identified that age, 

neurologic anomaly, airway anomaly, GERD, intact palate, and preoperative intubation were 

associated with outcome failure. 

 

 Hoppe IC, Kordahi AM, Paik AM, et al.  Examination of life-threatening injuries in 431 

pediatric facial fractures at a level 1 trauma center.  J Craniofac Surg.  2014; 25(5):1825-

1828.  EBM level 3.............................................................................................................37-40 

  

 Summary: This is a 12-year retrospective review of all pediatric facial traumatic injuries at a 

level 1 trauma center.  The authors reviewed patient age, mechanism of injury, and related 

fractures that occurred.  The correlation of pediatric facial fracture with intracranial 

hemorrhage (ICH) and cervical spine fracture were notable.  There was a clear delineation in 

Glasgow Coma Scale scores in patients with and without ICH and cervical fracture. 

  



 Katzel EB, Shakir S, Naran S, et al.  Speech outcomes after clinically indicated posterior 

pharyngeal flap takedown.  Ann Plast Surg.  2016; 77(4):420-424.  EBM level 4............41-45 

  

 Summary: This is a retrospective review of 64 patients who had pharyngeal flap takedown 

due to hyponasality and obstructive sleep apnea.  The authors primarily took down the 

pharyngeal flap, but occasionally also performed a Furlow palatoplasty at the time of flap 

take down.  The speech results after flap take down were compared using objective speech 

analysis, which demonstrated that 90% of patients who have their pharyngeal flap taken 

down will not suffer from poorer speech. 

 

 Pawar SS, Koch CA, Murakami C.  Treatment of prominent ears and otoplasty: a 

contemporary review.  JAMA Facial Plast Surg.  2015; 17(6):449-454.  EBM 

level 5..................................................................................................................................46-51 

 

 Summary: This is a comprehensive review of the development, anatomy, and surgical 

considerations for surgery for the prominent ear.  The authors review the specific physical 

findings and their relevance to the surgical approach, and then provide a reconstructive 

paradigm for addressing the specific ear deformity.  The article includes wonderful diagrams 

illustrating the most common surgical approaches, which give very specific details about the 

surgery. 

  

III. Adenotonsillar Disease and Sleep Disorders 

 Dahl JP, Miller C, Purcell PL, et al.  Airway obstruction during drug-induced sleep 

endoscopy correlates with apnea-hypopnea index and oxygen nadir in children.  Otolaryngol 

Head Neck Surg.  2016; 155(4):676-680.  EBM level 4.....................................................52-56 

  

 Summary: This article correlates drug-induced sleep endoscopy (DICE) scores using the 

Chan-Parikh (C-P) scoring system with the preprocedural polysomnogram apnea-hypopnea 

index (AHI) and oxygen nadir in 127 children with obstructive sleep apnea.  Fifty-six patients 

were syndromic and 21 had previous adenotonsillectomy.  The mean C-P score positively 

correlated with the mean AHI and negatively correlated with mean oxygen nadir.  The study 

provides further evidence that DICE is a useful tool to identify the location and severity of 

obstruction in pediatric obstructive sleep apnea. 

 

 Farhood Z, Ong AA, Discolo CM.  PANDAS: a systematic review of treatment options.  Int J 

Pediatr Otorhinolaryngol.  2016; 89:149-153.  EBM level 3............................................57-61 

  

 Summary: This is a systematic review of the treatment for Pediatric Autoimmune 

Neuropsychiatric Disorder Associated with Streptococcus (PANDAS) focusing on 

tonsillectomy, antibiotic treatment/prophylaxis, intravenous immunoglobulin, and cognitive-

behavioral therapy with or without selective serotonin reuptake inhibitors.  A paucity of high-

level studies was identified.  Overall, tonsillectomy was not found to be an effective 

treatment modality.  Antibiotics remain an option, although their efficacy is uncertain.  

Cognitive behavior therapy is a low-risk option for management of symptoms.  Two studies 

support the use of intravenous immunoglobulin, but additional trials are needed given its 

potential risks. 

  



 Fordham MT, Rock AN, Bandarkar A, et al.  Transcervical ultrasonography in the diagnosis 

of pediatric peritonsillar abscess.  Laryngoscope.  2015; 125(12):2799-2804.  EBM 

level 4..................................................................................................................................62-67 

  

 Summary: This study is a prospective evaluation of the predictive utility of transcervical 

ultrasonography in identifying peritonsillar abscesses in children.  The sensitivity and 

specificity of transcervical ultrasound when compared to clinical outcomes were 100% and 

76.5%, respectively.  There was a significant association between negative ultrasonography 

and successful medical management.  Potential advantages of ultrasonography compared to 

CT are cost reduction, avoidance of unnecessary radiation exposure, avoidance of undue 

sedation, and real-time imaging. 

 

 Garetz SL, Mitchell RB, Parker PD, et al.  Quality of life and obstructive sleep apnea 

symptoms after pediatric adenotonsillectomy.  Pediatrics.  2015; 135(2):e477-e486.  EBM 

level 1..................................................................................................................................68-77 

  

 Summary: Data from the Childhood Adenotonsillectomy Trial (CHAT), a randomized 

controlled trial of adenotonsillectomy versus watchful waiting for mild obstructive sleep 

apnea, were evaluated to compare improvements in disease-specific and global quality of life 

between groups.  Greater improvements in most quality-of-life and symptom severity 

measurements were found in the adenotonsillectomy group using the Pediatric Quality of Life 

Inventory, the Obstructive Sleep Apnea-18 (OSA-18), the Sleep-Related Breathing Subscale 

of the Pediatric Sleep Questionnaire (PSQ-22), and the modified Epworth Sleepiness Scale.  

Results were not influenced by obesity or baseline sleep study indices, but some of the 

symptom measures were influenced by race. 

 

 Prosser JD, Shott SR, Rodriguez O, et al.  Polysomnographic outcomes following lingual 

tonsillectomy for persistent obstructive sleep apnea in Down syndrome.  Laryngoscope.  

2017; 127(2):520-524.  EBM level 4..................................................................................78-82 

  

 Summary: This is a retrospective review of polysomnography outcomes after lingual 

tonsillectomy in children with Down syndrome with residual obstructive sleep apnea 

following adenotonsillectomy.  There were significant improvements in change scores for 

apnea-hypopnea index (AHI), obstructive AHI, apnea index, hypopnea index, and oxygen 

saturation nadir, but not in time with CO2 >50 mm Hg.  The AHI was <5 events/hour in 

61.9% of patients and ≤1 in 19% of patients.  The study suggests that children with Down 

syndrome and persistent obstructive sleep apnea after adenotonsillectomy should be 

evaluated for lingual tonsil hypertrophy. 

 

IV. Rhinology 

 Garin A, Thierry B, Leboulanger N, et al.  Pediatric sinogenic epidural and subdural 

empyema: the role of endoscopic sinus surgery.  Int J Pediatr Otorhinolaryngol.  2015; 

79(10):1752-1760.  EBM level 4........................................................................................83-91 

  

 Summary: Controversy exists as to whether minimally invasive endoscopic approaches are 

sufficient to treat serious suppurative intracranial complications of pediatric sinusitis.  This 

study supports an important role for endoscopic sinus surgery in these cases and a role as sole 

surgical intervention for small epidural empyema. 

 



 Sagi L, Eviatar E, Gottlieb P, Gavriel H.  Quantitative evaluation of facial growth in children 

after unilateral ESS for subperiosteal orbital abscess drainage.  Int J Pediatr 

Otorhinolaryngol.  2015; 79(5):690-693.  EBM level 4.....................................................92-95 

  

 Summary: Possible interference with facial growth has long been considered a possible 

complication of pediatric endoscopic sinus surgery (ESS) since animal studies in piglets done 

in the 1990s demonstrated fairly dramatic effects.  Subsequent human studies have failed to 

confirm that hypothetical concern, and this study adds to the body of evidence supporting the 

safety of ESS by adding the unique study design of patients undergoing unilateral surgery for 

subperiosteal orbital abscess, enabling them to serve as their own control. 

 

 Wald ER, Applegate KE, Bordley C, et al.  Clinical practice guideline for the diagnosis and 

management of acute bacterial sinusitis in children aged 1 to 18 years.  Pediatrics.  2013; 

132(1):e262-e280.  EBM level 1.......................................................................................96-114 

  

 Summary: Continuing the theme of credible best-practice guidelines, this updated guideline is 

critical for providers who treat children with acute bacterial sinusitis.  Changes in this 

revision include the addition of a clinical presentation designated as “worsening course,” an 

option to either treat immediately or observe children with persistent symptoms for 3 days 

before treating, and a review of evidence indicating that imaging is not necessary in children 

with uncomplicated acute bacterial sinusitis. 

 

V. Otology 

 Bergevin A, Zick CD, McVicar SB, Park AH.  Cost-benefit analysis of targeted hearing 

directed early testing for congenital cytomegalovirus infection.  Int J Pediatr 

Otorhinolaryngol.  2015; 79(12):2090-2093.  EBM level 5...........................................115-118 

  

 Summary: The authors present a cost-benefit analysis of early cytomegalovirus (CMV) 

detection in Utah.  They calculate the estimated costs of the early CMV detection program in 

place in Utah, and compare that to the costs incurred by society in untreated hearing loss due 

to CMV.  They conclude that if antiviral therapies are used to mitigate hearing loss for one 

infant per year, then the public savings offset the costs of the screening program and antiviral 

therapy. 

 

 Duval M, Grimmer JF, Meier J, et al.  The effect of age on pediatric tympanoplasty 

outcomes: a comparison of preschool and older children.  Int J Pediatr Otorhinolaryngol.  

2015; 79(3):336-341.  EBM level 4................................................................................119-124 

  

 Summary: This retrospective case series looks at the rate of residual perforation following 

tympanoplasty in children in three different age groups (ages 2 to 4, 5 to 7, and 8 to 13 years).  

They found that on multivariate analysis, preschool-aged children had a 5× increased 

incidence of perforation when compared to the oldest children.  This was mostly attributed to 

reperforation from eustachian tube dysfunction or acute otitis media after initial successful 

healing. 

  



 Friedmann DR, Ahmed OH, McMenomey SO, et al.  Single-sided deafness cochlear 

implantation: candidacy, evaluation, and outcomes in children and adults.  Otol Neurotol.  

2016; 37(2):e154-e160.  EBM level 4.............................................................................125-131 

  

 Summary: This is a retrospective case series of 16 patients (four children) with unilateral 

severe-to-profound sensorineural hearing loss who underwent ipsilateral cochlear 

implantation.  The consonant-nucleus-consonant (CNC) and hearing-in-noise test scores were 

significantly improved from the preoperative condition. 

 

 Greinwald J, DeAlarcon A, Cohen A, et al.  Significance of unilateral enlarged vestibular 

aqueduct.  Laryngoscope.  2013; 123(6):1537-1546.  EBM level 2...............................132-141 

  

 Summary: The authors identified 144 children with unilateral and bilateral enlarged vestibular 

aqueducts (EVA) as well as a comparison group of children with hearing loss but no EVA.  

They looked at the incidence of ipsilateral and contralateral hearing loss as well as the rate of 

hearing loss progression.  They found that children with unilateral EVA have a significant 

risk of progression of hearing loss in the ipsilateral and/or contralateral ear, and that they are 

more likely to progress than children with hearing loss without an EVA on imaging.  This is a 

slightly older paper, but a revolutionary one. 

 

 Sloan-Heggen CM, Bierer AO, Shearer AE, et al.  Comprehensive genetic testing in the 

clinical evaluation of 1119 patients with hearing loss.  Hum Genet.  2016; 135(4):441-450.  

EBM level 4....................................................................................................................142-151 

  

 Summary: This study details the results of samples from 1119 sequential patients referred to 

the University of Iowa for comprehensive genetic testing for hearing loss.  Researchers 

identified the underlying genetic cause in 39% of samples.  The diagnostic rate was highest 

for patients with autosomal dominant hearing loss, congenital onset, and bilateral symmetric 

hearing loss.  The authors offer an algorithm for workup of patients based on phenotype. 

 

 Wang MC, Wang YP, Chu CH, et al.  The protective effect of adenoidectomy on pediatric 

tympanostomy tube re-insertions: a population-based birth cohort study.  PLOS One.  2014; 

9(7):e101175.  EBM level 2............................................................................................152-158 

  

 Summary: This article analyzed the rate of second set of tympanostomy tube insertion in 

cohorts of children in that underwent tube insertion alone vs. tube insertion with 

adenoidectomy.  They found that adenoidectomy with the first set of tubes decreased the rate 

of tube reinsertion, especially for children over the age of 4 years at the time of their first tube 

surgery. 

  



VI. Head and Neck 

 Cockerill CC, Gross BC, Contag S, et al.  Pediatric malignant salivary gland tumors: 60 year 

follow up.  Int J Pediatr Otorhinolaryngol.  2016; 88:1-6.  EBM level 4......................159-164 

  

 Summary: This article reviews the presentation, treatments, and outcomes of pediatric 

patients with salivary gland malignancies.  A total of 56 patients were identified.  The 

majority of patients presented with a painless mass without facial nerve weakness at a mean 

age of 14.1 years.  Most of the tumors originated in the parotid gland (88%), with 5% in the 

submandibular gland and 7% in the minor salivary glands.  The most common histologies in 

the major salivary glands were mucoepidermoid carcinoma and acinic cell carcinoma.  Most 

were of low tumor grade, presenting at an early stage, and a majority were treated with total 

parotidectomy without adjuvant therapy.  The rate of local recurrence was low (27%).  Most 

patients with major salivary gland malignancies (85%) were alive with no evidence of 

disease.  In patients with minor salivary gland malignancies, the recurrence rate was 75%, 

and the rate of distant metastasis and death was 50%. 
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 Summary: This article describes a query of the SEER database to provide an update on the 

incidence, disease-specific survival, and treatment modalities of pediatric patients with 

thyroid cancer.  A total of 1723 pediatric patients were identified with thyroid cancer between 

2007-2012, giving an average age-adjusted rate of malignancy of 0.59 per 100,000 patients.  

Fifteen-year disease-specific survival is greater than 95% for the most common thyroid 

carcinoma subtypes, excluding medullary carcinoma, with appropriate treatment modalities 

(surgery with and without adjuvant radiation). 
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 Summary: This article reviews the imaging characteristics of the most common congenital 

and acquired neck masses in the pediatric population.  The article covers congenital masses 

such as thyroglossal duct anomalies, branchial apparatus anomalies, laryngeal anomalies, and 

vascular anomalies, as well as acquired masses such as ranula, fibromatosis colli, sialadenitis, 

and lymphadenitis.  Ultrasound, MRI, and CT scan can be used along with the patient’s age, 

clinical history, and examination results to provide an accurate diagnosis of pediatric neck 

masses. 
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 Summary: This article evaluates the use of fine-needle aspiration biopsy (FNAB) to assess 

head and neck masses in the pediatric population.  A total of 257 consecutive patients 

underwent FNAB in the interventional radiology suite, operating room, clinic, or ward from 

2007-2014.  Most common diagnoses were reactive lymphadenopathy (38.5%), benign 

thyroid colloid nodule (12.1%), malignancy (8.2%), and atypical mycobacterial infection 

(5.8%).  FNAB yielded an overall sensitivity of 94.6% and specificity of 97.7%.  

Complication rate was 2.1%.  Most patients required sedation or anesthesia for the FNAB 

procedure.  Negative FNAB can be utilized to provide reassurance to avoid unnecessary 

surgery with its associated morbidity and cost. 
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 Summary: This article summarizes the results of a randomized controlled trial on the use of 

propranolol to treat complicated infantile hemangioma.  A total of 460 patients were 

randomized to receive placebo or one of four propranolol dosing regimens (1 or 3 mg/kg/day 

for 3 or 6 months).  The regimen of 3 mg/kg/day for 6 months was found to be the most 

effective dosing regimen, with 60% of patients having complete or near-complete resolution 

of hemangioma vs. 4% in the placebo group.  Adverse events were more common in the 

propranolol-treated groups (90%) compared to the placebo group (76%). 

 

 



i 

 

2017-18 SECTION 1 ADDITIONAL REFERENCES 
 

 

Adil E, Tarshish Y, Roberson D, et al.  The public health impact of pediatric deep neck space infections.  

Otolaryngol Head Neck Surg.  2015; 153(6):1036-1041.  

 

Amirazodi E, Propst EJ, Chung CT, et al.  Pediatric thyroid FNA biopsy: outcomes and impact on 

management over 24 years at a tertiary care center.  Cancer Cytopathol.  2016; doi:10.1002/cncy.21750.  

[Epub ahead of print].  

 

Bedwell JR, Pierce M, Levy M, Shah RK.  Ibuprofen with acetaminophen for postoperative pain control 

following tonsillectomy does not increase emergency department utilization.  Otolaryngol Head Neck 

Surg.  2014; 151(6):963-966. 

 

Bhattacharyya N.  The prevalence of pediatric voice and swallowing problems in the United States.  

Laryngoscope.  2015; 125(3):746-750. 

 

Boghani Z, Husain Q, Kanumuri VV, et al.  Juvenile nasopharyngeal angiofibroma: a systematic review 

and comparison of endoscopic, endoscopic-assisted, and open resection in 1047 cases.  Laryngoscope.  

2013; 123(4):859-869. 

 

Boyette JR.  Facial fractures in children.  Otolaryngol Clin North Am.  2014; 47(5):747-761. 

 

Brietzke, SE, Shin JJ, Choi S, et al.  Clinical consensus statement: pediatric chronic rhinosinusitis.  

Otolaryngol Head Neck Surg.  2014; 151(4):542-553. 

 

Chong LY, Head K, Hopkins C, et al.  Different types of intranasal steroids for chronic rhinosinusitis.  

Cochrane Database Syst Rev.  2016 Apr 26; 4:CD011993.   

 

Chong LY, Head K, Hopkins C, et al.  Intranasal steroids versus placebo or no intervention for chronic 

rhinosinusitis.  Cochrane Database Syst Rev.  2016 Apr 26; 4:CD011996.   

 

Cofer SA, Baas B, Strand E, Cockerill CC.  Augmentation pharyngoplasty for treatment of 

velopharyngeal insufficiency in children: results with injectable dextranomer and hyaluronic acid 

copolymer.  Laryngoscope.  2016; 126 Suppl 8:S5-S13.   

 

Colletti L, Colletti G, Mandalà M, Colletti V.  The therapeutic dilemma of cochlear nerve deficiency: 

cochlear or brainstem implantation?  Otolaryngol Head Neck Surg.  2014; 151(2):308-314. 

 

Collins B, Stoner JA, Digoy GP.  Benefits of ultrasound vs. computed tomography in the diagnosis of 

pediatric lateral neck abscesses.  Int J Pediatr Otorhinolaryngol.  2014; 78(3):423-426. 

 

Drolet BA, Frommelt PC, Chamlin SL, et al.  Initiation and use of propranolol for infantile hemangioma: 

report of a consensus conference.  Pediatrics.  2013; 131(1):128-140. 

 

Gallagher TQ, Hill C, Ojha S, et al.  Perioperative dexamethasone administration and risk of bleeding 

following tonsillectomy in children: a randomized controlled trial.  JAMA.  2012; 308(12):1221-1226. 

 

Givens DJ, Buchmann LO, Agarwal AM, et al.  BRAF V600E does not predict aggressive features of 

pediatric papillary thyroid carcinoma.  Laryngoscope.  2014; 124(9):E389-E393. 



ii 

 

 

Hang AX, Roush PA, Teagle HF, et al.  Is “no response” on diagnostic auditory brainstem response 

testing an indication for cochlear implantation in children?  Ear Hear.  2015; 36(1):8-13. 

 

Hilland M, Røksund OD, Sandvik L, et al.  Congenital laryngomalacia is related to exercise-induced 

laryngeal obstruction in adolescence.  Arch Dis Child.  2016; 101(5):443-448.  

 

Katz ES, Moore RH, Rosen CL, et al.  Growth after adenotonsillectomy for obstructive sleep apnea: an 

RCT.  Pediatrics.  2014; 134(2):282-289. 

 

Kheirandish-Gozal L, Bhattacharjee R, Bandla HP, Gozal D.  Antiinflammatory therapy outcomes for 

mild OSA in children.  Chest.  2014; 146(1):88-95. 

 

Kim IA, Shapiro N, Bhattacharyya N.  The national cost burden of bronchial foreign body aspiration in 

children.  Laryngoscope.  2015; 125(5): 1221-1224. 

 

Kozin ED, Cummings BM, Rogers DJ, et al.  Systemwide change of sedation wean protocol following 

pediatric laryngotracheal reconstruction.  JAMA Otolaryngol Head Neck Surg.  2015; 141(1):27-33. 

 

Lam DJ, Tabangin ME, Shikary TA, et al.  Outcomes of mandibular distraction osteogenesis in the 

treatment of severe micrognathia.  JAMA Otolaryngol Head Neck Surg.  2014; 140(4):338-345. 

 

Lee VS, Evans KN, Perez FA, et al.  Upper airway computed tomography measures and receipt of 

tracheotomy in infants with Robin sequence.  JAMA Otolaryngol Head Neck Surg.  2016; 142(8):750-

757.   

 

Lindstrand A, Bennet R, Galanis I, et al.  Sinusitis and pneumonia hospitalization after introduction of 

pneumococcal conjugate vaccine.  Pediatrics.  2014; 134(6):e1528-e1536. 

 

Jones CM, Mackay AF, Mackay DR, Long RE.  Do pharyngeal flaps restrict early midface growth in 

patients with clefts?  Cleft Palate Craniofac J.  2016; 53(6):629-633.   

 

Meier JD, Grimmer JF.  Evaluation and management of neck masses in children.  Am Fam Physician.  

2014; 89(5):353-358. 

 

Muntz HR.  Management of sleep apnea in the cleft population.  Curr Opin Otolaryngol Head Neck Surg.  

2012; 20(6):518-521. 

 

Nardone HC, Recko T, Huang L, Nuss RC.  A retrospective review of the progression of pediatric vocal 

fold nodules.  JAMA Otolaryngol Head Neck Surg.  2014; 140(3):233-236. 

 

Okada H, Gosain AK.  Current approaches to management of nonsyndromic craniosynostosis.  Curr Opin 

Otolaryngol Head Neck Surg.  2012; 20(4):310-317. 

 

Olarte L, Hulten KG, Lamberth L, et al.  Impact of the 13-valent pneumococcal conjugate vaccine on 

chronic sinusitis associated Streptococcus pneumoniae in children.  Pediatr Infect Dis J.  2014; 

33(10):1033-1036. 

 

Osborn AJ, de Alarcon A, Tabangin ME, et al.  Swallowing function after laryngeal cleft repair: more 

than just fixing the cleft.  Laryngoscope.  2014; 124(8):1965-1969. 

 



iii 

 

Osborn AJ, Papsin BC, James AL.  Clinical indications for canal wall-down mastoidectomy in a pediatric 

population.  Otolaryngol Head Neck Surg.  2012; 147(2):316-322. 

 

Oyewumi M, Inarejos E, Greer ML, et al.  Ultrasound to differentiate thyroglossal duct cysts and dermoid 

cysts in children.  Laryngoscope.  2015; 125(4):998-1003.   

 

Patel RG, Daramola OO, Linn D, et al.  Do you need to operate following recovery from complications of 

pediatric acute sinusitis?  Int J Pediatr Otorhinolaryngol.  2014; 78(6):923-925. 

 

Rogers DJ, Setlur J, Raol N, et al.  Evaluation of true vocal fold growth as a function of age.  Otolaryngol 

Head Neck Surg.  2014; 151(4):681-686. 

 

Roland PS, Rosenfeld RM, Brooks LJ, et al.  Clinical practice guideline: polysomnography for sleep-

disordered breathing prior to tonsillectomy in children.  Otolaryngol Head Neck Surg.  2011; 145(1S):S1-

S15. 

 

Rosbe KW, Milev D, Chang JL.  Effectiveness and costs of sialendoscopy in pediatric patients with 

salivary gland disorders.  Laryngoscope.  2015; 125(12):2805-2809.   

 

Rosenfeld RM, Schwartz SR, Pynnonen MA, et al.  Clinical practice guideline: tympanostomy tubes in 

children.  Otolaryngol Head Neck Surg.  2013; 149(1S):S1-S35. 

 

Runyan CM, Uribe-Rivera A, Karlea A, et al.  Cost analysis of mandibular distraction versus 

tracheostomy in neonates with Pierre Robin sequence.  Otolaryngol Head Neck Surg.  2014; 151(5):811-

818. 

 

Seidman MD, Gurgel RK, Lin SY, et al.  Clinical practice guideline: allergic rhinitis.  Otolaryngol Head 

Neck Surg.  2015; 152(1 Suppl):S1-S43. 

 

Semenov YR, Yeh ST, Seshamani M, et al.  Age-dependent cost-utility of pediatric cochlear 

implantation.  Ear Hear.  2013; 34(4):402-412. 

 

Sethi G, Chakravarti A.  Quality of life after endoscopic sinus surgery in refractory pediatric chronic 

rhinosinusitis.  Int J Pediatr Otorhinolaryngol.  2016; 90:160-164. 

 

Sharma A, Glick H, Campbell J, et al.  Cortical plasticity and reorganization in pediatric single-sided 

deafness pre- and postcochlear implantation: a case study.  Otol Neurotol.  2016; 37(2):e26-e34.   

 

Sladen DP, Carlson ML, Dowling BP, et al.  Early outcomes after cochlear implantation for adults and 

children with unilateral hearing loss.  Laryngoscope.  2016; doi:10.1002/lary.26337.  [Epub ahead of 

print].  

 

Sink JR, Kitsko DJ, Mehta DK, et al.  Diagnosis of pediatric foreign body ingestion: clinical presentation, 

physical examination, and radiologic findings.  Ann Otol Rhinol Laryngol.  2016; 125(4):342-350.   

 

Tekes A, Koshy J, Kalayci TO, et al.  S.E. Mitchell Vascular Anomalies Flow Chart (SEMVAFC): a 

visual pathway combining clinical and imaging findings for classification of soft-tissue vascular 

anomalies.  Clin Radiol.  2014; 69(5):443-457. 

 



iv 

 

Thottam PJ, Haupert M, Saraiya S, et al.  Functional endoscopic sinus surgery (FESS) alone versus 

balloon catheter sinuplasty (BCS) and ethmoidectomy: a comparative outcome analysis in pediatric 

chronic rhinosinusitis.  Int J Pediatr Otorhinolaryngol.  2012; 76(9):1355-1360.  

 

Trosman SJ, Eleff DJ, Krishna J, Anne S.  Polysomnography results in pediatric patients with mild 

obstructive sleep apnea: adenotonsillectomy vs. watchful waiting.  Int J Pediatr Otorhinolaryngol.  2016; 

83:25-30.   

 

Venekamp RP, Thompson MJ, Hayward G, et al.  Systemic corticosteroids for acute sinusitis.  Cochrane 

Database Syst Rev.  2011 Dec 7; (12):CD008115.   

 

Vercillo NC, Xie L, Agrawal N, Nardone HC.  Pediatric tympanostomy tube removal technique and 

effect on rate of persistent tympanic membrane perforation.  JAMA Otolaryngol Head Neck Surg.  2015; 

141(7):614-619.   

 

Ulualp SO.  Modified expansion sphincter pharyngoplasty for treatment of children with obstructive sleep 

apnea.  JAMA Otolaryngol Head Neck Surg.  2014; 140(9):817-822.   

 

Villa MP, Rizzoli A, Rabasco J, et al.  Rapid maxillary expansion outcomes in treatment of obstructive 

sleep apnea in children.  Sleep Med.  2015; 16(6):709-716.   

 

Zalewski CK, Chien WW, King KA, et al.  Vestibular dysfunction in patients with enlarged vestibular 

aqueduct.  Otolaryngol Head Neck Surg.  2015; 153(2):257-262.   

 

Zalmanovici Trestioreanu A, Yaphe J.  Intranasal steroids for acute sinusitis.  Cochrane Database Syst 

Rev.  2013 Dec 2; (12):CD005149. 

 



Copyright 2015 American Medical Association. All rights reserved.

Surgical Interventions for Pediatric Unilateral
Vocal Cord Paralysis
A Systematic Review
Oleksandr Butskiy, BSc(Hons), MD; Bhavik Mistry, BHSc(Hons);
Neil K. Chadha, MBChB(Hons), MPH, BSc(Hons), FRCS

IMPORTANCE The most widely used surgical interventions for pediatric unilateral vocal cord
paralysis include injection laryngoplasty, thyroplasty, and laryngeal reinnervation. Despite
increasing interest in surgical interventions for unilateral vocal cord paralysis in children, the
surgical outcomes data in children are scarce.

OBJECTIVE To appraise and summarize the available evidence for pediatric unilateral vocal
cord paralysis surgical strategies.

EVIDENCE REVIEW MEDLINE (1946-2014) and EMBASE (1980-2014) were searched for
publications that described the results of laryngoplasty, thyroplasty, or laryngeal
reinnervation for pediatric unilateral vocal cord paralysis. Further studies were identified from
bibliographies of relevant studies, gray literature, and annual scientific assemblies. Two
reviewers independently appraised the selected studies for quality, level of evidence, and risk
of bias as well as extracted data, including unilateral vocal cord paralysis origin, voice
outcomes, swallowing outcomes, and adverse events.

FINDINGS Of 366 identified studies, the inclusion criteria were met by 15 studies: 6
observational studies, 6 case series, and 3 case reports. All 36 children undergoing laryngeal
reinnervation (8 studies) had improvement or resolution of dysphonia. Of 31 children
receiving injection laryngoplasty (6 studies), most experienced improvement in voice quality,
speech, swallowing, aspiration, and glottic closure. Of 12 children treated by thyroplasty (5
studies), 2 experienced resolution of dysphonia, 4 had some improvement, and 4 had no
improvement (2 patients had undocumented outcomes). Thyroplasty resolved or improved
aspiration in 7 of 8 patients.

CONCLUSIONS AND RELEVANCE Published studies suggest that reinnervation may be the most
effective surgical intervention for children with dysphonia; however, long-term follow-up
data are lacking. With the exception of polytetrafluoroethylene injections, injection
laryngoplasty was reported to be a relatively safe, nonpermanent, and effective option for
most children with dysphonia. Thyroplasty appears to have fallen out favor in recent years
because of difficulty in performing this procedure in children under local anesthesia, but it
continues to be a viable option for children with aspiration.
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U nilateral vocal cord paralysis (UVCP) is defined as immo-
bility of a vocal cord due to disruption of its motor
innervation.1 In the pediatric population, UVCP most com-

monly arises from iatrogenic recurrent laryngeal nerve injury dur-
ing cardiac surgery. Other origins include iatrogenic injury from neck
or mediastinal surgery as well as neurologic and idiopathic causes.2

A pediatric otolaryngologist in a tertiary care center may expect to
see approximately 4 to 10 patients with UVCP each year.1,3,4

Neonates and infants with UVCP typically present within the first
2 years of life with an abnormal cry or voice, stridor, or feeding
difficulty.1 Over time, many children achieve spontaneous sympto-
matic resolution due to compensation in glottic closure from the con-
tralateral vocal cord or recovery of the injured nerve.2,5 Unfortu-
nately, 20% to 40% of children remain symptomatic after the
recommended 8 to 12 months of observation and are considered can-
didates for surgical intervention.2,6 The main indication for inter-
vention in young children is airway protection. In older children, dys-
phonia becomes the primary reason for an intervention.7 With an
increased understanding of the negative effect of dysphonia on the
lives of children,8 some authors9 have advocated earlier interven-
tions for children with UVCP and dysphonia.

The interest in surgical interventions for pediatric UVCP has in-
creased in the past 15 years. The 3 accepted surgical interventions
for glottic closure improvement in children with UVCP are injection
laryngoplasty, thyroplasty, and laryngeal reinnervation.10 In injec-
tion laryngoplasty, glottic closure is improved by injecting the thy-
roarytenoid muscle in the paralyzed cord; however, these results may
be temporary because some injection materials are reabsorbed over
time. In thyroplasty, the paralyzed vocal cord is medialized perma-
nently with an implant positioned by an external neck incision. Thy-
roplasty is generally reserved for adolescents who are able to tol-
erate the procedure while awake so that phonation can be tested
for optimal vocal cord positioning.7 Ansa cervicalis nerve to recur-
rent laryngeal nerve (ansa-RLN) reinnervation can restore the tone
of paralyzed laryngeal muscles. Reinnervation may overcome the
concerns about laryngeal growth, ongoing muscle atrophy, or the
use of foreign material associated with the other 2 procedures, but
there is a significant time lag between surgery and improvement.11

Despite increasing interest in surgical interventions for pediat-
ric UVCP, the data on outcomes of these procedures in children are
scarce. The goal of this systematic review is to synthesize and sum-
marize available evidence on injection laryngoplasty, thyroplasty, and
laryngeal reinnervation for pediatric UVCP. This information will help
guide otolaryngologists in choosing an appropriate surgical tech-
nique for their patients.

Methods
Literature Search Strategy
We searched MEDLINE (1946 to 2014) and EMBASE (1980 to 2014)
for relevant studies. The date of the last search was June 30, 2014.
In addition, 2 authors (O.B., B.M.) screened the bibliographies of all
relevant studies and searched available abstracts by hand from rel-
evant scientific assemblies from 2003 through 2013: American Acad-
emy of Otolaryngology–Head and Neck Surgery, Canadian Society
of Otolaryngology, American Society of Pediatric Otolaryngology, and
European Society of Pediatric Otorhinolaryngology.

Study Selection Criteria
Two reviewers (O.B., B.M.) screened titles or abstracts from the ini-
tial search for the following inclusion criteria: (1) a primary research
study (controlled trial or observational study, including case series
and case reports); (2) study included data on the pediatric popula-
tion (0-18 years old); (3) study investigated UVCP and 1 or more of
the 3 surgical techniques: injection laryngoplasty, thyroplasty, and/or
laryngeal reinnervation; (4) study documented outcomes of the sur-
gical interventions for UVCP; (5) English-language study; and (6) not
a duplicate study or a study on the same data set.

The same reviewers then screened the full texts of all chosen
citations; studies that did not meet the selection criteria were ex-
cluded. All discrepancies were resolved by consensus.

Assessment of Quality, Level of Evidence, and Risk of Bias
The level of evidence from individual studies was assessed using the
Oxford Centre for Evidence-Based Medicine Levels of Evidence from
March 2009.12 The risk of selection, performance, detection, attri-
tion, and reporting bias in case series were assessed by determin-
ing a score from 0 (low risk) to 5 (high risk) using the following scor-
ing system: (1) sample selection (consecutive or not: 1 indicates no
or not stated and 0 indicates consecutive); (2) diagnostic criteria
stated (1 indicates not stated and 0 indicates stated); (3) out-
comes measured consistently for all patients (1 indicates not con-
sistent and 0 indicates consistent); (4) outcomes reported consis-
tently for all patients (1 indicates not consistent and 0 indicates
consistent); and (5) follow-up period of 1 year or more (1 indicates
<1 year and 0 indicates !1 year).

Data Extraction and Analysis
Data were extracted in duplicate using data forms and outcome mea-
sures developed a priori. Descriptive statistics were extracted, and
qualitative syntheses of the results were reported. The primary out-
come measure was the effect of the surgical intervention on voice
as judged by clinical assessment and change in voice-related quality-
of-life surveys. The secondary outcome measures were the effect
of surgical intervention on swallowing, glottic closure as assessed
by endoscopy, and adverse events.

Results
Study Selection
Using our search strategy, we identified 366 studies; 343 were ex-
cluded after review of title or abstracts, and 8 studies were ex-
cluded after full-text review. This yielded 15 studies for data extrac-
tion (Figure).

Injection Laryngoplasty
Six studies1,13-17 reported on injection laryngoplasty for treatment of
pediatric UVCP (Table 1). Thirty-one patients with a variety of UVCP ori-
gins were included in the studies (5 male patients, 3 female patients,
and 23 patients with unknown sex). The mean age of the patients was
7.2 years (range, 1 month to 18 years). Dysphonia was the most com-
mon indication for injection laryngoplasty (at least 14 patients). In at
least 5 patients, injection was performed for aspiration.

A few authors described the methods for injection laryngo-
plasty in detail. During the procedure, the airway was managed using
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a variety of techniques: endotracheal intubation, total intravenous
anesthesia with spontaneous respiration, jet ventilation, and tra-
cheostomy. Local anesthesia was not used for any of the injections.
A number of different injection materials were used (Table 1), but
only 2 authors reported the injected volumes. Levine et al14 used an
absorbable gelatin sponge (Gelfoam; Pfizer Inc) and polytetrafluo-
roethylene and recommended injecting 0.3 to 0.4 mL twice with the
Arnold-Bruennings syringe (once into the middle or posterior one-
third of the true vocal process and once into the junction of the
middle one-third and anterior one-third). Cohen et al17 reported in-
jecting 0.26 mL of calcium hydroxylapatite (Radiesse Voice; Merz
Aesthetics Inc), 0.27 mL of sodium carboxymethylcellulose gel
(Radiesse Voice Gel; Merz Aesthetics Inc), and 0.5 mL of an absorb-
able gelatin sponge (Gelfoam). Overall, the injected volumes var-
ied from 0.2 to 0.6 mL depending on the injected material.

Injection laryngoplasty consistently improved swallowing and
voice in children with UVCP in the 6 selected studies. Of 5 patients
in whom injection was performed for recurrent aspiration, 3 pa-
tients with tracheotomies were decanulated,13,14 one was weaned
from the ventilator, and one stopped having choking episodes.15 Dys-
phonia was the indication for 26 vocal cord injections (excluding the
study by Cohen et al17). All 26 injections were deemed successful in
improving voice by subjective measures. Objective measures of
voice, including videostroboscopy and computerized voice analy-
sis, were only documented in one patient.15 Cohen et al17 were the
only authors to report success rates of less than 100% after injec-
tion laryngoplasty. Among patients injected for dysphonia, 94% ex-
perienced subjective or objective improvement in voice, and among
patients injected for dysphagia or aspiration, improvement was seen
in 85%. However, in addition to 8 patients with UVCP, this analysis
included the outcomes of 5 patients with vocal cord scarring or
atrophy.17 Time to the additional injection was underreported and
varied depending on the injected material (Table 1). Tucker13 and Sipp
et al16 noted the effects of some injectables to last longer than they

would expect in the adult population.13,16 In the 6 studies, one pa-
tient with UVCP experienced a complication after vocal cord injec-
tion: granuloma formation after polytetrafluoroethylene injection.1

Thyroplasty
Five case reports (level 4 evidence) reported using thyroplasty in 12
pediatric patients (Table 2).1,16,18-20 The mean age of the patients was
11.5 years (range, 2-18 years). Dysphonia and aspiration were indi-
cations for surgery in 8 patients, whereas 4 patients had dysphonia
alone. Local anesthesia was used in 4 patients (aged 14-18 years).
General anesthesia was used in 7 patients (aged 2-14 years). Sev-
eral authors16,20 advocated the use of laryngeal airway mask for in-
traoperative airway management.

Voice outcomes were not evaluated objectively in any of the
studies. The authors relied on subjective reports by physician, par-
ent, or patient to evaluate voice outcomes. Overall, thyroplasty was
moderately effective in alleviating dysphonia. Five (42%) of 12 pa-
tients had resolution or improvement of dysphonia after thyro-
plasty. There were no apparent differences in rates of recovery from
dysphonia in patients who underwent thyroplasty under general or
local anesthesia. Dysphonia resolved or improved in 3 (43%) of 7 pa-
tients and 2 (50%) of 4 patients who underwent thyroplasty under
general and local anesthesia, respectively. The laryngeal airway mask
was used for 2 of 3 cases in which dysphonia was resolved while the
patient was under general anesthesia. Link et al19 attributed the lack
of voice improvement in 3 patients to the use of an adult thyro-
plasty technique in which the prosthesis was placed above the vo-
cal cords. The authors adjusted the adult technique in their last case
by lowering the implant placement and reported a successful voice
outcome.

Compared with voice improvement, thyroplasty was more ef-
fective in alleviating aspiration. Seven (88%) of 8 patients had reso-
lution or improvement in aspiration after thyroplasty. The remain-
ing 1 patient had effects of the thyroplasty deteriorate at
approximately 6 months. However, this patient had a complicated
preoperative history, including 3 failed polytetrafluoroethylene in-
jections and an arterectomy that led to intractable aspiration.18 There
were no apparent differences in rates of recovery from aspiration
in surgical patients under general or local anesthesia.

During the period of follow-up (range, 4-19 months), 4 of 12 pa-
tients had no complications, while complications were not men-
tioned in 7 patients. One patient had a major complication, aspira-
tion pneumonia, that resulted in a 7-day period of intubation. In this
18-year-old patient, thyroplasty was performed, in addition to ad-
duction arytenoidopexy and cricothyroid joint subluxation, with the
patient under local anesthesia.16

Reinnervation
We identified 8 studies that reported outcomes of laryngeal rein-
nervation for UVCP in a pediatric population (Table 3).7,9,13,16,21-24

These studies consisted of case reports and case series (level 4 evi-
dence). Risk of bias was 5 in all except 2 studies.22,24

The population of patients in these 8 studies included children
aged 2 to 16 years. The cause of UVCP in most of these patients (26
of 38) was patent ductus arteriosus ligation. Dysphonia was the in-
dication for surgery in 37 of 38 patients.

Laryngeal electromyography (EMG) was not used in deciding
the timing of surgical intervention in the included studies. How-

Figure. Study Selection

366 Studies identified

23 Full texts reviewed

15 Studies selected

343 Studies excluded
24

100
3

200
2

14

Not a primary study
Not a pediatric study
Not 1 of the 3 surgical interventions
Not UVCP
No outcomes
Duplicate

8 Studies excluded
1
2
2
2
1

Not a pediatric study
Not UVCP
Not 1 of the 3 surgical interventions
No outcomes
Duplicate

UVCP indicates unilateral vocal cord paralysis.
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ever, Zur23 described using intraoperative EMG to establish the asym-
metry between the right and left thyroarytenoid muscles. The au-
thors did not provide information on whether any of the planned
reinnervation procedures were aborted as a result of unexpected
intraoperative EMG findings.

Ansa-RLN anastomosis was the reinnervation approach used in
all identified studies. Smith et al22 used ansa-RLN anastomosis in
combination with arytenoid adduction in older children. Only 2 stud-
ies described the surgical technique in detail: one using a minimally
invasive approach with the da Vinci System (Intuitive Surgical Inc)21

and another using the operating microscope.9 In both studies, ansa
cervicalis was identified low in the neck around the omohyoid muscle,
and end-to-end anastomosis was created with 8-0 monofilament
in the first case and 10-0 nylon sutures in the other. An entire ansa
was used in both studies and was believed to provide the best size
match for the RLN.9,21 At the time of surgery, most authors also per-
formed a temporary injection laryngoplasty of the paralyzed vocal
cord.

The results of laryngeal innervation were documented during
a follow-up period that ranged from 3 months to 6 years. Many au-
thors used validated subjective measures to assess the quality of

voice and its effect on the child’s life, including the Pediatric Voice-
Related Quality of Life, Voice Handicap Index, and Consensus Au-
ditory-Perceptual Evaluation of Voice, along with objective mea-
sures of voice, such as maximum phonation time and pitch range.
Most studies did not collect preoperative voice data and instead re-
lied solely on postoperative results to demonstrate the effect of the
reinnervation on voice. Nevertheless, all the authors commented that
reinnervation improved or resolved the dysphonia in children with
UVCP. In the largest cohort of pediatric patients, Smith et al24 found
that ansa-RLN reinnervation led to a statistically significant improve-
ment in mean parental global voice rating and GRBAS (grade, rough-
ness, breathiness, asthenia, and strain) rating scale compared with
preoperative data. In the same study,24 the authors found that the
mean parental assessment of dysphasia improved from 3.7 to 1.4
(P = .05). The other studies did not investigate the effect of rein-
nervation on dysphagia. Of 36 patients, one had a complication that
was related to surgery: development of a hypertrophic neck scar.24

A few authors commented on the length of time from surgery
to improvement in symptoms. Tucker13 reported improvement or
resolution of symptoms at 3 months postoperatively in all 3 of his
patients. Sipp et al16 reported that one patient improved at 3 months

Table 1. Studies Reporting on Injection Laryngoplasty for Pediatric UVCP

Source
(No. of
Patients)

Level of
Evidence/
Risk of
Bias

Age,
Mean
(Range),
y

UVCP
Origin
(No. of
Patients) Indication

Injected
Material
(No. of
Injections)

Time to
Additional
Injection, mo

Results Adverse
Events
(No. of
Events)Voice Swallow

Glottic
Closure

Tucker,13

1986 (2)
4/5 NA NA Aspiration Gelatin

sponge (2)
NA NA Improvement NA None

Levine
et al,14

1995 (3)

4/5 11 Neurologic Dysphonia
and
aspiration

Gelatin
sponge (1)

NA Improvement Improvement Improvement None

4 Idiopathic Aspiration Polytetrafluoroeth-
ylene (1)

NA NA

7 Cardiac
surgery

Polytetrafluoroeth-
ylene (1)

NA NA

Daya
et al,1

2000 (2)

4/5 NA Cardiac
surgery

Dysphonia Polytetrafluoroeth-
ylene (2)

NA Improvement
in 1 patient

NA NA Granuloma
(1)

Patel
et al,15

2003 (4)

4/4 5 Neurologic Aspiration Cadaveric
dermis (6)

3-6 Improvement Improvement NA None

5 PDA
ligation

Dysphonia Improvement NA

1 mo Idiopathic Aspiration NA Improvement Improvement

18 Idiopathic Dysphonia Improvement NA

Sipp
et al,16

2007 (12)

4/5 10.5
(2.5-18)

Thoracic
surgery
(5),
prolonged
intubation
(4), and
neurologic
origin (3)

Dysphonia Cadaveric
dermis (11)

3-9 Improvement NA NA None

Sodium
carboxymethylcel-
lulose gel (1)

NA

Bovine
collagen (1)

NA

Calcium
hydroxylapatite (1)

NA

Hydrated gelatin
powder (3)

1

Autologous
fat (3)

1-6

Cohen
et al,17

2011 (8)

4/5 NA Neck
cannula
(1),
idiopathic
(1), and
NE (6)

Dysphonia
and
aspiration
(1),
aspiration
(1), and
NE (6)

Gelatin
sponge (NE)

2.2 (range,
1.1-3.5)

NE: see text NE: see text NA None

Sodium
carboxymethylcel-
lulose gel (NE)

NA

Calcium
hydroxylapatite (NE)

7.3 (range,
1.5-9.7)

Abbreviations: NA, not applicable or stated; NE, not extractable; PDA, patent ductus arteriosus; UVCP, unilateral vocal cord paralysis.
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and another patient improved at 5 months postoperatively. Zur23

reported resolution of glottic closure in 7 of 7 patients examined 6
months postoperatively. Finally, Marcum et al9 reported improve-
ment at 7 months postoperatively. Overall, it seems that most pa-
tients will experience symptomatic improvement between 3 and 7
months.

Discussion
Our report indicates the scarcity of objective data on surgical inter-
ventions for pediatric UVCP. We found 15 English-language studies
reporting information on surgical interventions in 84 patients with
UVCP. This report highlights the conclusion that surgical interven-
tion for children with UVCP is guided by level 4 evidence. In our re-
port, 13 of 16 studies received the highest risk of bias score (Tables 1,
2, and 3). The scarcity of data is somewhat expected given that symp-
tomatic UVCP is relatively infrequent in a pediatric population.25

A key issue that remains controversial in the management of
UVCP is the timing of surgical intervention. In adult patients, laryn-
geal EMG can be used as an adjunct for prognostication and decid-
ing on the timing of permanent intervention. Currently, there are no
EMG-validated studies in pediatric patients24; hence, the timing of
intervention should be guided by symptom severity, knowledge of
UVCP natural history, and the effect of dysphonia on the child. A
study of 404 children by Jabbour et al2 provides insights into the
natural history of pediatric vocal cord paralysis. The authors note that,
for unilateral and bilateral vocal cord paralysis, approximately half

(45.8%) of the children achieve symptomatic recovery. Signifi-
cantly, both the time to symptom resolution and the rate of symp-
tom resolution had statistically significant variations based on the
vocal cord paralysis. Children with vocal cord paralysis attributable
to cardiac surgery or of neurologic origin achieved lower rates of vo-
cal cord movement recovery (24% and 27%, respectively) than chil-
dren with idiopathic vocal cord paralysis (40%). In addition, chil-
dren with vocal cord immobility attributable to cardiac surgery or
of neurologic origin had a shorter mean time to resolution of symp-
toms (6.3 and 9.9 months, respectively) than the idiopathic group
(11.1 months). The longest time from diagnosis to spontaneous re-
covery of vocal cord movement in any category of patients was 38
months.2

Children who experience aspiration due to UVCP should be of-
fered at least a temporary surgical intervention, such as tracheos-
tomy or injection medialization. However, most children with UVCP
experience dysphonia as their main symptom,2 and it is currently un-
clear when to offer surgery for these patients. Literature on the ef-
fect of dysphonia on children is limited. One study8 suggests that
children as young as 6 years experience concern over dysphonia. Dys-
phonia was found to have a negative effect on the lives of children
across the domains of physical, social or functional, and emotional
performance. This negative effect became more pronounced with
age. Given that UVCP was mostly diagnosed close to birth in
children,2 a logical algorithm for treatment of dysphonia would con-
sist of conservative and/or temporary measures for the first few years
after diagnosis until the possibility of spontaneous recovery is mini-
mized. After observation and ideally before 6 years of age, a more

Table 2. Studies Reporting on Thyroplasty for Pediatric UVCP

Source
(No. of
Patients)

Level of
Evidence/
Risk of Bias Age, y UVCP Origin

Time to
Surgery, y Indication

Anesthesia or
Airway
Management

Results
Adverse
EventsDysphonia Swallow

Glottic
Closure

Isaacson,18

1990 (1)
4/5 14 Neurologic 10 Aphonia

and
aspiration

GA
tracheostomy

Deteriorated
at 6 mo

Deteriorated
at 6 mo

Increase
in glottic
gap at 6
mo

None

Link et al,19

1999 (6)
4/5 17 Idiopathic NA Dysphonia Local Resolved NA NA NA

14 Congenital Dysphonia Local Improvement NA

12 Cardiac
surgery

Dysphonia
and
aspiration

GA No
improvement

Improvement

14 Skull base
tumor

Local No
improvement

Improvement

14 Skull base
tumor

GA No
improvement

Improvement

2 Cardiac
surgery

GA Resolved Resolved

Gardner
et al,20

2000 (2)

4/5 8 Thoracic
surgery

6.5 Dysphonia
and
aspiration

LMA Improvement Resolved NA None

4 PDA
ligation

4 Dysphonia LMA Improvement NA Full
closure

None

Daya et al,1

2000 (1)
4/5 3 Tracheo-

esophageal
fistula repair

NA Dysphonia NA No
improvement

NA NA NA

Sipp et al,16

2007 (2)
4/5 5.5 Thoracic

surgery
NA Dysphonia

and
aspiration

LMA NA Resolved NA None

18 Neurologic NA Dysphonia
and
aspiration

Local NA Resolved NA Aspiration
pneumonia
and 7 days of
intubation

Abbreviations: GA, general anesthesia; LMA, laryngeal mask airway; NA, not applicable or stated; PDA, patent ductus arteriosus;
UVCP, unilateral vocal cord paralysis.

Clinical Review & Education Review Pediatric Unilateral Vocal Cord Paralysis

JAMA Otolaryngology–Head & Neck Surgery July 2015 Volume 141, Number 7 (Reprinted) jamaotolaryngology.com

Copyright 2015 American Medical Association. All rights reserved.

5

http://jamaotolaryngology.com/


Copyright 2015 American Medical Association. All rights reserved.

permanent solution to dysphonia caused by UVCP should be of-
fered as an option to the parents.

The only surgical option for a temporary relief of UVCP symp-
toms is injection medialization. The duration of effect depends on
the type of injectable material used. Of interest, several authors13,16

noted that the effect of vocal cord injection appears to last longer
in a pediatric population compared with the expected duration using
the same materials in adults. The reasons for this phenomenon are
not understood. Tucker13 suggested that the slow relateralization of
a paralyzed vocal fold as the injected material disappears may en-
courage gradual hyperadduction of the contralateral vocal cord. A
potential concern with using injection medialization in a pediatric
population is the long-term effects of repeated injections on the vo-
cal cords as tissues grow and develop. Long-term follow-up data on
vocal cord medialization are required to address this concern.

Medialization thyroplasty is the least studied surgical solution
for pediatric UVCP. Only 12 cases met our inclusion criteria. The ben-
efit of thyroplasty in children is inconsistent. In a study by Link et
al,19 3 of 6 children with UVCP had symptomatic improvement af-
ter medialization thyroplasty. The authors attributed this result to
using an adult technique on a pediatric larynx and advocated for
lower placement of prosthesis to improve glottic closure. A limita-

tion of performing thyroplasty in children compared with adults is
the necessity for a general anesthetic in children. General anesthe-
sia takes away the ability to adjust the position of prosthesis based
on real-time vocal feedback. Given this limitation, several authors16,17

have argued for the use of flexible endoscopy through a laryngeal
mask airway tube during surgery to improve the positioning of the
prosthesis during surgery. Another limitation of pediatric thyro-
plasty is the lack of long-term follow-up data. Even though the growth
of pediatric larynx has been well studied,18 it is unclear if and how
often revision thyroplasties are required for a child operated on at
a young age. One interesting finding that has emerged from our study
is the high rate of aspiration recovery or improvement after thyro-
plasty (88%). Overall, it seems that thyroplasty has fallen out of fa-
vor in a pediatric population but remains a surgical option for chil-
dren with aspiration, older children who might be able to tolerate
procedures without anesthesia, and patients with no alternatives.

Compared with thyroplasty, reinnervation of RLN for children
with UVCP should prevent the loss of muscle bulk and lead to vocal
improvement irrespective of laryngeal growth. With the exception
of any injectable material used for injection laryngoplasty, which is
often performed concurrently with reinnervation, no foreign ma-
terial is added to the larynx in reinnervation of RLN, which mini-

Table 3. Studies Reporting on Reinnervation for Pediatric UVCP

Source
(No. of
Patients)

Level of
Evidence/
Risk of
Bias Age, y

UVCP Origin
(No. of
Patients)

Time to
Surgery, y Indication Procedures

Results Adverse
Events
(No. of
Events)Dysphonia Aspiration

Glottic
Closure

Tucker,13

1986 (3)
4/5 Infants NA NA Dysphonia NA Improvement NA Full closure NA

Sipp et al,16

2007 (2)
4/5 NA NA NA Dysphonia Ansa-RLN Resolved NA Full closure NA

NA NA NA Dysphonia Ansa-RLN Resolved NA Full closure NA

Wright and
Lobe,21

2008 (1)

4/5 >10 Cardiac
surgery

>10 Dysphonia Ansa-RLNa Improvement NA NA None

Smith et al,22

2009 (4)
4/2 16 PDA

ligation
>1 Dysphonia AA and

ansa-RLN
Improvement NA NA NA

15 Skull base
tumor

AA and
ansa-RLN

16 Skull base
tumor

AA and
ansa-RLN

12 Intubation
or
tonsillectomy

Ansa-RLN

Marcum et al,9

2010 (1)
4/5 6 PDA

ligation
6 Dysphonia Ansa-RLN Improvement NA NA NA

Zur,23

2012 (10)
4/5 2-15

(median,
5.4)

PDA
ligation (9)
and
thoracic
surgery (1)

2 to 12
(median,
5.4)

Dysphonia Ansa-RLN Improvement
in at least
7/10 patients

NA Full closure in
7/7 tested
patients

None

Smith et al,24

2012 (13)
4/4 2.2-8.8

(mean,
5.3)

PDA
ligation (12)
and
coarctation
of aorta
repair (1)

NA Dysphonia
and
aspiration

Ansa-RLN Improvement
in 9/9 patients
with follow-up
data

Improvement
in 7/9 patients
with follow-up
data

NA Hyper-
trophic
surgical
scar (1)

Seltur et al,7

2012 (4)
4/5 12 PDA ligation NA Dysphonia Ansa-RLN Improvement NA NA NA

10 PDA ligation

2 PDA ligation

4 Ependymoma
resection

Abbreviations: AA, arytenoid adduction; NA, not applicable or stated; PDA, patent ductus arteriosus; RLN, recurrent laryngeal nerve;
UVCP, unilateral vocal cord paralysis.
a Transaxillary totally endoscopic robot-assisted surgery.
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mizes the chance of future inflammatory reactions. Reinnervation
also preserves the possibility of laryngeal framework surgery later
in life. Knowledge of origin-specific rates and timing of RLN recov-
ery has allowed surgeons to be less fearful of sacrificing any poten-
tial for recovery of RLN function with the reinnervation proce-
dures. Several studies7,23,24 found that reinnervation can be safe for
children as young as 2 years. One study7 reported high rates of sat-
isfaction after reinnervation as evidenced by Pediatric Voice-
Related Quality of Life scores but only a modest improvement in ob-
jective measures of voice, such as maximum phonation time. These
findings highlight the need for further investigation into reinnerva-
tion outcomes in children.

Conclusions
Our report highlights the lack of quality evidence on surgical inter-
ventions for pediatric UVCP. Recent data have clarified the natural

history of pediatric UVCP and helped surgeons decide when to of-
fer interventions for UVCP. For the first few years after diagnosis of
UVCP, conservative measures and/or temporary measures should
be offered. The data summarized in this report suggest that injec-
tion laryngoplasty, with the exception of polytetrafluoroethylene in-
jections, is safe, nonpermanent, and effective in children. How-
ever, long-term follow-up for children who receive the injection
intervention is lacking. Thyroplasty and reinnervation are 2 long-
term surgical solutions. Although thyroplasty seems to have fallen
out of favor in recent years because of the difficulty of positioning
the prosthesis in anesthetized pediatric patients, it is still a viable op-
tion, especially for children with aspiration. Compared with thyro-
plasty, reinnervation has seen a resurgence of interest. Recent stud-
ies on reinnervation techniques offer encouraging results; however,
long-term follow-up data are lacking. Surgeons who offer surgical
solutions for pediatric UVCP are encouraged to systematically docu-
ment and present their results to further collective knowledge on
management of this condition.
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A B S T R A C T

Objective: To provide recommendations for the comprehensive management of young infants who present
with signs or symptoms concerning for laryngomalacia.
Methods: Expert opinion by the members of the International Pediatric Otolaryngology Group (IPOG).
Results: Consensus recommendations include initial care and triage recommendations for health care
providers who commonly evaluate young infants with noisy breathing. The consensus statement also
provides comprehensive care recommendations for otolaryngologists who manage young infants with
laryngomalacia including: evaluation and treatment considerations for commonly debated issues in
laryngomalacia, initial work-up of infants presenting with inspiratory stridor, treatment recommenda-
tions based on disease severity, management of the infant with feeding difficulties, post-surgical treatment
management recommendations, and suggestions for acid suppression therapy.
Conclusion: Laryngomalacia care consensus recommendations are aimed at improving patient-
centered care in infants with laryngomalacia.
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1. Consensus objectives

To provide recommendations for the comprehensive manage-
ment of young infants who present with signs or symptoms
concerning for laryngomalacia.

2. Target population

Pediatric patients with signs concerning for laryngomalacia.

3. Intended users

These consensus recommendations are intended to:

1. Provide initial care and triage recommendations for primary care
practitioners and other health care providers who commonly
evaluate young infants with noisy breathing.

2. Provide comprehensive care recommendations for otolaryngolo-
gists who manage young infants with laryngomalacia.

4. Methods

Expert opinion by themembers of the International Pediatric Oto-
laryngology Group (IPOG). The mission of the IPOG is to develop
expertise-based consensus recommendations for the manage-
ment of pediatric otolaryngologic disorders with the goal of
improving patient care. The consensus recommendations herein rep-
resent the second publication by the group.

4.1. Abbreviations

AP, anterior and posterior; CXR, chest x-ray; FEES, fiberoptic en-
doscopic evaluation of swallowing; FFL, flexible fiberoptic
laryngoscopy; H2RA, histamine-2 blocker; IPOG, International Pe-
diatric Otolaryngology Group; MRI, magnetic resonance imaging;
PPI, proton pump inhibitor; VFSS, video fluoroscopic swallow
study.

5. Recommendations and justification

The recommendations are outlined in the following appendices

• Section 1: evaluation and treatment considerations
• Section 2: initial presentation algorithm
• Section 3: comprehensive care algorithm
• Section 4: management of the difficult to feed infant with
laryngomalacia

• Section 5: post-surgical treatment algorithm
• Section 6: recommendations for acid suppression therapy

6. Disclaimer

Members of the International Pediatric ORL Group (IPOG) pre-
pared this report. Consensus recommendations are based on the
collective opinion of the members of this group. Any person seeking
to apply or consult the report is expected to use independentmedical
judgment in the context of individual patient and institutional
circumstances.

6.1. Section 1: evaluation and treatment considerations

Themembers of the IPOG identified five frequently debated eval-
uation and treatment considerations in the management of
laryngomalacia. Variation in practice among the current group
members remains, and the purpose of this section is to provide a
list of reasonable options based on expert opinion (Table 1).

6.2. Section 2: initial presentation algorithm

The initial presentation algorithm is designed to guide the
initial evaluation of the infant presenting with inspiratory stridor.
This may vary depending on what type of medical care setting the
infant presents in. Urgency of referral to an otolaryngologist is
guided by severity of disease. Those with more severe disease
may warrant expedited referral and those who have significant
apnea/desaturations and/or inability to feed may warrant inpa-
tient admission. Those infants who may be aspirating and/or
have pulmonary disease may benefit from chest x-ray to further
evaluate this. Flexible fiberoptic laryngoscopy (FFL) by an otolar-
yngologist is important to confirm the diagnosis. Those infants
whose laryngoscopy findings are not commensurate with the
severity of their symptoms may benefit from airway films to
screen for a secondary airway lesion. Further recommendations
are detailed in Fig. 1.

6.3. Section 3: comprehensive care algorithm

The algorithm in Fig. 2 was designed to guide treatment for the
infant that has been diagnosed with laryngomalacia, confirmed by
FFL. This algorithm stratifiesmanagement decisions based on disease
severity. The group suggests that the provider should recognize the
presence of co-morbidities (see Fig. 2) that may lead to sub-
optimal outcomes. Additionally, supraglottoplasty should be carefully
considered in those with neurologic disease whose aspiration could
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Table 1
Frequently debated evaluation and treatment considerations.

Question

1. What findings on initial
presentation should
prompt a more urgent
evaluation by an
otolaryngologist?

• Apnea
• Tachypnea
• Cyanosis
• Failure to thrive
• Difficult to feed despite acid suppression/texture modification
• Aspiration/pneumonia
• Cor pulmonale

2. Should I treat
laryngomalacia
empirically with
acid suppression?

• Yes, if child having feeding and/or respiratory difficulties
• Consider observation in those infants with mild respiratory symptoms and are gaining weight appropriately
• Can use either step-up or step-down methodology (see Section 6)
• Recommend weaning acid suppression based on symptoms vs. stopping abruptly
• Consider GI referral for concurrent management

3. Should I formally
assess the infant’s
swallow?

• Consider feeding/swallow evaluation and diet modification in cases where there is cough, choking, regurgitation, feeding
difficulty, no weight gain, or failure to thrive

• Strongly consider evaluation in children with evidence of aspiration or those with neurologic disease
• Consider evaluation by either/both video fluoroscopic swallow study (VFSS) and/or fiberoptic endoscopic evaluation of
swallowing (FEES). Assessment in conjunction with feeding therapy may aid diagnostic accuracy and feeding recommendations

• Consider acid suppression in patients with laryngeal penetration and/or aspiration on swallow evaluation
4. What other consultations

should I consider for the
infant with severe disease?

• Pulmonary evaluation if disease on imaging or symptoms of asthma/reactive airway disease/chronic lung disease
• Consider polysomnography or home oximetry monitoring if significant apnea
• Cardiac consultation if heart disease suspected
• GI evaluation if refractory to acid suppression therapy
• Neurology and/or brain MRI if neurologic disease suspected (i.e. physical findings of hypotonia, aspiration, pooled/frothy
secretions on endoscopy) to rule out CNS lesion, brainstem compression, and Chiari malformation

• Genetics evaluation for those with craniofacial dysmorphism or severe disease
• Craniofacial team evaluation for those with craniofacial anomalies

5. What assessment should
be done for persistent
symptoms after
supraglottoplasty?

• Consider aerodigestive evaluation including pH/impedance probe to rule out persistent reflux, esophageal biopsies to rule out
eosinophilic esophagitis, pulmonary evaluation to optimize respiratory function and assess chronic lung disease if present.

• Consider polysomnography in patients with oxygen desaturations or signs of apnea
• Consider gastrostomy tube and/or fundoplication for patients with esophageal reflux not managed on maximal medical therapy
• Consider neurology and/or MRI brain if neurologic disease suspected
• Consider tracheostomy in patients with multiple co-morbidities or synchronous airway lesions

Infant with inspiratory stridor

FFL to confirm laryngomalacia or referral 
to otolaryngology provider 

Suspected secondary airway 
lesion

Evaluation under general anesthesia 
with laryngoscopy/ bronchoscopy

No indication of secondary airway lesion

If maintaining oxygnen saturations on 
room air and no feeding issue, then 
outpatient managment appropriate

*see section 3

If airway and/or feeding concern then 
consider admitting to the hospital or 
consider more urgent intervention 

*see section 3

Consider more urgent
otolaryngology referral for
infants with:

1. Apnea
2. Cyanosis
3. Tachypnea
4. Failure to thrive
5. Difficult to feed despite 

acid suppression
6. Aspiration/pneumonia
7. Cor pulmonale

1. Consider CXR in infants 
where there is concern for 
aspiration and/or active 
pulmonary disease

2. Consider AP/Lateral airway
films in infant whose clinical 
symptoms suggest a 
secondary airway lesion 

Fig. 1. Initial presentation algorithm.
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be made worse by surgery. Variation in practice among the current
groupmembers remains, and the purpose of this section is to provide
a list of reasonable options based on expert opinion.

6.4. Section 4:management of the difficult to feed infant with
laryngomalacia

This algorithm in Fig. 3 outlines a guide for managing infants
who have been diagnosed with laryngomalacia and are having
difficulty with effectively and/or safely feeding. The algorithm
may be best performed in conjunction with feeding or speech
therapy services when available to guide feeding recommenda-
tions and therapy (texture modification, bottle pacing, augmenting
feeding schedule, etc.). Chest x-ray may be indicated in the infant
if there are signs of respiratory compromise. Aspiration, pooling
of secretions, and decreased supraglottic sensation may be seen
during endoscopy in the setting of uncontrolled laryngopharyn-
geal reflux or neurologic disease. Persistence of symptoms despite
maximal reflux suppression, especially in infants with hypotonia,
should prompt work-up for neurologic causes prior or concurrent
to surgical management. Neurologic disease is not a contraindica-
tion to supraglottoplasty, but the benefit of improving airway
obstruction must be weighed with the risk of worsening aspira-
tion in this scenario. Variation in practice among the current
group members remains, and the purpose of this section is to
provide a list of reasonable options based on expert opinion.

6.5. Section 5: post-surgical treatment algorithm and persistent
laryngomalacia

The algorithm displayed in Fig. 4 is intended to guide manage-
ment in infants who have undergone supraglottoplasty and is
targeted toward those who have persistent laryngomalacia despite
surgery. Time course for follow-up is variable among providers and
is dictated by the severity of persistent symptoms in the patient.
Persistent laryngopharyngeal reflux or undiagnosed eosinophilic
esophagitis may drive persistent laryngeal edema leading to con-
tinued laryngomalacia. Confirming the presence or absence of
obstructive sleep apnea may drive decision making toward surgi-
cal management vs. observation. Identifying and optimizing cardiac,
neurologic, and pulmonary co-morbidities is paramount in man-
aging the infant with persistent symptoms after supraglottoplasty,
especially before considering revision surgery. Patients with mul-
tiple severe comorbidities or multilevel airway obstruction are less
likely to succeed with supraglottoplasty alone and may require tra-
cheostomy. Again, variation in practice among the current group
members remains, and the purpose of this section is to provide a
list of reasonable options based on expert opinion.

6.6. Section 6: recommendations for acid suppression therapy

Fig. 5 provides a “step-up” vs. a “step-down” regimen for man-
aging acid suppression therapy. In a “step down” regimen, therapy

Laryngomalacia

Severe Laryngomalacia: 

Apnea, cyanosis, failure to thrive, pulmonary 
hypertension, cor-pulmonale

Start acid suppresion therapy and consider 
feeding therapy/swallow evaluation 

*see section 4

1. Laryngoscopy/bronchoscopy

2. Supraglottoplasty

*See section 5 for after care

Moderate laryngomalacia: 

Cough, choking, regurgitation, feeding 
difficulty

Start acid supression therapy and consider 
feeding therapy/swallow evaluation

*see section 4

Mild laryngomalacia:

Inspiratory stridor with no other symptoms or 
radiographic findings suggesting secondary 

airway lesion

1 month symptom check, if stable or 
improving can extend to  3-6 month symptom 

check

Consider co-morbidities that 
place infant at high risk to 
do poorly:

1. Cardiac disease
2. Neurologic disease 
3. Respiratory disease
4. Craniofacial 

dysmorphism

Fig. 2. Comprehensive care algorithm.
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Start acid supression therapy 
and consider feeding 

therapy/swallow evaluation

Suspected aspiration

Consider CXR if not already 
done for problems with 

oxygen saturatiion

FEES and/or VFSS

No evidence of respiratory 
compromise but apsiration 

on FEES/VFSS

Feeding modification 

If pulmonary compromise or 
no improvement refer or 

perform supraglottoplasty

*see Severe Laryngomalacia

If improves continue 
treatment for moderate 
larygnomalcia as above

Aspiration on FEES/VFSS with 
evidence of respiratory 

compromise

Perform or refer for 
supraglottoplasty

*see Severe Laryngomalacia

No aspiration on FEES/VFSS

No clinical signs of aspiration

Infant  progressing on growth 
curve

Clinical follow up for 
symptom check

Infant falling off growth curve

Consider supraglottoplasty

Prior or concurrent to surgical 
management, neurologic work-up 
should be considered in infants with:

1. Hypotonia
2. Endoscopy with aspiration, 

pooled/frothy secretions, 
absent supraglottic sensation

Fig. 3. Management of the difficult to feed infant with laryngomalacia.

Fig. 4. Post-surgical treatment algorithm and persistent laryngomalacia.
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can be started with both a proton pump inhibitor (PPI) and a
histamine-2 blocker (H2RA) and then weaned to a single therapy
if the patient improves. Conversely, the infant can be started con-
servatively on a single therapy and “stepped-up” to dual acid
suppression if symptoms are not controlled. We suggest maintain-
ing therapy for at least 3 months after initiation and a wean should
not be considered until a diet can be safely tolerated from an as-

piration standpoint. It should be noted that no PPI is FDA approved
for use in patients younger than 1 year of age and debate exists con-
cerning the efficacy of PPIs in infants. Consider gastroenterology
evaluation and/or pH/impedance probe testing in those that are re-
fractory to therapy. Additionally, prokinetic agents such as
erythromycin ethylsuccinate (Eryped) can be considered to improve
gastrointestinal motility in refractory cases. There is great varia-
tion in practice among the current groupmembers, and the purpose
of this section is to provide reasonable options to guide the prac-
titioner when using acid suppression in the setting of laryngomalacia.
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Initial 
therapy

•Start with empiric PPI* or H2RA^ 

Symptoms  
progress

•Increase dose of PPI or if on 
H2RA, consider changing to PPI

•Consider pH/impedance probe
•Consider Eryped as a motilin

agonist#

Symptoms 
improve

• Reduce either PPI or
H2RA by 50% for 4-8 
weeks and then stop

Symptoms  
improve

• Reduce remaining 
medicine by 50% for 4-
8 weeks and then stop 

Fig. 5. Recommendations for acid suppression therapy.
* Preferred approach for children and adolescents, particularly when used empiri-
cally; QD dosing initially – AM dosing on empty stomach provides best acid
suppression because H+ pump is less activated nocturnally, use PM dosing for noc-
turnal symptoms.
^ Decrease acid production by 40–60% and well tolerated; use mandated before PPI
trial by some insurance carriers; preferred for infants with non-life-threatening symp-
toms as H2RAs clinically better tolerated than PPIs.
# Low dose Erypred 200 (200 mg/5 ml) or Erypred 400 (400 mg/5 ml) at 1–2 mg/
kg/dose, 15min before meals, up to 6× per day as amotilin agonist to increase smooth
muscle contraction.
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Surveillance Direct Laryngoscopy and Bronchoscopy
in Children With Tracheostomies

Amy Richter, MD; Diane Wenhua Chen, BS; Julina Ongkasuwan, MD, FAAP, FACS

Objectives/Hypothesis: To determine utility of surveillance direct laryngoscopy and bronchoscopy (DLB) in children
with chronic tracheostomies by examining the frequency of operative intervention in children undergoing an annual DLB.

Study Design: Retrospective medical record review and analysis of operative findings and interventions.
Methods: A retrospective chart review was conducted of all children with tracheostomies who underwent surveillance

DLB between 2003 and 2012 at a tertiary children’s hospital. Charts were reviewed for demographics, indication for tracheot-
omy, symptoms prior to DLB, dates of DLB, and operative findings and interventions.

Results: A total of 489 patients underwent 1,094 DLBs. Two hundred fifty-three DLBs (23%) were accompanied by pre-
procedural symptoms including bleeding; increased secretions; infection; and changes in ventilation requirement, swallow, or
voice. Six hundred nineteen procedures (58%) required 817 interventions. Common interventions performed included
debridement of granulation tissue (41%), tracheostomy tube exchange (27%), and subglottic dilation (10%). The presence of
preprocedural symptoms and indication for tracheostomy did not predict need for intervention during DLB (P>.05).

Conclusions: In pediatric tracheostomy patients undergoing surveillance DLB, most procedures (58%) required opera-
tive intervention for airway optimization. These data support our current practice of yearly surveillance DLB in asymptomatic
pediatric tracheostomy patients and aim to facilitate the development of clinical practice guidelines regarding chronic trache-
ostomy care in pediatric patients.

Key Words: Pediatric tracheostomy, direct laryngoscopy and bronchoscopy, surveillance, suprastomal granulation.
Level of Evidence: 4

Laryngoscope, 125:2393–2397, 2015

INTRODUCTION
Tracheotomy is a common procedure in otolaryngol-

ogy. Indications for tracheostomy tube placement and
the associated morbidity and mortality of adult and pedi-
atric tracheostomies have been well documented. Com-
pared to adult tracheostomies, pediatric tracheostomies
are associated with greater risk of complications with
higher morbidity and mortality.1 Children with pro-
longed tracheostomy are at elevated risk for respiratory
infections, airway bleeding, accidental decannulation,
and death.1–3 Screening direct laryngoscopy and bron-
choscopy (DLB) may be used to detect lesions that may
lead to eventual complications or decrease time to decan-
nulation.4 However, there is a general paucity of literature
investigating current practice patterns for surveillance of
patients with chronic tracheostomies, particularly in the
pediatric population.

Practice patterns for screening endoscopy vary
between institutions. Indications for DLB include bleed-
ing, difficult tracheostomy tube changes, ventilator

dependence, poor phonation, anatomic abnormalities,
and preparation for laryngotracheal reconstruction.4,5 A
survey of pediatric otolaryngologists found that most
practitioners perform at least yearly surveillance endos-
copy in children under age 2 years, but many only per-
form endoscopy on patients prior to decannulation or in
those experiencing difficulties.6 Surveillance DLB in
asymptomatic patients with chronic tracheostomies may
result in documentation of an improved airway or no
change in airway status, diagnosis of new tracheal
lesion, including development of suprastomal granuloma,
need for change in tracheostomy tube size, or decannula-
tion. The goal of surveillance DLB is to optimize the air-
way, reduce the risk of accidental decannulation, and
facilitate easier tracheostomy tube changes so that care-
givers can manage the airway more easily at home.
However, surveillance DLB is not without risks. These
risks include the cardiopulmonary risks of general anes-
thesia, airway and oral cavity instrumentation, and pro-
longed hospitalization.

Despite the lack of current clinical practice guidelines
for surveillance DLB, most practitioners agree that moni-
toring of children with tracheostomies in inpatient and
outpatient settings is necessary to prevent tracheostomy-
related complications.4,6 In a survey of members of the
American Academy of Otolaryngology–Head and Neck
Surgery Foundation, most members agreed that a clinical
practice guideline regarding tracheostomy care would be
useful (54%).7 Standardization of post-tracheostomy care
in pediatric patients may help to improve the quality of
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patient care, potentially reduce the risk of unnecessary
procedures, and decrease the economic burden of chronic
tracheostomy care. This study investigates the utility of
surveillance DLB in pediatric tracheostomy patients to
help facilitate the development of clinical practice guide-
lines regarding chronic tracheostomy care.

MATERIALS AND METHODS

Data Collection
The current practice of nine pediatric otolaryngologists at

Texas Children’s Hospital (TCH) is to perform annual surveil-
lance DLB on all pediatric patients with tracheostomies. A ret-
rospective chart review was conducted of all of the children <18
years of age with tracheostomies who underwent surveillance
DLB between 2003 and 2012 at TCH, an academic tertiary
referral center. Patients with existing tracheostomies who
transferred care to TCH and underwent surveillance DLB at
TCH were included in the study. The institutional review board
at Baylor College of Medicine approved this study. Charts were
reviewed for demographic data, date of tracheostomy, indication
for tracheostomy, symptoms prior to surveillance DLB, dates of
surveillance DLB, operative findings, and interventions. Indica-
tions for tracheostomy were categorized as congenital anomaly,
neuromuscular disease, bronchopulmonary dysplasia, and
trauma. Congenital anomalies included craniofacial dysmor-
phism, laryngeal anomalies, laryngomalacia, subglottic stenosis,
hemangioma, tracheal anomaly, and other congenital syn-
dromes. Interventions included debridement of suprastomal
granulation tissue, change in tracheostomy tube size or type,
tracheal dilation, and tracheostomy stoma revision. Charts were
also reviewed for plans for decannulation or laryngotracheal
reconstruction following surveillance DLB. Patients with incom-
plete medical records were excluded from this study. Those
patients with subglottic hemangioma and recurrent laryngeal
papillomatosis were excluded from this study, as these patients
require serial DLB with planned intervention. Patients who
underwent DLB in conjunction with a planned procedure,
including intraoperative decannulation, laser cordotomy, or lar-
yngotracheal reconstruction, were also excluded.

Surgical Technique
Yearly surveillance bronchoscopies are performed in all

children with chronic tracheostomies. Patients were taken to
the operating room, and general anesthesia was induced via

tracheostomy, and spontaneous ventilation maintained. All
patients received a dose of intravenous steroids. Direct laryn-
goscopy was performed with application of topical anesthesia to
the glottis, and rigid tracheoscopy and bronchoscopy was per-
formed. The tracheostomy tube was removed, allowing the sur-
geon to thoroughly examine the entire airway, supraglottis,
glottis, subglottis, trachea, carina, and mainstem bronchi with
photodocumentation of all subsites. When necessary, debride-
ment of suprastomal or peristomal granulation tissue was per-
formed with a combination of techniques depending on surgeon
preference, including sharp dissection or microdebrider. Simi-
larly, there were several techniques used for dilation of subglot-
tic stenosis when indicated, including balloon dilation,
microlaryngoscopy and CO2 laser, serial dilation with rigid
bronchoscopes, or a combination of techniques. The tracheos-
tomy tube may have been exchanged with one of different type
or size, depending on intraoperative findings. The patient was
allowed to recover in the postanesthesia care unit and was typi-
cally discharged home the same day depending on the intrao-
perative findings and stability of the airway. Caregivers were
provided photodocumentation of intraoperative findings, and
outpatient follow-up was typically scheduled for 4 to 6 weeks in
uncomplicated cases.

Data Analysis
Data analysis was performed with assistance from the Texas

Children’s Hospital Outcomes and Impact Service. Continuous
variables were reported as medians with a minimum-maximum
range or means with standard deviation (SD). Categorical varia-
bles were reported with frequencies and percentages. Statistical
analysis was performed using logistic regression and multivariate
analysis.

RESULTS
A total of 489 patients underwent 1,094 screening

DLBs with a mean 2.3 procedures per patient (range, 1–
14). Two hundred seventy-nine patients (57%) were
males, and the mean age was 5.1 years (SD 4.9 years).
The most common indication for tracheostomy was con-
genital anomaly (49%), followed by neuromuscular dis-
ease (19%), isolated bronchopulmonary dysplasia (17%),
and trauma (6%). Nine percent of patients had congeni-
tal anomalies with bronchopulmonary dysplasia (9%).
Forty-one percent of patients were premature (Table I).
The mean interval time between surveillance DLB was
430 days. Two hundred fifty-three DLBs (23%) were
accompanied by preprocedural symptoms. The most com-
mon complaint prior to DLB was increased tracheal
secretions (78%). Other preoperative symptoms included
bleeding from tracheostomy (8%), intermittent difficul-
ties ventilating (7%), voice complaints (1%), aspiration of
secretions (1%), tracheitis (1%), dysphagia (1%), and
stoma erythema (1%) (Table II, Fig. 1).

There were a total of 619 procedures that required
817 interventions, accounting for 58% of the total num-
ber of DLBs. Two hundred sixty-six patients (54%)
required an intervention during surveillance DLB. The
most common intervention performed was debridement
of suprastomal granulation tissue (41%), followed by
tracheostomy tube exchange (27%), tracheal dilation
(10%), and stoma revision (6%) (Table III, Fig. 1). Of the
patients who had tracheostomy tube changes, 47% of

TABLE I.
Demographic Data.

Patients, No. (%), N 5 489

Patients

Male 279 (57%)

Female 210 (43%)

Indications for tracheostomy

Congenital anomaly 240 (49%)

Neuromuscular disease 93 (19%)

Bronchopulmonary dysplasia 83 (17%)

Trauma 29 (6%)

Congenital anomaly and
bronchopulmonary dysplasia

44 (9%)

Premature 200 (41%)
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patients had an increase in tracheostomy tube size, 51%
of patients underwent decrease in tracheostomy tube
size, and 2% of patients had tracheostomy tube exchange
for a different style of tube in the same diameter. If a
patient underwent tracheal dilation, balloon dilation was
the most common technique used (50%), followed by use
of microlaryngoscopy and carbon dioxide (CO2) laser
(23%), and serial dilation using rigid bronchoscopes
(20%). The remaining tracheal dilations were performed
using a combination of stellate CO2 laser incisions with
balloon or rigid dilation (7%). For those patients who
presented with symptoms prior to DLB, 54% of those
DLB required an intervention. This was not statistically
significant compared to patients who were asymptomatic
(77% of all patients) prior to surveillance DLB (P>.05).
In addition, age at tracheostomy, duration of tracheos-
tomy, interval time to DLB, prematurity, and indication
for tracheostomy did not predict need for intervention
(P>.05). There were no perioperative complications. One
hundred sixty-seven patients (34%) were eventually dec-
annulated, and 43 patients (9%) underwent laryngotra-
cheal reconstruction.

DISCUSSION
There is no current consensus on endoscopic sur-

veillance of children with chronic tracheostomies. At our
institution, asymptomatic children with chronic trache-
otomies undergo yearly surveillance DLB. The most
common indication for tracheostomy was upper airway
obstruction due to congenital anomaly and airway
obstruction, including craniofacial dysmorphism, sub-
glottic stenosis, vocal fold paralysis, and laryngomalacia.
These findings are consistent with current literature
that demonstrates a trend in indications for pediatric

tracheostomies due to airway obstruction, rather than
prolonged mechanical ventilation support.2,8–10 Forty-
one percent of patients in our study were premature,
which is consistent with other international case
studies.11

All patients with chronic tracheostomies at our
institution are scheduled for yearly endoscopic evalua-
tion with rigid bronchoscopy. Twenty-three percent of
bronchoscopies were preceded by symptoms that were
reported at the preoperative evaluation. The most com-
mon symptom was presence of tracheal secretions, inter-
mittent difficulties with ventilation, voice complaints,
tracheitis, dysphagia, or erythema surrounding the
stoma. Of those patients with complaints prior to sur-
veillance DLB, 54% required operative intervention com-
pared to 58% of the entire cohort. This suggests that
preoperative symptoms are not predictive for need for
operative intervention. Over half of these children in
this study, 58%, required operative intervention with
debridement of granulation tissue, airway dilation, or
tracheostomy tube exchange. This suggests that children
are frequently asymptomatic from suprastomal granula-
tion tissue, airway stenosis, or inappropriate tracheot-
omy tube size.

By addressing potential airway complications in
advance, we hope to reduce the morbidity and mortality
related to pediatric tracheostomies. According to a sur-
vey of the American Society of Pediatric Otolaryngology,
a large portion (41%) of physicians only perform endos-
copy on patients with difficulties ventilating.6 Our study
suggests this practice may overlook patients with
asymptomatic suprastomal granulomas that may benefit
from operative intervention to optimize the airway and
prevent more dangerous complications in the future.
The complication rate in tracheostomies ranges from
13% to 88%, and late complications are more common
than perioperative complications related to tracheos-
tomy.1–3 Late complications include accidental decannu-
lation, tube occlusion, suprastomal granulation, and
tracheitis, which may be increased in patients with a
history of prematurity and low body weight at the time
of tracheotomy.9,12,13

Yearly surveillance DLB is not without risks, as the
anesthetic risk and economic burden cannot be over-
looked. The variability in current care practices accord-
ing to institutional practices or geographic influence
may affect reimbursement and variable quality in
patient care.7 This study demonstrates an opportunity to
develop care practice guidelines for long-term surveil-
lance of children with chronic tracheostomies to optimize
patient care and reduce healthcare costs.

The American Thoracic Society (ATS) published
consensus clinical practice guidelines for management of
pediatric tracheostomies, and recommended routine rigid
or flexible bronchoscopy every 6 to 12 months and fur-
ther research to validate this recommendation.4 In our
study, the presence of preoperative symptoms, age at
tracheostomy, prematurity, and presence of preoperative
symptoms did not predict need for intervention. Based
on this finding, the standard of care at our institution is
to perform yearly surveillance DLB on all asymptomatic

TABLE II.
Surveillance DLB Preoperative Findings.

No. of Patients (%)

Surveillance DLB, n 5 1,094

Mean no. of DLBs per patient,
median (range)

2.2, 2 (1–14)

No. of DLBs requiring intervention 639/1094 (58%)

No. of DLBs with preoperative symptoms 253/1094 (23%)

No. of DLBs with preoperative
symptoms that required intervention

137/639 (54%)

No. of patients requiring multiple DLBs 156/489 (32%)

Preoperative symptoms, n 5 253

Tracheal secretions 197 (78%)

Bleeding from tracheostomy 20 (8%)

Difficulties with ventilation 17 (7%)

Voice complaints 2 (1%)

Aspiration of secretions 2 (1%)

Air leak surrounding tracheostomy tube 3 (1%)

Tracheitis 3 (1%)

Dysphagia 2 (1%)

Erythema surrounding tracheostomy stoma 3 (1%)

DLB 5 direct laryngoscopy and bronchoscopy.
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patients with chronic tracheostomies. However, this study
is limited by its retrospective, single-institution design;
further research may corroborate the ATS guidelines
to establish a standardized clinical pathway for the care
of pediatric tracheostomies. Further investigations are

needed for multi-institutional prospective studies to
include randomization to time to surveillance DLB inter-
val, risk stratification, and cost analysis.

CONCLUSION
In pediatric tracheostomy patients undergoing sur-

veillance DLB, most procedures (58%) required operative
intervention for airway optimization. These data support
our current practice of yearly surveillance DLB in
asymptomatic pediatric tracheostomy patients and our
aim to facilitate development of clinical practice guide-
lines regarding chronic tracheostomy care in pediatric
patients.
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Transoral Robotic Surgery for Upper Airway Pathology in the
Pediatric Population
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Objectives/Hypothesis: The purpose of this study is to present one of the largest case series of pediatric transoral
robotic surgery (TORS) in the upper airway demonstrating a wide range of ages and indications.

Study Design: A retrospective case series at an academic tertiary referral center from August 2010 to September 2014.
Methods: The da Vinci surgical robot (Intuitive Surgical, Inc., Sunnyvale, CA) was used on 16 pediatric patients for 18

procedures. A variety of upper airway pathologies and reconstructions in children with a wide range of ages and weights
were treated. No lingual tonsillectomies or base-of-tongue reductions were included.

Results: Sixteen children (6 males) underwent 18 TORS procedures, including resection of hamartoma (n 5 1), repair
of laryngeal cleft (n 5 7), removal of saccular cyst (n 5 2), release of pharyngeal or esophageal strictures (n 5 2), and exci-
sion of lymphatic malformations (n 5 4). Patient ages ranged from 14 days to 15 years. There were no intraoperative compli-
cations. All patients had successful robotic access, and no patients had conversions to open or traditional endoscopic surgery.
Hospital courses varied with duration ranging from 1 to 20 days. The median follow up was 22 months.

Conclusion: Applying TORS to the pediatric population can be feasible and safe for appropriate airway pathologies.
Because many patients are small in size, there is inherent risk in using robotic instruments and scopes transorally. Pearls in
this series include a standardized two-robot experienced attending team and longitudinal airway follow-up.

Key Words: Laryngeal cleft, saccular cyst, lymphatic malformation, pediatric airway, transoral robotic surgery (TORS).
Level of Evidence: IV.
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INTRODUCTION
Transoral robotic surgery (TORS) for use in the

pediatric airway is a recent application of this technol-
ogy. Within a few years of descriptions of TORS in adults
for head and neck surgery, animal studies investigating
the feasibility of pediatric applications were published.1

It was first described in human pediatric patients by
Rahbar et al. with a case series of five patients in 2007.2

Since that time, there have been seven case reports and
case series presented in the literature; the largest
describes 16 patients who underwent lingual tonsillec-
tomy.3–9 The role of TORS in the pediatric airway is still
evolving. As the technology and tools advance, the indi-
cations and applications of TORS in the pediatric airway

are being developed. We present one of the largest case
series of pediatric TORS, detailing our experience with a
wide range of patient ages and pathologic processes. The
purpose of this report is to illustrate the potential and
feasibility of TORS in the pediatric airway and complex
reconstructions.

MATERIALS AND METHODS
The da Vinci surgical robot (Intuitive Surgical, Inc., Sun-

nyvale, CA) was used on 16 pediatric patients for 18 procedures
at the University of North Carolina, Chapel Hill, North Caro-
lina, from August 2010 to September 2014. Patients with pha-
ryngeal and laryngeal pathology requiring either endoscopic or
open surgical treatment were offered TORS as an alternative
treatment option. For vascular malformations, this was limited
to lymphangiomas for this series. Arteriovenous malformations,
venous malformations, and other vascular tumors were
excluded from consideration.

The da Vinci surgical robot has been U.S. Food and Drug
Administration-approved for resection of T1 and T2 oropharyn-
geal cancers. We applied robotic technology for off-label use in
pediatric airway procedures. Patients and families were offered
traditional approaches and were also informed of the off-label
application of TORS. All consent forms clearly stated that the
robot would be utilized. The procedures were also preauthorized
for insurance coverage.

There are special considerations of the pediatric proce-
dures. Because many patients are small in size, there is inher-
ent higher risk in introducing and manipulating robotic
instruments and scopes transorally compared to adult patients.
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The operating room setup was similar to adult patients.
All patients were placed in the supine position with the table
top 180 degrees from the normal position; that is, the patient’s
head was placed at the foot of the bed. This allows for place-
ment of the robot to be placed underneath the table and closer
to the patient after rotating the bed (Fig. 1). The patients were
induced by pediatric anesthesiologists, the airway was topically
anesthetized with lidocaine, and the operating table was then
rotated 90 degrees away from the anesthesiologist’s field to
deliver the patients toward the surgeon. The operating table is
rotated a total of 90 degrees.

Direct laryngoscopy and bronchoscopy were performed
prior to each procedure under the same anesthetic. When
patients had existing tracheostomy tubes, these were replaced
with laser-safe Jackson tracheostomy tubes for the duration of
the procedure. In patients without tracheostomies, an appropri-
ate laser-safe endotracheal tube (i.e., cuffless Mallinckrodt laser
oral endotracheal tube, Magill tip; Covidien plc, Dublin, Ire-
land) was sized and placed when feasible.

A tooth guard was individually created and placed when
teeth were present utilizing Aquaplast (Medline, Mundelein,
IL). A variety of mouth gags were available for selecting appro-
priate fit. We found that a McIvor gag with a flat blade pro-
duced the best exposure of the posterior larynx for laryngeal
cleft repair in most patients. A tongue stitch was utilized for
retraction when a mouth gag was not necessary.

The articulating robotic arms were positioned intraorally
with camera, typically utilizing a 30-degree anterior facing
scope for hypopharyngeal and laryngeal pathology and a 0-
degree scope for tongue base pathology. In all cases, 5-mm
working ports and instruments were used.

There were two attending surgeons that were robot-
credentialed during these cases. There is an internal hospital
pathway for robotic surgery credentialing. Attending surgeons,

as well as residents and fellows, have access to a robotic simula-
tor and are at the console with simulation prior to participating
in robotic surgery cases in general. However, the surgeons did
not practice on a robot simulator for each patient immediately
prior to surgery.

Two experienced robot-credentialed attending surgeons
alternated positions between the robot console (i.e., the robotic
surgeon) and the bedside (i.e., the bedside surgeon), as needed.
A bedside surgeon participated in every case, utilizing a variety
of standard laryngeal and pharyngeal surgical instruments
including suction and cautery (Fig. 2). In addition, the bedside
surgeon had the critical role of protecting the patient and main-
taining the airway during the procedure.

RESULTS
Sixteen children (6 males) underwent 18 TORS pro-

cedures including resection of hamartoma (base of
tongue) (n 5 1), repair of laryngeal cleft (n 5 7) (Fig. 3),
removal of saccular cyst (n 5 2), release of pharyngeal
or esophageal strictures (n 5 2), and excision of lym-
phatic malformations in the base of tongue (n 5 1) or
hypopharynx/supraglottis (n 5 3) (Table I). Of the
patients with lymphatic malformations, two patients
received subsequent TORS procedures. Patients with lin-
gual tonsillectomies or tongue base reductions were not
included. The median follow-up from surgery was 22
months (range, 56 days to 44 months).

At the time of surgery, the median age of children
was 4 years old (range, 14 days to 15 years). The median
weight was 18.4 kg (range, 2.5 kg to 93.7 kg). The
youngest patient was 14 days old and weighed 3.7 kg.
The smallest patient was 26 days old and weighed 2.5
kg. Both had saccular cysts and successfully underwent
robotic-assisted removal of these lesions (Fig. 4).

The median operating room (OR) elapsed time (time
from patient entering the OR room to exiting the OR
room, including time of anesthesia care and robot setup)
was 3 hours, 17 minutes (range: 2 hours, 27 minutes to
5 hours, 37 minutes). The median surgery elapsed time
(time for surgical procedure including laryngoscopy and
bronchoscopy) was 2 hours and 24 minutes (range: 1
hour, 3 minutes to 4 hours, 38 minutes). The median
setup time (patient release from anesthesia team to time
out) was 8 minutes. The docking time, that is, the time
used to position the robot, could not be determined or
calculated from the retrospective review of the data.

Fig. 1. Positioning of the robot and the patient. [Color figure can
be viewed in the online issue, which is available at www.laryngo-
scope.com.]

Fig. 2. The bedside surgeon utilizes standard laryngeal and pha-
ryngeal surgical instruments, as well as having the critical role of
protecting the patient and the airway. [Color figure can be viewed
in the online issue, which is available at www.laryngoscope.com.]
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There were no intraoperative complications. The
overall TORS completion rate was 100%. No procedures
were converted to open or traditional endoscopic surgery.
Estimated blood loss ranged from 0 to 25 mL.

The majority of patients had high-grade American
Society of Anesthesiologists (ASA) classification: ASA I
(n 5 2), ASA 2 (n 5 1), ASA 3 (n 5 7), and ASA 4 (n 5
6) (Table I). The reason many patients in this series had
a high-grade ASA classification is related to their com-
plex medical conditions, but ASA grade was not a crite-
rion for eligibility. Three of 16 patients had a
tracheostomy tube in place prior to the operative case.
None of the patients required a new tracheostomy intra-
operatively or postoperatively. Five patients were kept
intubated after the procedure and were observed in the
pediatric intensive care unit (PICU) (1–4 days) for pro-
tection of the airway.

There were three postoperative complications. The
first patient was a 5-year old girl, ASA 3, who had a
type 1 laryngeal cleft and sleep-disordered breathing
(patient 8). On polysomnogram, the patient had an
apnea-hypopnea index of 0.3 (no obstructive apneas, 2

central apneas, and 2 hypopneas). The patient was not
treated surgically for the sleep-disordered breathing.
The patient underwent a TORS-assisted laryngeal cleft
repair and removal of supraglottic tissue using CO2
laser with FlexGuide ULTRA conduit (Omniguide, Lex-
ington, MA). The patient had no intraoperative compli-
cations, but required immediate reintubation in the
operating room at the end of the case due to copious
secretions. The patient was extubated successfully in the
PICU and discharged home on postoperative day 5.

The second patient was a 12-year-old girl who had
a history of caustic ingestion and resultant pharyngeal,
supraglottic, and esophageal strictures (patient 12). The
patient had an existent tracheostomy tube in place and
underwent multiple previous procedures addressing
strictures at the oral aperture, hypopharynx, and esoph-
agus. The patient underwent a TORS approach that
included pharyngectomy, supraglottic laryngectomy, and
base-of-tongue release. The surgical wound site was
allowed to heal by granulation. The patient had no
intraoperative complications but had poor tidal volumes
after surgery. Despite perioperative antibiotics, the

TABLE I.
Patient Characteristics.

Patient Gender Weight (kg) ASA Indication

1 F 23.7 4 Supraglottic lymphatic malformation

2 F 44 3 Hypopharyngeal and supraglottic lymphatic malformation

3 F 10 3 Type I laryngeal cleft

4 M 30 1 Pharyngeal and esophageal stricture

5 M 3.7 4E Saccular cyst

6 M 13.1 4 Type II laryngeal cleft

7 F 10.8 3 Type I laryngeal cleft

8 F 29.4 3 Type I laryngeal cleft

9 M 2.5 4 Saccular cyst

10 F 27.6 1 Base of tongue hamartoma

11 F 52.5 3 Hypopharyngeal lymphatic malformation

12 F 34.2 4 Pharyngeal and esophageal stricture

13 M 8 3 Type III laryngeal cleft

14 M 7.03 3 Type II laryngeal cleft

15 F 93.7 2 Base of tongue lymphatic malformation

16 F 11.2 4 Type I laryngeal cleft

ASA 5 American Society of Anesthesiologists; F 5 female; M 5 male.

Fig. 3. Laryngeal cleft repair. (A) Palpation of the laryngeal cleft prior to repair; (B) close-up intraoperative view of the laryngeal cleft closure
during repair; (C) intraoperative view of the luminal side of laryngeal cleft after repair. [Color figure can be viewed in the online issue, which
is available at www.laryngoscope.com.]
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patient developed pneumonia and septic shock posto-
peratively that required broad-spectrum antibiotics and
vasopressors. The patient underwent emergent bron-
choscopy on postoperative day 2 for respiratory distress
and copious secretions. The patient was found to have
worsening right middle-lobe consolidation. By postopera-
tive day 7, the patient was successfully weaned to tra-
cheostomy collar and discharged home on postoperative
day 8.

The third patient was a 3-year-old girl, ASA 4, with
DiGeorge syndrome and subglottic stenosis who under-
went repair of type 1 laryngeal cleft and excision of
redundant glottic tissue (patient 16). The patient was
kept intubated postoperatively but failed extubation
under steroid coverage on postoperative day 3. The
patient was successfully extubated on postoperative day
6. The patient’s total hospital stay was 11 days.

The hospital duration for pediatric patients ranged
from 1 to 20 days. The longest hospital stay was the 14-
day-old patient, ASA 4E, with a right saccular laryngeal
cyst who underwent TORS-assisted excision of the sacc-
ular cyst (patient 5). The patient was kept intubated
after surgery, extubated on postoperative day 3, and
received 5 days of perioperative steroids. Although the
patient’s procedure and hospital course were uncompli-
cated, the patient was monitored in the neonatal inten-
sive care unit predominantly until per oral feeding
status could be assured.

Three of the 16 patients had previous traditional
surgical approaches prior to TORS. This includes a 2-
year-old patient with a type 2 laryngeal cleft and redun-
dant supraglottic tissue who has required no further
surgery after subsequent successful TORS repair
(patient 6); a 12-year-old patient with lymphangioma
involving the left hypopharynx and tongue base who has
undergone one additional TORS procedure (patient 11);
and a 12-year-old patient with history of caustic inges-
tion with resultant pharyngeal, supraglottic, and esoph-
ageal strictures who has required multiple endoscopic
procedures for dilation (patient 12).

To date, two of three patients who had a preexisting
tracheostomy tube were successfully decannulated fol-
lowing their TORS procedure, with only the patient with
a history of caustic ingestion and multiple levels of aero-
digestive scarring remaining tracheostomy dependent.

DISCUSSION
Since Rahbar et al. first published the robotic-

assisted repair of laryngeal clefts in pediatric patients,
the technology and its applications have been advancing
rapidly.2 When analyzing robotic surgery in general, fac-
tors such as capital expense, instrument size, haptic
feedback loss, docking time, operative time, simulation
and training, complications, operative cost, and patient
outcomes are a few considerations which have been eval-
uated.10 Following the current debate regarding adult
TORS, these same concerns regarding feasibility, teach-
ability, safety, efficacy, and outcomes will need to be
addressed for pediatric TORS. 11

Many early reports have appropriately focused on
safety, feasibility, operative time, and docking time.3,5,6,8

Pediatric TORS is a clear example of early development
and exploration phases of surgical innovation in both its
application in the pediatric airway and description in
the literature.12–16 In attempts to have more evidence-
based innovation, adopting the IDEAL model, as
described by McCulloch, is helpful and recommended.12

The IDEAL model is a descriptive model of surgical tech-
nique delineating the stages of Innovation, Development,
Exploration, Assessment, and Long-term study. The
model includes descriptive guidance on the types of
expected studies in each stage, as well as the clinical
and scientific goals to be accomplished in each stage.

Our case series adds to the literature in several
ways. In representing one of the largest case series, it
nearly doubles the number of cases presented in the lit-
erature to date. A wide range of pathologies was success-
fully and safely addressed, including hypopharyngeal
and laryngeal lymphatic malformations, laryngeal clefts,
saccular cysts, pharyngeal strictures, tongue base

Fig. 4. Saccular cyst excision. (A) Visualization of the saccular cyst prior to excision; (B) intraoperative view after excision of saccular cyst.
[Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.]

Zdanski et al.: TORS in Pediatric Population

22

http://www.laryngoscope.com/


masses, and cysts. The generalizability of this series is
novel in that it lies outside of the range of most of the
published literature that includes lingual tonsillectomies
and tongue-base reductions. It also demonstrates safety
and feasibility in a wide range of patient ages and
weights, including the carefully selected neonates (a 2.5-
kg 26 day old and a 3.7-kg 10 day old). Because of the
wide range of procedure types and pathologies
addressed, a significant trend of decreased operative or
surgical time is not to be expected.

Our reported complications are within the expected
complications for similar traditional transoral
approaches in children with significant airway, respira-
tory, and comorbid pathologies. It is difficult to draw
strict comparison of open or traditional transoral proce-
dures in all cases because many of the cases do not have
appropriate counterpart comparative procedures or data.
The complications seen in this series, although not
directly from robotic instrumentation or surgery, could
be the result of prolonged mouth gag suspension times,
more extensive tissue manipulation, or tissue effects of
noncompliant armored endotracheal tubes. However, the
advantages of wristed instrument control, three-
dimensional visualization, and more precise surgery
were affirmed in our qualitative experience in this
series. For example, we believe that use of the robot
allowed more sutures to be placed in small spaces; more
precise control of the laser; and in some cases, multi-
layer closure with greater exposure than we typically
experience in standard endoscopic procedures.

We believe there are several critical elements for
success in this case series. First, we had a team with
two robotic surgery experienced attending surgeons. Sec-
ondly, the experienced bedside surgeon facilitated
patient safety, surgical access, and robotic surgeon. We
also selected older, bigger children with relatively
assessable pathology before attempting more challenging
cases in younger, smaller children. We excluded patients
with malignancy and vascular tumors (other than lym-
phangioma). We were also prepared to convert to tradi-
tional surgical methods if the procedure could not be
safely and effectively addressed with the robot. With
experience, we learned the importance of carefully
selecting the appropriate endotracheal tube for the
patient, resting the tongue (e.g., release from prolonged
retraction), and consideration for overnight intubation in
long surgical cases. We believe that surgeons can also
decrease operative time with more experience.

These data help solidify our understanding of key
challenges and future development of TORS for pediatric
airway surgery: 1) securing the airway with the appro-
priate laser-safe endotracheal or tracheostomy tubes; 2)
identifying the appropriate exposure; 3) obtaining surgi-
cal access with the robotic arms allowing for unre-
stricted mobility; 4) the critical role of the bedside
surgeon in protecting the airway and the patient in
addition to assisting the robotic surgeon. As the technol-

ogy continues to advance with smaller instruments,
arms, and optics, the initial challenges lessen and the
potential applications widen. Because all of the surgical
instruments adapted for use in pediatric TORS airway
surgery were designed for general and urologic surgical
applications, it is essential for the future innovation and
advancement of pediatric robotic airway surgery to have
specialized airway instrumentation. As safety concerns
diminish and indications are being developed, critical
assessment of the future clinical value pediatric TORS
for airway surgery should be assessed.10

CONCLUSION
Transoral robotic surgery can be safe and feasible,

even in very small neonates. A wide array of pathologies
and sites, including the hypopharynx, larynx, and proxi-
mal trachea, can be successfully addressed. Whereas the
diversity of procedures presented limits robust compari-
son to traditional procedures, this study demonstrates
advancements in application, feasibility, and safety.
Future advancements in technology, smaller instru-
ments, specialized instruments, and airway-specific
optics can help broaden robotic applications.
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Isolated pediatric orbital fractures in the absence 
of other injuries warranting surgery represent a 
challenging and controversial area of manage-

ment.1–3 Some patients present with clear and abso-
lute indications for reduction and internal fixation 

(e.g., restrictive strabismus with obvious muscle 
entrapment on imaging).4 However, the majority of 
children will have a less clear clinical picture, with 
the risks of surgery balanced against the possibility 
of a secondary deformity that can be highly chal-
lenging to correct (i.e., globe malposition).5,6 Plastic 
surgeons may understandably have a higher thresh-
old for recommending surgery to prevent potential 
enophthalmos in the context of surgical disruption 
of an orbit with residual growth potential of not 
only bone but also soft tissue and extraocular mus-
cle function.7 We aimed to quantitatively assess our 
experience with isolated pediatric orbital fractures 
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at a high-volume ophthalmologic trauma referral 
center with the goal of analyzing outcomes and bet-
ter understanding when intervention is warranted.

PATIENTS AND METHODS
Institutional review board approval was obtained 

to conduct a retrospective review of patients in the 
prospectively maintained pediatric trauma registry 
(0 to 18 years) at the Wilmer Eye Institute of Johns 
Hopkins Medical Institutions who were diagnosed 
with orbital fractures by International Classification 
of Diseases, Ninth Revision codes 802.4, 802.6, 802.7, 
and 802.8. The medical records were reviewed for 
each patient who was diagnosed with an orbital 
fracture between the years 2003 and 2013. Patients 
were excluded from this study if records did not 
include a full ophthalmologic examination imme-
diately after presentation or if they did not follow-
up after their injury. Data were extracted from each 
medical record for information about demograph-
ics, mechanism of injury, physical examination at 
presentation, surgical intervention, and final out-
comes. Patients were excluded if they had any facial 
fractures outside of the orbit, with the exception of 
nondisplaced zygoma and frontal bone fractures 
representing the continuation of orbital fractures.

The t test and Mann-Whitney U test were used 
for statistical comparison of dichotomous groups 
for normally and nonnormally distributed vari-
ables, respectively. Univariate logistic regression 
was used to examine the impact of individual fac-
tors on the development of particular complica-
tions, with multivariate regression for possible 
confounders. All statistical tests were two-sided, 
and significance was set to the level of p < 0.05.

RESULTS

Demographics
One hundred fifty patients met the selection 

criteria. The average patient age at the time of 
trauma was 12.6 ± 4.3 years. One hundred six-
teen patients (77 percent) completed all recom-
mended follow-up and were discharged from 
care, with an average follow-up time of 309 days. 
The majority of patients were male [110 (73.3 per-
cent)], and the most common causes were sports 
(34 percent) and assault (32 percent) (Table 1).

Fracture Characteristics
One hundred twenty-seven patients (85 per-

cent) had orbital fractures including the orbital 
floor. Fifty-eight (39 percent) had medial wall 
involvement, 12 (8 percent) included the roof, 

and five (3 percent) had lateral wall involvement. 
The subset of patients without floor involvement 
(n = 23) was much less likely to undergo surgical 
management (30.4 percent versus 78.7 percent; 
p < 0.001). Similarly, patients with evidence of 
extraocular muscle restriction on examination 
were much likelier to have a floor component of 
their orbital fracture (OR, 5.2; p = 0.001).

Twelve patients had extension of their fractures 
outside the orbit. Five had extension of a roof frac-
ture into the frontal bone and four had zygoma 
involvement, all of which were nondisplaced. 
Three patients had nasoorbitoethmoid fractures: 
two with Markowitz-Manson type 1 fractures and 
one with a Markowitz-Manson type 2 fracture.

On presentation, 43 patients (29 percent) 
showed evidence of radiographic muscle entrapment 
(i.e., herniation of a portion of the inferior rectus 
muscle belly into the defect) on computed tomog-
raphy. Lack of diplopia and extraocular movement 
restriction on initial presentation were relatively 
sensitive for ruling out muscle entrapment on imag-
ing (sensitivity, 95 percent; specificity, 45 percent; 
95 percent CI, 84.2 to 99.4 percent). Twenty-two 
patients (15 percent) showed evidence of enoph-
thalmos preoperatively, 19 of whom developed it in 
the acute fracture period. Of the remaining three 
patients, two were initially managed conservatively 
but developed enophthalmos, and one had surgery 
delayed because of ophthalmologic sequelae (i.e., 
commotio retinae and traumatic iritis).

Surgical Cohort
Overall, 107 patients (71 percent) underwent 

surgery for their fracture. Of these, 96 (90 per-
cent) underwent repair within the acute period 
(≤3 weeks), whereas 11 (10 percent) underwent 
delayed fracture repair (22 to 1399 days; median, 
49 days). Thirty-nine patients (37 percent) had 
surgery within the first 48 hours after their injury. 
Patients received surgical or conservative treat-
ment based on their relative indications (Fig. 1), 
with the exception of the previously mentioned 
patients presenting with major eye injuries.

Table 1. Mechanisms of Injury (n = 150)

No. (%)

Sports 50 (33.8)
Assault 47 (31.8)
Play 18 (12.2)
Fall 13 (8.8)
Motor vehicle accident 10 (6.8)
ATV/motorbike 5 (3.4)
Other 5 (3.4)
ATV, all-terrain vehicle.
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In 104 cases (97 percent), an implant was 
placed (i.e., porous polyethylene, porous polyeth-
ylene with titanium, or preformed anatomical tita-
nium mesh). Of the three remaining cases, one 
involved a superomedial defect, one involved a 
very small floor defect with entrapped muscle that 
was felt to not require an implant, and one patient 
developed intraoperative mydriasis during poste-
rior dissection and thus only a reduction after lim-
ited dissection was performed. The three patients 
with nasoorbitoethmoid fractures also had reduc-
tion of the medial canthal tendon–bearing bone 
fragment(s) with a titanium miniplate.

Nonoperative Cohort
The remaining 43 patients were managed 

nonoperatively because they did not have indica-
tions for surgery. Younger age was strongly cor-
related with a lower operative intervention rate 
(p < 0.001; OR, 1.15 per year; 95 percent CI, 1.06 to 
1.25). Follow-up completion rates were compara-
ble between surgical and conservatively managed 
patients (81 percent versus 76 percent; p = 0.5). 
Demographically, there were no significant differ-
ences compared with the operative group except 
for age (Table 2). There were no cases of globe 
malposition in conservatively managed patients.

Outcomes
Two patients had 20/40 vision or worse on the 

side of the fracture at the conclusion of follow-
up. One patient had suffered a significant retinal 
injury and the other had suffered traumatic optic 
neuropathy caused by an orbital foreign body. In 
both cases, the final visual acuity was better than 
the preoperative visual acuity.

A total of three patients (2.8 percent) had 
complications requiring reoperation. Two cases 
involved plate infection that resolved after implant 
removal and antibiotics. One patient underwent 
plate removal in a successful attempt to correct 
hyperglobus and diplopia. Three patients experi-
enced postoperative globe malposition, with one 
patient demonstrating mild residual enophthal-
mos and two patients (including the patient who 
underwent hardware removal) demonstrating 
mild hyperglobus. None of these patients demon-
strated a functional impairment as a result of the 
globe malposition. There were no cases of eyelid 
malposition or unacceptable scarring. The overall 
complication rate was 4.7 percent.

DISCUSSION
Orbital fractures are among the most com-

mon facial fractures in the pediatric population.8,9 

Fig. 1. Management algorithm for surgical decision-making in pediatric orbital fractures.

Table 2. Between-Cohort Differences

Overall Surgical (n = 107) Nonoperative (n = 43)

Age, yr 12.6 ± 4.2 13.3 ± 3.4 10.7 ± 5.4
12 yr or younger, % 31 25 44
Male sex, % 73 75 70
Race, %

   Caucasian 52 46 69
   African American 41 47 24
   Other 7 7 7

Follow-up, mo 10.2 10.1 10.2
Diplopia, %* 51.5 62.5 22.2
Gaze restriction, %* 58.7 74.3 20.9
Initial VA worse than 20/40, % 16.8 20.6 7.5
Final VA worse than 20/40, % 1.4 2.0 0.0
VA, visual acuity.
*At the time of presentation.
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Despite this, there is little in the way of consensus 
regarding the full breadth of indications that war-
rant surgical repair. At least four different surgical 
specialties manage these injuries, and recommen-
dations for treatment vary across the literature. 
The greatest areas of disagreement focus on (1) 
optimal timing of surgery, for both entrapped 
and nonentrapped fractures; (2) ophthalmologic 
symptoms necessitating intervention; and (3) frac-
ture characteristics that warrant early intervention 
before the development of globe malposition.

We sought to specifically answer the question 
of surgical intervention in orbital fractures with 
an emphasis on the outcomes of surgical versus 
conservative treatment. Although it represents 
the largest series of isolated pediatric orbital 
fractures and the largest operative series in the 
literature, our cohort is also unique in that we 
excluded patients with any other type of facial 
fracture or injury that could potentially confound 
the decision to operate. Thus, patients were strat-
ified between surgery and conservative manage-
ment cohorts based on their clinical indications. 
Both cohorts also included only patients who 
returned after their injury, with nearly 80 per-
cent of patients completing their recommended 
follow-up visits and released to follow-up on an 
as-needed basis. Limitations of our study include 
the potential for bias by excluding patients who 
did not return for follow-up. Our results may also 
have limited generalizability to high-energy cra-
niofacial trauma with multiple concomitant facial 
fractures.

We previously reported a large cohort of pedi-
atric orbital roof fractures, with a significant rate 
of intracranial injury and multisystem trauma.10 
These patients (who were not included in this 
series) were admitted to the Johns Hopkins Pedi-
atric Trauma Center and had high rates of multi-
ple trauma by means of high-energy mechanisms. 
In contrast, the patients in this series were man-
aged through the state-designated Wilmer Eye 
Institute Ocular and Orbital Trauma Center and 
were, by inclusion criteria, isolated injuries. This 
is congruent with the low incidence of roof frac-
tures seen in this series. Examination of the demo-
graphics and fracture patterns of the two groups 
offers an interesting comparison between low- and 
high- energy facial injuries in the pediatric popu-
lation. Unlike the high rate of operative repair in 
this series, less than 10 percent of patients with 
orbital roof fractures had surgery,10 and their 
management is typically more analogous to a skull 
fracture than an orbital floor fracture. Trapdoor 
fractures are much less common in high-energy 

injuries, contributing to a paradoxically elevated 
rate of surgical intervention in orbital fracture 
patients with low energy mechanisms.

Losee et al. reported a series of 74 pediat-
ric orbital fracture patients, 25 of which were 
isolated orbital fractures.2 Only three of the 25 
patients (12 percent) underwent surgical treat-
ment, two of which were because of entrapment. 
Mild detectable enophthalmos was seen in one of 
the surgically treated fractures (33 percent) and 
three of the conservatively treated fractures (14 
percent). However, among “significant fractures” 
(n = 12), defined as fractures that involved more 
than 50 percent of the area or displacement mea-
suring greater than three times the cortex width, 
the enophthalmos rate was 30 percent with con-
servative treatment. The authors questioned the 
practical significance of mild enophthalmos and 
advocated a conservative approach to manage-
ment in the absence of entrapment or early globe 
malposition. This is clearly an area where surgeon 
preference and informed consent by parents as to 
the risks and benefits of intervention versus obser-
vation is essential.

Attempts to correlate radiographic fracture 
size with the development of late complications 
began shortly after the widespread adoption of 
computed tomographic scanning. In 1983, Hawes 
and Dortzbach postulated that a greater than 
50 percent defect of the orbital floor on computed 
tomographic scan was necessary to cause enoph-
thalmos.11 This number has been widely adopted 
as a standard for “critical fracture size” in the 
ophthalmology literature. For example, Hatton 
et al. published a series of 96 pediatric patients, 
inclusive of multiple facial fracture patterns, from 
the Massachusetts Eye and Ear Hospital following 
this criterion.12 Forty-nine patients (51 percent) 
underwent surgery; however, only four patients 
(4 percent) had surgery based on the size of the 
fracture.

Bansagi and Meyer published a review of a 
34-patient experience, of which eight were trap-
door fractures.13 They noted that this subset of 
patients had better recovery of ocular motility if 
operated on immediately (within 48 hours) ver-
sus later (3 to 14 days after injury). Specifically, 
these patients demonstrated long-term limitation 
in supraduction. In contrast, Egbert et al.14 con-
cluded that delay of up to 1 week was acceptable. 
In our experience, these patients tend to do bet-
ter the earlier they undergo reduction. Accord-
ingly, our preference is to perform surgery for this 
subgroup within 24 hours of presentation when-
ever possible.
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In the oral surgery literature, Gerber published 
a series of 24 patients, of which 22 were operated 
on (92 percent).3 Seven patients (32 percent) had 
long-term gaze restriction or diplopia, with one case 
of enophthalmos. Based on these results, they pro-
posed that all operative pediatric orbital fractures 
should be repaired within 3 days; however, we have 
not seen evidence that this is necessary to obtain 
good outcomes, and it may make the repair proce-
dure unnecessarily difficult because of edema.

In any pediatric facial trauma cohort, there is 
always significant clinical heterogeneity between 
the extremes of infants with highly immature cra-
niofacial skeletal structures and “nearly adult” 
16-year-olds. If orbital fractures themselves were 
randomly distributed in our cohort by age, we 
would expect to see a roughly even distribution 
of fracture patients by each year of life; instead, 
there is a sharp increase in frequency after the age 
of 12. We hypothesize that this is a combination 
of increasing environmental exposure to trauma 
and increasing anatomical predilection to orbital 
(as opposed to skull or maxillary) fractures.15 Even 
factoring this in, however, increasing age still cor-
related with a higher operative rate. We attribute 
this to a combination of a higher threshold for 
intervention in very young children with signifi-
cant remaining orbital growth and a lower rate of 
symptomatic fractures in these patients.

Our patients who underwent surgery fell into 
three groups. Group I (n = 43) had definite evi-
dence or suspicion of muscle entrapment based 
on a combination of clinical examination and 
computed tomographic imaging, a clear indi-
cation for early open reduction and internal 

fixation, which we try to accomplish as soon as 
possible. Of the patients who were not operated 
on for muscle entrapment, group II (n = 18) 
demonstrated early enophthalmos, typically 
from a relatively large defect, which represents 
a second generally accepted indication for sur-
gery, although this can be performed in a more 
delayed fashion.

Group III (n = 46) included patients with 
neither entrapment nor acute globe malposition 
who required surgery for other reasons (Fig. 2). 
These patients represent the most challenging 
evaluation, and the main indications for sur-
gery can broadly be divided into two categories: 
(1) to preserve conjugate gaze or (2) to avoid late 
enophthalmos or other sequelae resulting from 
changes in orbital anatomy. Persistent diplopia 
in central gaze or extraocular muscle movement 
restriction after 1 to 2 weeks when edema has 
mostly resolved will generally prompt us to inter-
vene, especially when there is evidence of orbital 
fat herniation into the orbital defect on imaging.

The importance of ophthalmologic symptoms 
tends to be underestimated in patient evaluation. 
After swelling has largely abated at 1 to 2 weeks, 
the continued presence of diplopia in central gaze 
is concerning for alterations in orbital volume 
and structure. This is less concerning if computed 
tomographic imaging suggests the possibility of 
transient impairment of extraocular muscle func-
tion (e.g., an extremely swollen inferior rectus or 
intramuscular hematoma). Similarly, if the dip-
lopia is not present on central gaze but only on 
vertical upgaze or downgaze, we have a greater 
tendency toward observation.

Fig. 2. Indications for surgery among group III patients (n = 46). Totals exceed 
100 percent because some patients had two relative indications. “Other fracture” 
indicates nasoorbitoethmoid or orbital roof. EOM, extraocular movement.
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Fracture characteristics that warrant acute 
repair are likely the area of greatest controversy 
in the management of these patients. Loss of sup-
port of the orbital contents is difficult to measure 
quantitatively, and we generally avoid applying a 
strict size measurement threshold except for the 
rare patient who presents with an extremely large 
defect where the majority of the orbital floor is 
gone. Instead, we assess the apparent structural 
changes (e.g., rounding of the inferior rectus 
muscle, significant fat herniation) and clinical 
symptoms coupled with the suspected structural 
instability from the fracture. Displaced two-wall 
fractures that include the medial transition zone 
can result in a defect that appears deceptively 
small. However, comparison to the opposite orbit 
often reveals that only a few millimeters of dis-
placement of this large fragment can create a sig-
nificant orbital volume increase, and we manage 
these operatively (Fig. 3). In these cases, we have 
had good results with the use of prefabricated 
anatomical titanium orbital plates.

Our absolute percentage rate of surgical inter-
vention is significantly higher than in other series. 
As a state-designated ophthalmology referral 
center and the primary pediatric trauma center 
for the state of Maryland, there is undoubtedly a 

strong referral bias present in our series. We gen-
erally advise outside physicians that they do not 
need to transfer patients if the fracture is clearly 
nonoperative (e.g., small and nondisplaced), 
ocular motility is full, and the dilated ophthalmic 
examination is normal. In addition, focusing on 
isolated orbital fractures likely causes selection 
bias toward “symptomatic” orbital fractures by 
excluding incidental findings on patients imaged 
for other facial fractures. Although these factors 
prevent direct comparison of operative rates, they 
do offer the advantage of a uniquely higher acuity 
cohort with a greater proportion of cases where 
management is not obviously nonoperative.

Even with referral bias considered, our crite-
ria still represent a lower threshold for operative 
repair of pediatric orbital fractures compared 
with most previous authors. As a high-volume cen-
ter, routinely performing these procedures offers 
advantages in familiarity and favorable outcomes, 
with a less than 5 percent rate of complications. 
Importantly, in our experience, the long-term 
ocular outcomes of these patients tend to be supe-
rior when significant disturbances in the anatomy 
of the orbit are corrected.

Most series focus on the primary outcome of 
globe malposition, which is evident on routine 

Fig. 3. A 14-year-old patient with a two-wall fracture that included the medial 
transition zone who was managed operatively. Despite a deceptive lack of com-
minution or severe displacement (above, left), the orbit is significantly enlarged 
compared with the uninjured side (below, left). Volumetric segmentation of the two 
orbits (right) shows that the overall volume of the orbit has increased 28.6 percent.
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physical examination and important because 
late enophthalmos is a highly challenging prob-
lem. Less appreciated is extraocular muscle func-
tion and preservation of binocular stereo vision. 
Although it is not uncommon in the literature 
to see conclusions that “all diplopia resolved,” 
continued diplopia in children can lead to the 
development of compensatory mechanisms that 
may go unappreciated. We have seen a number 
of secondary referral patients whose diplopia has 
resolved despite detectable heterotropia because 
they have suppressed vision from the affected 
eye. The development of strabismus can be par-
ticularly problematic in the context of younger 
children with a developing visual system and sig-
nificant neuroplasticity.

All children in this series had routine ophthal-
mologic examinations, and only four patients had 
any detectable degree of heterotropia. By restoring 
orbital symmetry and addressing any restrictions 
in ocular movement, excellent visual acuity out-
comes and maintenance of conjugate gaze can be 
obtained. Overall, operative intervention was well 
tolerated, with a 4.7 percent complication rate, 
including two patients with detectable hyperglobus 
and one that had inadequate enophthalmos correc-
tion. Two patients required reoperation for removal 
of infected hardware. Only one patient desired 
correction of their globe malposition, which was 
addressed by plate removal to improve hyperglo-
bus. Equally important, although impaired visual 
acuity was common on initial presentation, nearly 
all patients recovered excellent vision by the con-
clusion of follow-up. Only two patients had worse 
than 20/40 visual acuity at the end of the follow-up, 
both of whom had sustained serious ophthalmo-
logic injuries during their trauma (retinal injury 
and traumatic optic neuropathy, respectively) and 
had poor vision on initial presentation.

CONCLUSIONS
Orbital fractures are among the most common 

sequelae after blunt facial trauma in children. 
Many different criteria have been suggested to 
identify the need for operative intervention. In the 
largest series of isolated orbital fractures with good 
follow-up, we had a less than 5 percent complica-
tion rate from reduction and internal fixation. 
Concomitant ophthalmologic injuries can often 
be predicted based on associated fracture patterns 
and should prompt delay in intervention until sur-
gery is unlikely to aggravate the condition. Indi-
cations for surgery can be divided into four main 
criteria: (1) entrapment of extraocular muscles; 

(2) early enophthalmos; (3) persistent restrictive 
strabismus or diplopia in central gaze suggestive 
of restriction of orbital contents; and (4) anatomi-
cally or functionally significant loss of orbital sup-
port. Using these principles, early intervention to 
restore normal orbital volume and support can 
provide good long-term outcomes in visual acuity, 
globe position, and binocular eye function, with 
an acceptably low complication profile.
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a b s t r a c t

Introduction: Robin sequence (RS) is defined as the triad of micrognathia, glossoptosis and airway
obstruction. A popular surgical treatment is mandibular distraction osteogenesis (MDO). In this study, it
is demonstrated that the associated variables change, dependent on the manner in which failure is
defined. These multiple failure outcomes are used to construct a scoring system to predict MDO failure.
Methods: A retrospective database of neonatal MDO patients was constructed. Failure outcomes studied
included tracheostomy; a decrease in the apnea-hypopnea index (AHI) but an AHI >20; and death. A
combination of bivariate and regression analysis was used to produce significantly associated variables
and a scoring system.
Results: Statistical analysis demonstrated the association of gastroesophageal reflux; age >30 days;
neurologic anomaly; airway anomalies, other than laryngomalacia; an intact palate; and pre-operative
intubation on the outcome variables studied. Multiple scoring systems were produced with reason-
able sensitivity, specificity, and positive and negative predictive value.
Conclusions: When reporting surgical outcomes of MDO in the setting of RS, it is important to consider
the AHI as well as avoidance of tracheostomy as an outcome variable. Incomplete amelioration of AHI
accounts for half of the patients with a problem after MDO. The predictive scores presented will be used
and validated on a larger, prospectively collected dataset.

© 2015 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights
reserved.

1. Introduction

Upper airway obstruction caused by micrognathia and subse-
quent glossoptosis with or without cleft palate defines the triad of
Robin sequence (RS) (Robin, 1929, 1934). Affected patients may
present with airway obstruction causing detriment to breathing,
growth, neurocognitive development and, in advanced cases, life
threatening airway stenosis. Indeed mortality associated with
Robin sequence is reported to be between 1.7 and 65% (Costa et al.,

2014). Surgical intervention has been reserved for patients with
severe airway obstruction in which conservative treatment has
been unsuccessful. Mandibular distraction osteogenesis (MDO) is
the first line of surgical therapy at many craniofacial centers
treating Robin sequence. MDO has been demonstrated as a more
functional and cost-effective alternative to tracheostomy (Kohan
et al., 2010; Hong et al., 2012) and a more effective intervention
compared with tongue-lip adhesion in the treatment of isolated
Robin sequence (Flores et al., 2014).

Several investigators have reported on the efficacy of MDO in
relieving airway obstruction in the RS population (Denny et al.,
2001; Denny and Kalantarian, 2002; Monasterio et al., 2002;
Denny, 2004; Mandell et al., 2004; Wittenborn et al., 2004;
Burstein and Williams, 2005; Dauria and Marsh, 2008; Iatrou
et al., 2010; Cascone et al., 2014). Critical appraisal of the litera-
ture demonstrates that the definition of successful distraction
varies across studies (Denny et al., 2001; Denny and Kalantarian,
2002; Monasterio et al., 2002; Denny, 2004; Mandell et al., 2004;
Wittenborn et al., 2004; Burstein and Williams, 2005; Dauria and

* Corresponding author. Division of Plastic Surgery, Riley Hospital for Children,
705 Riley Hospital Drive, RI 2514, Indianapolis, IN 46202, USA. Tel.: þ1 317 274
2430; fax: þ1 317 2780 0939.

E-mail address: stholpad@iupui.edu (S.S. Tholpady).
1 Present address: Department of Plastic Surgery, NYU Langone Medical Center,

307 East 33rd Street, New York, NY 10016, USA.
2 Present address: Division of Plastic Surgery, Riley Hospital for Children, Indiana

University School of Medicine, 705 Riley Hospital Drive, Indianapolis, IN 46202,
USA.

Contents lists available at ScienceDirect

Journal of Cranio-Maxillo-Facial Surgery

journal homepage: www.jcmfs.com

http://dx.doi.org/10.1016/j.jcms.2015.06.039
1010-5182/© 2015 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights reserved.

Journal of Cranio-Maxillo-Facial Surgery 43 (2015) 1614e1619

Reprinted by permission of J Craniomaxillofac Surg.  2015; 43(8):1614-1619.

31

mailto:stholpad@iupui.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcms.2015.06.039&domain=pdf
http://www.sciencedirect.com/science/journal/10105182
http://www.jcmfs.com/
http://dx.doi.org/10.1016/j.jcms.2015.06.039
http://dx.doi.org/10.1016/j.jcms.2015.06.039
http://dx.doi.org/10.1016/j.jcms.2015.06.039


Marsh, 2008; Paes et al., 2013; Flores et al., 2014; Lam et al., 2014;
Murage et al., 2014; Rachmiel et al., 2014; Runyan et al., 2014; Tahiri
et al., 2014) and can include resolution of apnea by clinical exam or
polysomnogram (PSG) improvement; avoidance of tracheostomy;
changes in airway obstruction patterns; or mortality. Unfortu-
nately, this variation in definitions creates a confounder in deter-
mining patient characteristics leading to favorable or unfavorable
results and is problematic to formulating definitive treatment
protocols of care.

Themain hypothesis of this study is that the variables associated
with MDO failure depend on the definition of success for this pa-
tient population. A total institutional outcomes analysis for the
treatment of MDO was performed with regard to the varying
dependent definitions of success. These variables were then used to
construct a tool with which failure could be predicted. This infor-
mation will provide greater clarity in the analysis of surgical out-
comes of MDO and draws attention to the need for standardized
assessment of surgical outcomes in this challenging patient popu-
lation. It also provides a set of pre-operative variables that can assist
the clinician in patient counseling.

2. Material and methods

Institutional Review Board approval was obtained prior to the
start of this study. A 10-year retrospective reviewwas conducted of
all patients with RS treated with MDO at a single tertiary care
children's hospital between 2003 and 2012. RS was defined as
micrognathia, glossoptosis, and airway obstructionwith or without
cleft palate. Study patients required a clinical follow-up of at least
one year, pre-operative laryngoscopy/bronchoscopy, and pre-
operative and postoperative PSGs, unless precluded by tracheos-
tomy, intubation, or other airway intervention. Patients were not
excluded based on secondary diagnosis or age at the time of
distraction.

Work up and indication for distraction was based on a previ-
ously described, institutionally-derived protocol (Murage et al.,
2013, 2014; Flores et al., 2014). A multidisciplinary team with
members from plastic surgery, neonatology, genetics, pulmonol-
ogy, otolaryngology, and nursing participated in patient assessment
and surgical indications. Briefly, patients with airway obstruction
unresponsive to conservative airway interventions were assessed
by PSG. Those patients with an apnea/hypopnea index (AHI) >20 or
significant CO2 retention were considered for MDO unless central
sleep apnea was noted. Prior to surgery, non-contrast computed
tomography (CT) of the maxillofacial skeleton was obtained to
assess mandibular form, bone quality, associated malformations of
the condyle, or TMJ ankylosis. A laryngoscopy and bronchoscopy
was also obtained prior to distraction to rule out secondary airway
anomalies which could preclude successful MDO. Laryngomalacia
was not a contraindication to distraction.

Mandibular distraction was performed using a Risdon incision
placed 1 cm inferior to the mandibular border. A vertical ramus
osteotomy was performed with a sagittal saw in combination with
a coronoidectomy. A micro Zurich mandibular distractor (KLS
Martin, Jacksonville, FL, USA) was then applied using a horizontal
vector. The activation arm exited anteriorly or posteriorly according
to each surgeon's preference. After a latency period of 5 days,
activation commenced at a rate of 1 mm/day to the maximal
allowable length of the distraction device (20e30 mm). Devices
were removed in a second operation after 8 weeks of consolidation.

Multiple patient variables were recorded to correlate with the
surgical outcomes of MDO. These included: sex, age, low birth
weight (LBW, defined as <2500 g), intrauterine growth retardation
(IUGR), prematurity (defined as <37 weeks gestation), age at the
time of surgery, presurgical intubation, presence of a cleft palate,

syndromic or genetic anomaly, cardiac anomaly, central nervous
system (CNS) anomaly, respiratory anomaly excluding lar-
yngomalacia, gastrointestinal (GI) anomaly, gastroesophageal
reflux (GER), genitourinary (GU) anomaly, or other system anomaly.
Outcome variables defining failure were: a decrease in AHI but still
above 20, the need for post-intervention tracheostomy, and death.
Repeat distraction was considered under the same paradigm but
not considered to be a failure unless it led to no further reduction in
AHI, tracheostomy, or death.

Statistical analysis was performed using SAS for Windows (SAS
Institute, Cary, NC, USA). Changes in AHI in response to surgery
were assessed using a paired t-test. A chi-square test was used to
analyze each dependent variable's effect on the failure of MDO as
classified by: an AHI not decreasing below 20; the need for tra-
cheostomy; or death. Statistical significance was defined as
p " 0.05. Identified variables that had a statistically significant
association with failure were then used to construct a scoring
system that was tested for the best sensitivity, specificity, and
positive and negative predictive value. The receiver operating
characteristic (ROC) curves for each was then calculated in order
to stratify well-performing predictive tests from poorly perform-
ing ones.

3. Results

3.1. Study demographics

Eighty-one patients met the inclusion criteria for this study.
Patient characteristics included a mean age of 33.5 days at opera-
tion, a mean birth weight of 2.92 kg, and a mean operative weight
of 3.36 kg. Other systemic anomaly data was collected as per pre-
vious studies. All demographic data is represented in Table 1. These
variables include: male sex (58.02%); LBW (29.63%); premature
(24.69%); GER (41.98%); Nissen (14.81%); gastrostomy tube (67.9%);
laryngomalacia (25.93%); syndromic (30.86%); cleft palate
(83.75%); isolated RS (20.99%); CNS anomaly (22.22%); cardiac
anomaly (24.69%); GI anomaly (2.47%); GU anomaly (14.81%);
airway anomaly (other than laryngomalacia) (34.57%); other

Table 1
Pre-operative demographics of mandibular distraction osteo-
genesis study patients.

Mean, n (%)

Age (days) 33.49
Birth weight (kg) 2.92
Weight (kg) 3.36
Male 47 (58.02)
Female 34 (41.98)
LBW 24 (29.63)
IUGR 24 (29.63)
Premature 20 (24.69)
GER 34 (41.98)
Nissen 12 (14.81)
Gastrostomy tube 55 (67.9)
Laryngomalacia 21 (25.93)
Syndromic 25 (30.86)
Cleft palate 67 (83.75)
Isolated RS 17 (20.99)
CNS anomaly 18 (22.22)
Cardiac anomaly 20 (24.69)
GI anomaly 2 (2.47)
GU anomaly 12 (14.81)
Other airway anomaly 28 (34.57)
Other anomaly 21 (25.93)
Intubated 6 (7.41)

CNS: central nervous system; GER: gastroesophageal reflux; GI:
gastrointestinal; GU: genitourinary; IUGR: intrauterine growth
restriction; LBW: low birth weight; RS: Robin sequence.
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congenital anomaly (25.93%); and pre-operatively intubated
(7.41%).

3.2. Bivariate and regression analysis of variables associated with
failure

Failure was defined as follows, with parenthesized numbers
indicating the number of patients within that group: need for tra-
cheostomy (7), death due to apneic disease (1), AHI >20 after
distraction (6), failure due to tracheostomy or insufficient reduction
in AHI (12), any of these failures (13), and all failures as well as all-
cause mortality (16). These failures were then analyzed in a bivar-
iate fashion to reveal variables that were specifically associated
with each cluster of failure variables. Table 2 outlines all variables in
this analysis. Values in bold indicate variables significantly associ-
ated with failure.

In this analysis of specific causes of failure, certain variables
were important across all types of failure. These include GER, Age
>30 days, Neurologic anomaly, airway anomalies Other than lar-
yngomalacia, Intact palate, and pre-operative inTubation. Paired t-
test analysis for numeric variables demonstrated an age of
approximately 30 days as being significant in failure by tracheos-
tomy, AHI, and any failure (Table 3). Interestingly, there was a trend
towards failure in children below 2.5 kg birth weight, but this only
reached significance in the failure by tracheostomy or AHI >20
group.

3.3. Construction of a tool to predict failure in the MDO population

Elucidation of variables associated with failure provided the
material with which to create a scoring system for the prediction of
failure of MDO. The variables assessed were GER, Age >30 days,
Neurologic anomaly, airway anomalies Other than laryngomalacia,
Intact palate, and pre-operative inTubation. Scores were created for
every variation possible for these variables. A sample of the analysis
is demonstrated in Table 4. The top eight scores by ROC curve
analysis were listed for each mode of failure. ROC curve analysis

was performed for the outcome variable denoting failures due to all
causes (Fig. 1).

4. Discussion

There have been multiple publications demonstrating the
effectiveness of MDO in relieving airway obstruction in patients
affected by severe airway stenosis secondary to Robin sequence
(Denny et al., 2001; Denny and Kalantarian, 2002; Denny, 2004). As
a result MDO is increasingly used as a first line intervention for the
surgical treatment of MDO. Unfortunately, standardized protocols
of assessment and intervention have not yet been formulated to
treat this challenging patient population. To construct these stan-
dardized care plans, a consistent means of assessing surgical out-
comes needs to be defined. The current literature demonstrates
varying definitions of ‘failure’ of MDO including: the clinical pres-
ence of apnea; an objective drop in AHI; the need for tracheostomy,
redistraction, or other airway procedures; and death (Dauria and
Marsh, 2008; Paes et al., 2013; Papoff et al., 2013; Flores et al.,
2014; Lam et al., 2014; Tahiri et al., 2014). Agreement on the defi-
nition of failure is critical to assessing differing patient variables
associated with successful and unsuccessful distraction and is ul-
timately required to create definitive treatment protocols.

In this study it is shown that differing definitions of successful
distraction not only have an effect on the success rate of distraction
but also implicate differing sets of patient variables associated with
unsuccessful distraction (Table 2). An almost equal number of pa-
tients were characterized as failures by need for tracheostomy
(n¼ 7) and inadequate improvement of AHI (n¼ 6). Furthermore, an
additional patient died from apnea-related disease. Commonly, the
success rate is defined as avoidance of tracheostomy; if thismeasure
is used, only 50% of patients with a problem would be identified.

The variables associated with failure of distraction are also
affected by the definitions of failure. This can most clearly be seen
in Table 2. The table provides an easily visualized data represen-
tation of important variables of failure across differing definitions.
When failure is defined by avoidance of tracheostomy, the previ-
ously described standard variables appear as important: CNS

Table 2
Bivariate analysis of pre-operative demographic variables against all causes of failure.

% (p value)

Failure by tracheostomy Failure by AHI Any failure Any failure þ deceased

Total 8.64% 8.11% 16.67% 19.75%
Male 12.77 (0.229) 9.3 (1) 21.74 (0.219) 23.4 (0.405)
Female 2.94 (0.229) 6.45 (1) 9.38 (0.219) 14.71 (0.405)
LBW 16.67 (0.187) 5.26 (1) 23.81 (0.32) 33.33 (0.066)
IUGR 4.17 (0.668) 14.29 (0.343) 18.18 (1) 25 (0.543)
Premature 20 (0.059) 11.76 (0.616) 31.58 (0.073) 30 (0.206)
Isolated RS 0 (0.335) 5.88 (1) 5.88 (0.277) 5.88 (0.171)
CNS anomaly 22.22 (0.04) 13.33 (0.595) 29.41 (0.143) 38.89 (0.039)
Cardiac anomaly 10 (1) 5.26 (1) 15 (1) 20 (1)
GI anomaly 50 (0.166) 0 (1) 50 (0.307) 50 (0.358)
GU anomaly 8.33 (1) 0 (0.588) 9.09 (0.68) 8.33 (0.443)
Other anomalies 4.76 (0.67) 5.88 (1) 15.79 (1) 23.81 (0.751)
GER 17.65 (0.038) 13.79 (0.202) 28.13 (0.032) 29.41 (0.09)
NISSEN 41.67 (<0.0001) 22.22 (0.153) 54.55 (0.002) 50 (0.011)
Gastrostomy 12.73 (0.09) 12.24 (0.091) 23.08 (0.05) 25.45 (0.077)
Other airway anomalies 17.86 (0.045) 11.54 (0.659) 28.57 (0.055) 28.57 (0.158)
Laryngomalacia 19.05 (0.07) 10 (0.659) 28.57 (0.1) 28.57 (0.339)
Syndromic 8 (1) 4.76 (0.668) 16.67 (1) 20 (1)
Intact palate 30.77 (0.012) 16.67 (0.249) 41.67 (0.024) 38.46 (0.122)
Age >30 days 19.23 (0.031) 12.50 (0.38) 26.92 (0.11) 34.62 (0.034)
Intubated 50 (0.007) 50 (0.15) 80 (0.002) 66.67 (0.012)

AHI: apnea-hypopnea index; CNS: central nervous system; GER: gastroesophageal reflux; GI: gastrointestinal; GU: genitourinary; IUGR: intrauterine growth restriction; LBW:
low birth weight; RS: Robin sequence.
Significant values (p < 0.05) are listed in bold.
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anomalies, GER, intact palate, airway anomalies, and pre-operative
intubation. However, when failure is defined as limited improve-
ment in AHI, there are no variables statistically associated with
failure. This suggests that multifactorial or unanalyzed variables are
influencing failure in this unanalyzed and previously unreported
sub-population.

As reported previously, laryngomalacia is not associated with
failure of MDO across any of the analyzed variables (p < 0.05)
(Tholpady et al., 2015). When this supraglottic disease is separated
from other airway anomalies, a clear difference can be seen be-
tween the two variables. Non-laryngomalacia airway anomalies are
associated with failure by tracheostomy and so should still be
approached with the knowledge that MDO will not be successful at
a higher rate.

The analysis of this patient population provides the basis for
score creation, much like the GILLS score (Rogers et al., 2011;

Abramowicz et al., 2012). The score is a well-known predictor of
success of tongue-lip adhesion (TLA) in the RS population. It has
identified GER, Intubation pre-operatively, Late operation, Low
birth weight, and Syndromic diagnosis as important predictors of
success; fewer than three of these predicts a 100% successful TLA.
Of these variables GER and intubation pre-operatively were iden-
tified as being important in this mandibular distraction study. Low
birth weight was not shown to be significant, but approached sig-
nificance in the deceased population (p < 0.06). Syndromic status
was not significant.

Interestingly, using paired t-test analysis, a breakpoint was
identified between successful and unsuccessful MDO with regard
to the age at performance of distraction. RS patients below 30 days
of age at the time of distraction were more likely to be successful
than children older than 2 months. The reasons for this age dif-
ference could be many, but this is similar to the GILLS score in that

Table 3
Paired t-test of numeric variables between mandibular distraction osteogenesis successes and failures.

Failure by tracheostomy Failure by AHI Any failure Any failure þ deceases

No Yes p value No Yes p value No Yes p value No Yes p value

n 74 7 e 68 6 e 65 13 - 64 16 e

Birth weight (kg) 2.97 2.46 0.067 3.00 2.69 0.307 3.02 2.61 0.053 3.03 2.50 0.006
Age (days) 29.9 70.5 0.001 32.2 43.0 0.423 30.8 51.7 0.037 29.6 49.3 0.031
Weight (kg) 3.33 3.75 0.417 3.43 3.16 0.419 3.39 3.44 0.898 3.38 3.28 0.707

AHI: apnea-hypopnea index.
Significant values (p < 0.05) are listed in bold.

Table 4
Sensitivity, specificity, positive and negative predictive value for the combinations of the six variables with corresponding receiver operating characteristic curve scores.

Combination of
variables analyzeda

GAITO GIANTO GIT OAINT OTIG TINGO TING TONI

Failure by tracheostomy
Specificity 100 100 85.7 100 100 100 85.7 100
Negative predictive

value
22.6 19.4 54.5 28 31.8 25 31.6 43.8

Positive predictive
value

100 100 98.6 100 100 100 98.4 100

Sensitivity 67.6 60.8 93.2 75.7 79.7 71.6 82.4 87.8
Area under ROC

curve
0.93 (0.86e1) 0.94 (0.87e1) 0.93 (0.86e1) 0.94 (0.88e1) 0.95 (0.9e1) 0.96 (0.9e1) 0.92 (0.82e1) 0.96 (0.92e0.99)

Failure by AHI
Specificity 83.3 83.3 33.3 66.7 83.3 83.3 50 50
Negative predictive

value
18.5 16.1 28.6 18.2 27.8 21.7 21.4 23.1

Positive predictive
value

97.9 97.7 94 96.2 98.2 98 95 95.1

Sensitivity 67.6 61.8 92.6 73.5 80.9 73.5 83.8 85.3
Area under ROC

curve
0.75 (0.5e1) 0.75 (0.49e1) 0.73 (0.53e0.94) 0.71 (0.47e0.96) 0.77 (0.53e1) 0.75 (0.51e1) 0.72 (0.5e0.95) 0.72 (0.5e0.94)

Any failure
Specificity 84.6 84.6 53.8 76.9 84.6 84.6 61.5 69.2
Negative predictive

value
36.7 32.4 70 40 52.4 42.3 47.1 56.3

Positive predictive
value

95.8 95.5 91.2 94.3 96.5 96.2 91.8 93.5

Sensitivity 70.8 64.6 95.4 76.9 84.6 76.9 86.2 89.2
Area under ROC

curve
0.8 (0.64e0.97) 0.8 (0.63e0.97) 0.8 (0.66e0.95) 0.79 (0.63e0.95) 0.83 (0.67e0.99) 0.81 (0.65e0.98) 0.78 (0.63e0.94) 0.81 (0.66e0.96)

Any failure including all deaths
Specificity 75 81.3 43.8 68.8 68.8 68.8 50 56.3
Negative predictive

value
38.7 36.1 63.6 44 50 39.3 42.1 56.3

Positive predictive
value

92 93.3 87.1 91.1 91.5 90.6 87.1 89.2

Sensitivity 70.8 64.6 93.8 78.5 83.1 73.8 83.1 89.2
Area under ROC

curve
0.74 (0.58e0.91) 0.77 (0.63e0.92) 0.72 (0.57e0.87) 0.77 (0.63e0.91) 0.73 (0.56e0.9) 0.76 (0.61e0.9) 0.75 (0.62e0.88) 0.75 (0.61e0.9)

AHI: apnea-hypopnea index; ROC: receiver operating characteristic.
a The combinations of variables analyzed are drawn from the following: Gastroesophageal reflux; Age >30 days; Neurologic anomaly; airway anomalies Other than lar-

yngomalacia; Intact palate; and pre-operative intubation.
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there is a critical period during which an operation has a better
chance of success. In the GILLS score, late operation is defined as
two weeks; in this study it is 30 days. This indicates there may be
physiological changes that become ingrained and are irreversible
past a certain age even with intervention.

This report does identify the following patient variables asso-
ciated with failure of distraction as defined by post-procedure
tracheostomy, limited improvement in AHI, or death by apnea:
GER, Age >30 days, Neurologic anomaly, airway anomalies Other
than laryngomalacia, Intact palate, and pre-operative inTubation.
Gastrostomy tube and fundoplication were eliminated from the
score construction because they are usually procedures that occur
after distraction, and so are not useful for prospectively identifying
failures of distraction.

These scores were most simply chosen by evaluation of the ROC
curves. These are graphical plots that illustrate the performance of a
binary classifier system (will MDO work or not) as the discrimi-
nation values are varied. It is created by plotting the true positive
rate against the false positive rate over differing threshold values. In
this case, 0.5 indicates what would be seen when guessing, 1 in-
dicates a perfectly discriminative test, and 0 is completely incorrect.
Although no score is perfect, ROC values ranged between 0.7 and
0.9 for all failure variables (Fig. 1).

Depending on the question asked, each score has a differing
value. A comparison of the GIT and GIANTO scores illustrate this
point. If a score with a high sensitivity is required, the GIT score
demonstrates a higher sensitivity and positive predictive value
than the GIANTO score. As more variables are added to the score,
the specificity increases, at the expense of sensitivity. No score has a
100% specificity and sensitivity, and the needs of the patient and
provider determine which test will be useful (Loong, 2013).

These data suggest that a unified definition of successful
distraction should be established for consistent assessment of
surgical outcomes of MDO as applied to RS patients. The authors
suggest this definition would be the tripartite avoidance of tra-
cheostomy, improvement in AHI, and avoidance of mortality asso-
ciated with airway obstruction. The avoidance of tracheostomy and
mortality are commonly used measures; however, these outcomes

fail to identify patients who avoid tracheostomy and are still
affected by severe airway obstruction.

Decrease in AHI is a metric that requires further attention. AHI
measurement requires the use of polysomnography as an assess-
ment tool for quantifying surgical outcomes, and is not consistently
used across and within all studies (Denny, 2004; Schaefer et al.,
2004; Dauria and Marsh, 2008; Cicchetti et al., 2012). Further-
more, the requirement of an improvement in AHI may identify
patients who have avoided tracheostomy but still have a high de-
gree of airway obstruction (AHI >5e10) and as a result, require
major supplemental airway support such as continuous positive
airway pressure (CPAP) or home oxygen. This scenario demon-
strates an incomplete beneficial effect of MDO and therefore cannot
be considered a completely successful distraction. The specific
definition of ‘improvement in AHI’ is subject to debate and limited
clinical data exists suggesting a normal acceptable range.

An AHI below 5 would be considered acceptable by most spe-
cialists treating airway obstruction. The authors, however, would
urge caution in following this definition based on their clinical
experience in treating Robin sequence. Certainly patients with RS
that is isolated or lacks an additional craniofacial anomaly can be
expected to respond favorably to mandibular distraction, when
indicated. However, patients with severe Treacher Collins or Nager
syndrome uncommonly achieve AHI below 5, even in the best of
circumstances, precluding them from any possibility of achieving a
successful distraction as defined by a ‘normal’ AHI. Further
complicating the issue of a ‘normal’ AHI is the recent report of
isolated cleft lip/palate patients having AHIs above 20 in infancy
that then rapidly ameliorate without any intervention except
growth (Smith et al., 2014). Defining the normal/acceptable range
of airway obstruction in the RS population after MDO is beyond the
scope of this report. Based on the clinical data presented, and to
improve the classification of successful and unsuccessful opera-
tions, the authors suggest an AHI below a certain threshold should
be considered as an indicator of successful MDO for the relief of
airway obstruction in the RS population.

This study is limited by the retrospective design and single-
institutional experience which includes the collective surgical
outcomes of multiple surgeons over many years. The patients in
this report were treated following a previously published, institu-
tionally derived, treatment protocol (Flores et al., 2014; Murage
et al., 2014). It is certainly possible that other surgeons, following
different indications for intervention would produce different sur-
gical outcomes.

5. Conclusion

In conclusion, variables significantly associated with failure of
distraction are shown to be GER, Age >30 days, Neurologic anom-
aly, airway anomalies Other than laryngomalacia, Intact palate, and
pre-operative inTubation. Failure can be defined as: the need for
tracheostomy, an incomplete amelioration in AHI, or any cause of
death; these dependent outcome variables have different contrib-
uting independent variables, with no variable appearing to signif-
icantly contribute in patients where there is incomplete
amelioration of AHI. The variables allow score construction with
varying levels of specificity and sensitivity, depending on the needs
of the treating physician and the question asked. These variables
will be studied along with others in a larger prospective study on
this patient population.
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Fig. 1. Receiver operating characteristic (ROC) curve analysis for the top eight predictor
variable groupings for outcome variable denoting all failures.
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CLINICAL STUDY

Reprinted by permission of J Craniofac Surg.  2014; 25(5):1825-1828.
Examination of Life-Threatening Injuries in 431 Pediatric
Facial Fractures at a Level 1 Trauma Center
Ian C. Hoppe, MD, Anthony M. Kordahi, BA,
Angie M. Paik, BA, Edward S. Lee, MD, and Mark S. Granick, MD
Purpose: Pediatric facial fractures represent a challenge in manage-
ment due to the unique nature of the growing facial skeleton. Often-
times, more conservative measures are favored to avoid rigid internal
fixation and disruption of blood supply to the bone and soft tissues.
In addition, the great force required to fracture bones of the facial skel-
eton often produces concomitant injuries that present a management
priority. The purpose of this study was to examine a level 1 trauma
center's experience with pediatric facial trauma resulting in fractures
of the underlying skeleton with regards to epidemiology and con-
comitant injuries.
Methods: A retrospective review of all facial fractures at a level 1
trauma center in an urban environment was performed for the years
2000 to 2012. Patients aged 18 years or younger were included. Pa-
tient demographics were collected, as well as location of fractures,
concomitant injuries, and surgical management strategies. A signif-
icance value of 5% was used.
Results: During this period, there were 3147 facial fractures treated
at our institution, 353 of which were pediatric patients. Upon further
review, 68 patients were excluded because of insufficient data for
analysis, leaving 285 patients for review. The mean age of patients
was 14.2 years with a male predominance (77.9%). The mechanism
of injury was assault in 108 (37.9%), motor vehicle accident in
68 (23.9%), pedestrian struck in 41 (14.4%), fall in 26 (9.1%),
sporting accident in 20 (7.0%), and gunshot injury in 16 (5.6%).
The mean Glasgow Coma Scale (GCS) on arrival to the emergency
department was 13.7. The most common fractures were those of
the mandible (29.0%), orbit (26.5%), nasal bone (14.4%), zygoma
(7.7%), and frontal bone/frontal sinus (7.5%). Intracranial hemorrhage
was present in 70 patients (24.6%). A skull fracture was present in
50 patients (17.5%). A long bone fracture was present in 36 patients
(12.6%). A pelvic or thoracic fracture was present in 30 patients
(10.5%). A cervical spine fracture was present in 10 patients (3.5%),
and a lumbar spine fracture was present in 11 patients (3.9%).
Fractures of the zygoma, orbit, nasal bone, and frontal sinus/bone
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were significantly associated with intracranial hemorrhage (P < 0.05).
Fractures of the zygoma and orbit were significantly associated with
cervical spine injury (P < 0.05). The mean GCS for patients with
and without intracranial hemorrhages was 11.0 and 14.6, respec-
tively (P < 0.05). The mean GCS for patients with and without cer-
vical spine fractures was 11.2 and 13.8, respectively (P < 0.05).
Conclusions: Pediatric facial fractures in our center are often caused
by interpersonal violence and are frequently accompanied by other
more life-threatening injuries. The distribution of fractures parallels
previous literature. Midface fractures and a depressed GCS showed
a strong correlation with intracranial hemorrhage and cervical spine
fracture. A misdiagnosed cervical spine injury or intracranial he-
morrhage has disastrous consequences. On the basis of this study,
it is the authors’ recommendation that any patient sustaining a
midface fracture with an abnormal GCS be evaluated for the afore-
mentioned diagnoses.

Key Words: Adolescent, child, facial bones/injuries, infant,
humans, multiple trauma/epidemiology/etiology/mortality, skull
fractures/epidemiology/etiology/mortality, violence/statistics &
numerical data

(J Craniofac Surg 2014;25: 1825–1828)

Pediatric facial fractures are a fairly uncommon injury, representing
less than 15% of all facial fractures,1 and present a challenge in

management. The goal of management in all pediatric patients pre-
senting with facial fractures is anatomic reduction and healing without
complication. Before treatment of the facial fracture, it is essential
to identify concomitant injuries, such as intracranial injury and spine
injury, that may pose a threat to life or quality of life if not identified
and appropriately treated. A large retrospective study found that al-
most 65% of pediatric patients with a facial fracture exhibited as-
sociated injury.2 A recent study concluded that a concussion was
documented in almost one third of all pediatric patients presenting
with a facial fracture, with an increased risk if the skull, orbit, or
maxilla were involved.3 A related study determined that more than
half of all pediatric patients diagnosed with a facial fracture also
presented with a serious associated trauma of a vital organ system.4

In a survey of the National Trauma Data Bank, it was found that pe-
diatric patients with facial fractures exhibited a higher injury sever-
ity, longer length of hospital stay, longer time spent in an intensive
care setting, increased number of days on a ventilator, and increased
hospital charges compared with those without facial fractures.5 Other
studies show varying degrees of concomitant injuries.6–14

It has been suggested that the presence of facial fractures ac-
tually represents a protective mechanism for the brain to reduce in-
tracranial injury due to the force absorbing characteristics of the
facial skeleton.15 A multicenter study examined this protective me-
chanism in injured bicyclists and discovered that facial fractures are
actually associated with an increased risk for brain injury.16 The
ember 2014
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FIGURE 1. Concomitant injuries.

TABLE 1. Distribution of Fractures Observed

Male Female Total

Number of patients 222 63 285

Mean age, y 14.7 12.7 14.2

Number of fractures 328 103 431

Mandible fractures 118 21 139

Orbital fractures 92 33 125

Zygoma fractures 26 9 35

Nasal fractures 48 21 69

Frontal bone/sinus fractures 21 15 36

Palate fractures 5 2 7

Le Fort variant fractures 18 2 20

The Journal of Craniofacial Surgery • Volume 25, Number 5, September 2014
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reason for this is likely related to the high-energy mechanism often
associated with fracture of the facial skeleton.

The objective of this study is to examine associations between
modes of presentation, fracture patterns, and concomitant life-threatening
injuries in all facial fractures diagnosed via a radiographic study at
a level 1 trauma center during a predetermined period.
METHODS
After institutional review board approval, all facial fractures

occurring at a level 1 trauma center (University Hospital, Newark,
NJ) between January 2000 and December 2012 were collected
based on International Classification of Disease, Revision 9, codes.
These results were further refined to include only those patients in
the pediatric population (age of 18 years or younger). Patient demo-
graphics were collected as well as mechanism of injury, Glasgow
Coma Scale (GCS) on presentation, fracture locations, concomitant
injuries, and fracture management strategies. Comparisons were made
between type of fracture, mechanism of injury, GCS on presentation,
TABLE 2. Fracture Types and Concomitant Injuries

Cervical Spine
Fracture

No Cervical
Spine Fracture

Odds Ratio
(95% CI)

Lumbar/
Thoracic

Spine Fracture
No Lum

Spin

Mandible fracture 3 136 NS 3

Palatal fracture 1 6 NS 2

Zygoma fracture 4 33 4.9 (1.3–18.2)† 2

Orbital fracture 8 119 5.2 (1.1–25.1)† 8

Nasal fracture 5 64 NS 6

Frontal bone/sinus
fracture

3 33 NS 3

Le Fort fracture 2 18 NS 1

Skull Fracture No Skull
Fracture

Odds Ratio Long Bone
Fracture

No
F

Mandible fracture 14 125 0.33 (0.17–0.64)* 14

Palatal fracture 4 3 6.6 (1.4–30.2)* 4

Zygoma fracture 10 27 NS 5

Orbital fracture 38 89 4.8 (2.4–9.4)* 19

Nasal fracture 16 53 NS 10

Frontal bone/sinus
fracture

26 10 23.3 (10.1–53.9)* 5

Le Fort fracture 8 12 3.4 (1.3–8.9)* 4

*P < 0.01; †P < 0.05.

CI, confidence interval; ICH, intracranial hemorrhage; NS, not significant.

8

length of hospital stay, and life-threatening injuries such as cervi-
cal spine injury and intracranial hemorrhage. A significance value
of 5% was used.

RESULTS
During this period, there were 3147 patients with facial fractures

treated at our institution, 353 of which were pediatric patients. Upon
further review, 68 patients were excluded because of insufficient
data for analysis, leaving 285 patients for review, with a total of
431 fractures. The mean age of patients was 14.2 years with a strong
male predominance (78%). The mandible was the most common
bone fractured followed by fractures of the orbit (Table 1). Figure 1
bar/Thoracic
e Fracture Odds Ratio ICH No ICH Odds Ratio

136 NS 16 123 0.22 (0.12–0.41)*

5 11.9 (2.0–70.1)† 3 4 NS

35 NS 16 21 2.7 (1.3–5.6)

119 NS 48 79 3.8 (2.1–6.7)*

63 4.0 (1.2–13.6)† 30 39 3.4 (1.9–6.1)*

33 NS 25 11 10.3 (4.7–22.5)*

19 NS 8 12 NS

Long Bone
racture

Odds Ratio Abdominal/Pelvic/
Thoracic Injury

No Abdominal/Pelvic/
Thoracic Injury

Odds Ratio

125 NS 12 126 NS

3 10.3 (2.2–47.9)* 2 5 NS

32 NS 6 31 NS

108 NS 16 111 NS

59 NS 12 57 2.3 (1.0–5.1)†

31 NS 7 29 NS

16 NS 6 14 4.3 (1.5–12.2)*

© 2014 Mutaz B. Habal, MD



FIGURE 2. Concomitant injuries and type of fracture.

FIGURE 4. Intracranial hemorrhage and GCS.

The Journal of Craniofacial Surgery • Volume 25, Number 5, September 2014
depicts the concomitant injuries observed in our series. The relation-
ship between type of fracture and concomitant injuries is presented
in Table 2 and Figure 2.

Loss of consciousness with injury was significantly associ-
ated with thoracic/lumbar spine fracture, intracranial hemorrhage,
skull fracture, long bone fracture, abdominal/pelvic/thoracic injury,
and death. Those patients intubated in the emergency department
were significantly more likely to have a cervical spine fracture,
thoracic/lumbar spine fracture, intracranial hemorrhage, skull frac-
ture, and abdominal/pelvic/thoracic injury. In addition, intubation in
the emergency department was significantly associated with death.
The mean GCS for patients sustaining a cervical spine fracture was
11.2, compared with 13.8 for those without a cervical spine fracture
(P < 0.05, Fig. 3). The mean GCS for patients with an intracranial
hemorrhage was 11.0, compared with 14.6 for those without an intra-
cranial hemorrhage (P< 0.01, Fig. 4). The mean age of patients expe-
riencing an intracranial hemorrhagewas significantly lower than those
without (12.8 versus 14.7 years old, P < 0.01). The total hospital
length of stay was increased for patients experiencing an intracranial
hemorrhage (11.2 versus 3.7 days, P < 0.01).

DISCUSSION
Facial fractures in the pediatric population are associated

with severe concomitant injuries. Similar to previous studies, there
was a strong male preponderance,12,17–19 and the mandible was
FIGURE 3. Cervical spine fracture and GCS.

© 2014 Mutaz B. Habal, MD
the most common bone fractured.17–19 Interestingly, in female
patients in our series, the orbit was the most common bone frac-
tured. The most common etiology of fractures in our series was in-
terpersonal violence overall, interpersonal violence in men, and
motor vehicle accident in women. The preponderance of interper-
sonal violence likely reflects the population treated at our institu-
tion, notably urban, often gang-affiliated males.

One hundred twenty-seven patients (44.6%) had some form
of concomitant multisystem injury. These injuries are likely a re-
flection of the degree of force required to fracture the facial skele-
ton. In our study, mandible fractures seem to portend a protective
mechanism from several serious injuries: intracranial hemorrhages
and skull fractures. Fracture of the mandible may represent a force
absorbing mechanism, thus sparing the cranium and its contents
from injury. Palatal fractures were associated with an increased rate
of thoracolumbar spine fractures, skull fractures, and long bone
fractures. Palatal fractures usually are due to a strong force, and
the association of long bone fractures and thoracolumbar spine
fractures likely reflects this. Fractures of the zygoma were associ-
ated with cervical spine injuries and intracranial hemorrhage. As
the force is transmitted in a more cranial direction on the facial skel-
eton, the cervical spine and intracranial contents may be more likely
to be traumatized. Orbital fractures were associated with cervical
spine fractures, intracranial hemorrhage, and skull fractures. This
is similar to the patterns seen with fractures of the zygoma in that
there is likely more force transmitted to the cervical spine and intracra-
nial contents. Nasal bone fractures were associated with thoracolumbar
spine fractures, intracranial hemorrhage, and abdominal/pelvic injuries.
The reason for these associations is unclear and may represent an anom-
aly due to the prominent position of the nose. Frontal bone/sinus fractures
were associated with intracranial hemorrhage and skull fractures. Again,
the tremendous force required to fracture the frontal bone places the intra-
cranial contents at greater risk. Le Fort variant fractures were associated
with skull fractures and abdominal/pelvic injuries.

Cervical spine fractures and intracranial hemorrhages were
associated with a lower GCS score. This is a logical association
considering the severity of these injuries.
CONCLUSIONS
A large proportion of facial fractures in the pediatric popula-

tion are associated with severe concomitant injuries. In general, as
fractures move in a more cranial direction, there is an increased risk
39
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for intracranial injuries and cervical spine fractures. A lower GCS
on presentation portends a higher association with cervical spine in-
jury and intracranial hemorrhage. The failure to identify these asso-
ciated and serious injuries could have disastrous consequences, and
every practitioner involved in treating facial fractures must be aware
of this risk.
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Speech Outcomes After Clinically Indicated Posterior
Pharyngeal Flap Takedown

Evan B. Katzel, MD, Sameer Shakir, MD, Sanjay Naran, MD, Zoe MacIsaac, MD, Liliana Camison, MD,
Matthew Greives, MD, Jesse A. Goldstein, MD, Lorelei J. Grunwaldt, MD,

Matthew D. Ford, MS, CCC-SLP, and Joseph E. Losee, MD

Background: Velopharyngeal insufficiency affects as many as one in three pa-
tients after cleft palate repair. Correction using a posterior pharyngeal flap
(PPF) has been shown to improve clinical speech symptomatology; however, PPFs
can be complicated by hyponasality and obstructive sleep apnea. The goal of this study
was to assess if speech outcomes revert after clinically indicated PPF takedown.
Methods: The cleft-craniofacial database of the Children's Hospital of Pittsburgh
at the University of PittsburghMedical Center was retrospectively queried to identify
patients with a diagnosis of velopharyngeal insufficiency treated with PPF who
ultimately required takedown. Using the PittsburghWeighted Speech Score (PWSS),
preoperative scores were compared to those after PPF takedown. Outcomes
after 2 different methods of PPF takedown (PPF takedown alone or PPF takedown
with conversion to Furlow palatoplasty) were stratified and cross-compared.
Results: A total of 64 patients underwent takedown of their PPF. Of these,
18 patients underwent PPF takedown alone, and 46 patients underwent PPF
takedown with conversion to Furlow Palatoplasty. Patients averaged 12.43
(range, 3.0–22.0)(SD: 3.93) years of age at the time of PPF takedown, and
58% were men. Demographics between groups were not statistically different.
The mean duration of follow-up after surgery was 38.09 (range, 1–104) (SD,
27.81) months. For patients undergoing PPF takedown alone, the mean preoper-
ative and postoperative PWSS was 3.83 (range, 0.0–23.0) (SD, 6.13) and 4.11
(range, 0.0–23.0) (SD, 5.31), respectively (P = 0.89). The mean change in PWSS
was 0.28 (range, −9.0 to 7.0) (SD, 4.3). For patients undergoing takedown of PPF
with conversion to Furlow palatoplasty, the mean preoperative and postoperative
PWSS was 6.37 (range, 0–26) (SD, 6.70) and 3.11 (range, 0.0–27.0) (SD, 4.14),
respectively (P < 0.01). The mean change in PWSS was −3.26 (range, −23.0 to
4.0) (SD, 4.3). For all patients, the mean preoperative PWSS was 5.66 (range,
0.0–26) (SD, 6.60) and 3.39 (range, 0.0–27) (SD, 4.48), respectively (P < 0.05).
Themean change in PWSSwas −2.26 (range, −23.0 to 7) (SD, 5.7). Therewas no
statistically significant regression in PWSS for either surgical intervention. Two
patients in the PPF takedown alone cohort demonstrated deterioration in PWSS
that warranted delayed conversion to Furlow palatoplasty. Approximately 90%
of patients, who undergo clinically indicated PPF takedown alone, without
conversion to Furlow Palatoplasty, will show no clinically significant reduction
in speech.
Conclusions:Although there is concern that PPF takedownmay degrade speech,
this study finds that surgical takedown of PPF, when clinically indicated, does
not result in a clinically significant regression of speech.

Key Words: cleft lip, cleft palate, velopharnygeal insufficiency, sleep apnea,
craniofacial, Furlow plasty, pharyngoplasty, double opposing z-plasty, VPI

(Ann Plast Surg 2016;77: 420–424)

T he velopharyngeal valve separates the oral and nasal pharynx
during swallowing and speaking. It is created by the lateral pharyn-

geal walls, the posterior pharyngeal wall, and the velum, and selectively
allows and resists airflow during normal speech production. Velo-
pharyngeal insufficiency (VPI) is the inability to completely occlude
the velopharyngeal port during speech and can be an unfortunate
complication seen in approximately 30% of palatal surgery.1 Data sug-
gest that straightline palatoplasty without intravelar veloplasty or with
incomplete intravelar veloplasty place patients at a greater risk for
VPI.2 Sphincterplasty, fat grafting, or filler injection to the posterior
pharynx and/or obturators can be used to treat VPI; however, the gold
standard treatment of VPI after cleft palate repair is pharyngoplasty,
and the posterior pharyngeal flap (PPF) is one of the most frequently
performed procedures.

The PPF was initially described for the treatment of VPI in 1865
by Passavant.3 Creation of a PPF is often used to treat VPI and is well
established to improve clinical speech symptomatology.4–7 Long-term
success rates with PPF range from 74% to 98%.1,8–11 However, PPFs
are accompanied by the potential morbidity of hyponasality and postop-
erative obstructive sleep apnea (OSA), with OSA reported in as many
as 40% of the cases.12,13 Although, a large body of literature exists re-
garding the identification, prevention, and management of OSA in this
population, studies have yet to answer whether speech symptomatology
suffers as a consequence of PPF takedown.8,14–19 There is also a lack
of literature exploring conversion of previous straightline palatoplasties
to Furlow palatoplasty for these patients. The treatment of these patients
is controversial, given the challenge of treating the OSA caused by
the PPF while maintaining the improvement in speech owed to the
PPF. Given the lack of existing literature, the study aims to assess
speech outcomes after clinically indicated PPF takedown alone or when
performed with conversion to Furlow palatoplasty. This study hypothe-
sizes that PPF takedown or PPF takedown with conversion to Furlow
palatoplasty can be performed for the treatment of OSAwithout delete-
rious effects on speech outcomes.

METHODS
The study was approved by the Institutional Review Board at the

University of Pittsburgh Medical Center. The Cleft-Craniofacial Data-
base of the Children's Hospital of Pittsburgh of University of Pittsburgh
Medical Center was queried from 1992 to 2012 to identify patients
with a diagnosis of VPI treated with PPF and eventual PPF takedown.
All patients who fit these criteria were included in this study. No pa-
tients who had a diagnosis of VPI treated with PPF and eventual PPF
takedown were excluded. Demographic, operative, and speech data
were stratified based on treatment modality (ie, PPF takedown alone
versus PPF takedown with conversion to Furlow palatoplasty) and
compared. Demographic data included sex and age at time of PPF take-
down. Operative data included surgical complications and postopera-
tive length of follow-up.

The PittsburghWeighted Speech Score (PWSS)was used to quan-
tify preoperative and postoperative speech changes. The PWSS is a vali-
dated measure of clinical speech outcomes that rates 5 components of
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speech: nasality, nasal emission, facial grimace, phonatory characteris-
tics, and compensatory misarticulations (Table 1).20 The complete PWSS
assessments as evaluated by the speech pathologists at every visit, were
reviewed. A lower PWSS denotes better speech than a higher PWSS.

Patients underwent OSA screening and counseling regarding signs/
symptoms at initial evaluation. Clinical suspicion (ie, breath-holding spells,
snoring) warranted further evaluation including diagnostic sleep stud-
ies. After surgical intervention, parents were questioned and counseled
at every postoperative visit regarding the persistence or development of
OSA. Further diagnostic studies were ordered as warranted.

Clinical indications for PPF takedown included: (1) OSA, (2) OSA
and deterioration of speech (ie, worsening PWSS), (3) borderline ade-
quate speech and possible midface advancement with or without OSA,
and/or (4) recurrent VPI and possible conversion Furlow palatoplasty.

Statistical Analysis
Data were analyzed with unpaired, 2-tailed t tests with a signifi-

cance level of P less than 0.05 using Prism GraphPad 5.0 (GraphPad
Software, Inc., La Jolla, Calif.) statistical software.

RESULTS
Sixty-four patients with a history of VPI who underwent PPF

takedown were identified during a 20-year period from 1992 to 2012.
Forty-two patients (65.6%) underwent PPF takedown for OSA, 5
(7.8%) for OSA and deterioration of speech, 8 (12.5%) for borderline
adequate speech and possible midface advancement with or without
OSA, and 9 (14.1%) for recurrent VPI and possible conversion Furlow
palatoplasty (Fig. 1). All PPFs were in place for greater than 5 years
before takedown.

Thirty-seven patients (57.8%) were men. Eighteen patients
(28.1%) underwent PPF takedown alone, and 46 patients (71.9%)
underwent PPF takedown with conversion to Furlow palatoplasty.
Mean length of postoperative follow-up period was 38.1 ± 27.8 months
(range 1–104). Mean age at time of intervention was 12.4 ± 3.9 years
(3–22). Mean age for patients undergoing PFF takedown with con-
version to Furlow palatoplasty was 12.3 ± 3.9 years (3-20) compared
to 12.8 ± 4.2 years (7–22) for those undergoing PPF takedown
alone (P = 0.63).

For all patients, mean preoperative PWSS was 5.7 ± 6.6 (range,
0–26) compared to 3.4 ± 4.5 (range, 0–27) after PPF takedown. No
statistically significant regression in PWSS occurred after PPF take-
down (P < 0.05). For patients undergoing PPF takedown alone, mean
preoperative (3.8 ± 6.1 [range, 0–23]) and postoperative PWSS
(4.1 ± 5.3 [range, 0–23]) were not significantly different (P = 0.89)

TABLE 1. Pittsburgh Weighted Speech Score

Nasal Emission (0–3, Highest Value) Right Left

Not present 0 0
Inconsistent, visible 1 1
Consistent, visible 2 2
Audible 3 3
Turbulent 3 3

Facial Grimace (0/2, Presence) 2

Nasality (0–4, Highest Value)

Normal 0
Mild hypernasality 1
Moderate hypernasality 23
Severe hypernasality 4
Hypo-/hypernasality 2
Cul de sac 2
Hyponasality 0

Phonation (0–3, Highest Value)

Normal 0
Mild hoarseness/breathiness 1
Moderate hoarseness/breathiness 2
Severe hoarseness/breathiness 3
Reduced loudness 2
Tension in system 3

Articulation (0–23, Summative)

Normal 0
Developmental errors 0
Errors not related to VPI 0
Errors related to dentition 0
Reduced intraoral pressure from sibilants 1
Reduced intraoral pressure for fricatives 2
Reduced intraoral pressure for plosives 3
Omission of fricatives or plosives 2
Omission of fricatives or plosives plus hard glottal attack
for vowels

3

Lingual-palatal sibilants 2
Pharyngeal fricatives or plosives, “backing”, snorting,
inhalation or exhalation substitutions

3

Glottal stops 3
Nasal substitutions for pressure sounds 4

FIGURE 1. Clinical indications for PPF takedown are obstructive
sleep apnea (black), obstructive sleep apnea with deterioration
of speech (dark grey), borderline adequate speech and the plan
formidface advancementwith or withoutOSA (light grey), and
recurrent VPI with plans for conversion to Furlow
palatoplasty (white).

FIGURE 2. Pittsburgh weighted speech scores pre-takedown
(black) and post-takedown (white) for all patients, PPF
takedown with conversion to Furlow palatoplasty, and PPF
takedown alone. All figures denote means with error bars
reflecting standard error of the mean. ** represents a P value less
than 0.01 and * represents a P value less than 0.05.

Annals of Plastic Surgery • Volume 77, Number 4, October 2016 Speech Outcomes After PPF Takedown

© 2015 Wolters Kluwer Health, Inc. All rights reserved. www.annalsplasticsurgery.com

42

http://www.annalsplasticsurgery.com/


(Fig. 2). For patients undergoing PPF takedown with conversion to
Furlow palatoplasty, PWSS significantly improved postoperatively
(3.1 ± 4.1 [range, 0–27]) compared to preoperative PWSS (6.4 ± 6.7
[range, 0–26]). When stratified by surgical intervention, no significant
deterioration in postoperative PWSS occurred (P = 0.79).

No surgical complications occurred after PPF takedown. Sixteen
(25.0%) patients had deterioration in PWSS after PPF takedown (n = 10
[55.6%] in the PPF takedown alone group versus 6 [13.0%] in the
conversion to Furlow palatoplasty group) (Table 2). For patients whose
speech deteriorated, mean deterioration in PWSS was 2.8 ± 1.8 (range,
1–7) (Fig. 3). For patients who had deterioration after PPF takedown
alone, mean deterioration in PWSS was 3.0 ± 2.2 (range, 1–7). For
patients who had deterioration after PPF takedown with conversion to
Furlow palatoplasty, the mean deterioration in PWSS was 2.2 ± 1.3
(range, 1–4). Two patients (3.1%) in the study, representing 11.1% of
the PFF takedown alone cohort, experienced clinically significant
(defined as affecting intelligibility) deterioration in PWSS that required
further speech resonance surgery after PPF takedown. These patients
(patients 8 and 14) (Table 2) progressed to delayed conversion to
Furlow palatoplasty. No patients required readmission for surgical-
related or OSA-related complications after PPF takedown or PPF
takedown with conversion to Furlow palatoplasty.

DISCUSSION
This study suggests clinically indicated PPF takedown results in

minimal deleterious speech outcomes, highlighting its potential effi-
cacy in the treatment of PPF-related OSA. The retrospective nature of
the study results in potential limitations that must be addressed. Speech
pathologists were not blinded to their patients, which may introduce a

degree of rater bias when comparing preoperative and postoperative
speech scores. Additionally, although blinded listener ratings of preop-
erative and postoperative speech samples do not exist, the speech rating
reliability of the institution's speech pathologists has been previously
validated and published.21 Additionally, as our institution did not
perform all initial surgeries, data regarding the initial PPF surgeries
remain inaccessible. However, based on chart reviews from the authors'
institution, all PPFs were in place for at least 5 years before takedown.
Additionally, the mean age at takedown in this study was 12.4 years,
and most PPFs are placed when the child is between the ages of
3 and 4 years. Thus, we can conclude that the flaps in this study were
in place for at least 5 years and on average closer to 10 years.

The OSA rates have been reported to be as high as 30% after
PPF surgery.4,12,19,22,23 The proper treatment of OSA in these patients
is controversial, and there is no established treatment algorithm or

FIGURE 3. Change in PWSS for the 16 patients who had a
regression in PWSS following PPF takedown. A positive score
indicates a regression in PWSS from pre-takedown
to post-takedown.

TABLE 2. Patients Who Had a Regression in PWSS After PPF Takedown

Pt
Pretakedown

PWSS
Posttakedown

PWSS
Delta
PWSS

Reason for
Takedown Sex

Age at
Takedown, y Surgery

Additional Speech
Surgery (Operation: PWSS

Postoperatively)
Follow-up,

mo

1 3 5 2 OSA/Lefort
I

Male 16 PPF takedown +
Conversion Furlow

No 29

2 2 5 3 OSA Male 15 PPF takedown +
Conversion Furlow

No 26

3 3 4 1 OSA Female 10 PPF takedown +
Conversion Furlow

No 53

4 0 1 1 Recurrent
VPI

Male 9 PPF takedown +
Conversion Furlow

No 49

5 23 27 4 OSA Male 17 PPF takedown +
Conversion Furlow

No 28

6 0 3 3 OSA/Lefort
I

Male 20 PPF takedown +
Conversion Furlow

No 55

7 0 4 4 OSA Female 19 Takedown alone No 10
8 0 7 7 OSA Male 11 Takedown alone Yes (delayed conversion

Furlow Palatoplasty: 3)
60

9 0 3 3 OSA/hyponasal Female 10 Takedown alone No 78
10 0 3 3 OSA Female 12 Takedown alone No 16
11 0 1 1 OSA Male 8 Takedown alone No 53
12 0 1 1 OSA Male 15 Takedown alone No 1
13 0 3 3 OSA Female 9 Takedown alone No 19
14 4 10 6 OSA/hyponasal Female 7 Takedown alone Yes (delayed conversion

Furlow Palatoplasty: 4)
104

15 2 3 1 OSA Male 19 Takedown alone No 2
16 3 4 1 OSA Male 11 Takedown alone No 2
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protocol.1,8,13–19,24 Although there is concern that PPF takedown in
these patients may lead to speech deterioration and recurrent VPI, to
date, there are no studies in the literature that investigate outcomes
after clinically indicated PPF takedown.

It can be rationalized that speech could be maintained in patients
undergoing PPF takedown with conversion to Furlow palatoplasty.
For example, a patient who initially underwent straightline palatoplasty
and later developed VPI requiring a PPF to improve speech. If this
patient developed subsequent sleep apnea, he could be treated with
PPF takedown and conversion to Furlow palatoplasty with minimal
speech change because of palatal lengthening due to the conversion
to Furlow palatoplasty.

However, it remains unclear why a patient would not experience
a clinically significant deterioration in speech with a PPF takedown
alone when that patient previously required the PPF for speech correc-
tion. Several theories for conserved speech gains after PPF takedown
alone can be presented in an additive fashion. First, the authors hypoth-
esize that PPFs likely work in part by permanently altering the anatomy
of the upper airway by secondary scarring and narrowing of the
velopharyngeal port. Despite the PPF takedown, there may exist resid-
ual bulk on the posterior velum and posterior pharyngeal wall. Second,
as most PPFs are placed during growth of the velum and pharynx, their
tethering nature may result in an expansion effect on the velum that may
allow for preserved speech function after flap takedown. Third, learned
speech mechanisms and techniques may also aid in preserving speech
function after flap division.

When analyzing data for the patients in the PPF takedown alone
cohort, 10 (56%) experienced a regression in PWSS, with a mean
change of only 0.28; and, 49% of patients experienced an improvement
in their PWSS. Importantly, only 2 patients (3%) of the entire study
and 10% of the PPF takedown alone cohort had a clinically significant
deterioration in speech and progressed to a delayed conversion to
Furlow palatoplasty. In these select patients (n = 2), delayed conversion
to Furlow palatoplasty, improved speech scores from 7 to 3 and 10
to 4 (patients 8 and 14, respectively) (Table 2). A third patient
(patient 5) (Table 2) who underwent PPF takedown and conversion
Furlow palatoplasty demonstrated a clinically insignificant regression
in PWSS from 23 to 27. This syndromic patient had significant devel-
opmental, and expressive delays, and the family elected not to have a
secondary pharyngoplasty. In the 20-year experience of our institution,
approximately 90% of patients experienced no clinically significant
regression in speech after undergoing PPF takedown alone, with or
without conversion to Furlow palatoplasty,

Given the efficacy of clinically indicated PPF takedown in the
preservation of speech, we highlight the protocol used at the Children's
Hospital of Pittsburgh of University of Pittsburgh Medical Center that
has produced consistent results (Table 3). Based on a single institutional
experience that performs over 100 PPFs yearly, clinical indications for
takedown alone include: (1) malpositioned and/or inferiorly tethered
PPF, (2) hyponasality, (3) OSA, and (4) history of previous Furlow
palatoplasty. Indications for PPF takedown with conversion to Furlow
palatoplasty include: (1) malpositioned and/or inferiorly tethered PPF,
(2) hypernasality/hyponasality, (3) OSA, (4) history of a straightline
palatoplasty, and (5) plan for midface advancement.

CONCLUSIONS
This study presents a quaternary care institution's 20-year expe-

rience in critically analyzing speech changes after clinically indicated
PPF takedown. Not only does the study quantify speech changes using
the validated PWSS, but it also demonstrates the efficacy of performing
PPF takedown procedures in the treatment of PPF-related OSA. Neither
PPF takedown alone nor PPF takedown with conversion to Furlow
palatoplasty significantly worsened speech outcomes. Specifically, PPF

takedownwith conversion to Furlow palatoplasty resulted in significantly
improved PWSS postoperatively. The data collectively suggest that
speech outcomes do not regress after clinically indicated PPF takedown.
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Treatment of Prominent Ears and Otoplasty
A Contemporary Review
Sachin S. Pawar, MD; Cody A. Koch, MD, PhD; Craig Murakami, MD

P rominent ears, or prominauris, are defined as the abnormal
protrusion of the ears from the head. It has been estimated
that approximately 5% of the population are affected by this

condition to varying degrees.1 While the physiologic effects of the con-
dition are negligible, the psychological impact, as a result of de-
creased self-esteem and teasing by peers, can be severe.2

Treatment of prominent ears is primarily surgical except in new-
borns. Hundreds of surgical techniques have been published in the
past century describing the correction of prominent ears. While no
one technique is universally favored in all cases, they all share the
same goals of re-creating the normal appearance of the auricle and
achieving symmetry between the 2 sides.

Anatomy
The appropriate diagnosis and treatment of prominent ears relies
on a detailed knowledge of auricular development and anatomy. The
length of the adult auricle measures approximately 5.5 to 6.5 cm
while the width is normally 50% to 60% of the length. The auricle
develops quickly after birth, reaching 90% of the adult width within
the first year of life and 97% to 99% of the adult width by 10 years
of age.3 The length of the auricle develops more slowly and reaches
75% of the adult length by 1 year of age and 93% by 10 years of age.
The auricle rotates slightly posteriorly at an angle of 15° to 30°.

The projection of the ear from the head is measured by the con-
chomastoid angle. Normal values for the conchomastoid angle are ap-
proximately 25° in males and 20° in females. Larger conchomastoid
angles are commonly encountered in patients with prominent ears.

The auricular cartilage provides support and definition for the
skin and soft tissue of the auricle. The gentle curves of the normal
auricle create multiple different named convexities and concavities
in the normally developed ear, as illustrated in Figure 1. These struc-
tures may be underdeveloped or absent in the prominent ear and
must be re-created during surgery to obtain satisfactory results.

Two auricular structures of particular importance for otoplasty in-
clude the antihelix and conchal bowl. The antihelix parallels the heli-
cal rim and splits near the superior pole of the auricle into the supe-
rior and inferior crus. The conchoscaphal angle defines the antihelix
and is approximately 90°, with more obtuse angles being encoun-
tered in patients with prominent ears. The conchal bowl is a depres-
sion of cartilage at the entrance to the external auditory canal and is
divided by the helical crus into the concha cavum inferiorly and con-
cha cymba superiorly. The average depth of the conchal bowl is less
than 1.5 cm but is frequently enlarged in patients with prominent ears.3

Patient Evaluation
Age is a critical factor in the evaluation and surgical decision-
making regarding prominent ears. During the first several weeks of
life, nonsurgical ear-molding options may be able to successfully cor-
rect a variety of auricular deformities. Beyond this period, surgical
correction of prominent ears can be undertaken when the patient
is as young as 5 years. The normal auricle reaches approximately 90%
of adult size by 3 years of age.

Initial concerns that operating on patients before the auricle is fully
grown will lead to growth restriction have been unfounded. For ex-
ample, Balogh and Millesi4 studied 76 patients who underwent oto-
plasty at ages 5 to 8 years and who had auricular measurements avail-
ablebothpreoperativelyandatages20to30years.Theauthors4 found
that the size of the auricles in patients undergoing otoplasty were simi-
lar to those in controls who had not undergone otoplasty. Thus, un-
dertaking otoplasty when the patient is approximately 5 to 6 years of
age has been considered optimal owing to most auricular growth being
achieved, maintenance of pliability of cartilage, and intervening prior
to significant psychological damage secondary to teasing by peers.

In addition to age, the surgeon should pay close attention to the
morphologic characteristics of the auricle. In particular, the concho-
mastoid and conchoscaphal angles should be estimated and re-

Prominent ears affect approximately 5% of the population and can have a significant
psychological impact on patients. A wide variety of otoplasty techniques have been
described, all sharing the goal of re-creating the normal appearance of the ear and achieving
symmetry between the 2 sides. Recent trends in otoplasty techniques have consistently
moved toward less invasive options, ranging from nonsurgical newborn ear molding to
cartilage-sparing surgical techniques and even incisionless, office-based procedures. Herein,
we review anatomy of the external ear, patient evaluation, the evolution of nonsurgical and
surgical otoplasty techniques, otoplasty outcomes, and future trends for treatment of
prominent ears.
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corded. Measurements from the superior helical rim, mid helical rim,
and cauda helicis to the mastoid should also be recorded. Normal
values for these measurements are typically 10 to 12 mm superi-
orly, 16 to 18 mm at the middle third, and 20 to 22 mm at the cauda
helicis.1 Patients with prominent ears frequently exceed these mea-
surements. The position of the lobule in relation to the helical rim
should also be noted; this position determines whether reposition-
ing of the lobule will be required during surgery. Finally, the stiff-
ness of the auricular cartilage should be noted. The auricular carti-
lage becomes less pliable with age and may dictate the surgical
maneuvers required to achieve a satisfactory result.

Treatment of Prominent Ears
The fact that hundreds of techniques for the correction of prominent
ears have been described over the past 50 years attests to no 1 tech-
niquebeingeffectiveinallcases.Whilenonsurgicalcorrectionofpromi-
nent ears can be effective in some newborn patients, treatment after
the first few weeks is primarily surgical. Surgical techniques to correct
prominent ears can be divided into categories based on the defor-

mity addressed, such as excess conchal cartilage or the underdevel-
opment of the antihelix. The appropriate technique to correct the de-
formity relies on an accurate preoperative physical examination, and
more than 1 technique may be necessary to achieve optimal results.

Ear Splinting and/or Molding
The newborn period is unique owing to the ability to correct auricular
deformities using nonsurgical techniques. The incidence of auricular
deformities has been estimated to be as low as 11.5 per 10 000 live
births5 and as high as 47% of all births.5 Only about one-third of the au-
ricular deformities noted at birth will self-correct within the first week.6

The pliability of auricular cartilage in the newborn period is be-
lieved to be secondary to the high levels of circulating maternal es-
trogens. Maternal estrogens reach their peak in the fetus just before
birth and quickly dissipate to normal levels at approximately 6 weeks
to 3 months of age, paralleling the time frame during which nonsur-
gical treatment of auricular deformities is most successful. The high
levels of maternal estrogens are believed to promote higher levels of
proteoglycans within cartilage further promoting its pliability.7

Figure 1. Auricular Anatomy of Normal and Prominent Ears
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The nonsurgical correction of auricular deformities was first re-
ported in the literature in the 1980s. Kurozumi et al8 reported the
successful correction of a child with lop ear deformity after splint-
ing of the ear with foam. Matsuo et al7 reported their experience with
150 patients with auricular deformities who were treated with non-
surgical taping and molding during the first year of life. The authors7

reported excellent results when patients were treated within the first
6 weeks of life; however, patients treated after 6 weeks of life rarely
achieved correction of their deformity.

Many methods of surgical splinting and/or molding have been re-
ported in the literature. These include the use of readily available ma-
terials, such as dental rolls and surgical tape, to prefabricated, com-
mercially available systems. Historically, defects of the conchal bowl
were more difficult to correct with molding compared with abnor-
malities of the helix and antihelix. For example, van Wijk et al9 re-
ported their experience with 132 patients with auricular deformities
who were treated with ear molding and/or splinting. The authors re-
ported that 69.8% of antihelical rim deformities were satisfactorily
corrected compared with only 26.8% of conchal deformities.

Conchal bowl abnormalities can contribute to a prominent ear de-
formity by increasing the conchomastoid angle.6 A commercially avail-
able device (EarWell Infant Ear Correction System; Becon Medical) has
been developed that addresses some of the limitations of more basic
splinting techniques. In their initial series, Byrd et al6 reported a suc-
cess rate higher than 90%, with good to excellent results in newborns
after a 6-week treatment period. This treatment system has also been
successful in addressing conchal bowl deformities, including a promi-
nent conchal crus. In another recent study, Doft et al10 reported their
experience with early treatment (before 2 weeks of life) using the Ear-
Well system. With early initiation of treatment, they were able to use
a 2-week duration of therapy (as opposed to 6 weeks) and achieved
outcomesreportedasexcellentorgreatlyimprovedby96%ofparents.
Successful ear molding outcomes in the neonatal period may prevent
the need for future surgery to correct these auricular deformities.

Techniques to Address Underdevelopment
of the Antihelix
The appropriate technique to address the underdevelopment of the
antihelix is perhaps the most debated topic in otoplasty. Techniques
to address the antihelix are divided broadly into cartilage sparing vs
cartilage cutting based on whether the auricular cartilage is incised dur-
ing the procedure. Multiple techniques have been described within
each group, each with purported advantages and disadvantages. A de-
tailed review of all techniques is beyond the scope of this article; how-
ever, the most popular techniques in each category will be discussed.

Cartilage-Sparing Techniques
Cartilage-sparing techniques are the most frequently used proce-
dures to address the underdevelopment of the antihelix and are ideal
in patients with pliable cartilage and in patients with mild to mod-
erate antihelical deformities. Cartilage-sparing techniques often re-
quire less undermining of the auricular skin, yielding a decreased risk
of postoperative hematoma; require less operative time; and do not
injure the native cartilage.

The most cited cartilage-sparing technique in otoplasty is that
described by Mustarde,11 who first described silk mattress sutures

in 1963. The mattress sutures were placed through a postauricular
excision of skin and were described as passing through both the an-
terior and posterior auricular perichondrium. While many authors
describe the use of methylene blue or similar dyes to mark the
planned location of the horizontal mattress sutures, the senior au-
thor (C.M.) prefers to use the technique described by Hilger et al12

(Figure 2). They described using temporary marking horizontal mat-
tress sutures placed through the anterior auricular skin and carti-
lage to give the desired auricular contour. Once the contour is se-
cured with temporary anterior sutures, permanent clear nylon
sutures are placed through the posterior surface of the cartilage. The
anterior marking sutures are then removed, leaving the corrected
auricle. One criticism of the Mustarde technique is that it addresses
only the superior third of the auricle. We have not found this to be
true and consistently use Mustarde sutures to correct deformities
in the superior two-thirds of the auricle. Additional sutures can also
be placed to independently enhance the superior and inferior crus.

Cartilage-Cutting Techniques
Otoplasty techniques that involve cutting the cartilage are most ap-
propriate for stiff cartilage that is commonly encountered in adult
patients. The cartilage in these patients requires the elastic spring
of the cartilage to be broken to achieve a satisfactory result and re-
duced risk of recurrence over time. There have been many ap-
proaches to cartilage-cutting techniques described in the litera-
ture. These techniques vary based on whether cartilage is incised
full thickness vs partial thickness and whether they involve an an-
terior vs posterior approach.

One example of a cartilage-cutting technique is that described
by Converse et al.13 In this method, full-thickness incisions are
made through the cartilage along the area where the desired anti-
helical fold will be formed as well as at the conchal rim. This creates
an island of cartilage, which can then be tubed to form the neoanti-
helical fold. Pitanguy and Rebello14 described a similar method,
which they called the “island technique,” in which full-thickness
incisions are also made on either side of the new antihelical fold.
Sutures are then used to approximate the cartilage on the sides of
the incision, which causes protrusion of the cartilage island and for-
mation of the antihelical fold. Farrior15 described another cartilage-
cutting technique in which both partial-thickness and full-thickness
incisions are used. Partial-thickness incisions are made along the
conchal rim, whereas full-thickness excisions of cartilage are per-
formed along the superior crus and the desired antihelical fold to
give a gentle contour.

In a recent article, Obadia et al16 described a cartilage-splitting
technique, initially described by Jost,17 that does not rely on su-
tures but rather on a complete separation of the helix and antihelix
followed by scoring of the antihelical cartilage under direct visual-
ization to facilitate folding. More than 90% of the patients in their
series reported satisfactory outcomes.

While cartilage-cutting techniques can be powerful tools in pa-
tients with stiff cartilage, they are not without their disadvantages.
Contour irregularities, such as unnatural-appearing postoperative
prominences and angulations, are thought to be more prevalent in
patients who have undergone cartilage-cutting techniques. In ad-
dition, revision surgery is more difficult in patients who have previ-
ously undergone cartilage-cutting procedures owing to the injury of
the cartilage inherent in these techniques.
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Techniques to Address Conchal Excess

Multiple techniques have been described to address conchal ex-
cess. These include suture techniques and excision of cartilage with
or without skin and scoring. The techniques are further modified by
whether they are performed by a posterior or anterior approach.

Early attempts at treatment of conchal excess and cupping relied
solely on the excision of skin. Dieffenbach18 reported the resection of
postauricular skin in an effort to correct a posttraumatic auricular de-
formity. Limited success encouraged the development of additional
techniques. Morestin19 described the first attempt at the correction
of excess conchal cartilage by excising an oval of cartilage from the base
of the conchal bowl without the use of sutures. The otoplasty de-
scribed by Luckett20 was one of the first to address deficiencies of the
antihelix; however, the author also addressed conchal excess by ex-

cising conchal cartilage adjacent to the antihelix. These early at-
tempts were often limited by the amount of cartilage that could be ex-
cised and frequently did not adequately correct the deformity.

Decades would pass until suture techniques would be used in
addition to cartilage resection. Owens and Delgado21 are credited as
the first to use sutures to increase correction of conchal excess and
deformity. The authors21 described placing sutures that penetrated
only the posterior conchal perichondrium and were anchored to the
fascia, but not the periosteum overlying the mastoid. This tech-
nique led to early recurrence of the auricular deformities in a large
number of patients, making future modifications necessary.

The most frequently cited modification of the technique reported
by Owens and Delgado21 was described by Furnas,22 who described
the use of nonabsorbable mattress sutures placed through both the
perichondrium and conchal cartilage and secured to the more resilient
mastoid periosteum. This technique provided for a long-lasting correc-

Figure 2. Technique to Re-create the Antihelical Fold
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tion with a low rate of recurrence. While the procedure afforded a pow-
erful technique, Furnas also noted its drawbacks; sutures placed too
far anteriorly on the mastoid or posteriorly on the conchal cartilage will
cause exaggeration of the rotation of the ear and could lead to narrow-
ing of the external auditory canal. Sie and Ou23 pointed out that the
prominent conchal bowl also lacks the root of the helix that divides the
concha into the concha cavum and the concha cymba. They suggested
additionalpermanentsuturesontheposteriorconchalbowltore-create
the root of the helix and reduce the prominent conchal bowl.

Frequently, optimal results are obtained by combining the tech-
niquesofshavingconchalcartilagefromtheposterioraspectofthecon-
chal bowl and the use of conchomastoid sutures as described herein.
Our preferred technique involves resection of an ellipse of postauricu-
lar skin, removal of an ellipse of conchal cartilage at the 3 eminentia,
followed by the use of nonabsorbable mattress sutures placed through
theconchalcartilageandsecuredtothemastoidperiosteum(Figure 3).

In some cases, the amount of excess conchal cartilage requires
more aggressive techniques to achieve a satisfactory result. In rare
instances, excision of conchal cartilage and skin may be necessary
in cases in which the conchal cartilage joins the antihelix. If only car-
tilage is to be resected, it can be performed via a posterior ap-
proach. Resecting only cartilage near the conchoscaphal angle may
leave redundant skin that results in a noticeable deformity. There-
fore, in most cases of severe conchal excess, both cartilage and skin
are resected through an anterior approach. Excessive resection of
skin should be avoided to minimize the risk of creating hypertro-
phic scars. It should be noted that we have not found it necessary
to use the techniques described herein in our own practice.

Incisionless Otoplasty
As with the trend in other facial plastic surgery procedures, the de-
sire to have a less invasive otoplasty method prompted Fritsch24 to
publish his first description of an incisionless otoplasty technique in
1995. Since that time, he has published subsequent revisions to the
original technique that have incorporated modifications in the su-
ture placement procedure and application of the technique to other

deformities other than the absent antihelical fold. The most recent
revision, published in 2012,25 incorporates incisionless cartilage scor-
ing and retention suture placement for correction of the antihelical
fold, conchal bowl, and lobule. Since Fritsch24 published his initial
description of the incisionless otoplasty technique, others have de-
scribed their own modifications to the procedure.26

Outcomes of the incisionless otoplasty technique have been very
favorable when compared with traditional open techniques. Mehta
and Gantous27 published a retrospective series of 72 adult and pedi-
atric patients who underwent incisionless otoplasty and found it to
be an effective technique with a low complication rate. Some of the
complications seen with this approach were suture failure, suture ex-
posure, granuloma formation, and antibiotic ointment reaction. Their
revision rate was 13%, but Mehta and Gantous27 noted that many re-
visions could be performed with local anesthesia in the clinic and that
most needed only a single suture. They found that this technique was
reliable, safe, and had longevity comparable with the more tradi-
tional techniques. In another recent study,28 2 different incisionless
techniques were compared. The authors found similar outcomes and
complication rates between their modified technique when com-
pared with that described by Fritsch.24

Outcomes
Specific objective or patient-reported outcomes studies are rela-
tively limited for otoplasty. As with other aesthetic procedures, patient-
reported quality-of-life (QOL) outcomes are typically considered to be
the most important measures. In 2010, Braun et al29 reported one of
the first retrospective studies looking at health-related quality-of-life
(HRQOL) outcomes in 62 adult and pediatric patients who under-
went otoplasty with suture techniques. They used the Glasgow Ben-
efit Inventory, a validated retrospective questionnaire that is used to
measure the effect of otolaryngology- and facial plastic surgery–
related procedures on HRQOL. They reported that the primary rea-
sons their patients underwent otoplasty were teasing, aesthetic im-
pairment, reduced self-confidence, and prevention of teasing. Nearly
two-thirds of their patients reported having been teased about their

Figure 3. Techniques to Correct Conchal Excess
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ears, and about the same number reported attempting to cover their
protruding ears with various hairstyles or headwear. They found a sig-
nificant increase in the HRQOL following otoplasty in approximately
95% of both adults and children. In addition, both groups (including
parents)reportedahighsatisfactionratefollowingtheprocedure.Since
Braunetal29 publishedtheir initialstudy,otherauthorshavefoundvery
similar QOL results after otoplasty.30,31

Future Trends
Recently, electromechanical reshaping (EMR) has been studied as
a way to reshape auricular cartilage. Using an in vivo rabbit ear model,
Yau et al32 studied the degree of shape change and histological find-
ings after EMR and splinting. They found a dose-dependent rela-
tionship between the voltage applied and the degree of shape
change and histologic findings showing areas of tissue injury, which
were limited to a small area around the needle insertion sites. This
type of technology has potential application as a minimally inva-

sive technology that could be used for office-based otoplasty; how-
ever, further clinical studies in humans will be necessary.

Conclusions
Prominent ears are frequently treated by facial plastic surgeons. An
intricate knowledge of normal auricular anatomy is required to de-
velop an appropriate operative plan to address the deformed ear.
The trend in otoplasty techniques has consistently moved toward
less invasive options, ranging from nonsurgical newborn ear mold-
ing to cartilage-sparing surgical techniques and even incisionless, of-
fice-based procedures. While most surgeons who treat auricular de-
formities will develop preferences and expertise in a few techniques,
they must remain flexible in order to deal with the variety and com-
plexity of deformities that exist. Both surgical and nonsurgical oto-
plasty techniques continue to evolve and future advancements in
minimally invasive technologies and tissue engineering will likely cre-
ate even more possibilities to address auricular deformities.
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Abstract

Objective. To determine if standardized intraoperative scoring of
anatomic obstruction in children with obstructive sleep apnea
correlates with the apnea-hypopnea index (AHI) and lowest
oxygen saturation on preprocedural polysomnogram (PSG). A
secondary objective was to determine if age, presence of a syn-
drome, or previous adenotonsillectomy affect this correlation.

Study Design. Case series with chart review.

Setting. Two tertiary care children’s hospitals.

Subjects. Patients with a preprocedural PSG who underwent
drug-induced sleep endoscopy (DISE) over a 4-year period.

Methods. All DISEs were graded in a systematic manner with
the Chan-Parikh (C-P) scoring system. AHI and nadir oxygen
saturations were extracted from preprocedural PSG. Data
were analyzed with a multivariate linear regression model that
controlled for age at time of sleep endoscopy, syndrome diag-
nosis, and previous adenotonsillectomy.

Results. A total of 127 children underwent PSG prior to DISE:
56 were syndromic, and 21 had a previous adenotonsillectomy.
Mean AHI was 13.6 6 19.6 (6 SD), and mean oxygen nadir
was 85.4% 6 9.4%. Mean C-P score was 5.9 6 2.7. DISE score
positively correlated with preoperative AHI (r = 0.36, P \
.0001) and negatively correlated with oxygen nadir (r = 20.26,
P = .004). The multivariate linear regression models estimated
that for every 1-point increase in C-P score, there is a 2.6-point
increase in AHI (95% confidence interval: 1.4-3.8, P \ .001) and
a 1.1% decrease in the lowest oxygen saturation (95% confi-
dence interval: –1.7 to 20.6, P \.001).

Conclusion. The C-P scoring system for pediatric DISE corre-
lates with both AHI and lowest oxygen saturation on pre-
procedural PSG.

Keywords

obstructive sleep apnea, drug-induced sleep endoscopy,
polysomnogram, sleep-disordered breathing, pediatrics
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D
rug-induced sleep endoscopy (DISE) is a new diag-

nostic tool in the evaluation of adults and children

with obstructive sleep apnea (OSA).1-3 Typically, it

is a flexible fiberoptic observation of the upper airway

under general anesthesia while maintaining spontaneous

ventilation.2-4 DISE has been reported to be a useful tool for

identifying additional sites of obstruction in children and

adults beyond tonsil and adenoid hypertrophy as appreciated

on clinical examination.1-6
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DISE scoring systems have not been proven to correlate

well with sleep apnea parameters in adults.7 It is still

unknown if DISE accurately identifies sites of obstruction

in children with polysomnogram (PSG)–diagnosed OSA. In

2014, we introduced and validated a new scoring system

for DISE (Chan-Parikh [C-P] score) in children with OSA

to identify the location and severity of obstruction.8 This

study builds on that work by presenting new data on

patients undergoing DISE to determine if standardized

scoring correlates with PSG parameters. We hypothesized

that the C-P DISE score would correlate with PSG findings—

specifically, apnea-hypopnea index (AHI) and oxygen nadir,

broad indicators of OSA severity. As a secondary objective,

we sought to determine if age at the time of DISE, presence of

a syndrome, or history of adenotonsillectomy affect this

relationship.

Methods

Institutional Review Board approval was obtained from the

2 participating institutions: Seattle Children’s Hospital

(SCH) and the University of California–San Francisco

(UCSF). At both institutions, all patients undergoing DISE

are scored prospectively via the C-P score, and the findings

are recorded in a database. These databases contain basic

patient demographic information (date of birth, date of pro-

cedure, comorbidities), limited PSG parameters (AHI,

lowest O2 saturation) if the patient underwent preoperative

PSG, and the C-P score. Records of all patients in these

databases were screened between January 1, 2011, and

December 31, 2014, to obtain past medical and surgical his-

tory. All patients who underwent PSG prior to DISE were

included in the study; there was no restriction on how far in

advance of DISE the PSG was performed. The decision to

perform DISE was based on clinical evaluation by the

attending surgeon. DISEs were typically performed on chil-

dren with small or absent tonsils or with clinical suspicion

for multilevel airway obstruction. Children who did not

have preoperative PSG were excluded from the study; PSG

was not always obtained prior to DISE, based on clinical

judgment, cost, and family decision making.

Subjects underwent PSG at an accredited sleep laboratory

as part of clinically indicated care, with results interpreted

by board-certified pediatric sleep medicine physicians.

PSGs were scored in accordance with the American

Academy of Sleep Medicine parameters.9 AHI and lowest

recorded oxygen saturation were noted from the preproce-

dural PSG.

At both tertiary care facilities, sleep endoscopy is carried

out in standardized fashion, with all reports being categor-

ized per the C-P scoring system, which has been published

and validated.8 The anesthetic technique for all DISE uti-

lized sevoflurane and propofol per institutional protocols.

The C-P score is based on 5 anatomic locations, with each

site graded on a 4-point scale according to severity of

obstruction. Sleep endoscopy scores were noted at the time

of surgery by the surgeon responsible for each case.

After all cases had been identified, chart review was per-

formed to acquire the demographic characteristics of the

participants, including age at time of sleep endoscopy, sur-

gical history, and presence of concomitant syndromal or

genetic disorder (eg, Trisomy 21). Univariate analyses were

performed to obtain descriptive statistics. Means were calcu-

lated for continuous variables, such as PSG and sleep endo-

scopy scores, along with average age at time of DISE.

Proportions were calculated for binary variables, such as the

presence of a syndrome. Mean AHI and lowest oxygen

saturation values for PSGs performed at UCSF and SCH

were compared with Student’s t test to ensure consistency

between studies performed at the separate institutions.

Spearman’s correlation coefficients (2-tailed) were then

calculated to determine the degree of linear correlation

between C-P score and each PSG result: AHI and oxygen

nadir. To determine if there was significant variability in

DISE results among the 8 attending surgeons, Spearman’s

correlation coefficients were also calculated for AHI and

lowest oxygen saturation for patients who underwent DISE

by the senior author (S.R.P.; n = 58) and the other 7 sur-

geons (n = 69). Two separate multivariable linear regression

models were then created, controlling for syndrome diagno-

sis, history of adenotonsillectomy, and age at time of sleep

endoscopy. AHI and oxygen nadir were used as the depen-

dent variables in these models, while C-P score was the

independent variable. For all tests, P \ .05 was considered

statistically significant. Stata 13.1 (Stata Inc, College

Station, Texas) statistical software was used for all analyses.

Results

A total of 127 children met inclusion criteria for the study.

The demographic composition of this patient population is

outlined in Table 1. The mean AHI value for PSGs per-

formed at UCSF was 11.7 6 12.8 (6 SD), while at SCH

the mean AHI value was 14.1 6 20.9. There was no statisti-

cally significant difference in the mean AHI values between

the centers (P = .6). Mean lowest oxygen saturations were

also not significantly different between patients at the 2

institutions: mean O2 nadir at UCSF was 82% 6 9.5%,

compared with 86% 6 9.4% at SCH (P = .1). The scatter-

plots represented in Figure 1 demonstrate AHI and oxygen

nadir as a function of C-P score. Correlation analysis

Table 1. Demographic Characteristics of the Study Population.a

Subjects 127

Age at time of DISE, y 6.55 6 5.34

Syndromal or genetic disorder 56 (44)

Previous adenotonsillectomy 21 (16.5)

AHI, events/h 13.6 6 19.6

O2 nadir, % (O2 saturation) 85.4 6 9.4

Chan-Parikh score 5.9 6 2.7

Abbreviations: AHI, apnea-hypopnea index; DISE, drug-induced sleep

endoscopy.
aValues presented as n (%) or mean 6 SD.
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demonstrated a positive moderate agreement (r = 0.36, P \
.0001) between the AHI and the C-P score (Figure 1A).

This analysis includes 5 patients with an AHI .70; if these

subjects are excluded from the study population, there is

still a positive moderate agreement (r = 0.32, P = .0004).

Correlation analysis for AHI for patients who underwent

DISE by the senior author demonstrated a positive moderate

agreement (n = 58, r = 0.33, P = .01), as did correlation

analysis for the remaining 7 surgeons (n = 69, r = 0.37, P =

.002).

Using the same methodology, we found a negative weak

agreement between the lowest oxygen saturation and the C-

P score (r = 20.26, P = .004; Figure 1B). Five patients

were included in this analysis with a lowest oxygen satura-

tion \65%, and excluding these subjects from the study

population failed to demonstrate any agreement between C-

P score and lowest oxygen saturation (r = 0.16, P = .08).

Correlation analysis for O2 nadir for patients who underwent

DISE by the senior author demonstrated a similar negative

moderate agreement (n = 58, r = 20.3, P = .03); however,

correlation analysis for the remaining 7 surgeons did not

identify a significant correlation (n = 64, r = 20.2, P = .1).

Multivariate linear regression analysis—controlling for

age at endoscopy, presence of a syndrome, and history of

adenotonsillectomy—demonstrated a statistically significant

association between the C-P score and both preprocedural

AHI and oxygen nadir. This analysis revealed that a 2.6-

point increase in AHI corresponds to a 1-point increase in the

C-P score (95% confidence interval: 1.4-3.8, P \ .001). A simi-

lar, 1.1% decrease in oxygen nadir corresponds to a 1-point

increase in the C-P score (95% confidence interval: –1.7 to

20.5, P \ .001). These results indicate that the severity of ana-

tomic obstruction in pediatric OSA, as defined with a systematic

scoring system for DISE, correlates with both AHI and the

lowest oxygen saturation on preprocedural PSG when known

covariates are accounted for.

Discussion

The present data extend the previously published relation-

ship between C-P score and PSG severity to a larger, multi-

institutional prospective series of patients who underwent

DISE. We hypothesized that the severity of anatomic

obstruction would correlate with the severity of OSA as

defined by the PSG. For this study, we chose to include all

children who presented to our institutions with a PSG and

met the criteria for undergoing DISE, regardless of age,

severity of OSA, and medical complexity. We found a sta-

tistically significant positive correlation between the C-P

score and the AHI, as well as a statistically significant nega-

tive correlation between the C-P score and the lowest

oxygen saturation. Our analysis found a much stronger rela-

tionship between C-P score and AHI than between C-P

score and lowest oxygen saturation, as evidenced by the fact

that a few patients with very low oxygen saturations had a

significant influence over this correlation. These data pro-

vide initial evidence supporting our hypothesis that the

severity of anatomic obstruction in children with OSA, as

measured with DISE, correlates with PSG parameters. Such

data are important clinically, as DISE is becoming a widely

utilized tool for the identification of airway obstruction in

children with OSA. The evidence supporting DISE-directed

surgery in the management of pediatric OSA is limited, and

an organized approach toward studying this procedure, such

as the one provided by the C-P scoring system, is critical to

determining the proper role of DISE in the treatment of

OSA.

To our knowledge, this study represents the first to

examine the relationship between anatomic obstruction in

OSA, as measured by DISE, and preprocedural PSG para-

meters in children. A number of studies have examined

whether DISE findings are correlated with PSG severity in

adult populations. Most recently, Dedhia and Weaver

reviewed a case series of 65 adult patients who underwent

DISE, and they scored the anatomic obstruction using the

VOTE system (velum, oropharynx, tongue, epiglottis).7 In

this study, the authors failed to detect a significant associa-

tion between the level of anatomic obstruction on DISE and

the pre-DISE PSG parameters. Furthermore, this study

failed to detect any significant associations between the

severity of anatomic obstruction on DISE and Epworth

Sleepiness Scale scores or quality of life as measured by the

SNORE25 instrument. This study calls into question the

external validity and clinical usefulness of DISE scoring

systems for adult OSA patients.
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Figure 1. Correlation analysis: (A) apnea-hypopnea index and
Chan-Parikh score (r = 0.36, P \.0001) and (B) O2 nadir and
Chan-Parikh score (r = 20.26, P = .004).
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A 2014 study by Vroegop et al retrospectively examined

a case series of 1249 adult patients who underwent both

PSG and DISE.10 This study found a statistically significant

association between AHI and airway obstruction at the level

of the epiglottis. DeCorso et al prospectively evaluated the

relationship between PSG parameters and airway obstruc-

tion on DISE in a cohort of 138 adult patients with OSA.11

This study utilized the VOTE system to grade the anatomic

obstruction on DISE, and the authors found a statistically

significant association between AHI and the severity of ana-

tomic obstruction on DISE. While both these studies found

a correlation between anatomic obstruction on DISE and

pre-DISE PSG parameters, they included only adult

patients; the management of pediatric OSA patients is very

different from that of adults, and these results may not be

applicable to children.

While the above studies represent significant contribu-

tions to the DISE literature, data derived from adult OSA

patients will not necessarily have a direct correlation with

pediatric OSA patients. There are a number of important

differences to point out regarding the etiology and manage-

ment of pediatric and adult OSA: the obvious physiologic

differences (eg, airway size and compliance), the presence

of medical comorbidities associated with the aging process,

the differences in neuromuscular control, the prevalence of

morbid obesity, and the potential for growth and continued

development that likely differentiate pediatric from adult

OSA. In adults, surgical intervention is considered only

after an appropriate trial of continuous positive airway pres-

sure (CPAP) treatment. In children, surgery is often the

first-line therapy; the clinical expertise necessary to manage

CPAP in children is scarce.12 In addition, CPAP is not Food

and Drug Administration approved for outpatient use in

patients \40 kg, and industry support in terms of providing

appropriate equipment for pediatric CPAP is limited. Such

differences highlight the need for continued research into

pediatric DISE as well as the development of DISE-directed

surgical procedures.

Given the weak to moderate correlation coefficients obtained

from our statistical analysis, there are other factors not con-

trolled for in the present study that influenced the relationship

between the level of anatomic obstruction observed on DISE

and the severity of pediatric OSA in this study. First, the sur-

geons performing DISE were not blinded to the preendoscopy

PSG parameters; this introduces bias that we were not able to

control for using the outlined statistical methods. Given the ret-

rospective nature of the present study, it was not feasible to

blind the surgeons from the PSG data, as such data were used

to determine each patient’s candidacy to undergo DISE and

DISE-directed surgery for OSA. However, these correlations

still provide the needed foundational data to build further pro-

spective investigations performed in a blinded manner similar to

the methods described in our initial work.8 For the present

study, we chose to include all children who presented to our

institutions with a PSG and met the criteria for undergoing

DISE, regardless of age, severity of OSA, and medical com-

plexity. This ‘‘real world’’ strategy, when coupled with basic

PSG results, provides a broad illustration of these early correla-

tions, again helping to set the stage for further studies that will

ideally focus on both typically developing and medically com-

plex populations.

In addition, the present study included data from DISE

performed by 8 attending surgeons and PSGs performed at

multiple sleep laboratories; the differences in surgical tech-

nique and PSG interpretation introduce variability that

cannot be controlled for in our statistical model. There was

also no documentation of the anesthetic technique used for

the DISE procedures included in this study. The specific

doses and durations of the anesthesia administered during

DISE or variations from the institutional protocols for DISE

anesthesia were not collected as part of the study and there-

fore could not be included in our analysis.

Moving forward, we propose to use the results from the

present study as a basis for a multicenter prospective study

evaluating the association between PSG parameters and the

level of anatomic obstruction on pediatric DISE. Expanding

the breadth and depth of investigations via PSG parameters,

surgical and anesthetic techniques, and patient-reported out-

comes (including quality of life) and focusing on specific

patient populations will further guide research studies that

will undoubtedly help to shape the clinical practice of treat-

ing the many facets of pediatric OSA. To do so, we will need

to follow patients undergoing DISE-directed surgery longi-

tudinally and collect data from postintervention PSGs to

determine the impact of such procedures on PSG parameters

and quality-of-life measures. In addition, with a larger cohort

of patients, we will be able to look at specific sites of ana-

tomic obstruction, as defined by the C-P score, to character-

ize the impact of that site or a procedure directed at that

anatomic location in the pathophysiology and treatment of

pediatric OSA. Such an approach should also allow us to

examine the incidence and treatment of pediatric OSA

caused by multiple sites of airway obstruction.
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Introduction: Pediatric Autoimmune Neuropsychiatric Disorder Associated with Streptococcus (PANDAS)
is a rare but important condition for pediatric otolaryngologists to recognize. Several treatment options
exist including tonsillectomy, antibiotic treatment/prophylaxis, intravenous immunoglobulin (IVIG), and
psychiatric medications/therapy.
Methods: A systematic review of the PubMed, EMBASE, and Scopus databases was performed searching
for articles that focused exclusively on the aforementioned treatment modalities in the PANDAS popu-
lation. Review articles, single patient case reports, and studies examining the natural history or diag-
nostic strategies were excluded.
Results: Five articles regarding tonsillectomy treatments with level of evidence (LOE) 4 were found but
no clear benefit could be determined. Three articles were selected involving the use of antibiotic therapy.
One prospective study and one double-blind randomized control trial (DB RCT) supported the use of
antibiotics but a separate DB RCT showed no benefit. Two selected articles described the use of IVIG: one
unblinded RCT and one retrospective study. One prospective study on cognitive-behavioral therapy (CBT)
showed benefit in PANDAS.
Conclusion: There is a paucity of high-level studies regarding this rare disorder and no hard treatment
recommendations can be made. Tonsillectomy should only be performed in those who are surgical
candidates based on current published guidelines. Antibiotics are an option but provide uncertain
benefit. CBT remains a low-risk option. Studies support the use of IVIG, however more investigation is
needed prior to widespread adoption of this treatment given its potential risks.

© 2016 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Pediatric Autoimmune Neuropsychiatric Disorder Associated
with Streptococcus (PANDAS) is a rare pediatric disorder with
otolaryngic ties that was described by Swedo et al., in 1998 with
specific criteria (Table 1) [1]. The criteria continue to be refined but
the course of the disease involves tics and/or obsessions/compul-
sions that worsen in relation to acute infection caused by group A b-
hemolytic (GABHS) streptococcus. This is a waxing and waning
disorder with an incompletely understood pathophysiology.
Several treatment options have been proposed including surgery,
ty for Ear, Nose, and Throat
015, San Antonio, TX.
, Charleston, SC 29425-5500,

rved.
medical therapy, and cognitive behavioral treatment. The objective
of this study was to systematically review the literature for treat-
ment options of PANDAS.
2. Methods

Systematic reviews of published literature are deemed exempt
by our institutional review board. A systematic review of the
PubMed, EMBASE, and Scopus databases was performed in August
2015, searching for articles focusing exclusively on treatment mo-
dalities in the PANDAS population. The primary outcome was
improvement in symptoms. There were no date restrictions. The
specific search strategy is detailed in Table 2.

Articles in the English or Spanish language were included. Re-
view articles, single patient case reports, and studies examining the
natural history or diagnostic strategies were excluded. Two in-
dividuals (Z.F. and A.A.O) performed the search and analyzed each
article for appropriateness to include in the systematic review. The
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Table 1
Swedo criteria for diagnosis of PANDAS.

Swedo criteria

1 Presence of OCD and/or a tic disorder.
2 Symptom onset between 3 years of age and the beginning of puberty.
3 Episodic clinical course: abrupt symptom onset or exacerbations of OCD/tics. Symptoms usually decrease between episodes or may resolve completely.
4 Association of the exacerbation with evidence of group A b-hemolytic (GABHS) streptococcal infection, i.e., a positive throat culture and/or increased levels of anti-

GABHS antibody titers.
5 Association with neurologic abnormalities such as adventitious movements and/or motoric hyperactivity.

Table 2
Search methods used in systematic review.

Term

� PANDAS AND
� (tonsillectomy OR adenotonsil*)
� (antibiotic* OR penicillin OR augmentin

OR cephalosporin* OR azithro*)
� (intravenous immunoglobulin OR IVIG)
� (cognitive behavioral therapy)
� (fluoxetine OR fluvoxamine OR sertraline

OR paroxetine OR SSRI OR selective serotonin reuptake inhibitor)

Z. Farhood et al. / International Journal of Pediatric Otorhinolaryngology 89 (2016) 149e153
references of full-text included articles were scanned for additional
sources. Level of evidence was assessed using the Oxford Centre for
Evidence Based Medicine criteria [2].
Fig. 1. Literature s
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3. Results

The results of our search strategy are shown in Fig. 1. Thirteen
articles were ultimately included in this review. The following
sections details the search results by treatment modality.
3.1. Adenotonsillectomy

Six articles regarding tonsillectomy treatments were found
[3e8]; all PANDAS patients received tonsillectomy for conditions
which met the criteria of the American Academy of
Otolaryngology-Head & Neck Surgery [9]. Orvidas & Slattery re-
ported two siblings who although responded symptomatically to
antibiotic treatment during Group-A Beta-Hemolytic Streptococcus
(GABHS) infections, underwent tonsillectomy with resolution of
symptoms in one child and improvement in the other 11 months
earch results.
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postoperatively [3].
Similarly, Heubi & Shott reported a similar experience with two

siblings; one with Tourette's syndrome (TS) and one with
obsessive-compulsive disorder (OCD) [4]. The child with OCD
discontinued sertraline 1 year postoperatively and no longer
required follow-up with a psychiatrist. The child with TS was
symptom-free 2 months postoperatively and had his clonidine
dosage reduced.

Murphy, Storch et al. examined a cohort of children with OCD
and found that PANDAS cases had a high association of undergoing
surgery compared to those with OCD without PANDAS [5]. Of note,
they also observed that PANDAS subjects were more likely to have
remission of symptoms when receiving antibiotic therapy. In
another study, Murphy, Lewin et al. examined a group of 43
PANDAS patients, 20 of whom had tonsillectomy and/or adenoi-
dectomy [6]. They found no difference in streptococcal titer levels
or symptom severity between the surgical and nonsurgical groups.
Moreover, a majority of the patients had symptom onset more than
2 years after surgery and so the authors concluded that surgery
does not prevent disease onset. This study corroborates the previ-
ous study that thosewith PANDASweremore likely to have surgery
compared to non-PANDAS subjects with OCD.

In a prospective study of 120 PANDAS patients, 56 underwent
adenotonsillectomy [7]. There were no differences in symptom
severity or titer elevation (i.e. antistreptolysin O, anti-
deoxyribonuclease B, and antineural antibodies) following surgery
compared to the nonsurgical group. Timing of surgery did not affect
time to first relapse (mean ¼ 45.1 ± 17.8 days). The authors
concluded that PANDAS is not an indication for adenotonsillectomy.

Finally, Demesh et al. recently conducted a retrospective review
of 10 PANDAS patients who received antibiotic therapy followed by
tonsillectomy in 9 patients [8]. The parents of the subjects were also
contacted and administered a questionnaire regarding the severity
of their child's symptoms. Half of the children responded to anti-
biotic treatment per the parents but symptom resolution was not
noted. All nine children who underwent tonsillectomy were noted
to have symptom improvement with 3 experiencing complete
resolution of OCD symptoms. However, the retrospective nature of
the study and post-treatment screening limit the conclusions, as
the interpreted results are susceptible to recall bias.

3.2. Antibiotic therapy

Three articles were selected involving the use of antibiotic
therapy (ABX) [10e12]. In a double-blind randomized control trial
(DB RCT), 37 patients were given oral penicillin V or placebo fol-
lowed by crossover after 4 months [10]. The authors found no dif-
ference in infection rate or symptom severity by treatment phase.
Sixteen of the children were also on neuropsychiatric medications
at various points during the study.

One prospective study evaluated antibiotic therapy for acute
infections and exacerbations in 12 patients over a 3-year period
[11]. Antibiotics (either penicillins or cephalosporins) for treatment
of GABHS infection alleviated neuropsychiatric symptoms,
although half of the patients experienced a recurrence in symp-
toms. Again, when the recurrence was treated with antibiotics
there was improvement in symptoms.

One DB RCT examined the utility of azithromycin or penicillin
prophylaxis in a PANDAS cohort of 23 patients [12]. The patients
served as their own controls and decreased rates of infection and
neuropsychiatric exacerbations were noted in both groups
compared to pretreatment. A limitation of this study was retro-
spective collection of medical history.

Finally, a case report of 2 patients that received benzathine
penicillin showed potential benefit of antibiotics [13]. One 9 year
old patient who had a favorable response received monthly in-
jections. The dosing frequency was tapered over time, and the
patient was symptom-free at 16 years of age. Another showed
improvement but was eventually lost to follow up after 6
months.

3.3. Intravenous immunoglobulin therapy

Two selected articles described the use of IVIG: one RCT and one
retrospective study [14,15]. Perlmutter et al. in a partially DB RCT,
examined the efficacy of IVIG or plasma exchange [14]. In-
vestigators and participants were blinded if IVIG or placebo was
administered, but not plasma exchange. Both treatment groups
showed significant improvement compared to the placebo group at
1 month and 1 year follow up. Adverse events reported included
headache, fever, pallor, dizziness, nausea, and vomiting.

Later, Kovacevic et al. retrospectively presented 12 patients that
received IVIG [15]. Follow up ranged from 4 months to 7 years and
patients reported significant improvement or complete recovery in
all instances. Several patients were also on antibiotic prophylaxis.
Additionally, seven patients were retreated with a second course of
IVIG due to recurrence or no response to initial treatment with a
noted improvement in symptoms.

3.4. Cognitive behavioral therapy

One prospective study examined cognitive-behavioral therapy
(CBT) in seven patients, with 6 concurrently taking selective sero-
tonin reuptake inhibitors (SSRIs) [16]. Subjects underwent 3 weeks
of intensive CBT and were evaluated at 4 weeks prior to treatment,
before the first session, before the final session, and 3 months after
the final session. There was significant and sustained reduction in
symptom severity, however 2 patients experienced complete
relapse and one partial relapse.

4. Discussion

This systematic review examined treatmentmodalities for a rare
pediatric disease occasionally evaluated by an Otolaryngologist.
The pathophysiology of this disease is still poorly understood,
though it has been likened to Sydenham's chorea given the com-
mon link with GABHS. Autoimmune theories propose molecular
mimicry in which an acute infection triggers the generation of
antineuronal antibodies that cross-react with the basal ganglia [17].
However, such antibodies have not been demonstrated and used to
identify patients with PANDAS [18,19]. Other alterations in the
immune system are also debatable as one study recently demon-
strated distinct differences in cytokine levels among these patients
[20]. Another found no differences in B-Cell expression between
the tonsils of PANDAS and non-PANDAS patients [21]. In light of
these findings, it is still difficult to establish a true immunologic
link.

Most of the included studies graded symptom severity using a
variety of scales, including the Yale Global Tic Severity Scale
(YGTSS) and the Yale-Brown Obsessive Compulsive Scale (YBOCS).
Some studies used questionnaires that were more arbitrary and
asked the parents their overall perception of their child's well-
being. Others simply reported whether the child continued to
experience symptoms. The YGTSS or YBOCS would be the most
appropriate tools to use in symptom evaluation, as they are quite
reliable and valid, although they may not be readily familiar to
Otolaryngologists [22,23].

The benefit of tonsillectomy is uncertain due to conflicting re-
sults. In theory, removing the tonsils would serve to reduce the rate
of infection and therefore exacerbation frequency. Overall,
59



Z. Farhood et al. / International Journal of Pediatric Otorhinolaryngology 89 (2016) 149e153
tonsillectomy was not shown to be an effective treatment modality
for PANDAS except in small anecdotal settings, and those who did
improve were also subject to other treatments including neuro-
psychiatric medications and/or antibiotics, confounding the true
results of tonsillectomy. Therefore, it is suggested that practitioners
continue to offer tonsillectomy per the current American Academy
of Otolaryngology-Head & Neck Surgery guidelines [9].

Antibiotic therapy has two strategies: prophylaxis and treat-
ment. By preventing infection or rapidly treating with antibiotics,
one would expect a reduction in symptom severity. In this sys-
tematic review, prophylaxis did not appear beneficial but acute
episodes did seem to resolve when treated with antibiotics. Based
on this we can conclude that antibiotic therapy remains an option
in the management of PANDAS, but efficacy is uncertain.

Due to the proposed autoimmune component of PANDAS, IVIG
has been considered as a possible treatment option. It has previ-
ously been studied in patients with rheumatic fever and was sug-
gested to improve symptoms associated with Sydenham's chorea
[24,25]. Although there may be benefit from IVIG for exacerba-
tions and recurrences, it is not a benign treatment and the potential
risks and complications should be weighed when deciding to
employ it. It is worth noting that while adverse events were
frequent in these studies, all were considered mild. Steroids are
unlikely to be used in this population as they may worsen the
neuropsychiatric symptoms [14,26].

CBT confronts PANDAS from a psychiatric standpoint and due to
the minimal risk involved in receiving therapy, it can be recom-
mended for management of symptoms. Unlike traditional OCD, the
symptoms of PANDAS have an abrupt onset and resolution which
manifest at an earlier age [27]. Only one case report utilizing SSRIs
was identified, but not included in this systematic review [28]. This
treatment caused behavioral activation in the patient consisting of
mood instability and suicidality.

A substantial obstacle in evaluating treatment modalities is that
most have received multiple treatments, leaving interpretation
susceptible to confounding factors. Furthermore, the pathophysi-
ology is still poorly defined/understood. Finally, this is a rare disease
with an uncertain prevalence [29]. Antibiotics, SSRIs, and IVIG may
continue to be studied as there is currently a Phase 2 clinical trial
registered on clinicaltrials.gov [30]. In spite of these limitations, the
current study summarizes the evidence for treatment strategies in
the PANDAS population and can serve as a reference for otolaryn-
gologists who may be less familiar with the disease.
5. Conclusion

Assessing treatment strategies for PANDAS remains difficult, as
it is a rare disease with few published high quality studies. Many of
these studies are retrospective in nature and consist of small pop-
ulations. Furthermore, patients often undergo multiple treatment
modalities, leaving room for confounding. Adenotonsillectomy
does not seem to clearly benefit this patient population. Antibiotics
may prove to be useful in preventing or treating infections and
therefore neuropsychiatric exacerbation, but there is limited evi-
dence to recommend it. Though IVIG proved to be effective in
certain patient populations, it is notwithout serious risk and should
be reserved for the immunocompromised or most severe cases.
Finally, traditional psychiatric therapy for PANDAS may be effective
and is of minimal risk to the patient.
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Transcervical Ultrasonography in the Diagnosis of Pediatric
Peritonsillar Abscess

M. Taylor Fordham, MD; Alex N. Rock, BA; Anjum Bandarkar, MD; Diego Preciado, MD, PhD;

Michelle Levy, PA-C; Joanna Cohen, MD; Nabile Safdar, MD; Brian K. Reilly, MD

Objectives/Hypothesis: Pediatric peritonsillar abscess (PTA) is a common infection, particularly in the adolescent popu-
lation. Physical examination alone is not always sufficient to diagnose this pathology, and thus, computed tomography is often
utilized as a diagnostic adjunct. With growing concern over radiation exposure in the pediatric population, we conducted a
prospective study to investigate the use of ultrasonography in the detection of pediatric PTA.

Study Design: Prospective single arm cohort study.
Methods: Pediatric patients examined in consultation for concern for PTA were prospectively enrolled in the study.

Patients were managed based on clinical symptoms and presentation. Transcervical ultrasonography of the peritonsillar
region was performed on all patients. Clinical outcomes were reviewed retrospectively and compared to ultrasound findings.

Results: Forty-three patients (age range, 2–20 years) were enrolled in the study. The sensitivity and specificity of trans-
cervical ultrasound when compared to clinical outcomes were 100% and 76.5%, respectively. The positive and negative pre-
dictive values were 52.9% and 100%, respectively. Fisher exact test showed a statistically significant association (P<.01)
between negative ultrasonography and successful medical management, and multivariate regression analysis showed a strong
correlation between ultrasound findings and presence/absence of purulence during surgical intervention (P5.01).

Conclusions: Transcervical ultrasonography is a useful tool in diagnosing pediatric PTA. This imaging modality not only
avoids undue radiation exposure, but it also proves to be an excellent tool at identifying patients who will not need surgical
intervention. To our knowledge, this is the first study to explore this technique for the diagnosis of pediatric PTA.

Key Words: Pediatric peritonsillar abscess, ultrasound, transcervical, pediatric head and neck infection.
Level of Evidence: 2b
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INTRODUCTION
Peritonsillar abscess (PTA) is a commonly occurring

and potentially life-threatening suppurative infection
located between the palatine tonsil capsule and the more
lateral pharyngeal constrictor muscle. PTA affects chil-
dren and adults but is more common in adolescents,
with an estimated incidence of between 14 and 40 per
100,000 in patients younger than 18 years old.1 Both
medical and surgical management are frequently cura-
tive. Inadequate treatment of PTA can result in rare but
serious consequences, such as sudden rupture with aspi-
ration of purulent exudate, extension of the infection
into the mediastinum, acute airway obstruction, and/or

sepsis. Therefore, appropriate diagnosis and manage-
ment are crucial.2,3

Treatment is based on differentiating among PTA,
peritonsillar cellulitis (PTC), and tonsillitis (viral or bac-
terial); however, distinguishing these entities may be
challenging based on history and physical exam alone. A
prior small study found the sensitivity and specificity of
using clinical impression to diagnose PTA to be only 78%
and 50%, respectively.4 Computed tomography (CT) has
been shown to be the most sensitive imaging modality
for diagnosis (100% sensitivity) and provides the addi-
tional benefit of identifying spread of infection beyond
the peritonsillar tissues.5 Although CT is an attractive
option to assist in the diagnosis of a PTA, cost and
increased awareness of radiation exposure prohibit this
modality from being considered standard of care, espe-
cially in the pediatric population.6–9 Procedural inter-
vention, such as incision and drainage, provides clarity
of diagnosis as well as potential therapeutic benefit, but
this management is obviously invasive and not without
risk to the child.

Ultrasound (US) has been shown to reliably distin-
guish PTA from PTC in a number of small-scale studies
with adult patients.4,10–14 There is currently no litera-
ture addressing the use of US for peritonsillar infection
in an exclusively pediatric population. Thus, the primary
objective of this study was to evaluate the efficacy of US
in the diagnosis of pediatric PTA. We hypothesized that
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US would accurately predict the presence of purulence
in children being evaluated for possible PTA.

MATERIALS AND METHODS
After obtaining institutional review board approval, a con-

venience sample of children and adolescents with suspected
PTA per the evaluating provider were prospectively enrolled in
the study. The diagnosis of PTA was based on a history of sore
throat and/or fever, neck pain, trouble swallowing, and voice
changes in conjunction with physical exam findings such as
asymmetric tonsils, palatal edema, uvular deviation, trismus,
and peritonsillar fullness or erythema. Children <2 years old,
those with significant airway compromise, and those being eval-
uated for retropharyngeal processes were excluded from the
study. A physician board certified in pediatrics or pediatric
emergency medicine evaluated each patient and then obtained
consultation from the otolaryngology service. Patients were
managed based on clinical impression alone, but all enrolled
patients underwent a transcervical US to evaluate for PTA.
The transcervical technique utilizes a high-frequency probe
placed below the inferior border of the mandible to visualize the
submandibular gland, deep to which the tonsil and peritonsillar
space can be assessed. A blinded radiologist (A.B.) viewed and
analyzed all final US images.

The results of the US were compared to the results of pro-
cedural interventions and clinical patient outcomes. A positive
US was defined as an anechoic or hypoechoic pocket in the peri-
tonsillar plane suggestive of abscess. A true-positive PTA was
defined as purulence discovered during surgical intervention in
the setting of a positive US. A false-positive PTA was defined as
the absence of purulence during surgical intervention or suc-
cessful medical management in the setting of a positive US. A
true-negative PTA was defined as no purulence noted during
procedural intervention or clinical improvement with medical
management alone in the setting of a negative US. Last, a
false-negative PTA was defined as purulence discovered during
surgery in the setting of a negative US.

Following discharge, patients’ medical records were retro-
spectively reviewed for treatment failures, defined as those
patients managed initially medically who ultimately underwent
drainage of a PTA. Statistical analysis with Fisher exact test
was performed using GraphPad Prism software GraphPad Soft-
ware, Inc., La Jolla, CA), and sensitivity, specificity, and posi-

tive and negative predictive values were calculated based on
our results. Multivariate regression analysis was conducted
analyzing any correlations between age, sex, otolaryngologist
clinical diagnosis, and US findings with the presence/absence of
PTA.

RESULTS
Forty-three patients were enrolled in this study

from May 2013 to April 2014. The demographic and age
distribution of these patients can be seen in Table I.
Using the definitions described earlier, we compared the
US findings to procedural findings and/or clinical man-
agement outcomes (Table II). The US was positive for
PTA in 17 (39.5%) patients. Of these patients, nine were
found to have had true-positive PTA by our definition.
The greatest measurable dimension of these abscesses
ranged from 7 mm to 32 mm, with a mean of 25 mm. Of
the eight false-positive ultrasounds, the diameter of the
abscesses ranged from 11 mm to 28 mm with a mean of
18 mm. The size differences between these two groups,
which was statistically significant, can be viewed in
Table III. Of the eight false positives, three patients had
drainage procedures without procurement of pus, and
five were medically managed successfully. The diameter
of the abscess cavity on US in these five patients ranged
from 11 mm to 21 mm, with a mean of 15 mm. Of the
three patients undergoing negative procedures, two had
bedside needle aspiration without evidence of purulence,
and one underwent a negative incision and drainage in
the operating room based on clinical exam. Three
patients diagnosed with PTA clinically but managed
medically also had US findings consistent with abscess.
Either these patients responded promptly to initiation of
medical management, or the parent opted to forego elec-
tive surgical intervention as initial therapy.

US did not reveal a PTA in 26 (60.5%) of the chil-
dren enrolled. The breakdown of the US diagnoses for
these patients can be seen in Table IV. Two of these chil-
dren underwent drainage procedures following clinical
diagnosis of PTA but with no purulence identified in

TABLE I.
Patient Demographics.

No. of Patients Mean Age (SD), yr Median Age (IQR), yr Age Range, yr Gender Race

Ultrasound cohort 43 12.0 (5.3) 13 (7–17) 2–20 M: 23, F: 20 W: 7, A: 35, H: 1

A 5 African American; H 5 Hispanic; IQR 5 interquartile range; SD 5 standard deviation; W 5 white.

TABLE II.
Ultrasound Results and Surgical Findings.

Surgical Intervention

Ultrasound Results

Positive Negative Total

None or negative I&D 8 26 34

Positive I&D 9 0 9

Total 17 26 43

I&D 5 Incision and drainage.

TABLE III.
Comparison of True Positive and False Positive Abscess Cavity

Dimensions.

True Positive False Positive

No. 9 8

Range, mm 7–32 11–28

Mean, mm 25 18

P value <.05

P value calculated using two-tailed Mann-Whitney test.
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either case. Interestingly, one of these patients had a CT
scan from an outside facility suggestive of PTA. The
remaining 24 patients were exclusively managed medi-
cally without any treatment failures. After a negative
needle aspiration on initial visit 2 days prior, one patient
returned to the emergency room. This patient was not
determined to have a PTA at the time of representation
and was again managed medically without failure.
Another patient was readmitted following operative inci-
sion and drainage of a clinical PTA due to reaccumula-
tion of infection.

We compared the ages of patients undergoing drain-
age and those not undergoing procedures. After perform-
ing a Mann-Whitney test on these data, we discovered
the P value comparing the ages was not statistically sig-
nificant. The box plot in Figure 1 represents these data.
Furthermore, we elected to perform a multivariate anal-
ysis using age, sex, otolaryngologist clinical diagnosis,
and US findings as independent variables to see if any
correlated statistically with the presence or absence of
purulence. These data can be viewed in Table V. US
finding was the only independent variable found to be
correlative with the presence or absence of PTA (P<.05).

The sensitivity and specificity (with 95% confidence
intervals) of transcervical ultrasonography in the diag-
nosis of pediatric PTA are 100% (86.8%-100%) and 76.5%
(58.9%-89.2%), respectively. The positive and negative

predictive values (with 95% confidence intervals) are
52.9% (27.9%-77.1%) and 100% (66.4%-100%), respec-
tively. When a Fisher exact test was performed, the
P value was statistically significant (P<.01), indicating
an important correlation between a negative US and
patients who were able to be managed medically. Exam-
ples of US images obtained in these patients are present
in Figures 2–4.

DISCUSSION
Peritonsillar abscesses are common in the pediatric

population; however, diagnosis in this cohort is challeng-
ing due to limitations imposed by smaller oropharyngeal
anatomy and the potential for uncooperative patients.
As a result of these clinical hurdles, CT is frequently uti-
lized as a diagnostic tool. One study of pediatric emer-
gency room visits reported that CT was ordered in 65%
of patients in whom a PTA was suspected.15 Other
groups have reported algorithms that include exams of
the oropharynx under anesthesia or trials of intravenous
antibiotics followed by operative intervention.16,17 This
study aimed to investigate the role of transcervical US
in diagnosing pediatric PTA.

TABLE IV.
Radiographic Diagnoses of Patients Without Evidence of

Peritonsillar Abscesses.

Diagnosis No.

Unilateral tonsillitis 11

Bilateral tonsillitis 9

Normal tonsils 2

Parapharyngeal phlegmon 1

Reactive lymphadenopathy 1

Lymphadenitis 2

Fig. 1. Box plot comparing the age of patients undergoing drain-
age procedures and those not undergoing drainage procedures.
There was no statistical difference in age of patients in the two
groups.

Fig. 2. Example of a normal transcervical ultrasound of the tonsil
and peritonsillar region. The tonsil has a striated appearance and
is outlined by the black arrow heads. SMG 5 submandibular
gland; T 5 tongue.

TABLE V.
Multivariate Analysis Assessing Correlation Between Age, Sex,

Otolaryngologist Clinical Diagnosis and US Finding With
Presence/Absence of Peritonsillar Abscess.

Coefficients
Standard

Error t Statistic P Value
Lower
95%

Upper
95%

Age 0.009 0.009 0.884 .382 20.011 0.028

Sex 20.030 0.101 20.300 .765 20.235 0.174

US finding 0.399 0.151 2.637 .012 0.092 0.705

ENT dx 0.229 0.144 1.589 .120 20.062 0.520

x 5 diagnosis; ENT 5ear, nose, and throat; US 5 ultrasound.
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The sensitivity and specificity of US in this study
were 100% and 76.5%, respectively. Our data are similar
to that of other studies. Araujo Filho et al. reported sen-
sitivity and specificity as 80% and 92.8%, respectively,
for transcervical US, primarily in adult patients.13 The
differences in anatomy and amount of subcutaneous tis-
sue between the adult and pediatric populations may
account for some of the variation between these statis-
tics; however, both studies highlight the utility of this
modality in evaluating this infectious process. In this
study, it is important to note that of the patients who
had a negative US, none failed medical management.

US is a very sensitive tool for identifying fluid col-
lections within tissue planes; therefore, we were not sur-
prised to have a number of false positives, as oftentimes
small fluid collections on CT or US are reported. Several
patients who were successfully managed medically were
diagnosed with PTA both on physical exam and US.
These patients, who responded promptly to initial medi-
cal therapy prior to procedural intervention, or whose
parents opted for a more conservative medical treatment
in lieu of surgical drainage, were followed clinically.
Given that the peritonsillar regions of all exclusively
medically managed children were never opened, it is
possible that small collections of purulence may have

been found on some of these patients. With this is mind,
we may have overcalled the number of false positives.
Our study design did not mandate exploration of every
peritonsillar space or require CT on every patient. For
statistical integrity, however, children with positive
ultrasounds managed medically successfully were not
discarded, but rather counted as false positives. Based
on these data, we believe that smaller PTAs may resolve
with medical therapy alone; therefore, our study results
likely represent an underestimation of ultrasound’s spec-
ificity for PTA.

When comparing the sizes of the measured
abscesses in the true- and false-positive groups, a statis-
tically significant difference was found, with the false
positives measuring smaller. Although US is capable of
visualizing small PTAs in pediatric patients, the spec-
trum of peritonsillar and intratonsillar findings may
lead a radiologist to overcall an abscess. This conclusion
assumes that all of the false positives indeed did not
have purulence. If purulent cavities were in fact present
on some of these patients, then smaller abscesses either
respond to medical management alone and/or are diffi-
cult to locate during procedural interventions.

Based on these findings, we developed an algorithm
for PTA management (Fig. 5), which is now utilized at

Fig. 3. Identical images of a right
peritonsillar abscess (PTA) with the
image on the right labeled. The PTA
is outlined by a dashed white line.
The tonsil (white arrow heads) and
submandibular gland (SMG) are
once again identified.

Fig. 4. Ultrasound and computed tomography (CT) images from the same patient. The far left and center images are identical, the center
image being marked to identify the structures. The irregularly marginated hypoechoic region (outlined by white dashed line) is consistent
with a left peritonsillar abscess. Again the tonsil (white arrow heads) and submandibular gland (SMG) are labeled for reference. The CT
image (far right) shows the corresponding abscess (black arrow).
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our institution. For evaluation of equivocal PTA, we
have eliminated CT scans from our workup protocol alto-
gether. Patients are managed medically if they have a
negative US. Whether or not they are admitted for ini-
tiation of treatment is contingent on severity of symp-
toms and overall clinical picture. If the US is positive,
history and physical exam dictate treatment. If the
physical exam also suggests PTA, then drainage is
attempted pending consent. If the physical exam is
equivocal, then medical therapy is attempted first. In
cases of a difficult or limited exam, one may elect to
attempt drainage of larger abscesses (>15 mm) seen on
US while attempting medical management of ones that
are smaller and/or less symptomatic. As has been
described in previous studies on pediatric deep neck
space infections as well as pediatric PTA, some fluid col-
lections are likely to respond to antibiotic therapy
alone.16,18–20

In our study, six children were transferred to our
institution with prior CT scans. All of these patients
were enrolled and received a transcervical US per study
protocol. Although the aim of the study was not to com-
pare these two modalities, it is worth noting that the
final US read was identical to the CT findings in five of
six cases. In the one case where the two modalities dif-
fered, the physical exam and CT were suggestive of PTA,
whereas the US was negative. When that child was
taken to the operating room for drainage, no purulence
was found.

In summary, we believe that there are several sig-
nificant advantages to using ultrasound as the primary
diagnostic tool for equivocal pediatric PTA. In addition
to cost reduction compared to CT, the other obvious
advantage is the avoidance of undue radiation exposure
in children. Given how well US is tolerated and how
quickly it can be performed, one may also argue that
sedation requirements will be lower than when using
other imaging modalities that may require intravenous
injections and/or sedation simply to complete the exam.
Moreover, US provides real-time imaging with excellent
assessment of the tonsils and peritonsillar space. Inter-
estingly, the images from this study may even begin to
help differentiate intratonsillar from peritonsillar proc-
esses, both of which may present with a largely swollen
and asymmetric oropharynx.

Perhaps the largest impediment to the use of US is
the interuser variability. Although the technique itself is
rather simple, interpreting the images accurately
involves appreciating the nuances of this modality.

Despite these limitations, the authors still find the exam
and its interpretation to be well within the skill set of
radiologists, otolaryngologists, and emergency physicians
alike.

Our study was limited by our small sample size and
our inability to enroll a random or continuous sample of
patients. Missing follow-up may have biased our results,
as it is certainly possible that patients presented to
other hospitals with recurrent or persistent symptoms
after having been evaluated and treated initially at
ours. Last, it was impossible to ensure that clinicians
were universally blinded to all radiographic results,
ultrasound, or outside CT impressions. This lack of
blinding may have biased clinical decision making in
some circumstances.

Overall, our study results support the use of trans-
cervical US in the workup of pediatric PTA. Although
not all children who present with signs and symptoms
consistent with a PTA warrant imaging, the authors
believe that US will prove to be the optimal modality in
evaluating these patients when imaging is indicated. In
addition to being safe and well-tolerated, statistically
significant data show that US is highly predictive in
identifying those patients with equivocal PTA who are
likely to improve without the need for surgical interven-
tion. Furthermore, US findings (more so than clinical
diagnosis or age) are highly correlative with the pres-
ence or absence of PTA. Even so, additional prospective
studies are needed to better elucidate the role this tech-
nology will play in these patients and to better define
which PTAs can be best managed medically versus
surgically.

CONCLUSION
This study is the first to investigate the efficacy of

transcervical ultrasound in the diagnosis of pediatric
PTA. Our results show that ultrasound is a reliable and
useful tool in the evaluation of these children and is
highly correlative with surgical findings and clinical out-
comes. The authors believe that this study should bol-
ster a transition away from CT as the imaging modality
of choice. Although the authors still maintain that there
is a role for CT in the evaluation of complex head and
neck infections, we also emphasize the physician’s role
in the thoughtful use of this modality in light of docu-
mented concerns over radiation exposure in children.
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Quality of Life and Obstructive
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abstractBACKGROUND AND OBJECTIVES: Data from a randomized, controlled study of adenotonsillectomy for obstructive
sleep apnea syndrome (OSAS) were used to test the hypothesis that children undergoing surgery had greater
quality of life (QoL) and symptom improvement than control subjects. The objectives were to compare changes
in validated QoL and symptom measurements among children randomized to undergo adenotonsillectomy or
watchful waiting; to determine whether race, weight, or baseline OSAS severity influenced changes in QoL and
symptoms; and to evaluate associations between changes in QoL or symptoms and OSAS severity.

METHODS: Children aged 5 to 9.9 years with OSAS (N = 453) were randomly assigned to undergo
adenotonsillectomy or watchful waiting with supportive care. Polysomnography, the Pediatric Quality of Life
inventory, the Sleep-Related Breathing Scale of the Pediatric Sleep Questionnaire, the 18-item Obstructive Sleep
Apnea QoL instrument, and the modified Epworth Sleepiness Scale were completed at baseline and 7 months.
Changes in the QoL and symptom surveys were compared between arms. Effect modification according to race and
obesity and associations between changes in polysomnographic measures and QoL or symptoms were examined.

RESULTS: Greater improvements in most QoL and symptom severity measurements were observed in children
randomized to undergo adenotonsillectomy, including the parent-completed Pediatric Quality of Life inventory
(effect size [ES]: 0.37), the 18-item Obstructive Sleep Apnea QoL instrument (ES: –0.93), the modified Epworth
Sleepiness Scale score (ES: –0.42), and the Sleep-Related Breathing Scale of the Pediatric Sleep Questionnaire
(ES: –1.35). Effect modification was not observed by obesity or baseline severity but was noted for race in some
symptom measures. Improvements in OSAS severity explained only a small portion of the observed changes.

CONCLUSIONS: Adenotonsillectomy compared with watchful waiting resulted in significantly more
improvements in parent-rated generic and OSAS-specific QoL measures and OSAS symptoms.

WHAT’S KNOWN ON THIS SUBJECT: Pediatric
obstructive sleep apnea syndrome (OSAS) has
been associated with decreased health-related
quality of life (QoL). Observational studies
suggest that adenotonsillectomy for pediatric
OSAS improves QoL, but these studies did not use
a randomized study design or a control group of
children with OSAS managed nonsurgically.

WHAT THIS STUDY ADDS: A prospective,
randomized controlled study of adenotonsillectomy
for pediatric OSAS showed significantly greater QoL
and symptom improvements in children
undergoing adenotonsillectomy than in the
nonsurgical control arm. The extent of
improvement was not appreciably influenced by
baseline OSAS severity or obesity.
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Obstructive sleep apnea syndrome
(OSAS) affects ∼1% to 3% of
children1,2 and has been associated
with an increased risk for developing
cardiovascular and other systemic
morbidities.3,4 Even milder forms of
sleep-disordered breathing have been
associated with behavioral
disturbances in children.5–9 Pediatric
OSAS has also been associated with
decreased health-related quality of
life (QoL). Studies (including a recent
meta-analysis) demonstrated that
children with OSAS had generic
health-related QoL scores lower than
healthy children and similar to
children with juvenile rheumatoid
arthritis.10–13 Validated QoL
instruments have shown moderate to
large impairment of disease-specific
QoL in more than one-half of
surveyed children.14

The first-line surgical treatment of
pediatric OSAS is adenotonsillectomy
(AT). Rising health care costs and
emphasis on evidence-based
medicine have resulted in scrutiny of
common surgical procedures,
including measurement of outcomes
meaningful to patients. Observational
studies have suggested that in
pediatric OSAS, AT improves both
short-term and longer term QoL.15–18

However, none of these studies used
a randomized study design or
a control group of children with OSAS
who were not treated surgically.

The recently completed CHAT
(Childhood Adenotonsillectomy Trial)
was the first multisite, prospective,
randomized controlled study on the
effects of AT for the treatment of
pediatric OSAS. Although the primary
cognitive test outcome did not differ
significantly between the surgical and
observational treatment arms,
children randomized to early AT
(eAT) rather than watchful waiting
had improved behavior and QoL as
well as higher rates of OSAS
resolution on polysomnography
(PSG).19 For the present report, the
impact of AT on QoL was quantified
(including specific domains of

function) and on OSAS symptoms.
The extent to which race, baseline
OSAS severity, or obesity affected
treatment responses was also
explored. Finally, we characterized
relationships between changes in PSG
indices of OSAS severity and changes
in symptom and QoL measures.

METHODS

As part of the CHAT study, 453
children 5 to 9.9 years of age with
OSAS were randomly assigned to
either AT within 1 month (eAT) or
watchful waiting with supportive care
(WWSC). A detailed description of the
methods of the CHAT study has been
published.20 In brief, children with
OSAS were recruited from pediatric
sleep centers, otolaryngology and
pediatric clinics, and the general
community from 6 clinical sites from
2007 to 2011. Institutional review
board approval was obtained from
participating clinical centers, children
provided assent if old enough, and
caregivers provided written informed
consent.

All children underwent standardized
PSG; studies were scored at a central
reading center to ensure uniformity.19

PSG inclusion criteria included OSAS,
defined as an obstructive apnea index
(OAI) $1 or obstructive apnea
hypopnea index (AHI) $2. OAI is the
number of obstructive apneic events
per hours of total sleep time and AHI
is the number of mixed or obstructive
apneic events and hypopneic events
associated with a $50% reduction in
airflow and either $3% oxygen
desaturation or
electroencephalographic arousal per
hours of total sleep time. Children
with severe OSAS as defined by an
OAI .20, an AHI .30, or oxygen
saturation #90% for .2% of total
sleep time were excluded. All children
were deemed appropriate surgical
candidates by otolaryngologists.

In addition to PSG data, physical
examination and validated survey
information were collected at
baseline and 7 months later.

Demographic information included
age, gender, race, height, weight,
ethnicity, maternal education, and
family income. BMI and z scores were
calculated by using standardized
formulas.21

Generic and disease-specific health-
related QoL and severity of OSAS
symptoms were assessed with survey
instruments validated for these ages.
Generic health-related QoL was
measured by using the parent and
child versions of the Pediatric Quality
of Life (PedsQL) inventory that assess
physical, emotional, social, and school
functioning.22 The parallel child and
parent-proxy forms differ only in use
of age-appropriate language. For
children ages 5 to 7 years, the survey
was administered by an interviewer.
Scoring is performed by linear
transformation of the 23 item scores
to a scale of 0 to 100. Higher values
indicate better QoL.

Disease-specific health-related QoL
was assessed by caregivers by using
the 18-item Obstructive Sleep Apnea
(OSA-18) tool. This instrument
focuses on perceived impact of OSAS
on 5 domains: sleep disturbance,
physical suffering, emotional distress,
daytime problems, and caregiver
concerns.23 Items are scored on
a 7-point scale and totaled, providing
a severity score of 18 to 126, with
lower scores representing higher QoL.
Mean scores for healthy children with
no OSAS symptoms are in the range of
31.2 6 10.4.24 Scores .60 suggest
a moderate impact.

To assess OSAS symptom severity,
caregivers completed the Sleep-
Related Breathing Disorder (SRBD)
scale of the Pediatric Sleep
Questionnaire (PSQ) and the Epworth
Sleepiness Scale modified for children
(mESS). The PSQ SRBD scale contains
22 yes/no questions and provides
both a total score, as the proportion
of all symptoms endorsed by the
caregiver, and subscale scores for
snoring, daytime sleepiness, and
behavior. The mean of yes (1) and no
(0) responses generates a score
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between 0 and 1, with higher scores
indicating greater symptom severity.
Values $0.33 have been proposed as
identifying higher risk for pediatric
OSAS.25 The sleepiness subscale has
been validated against objective
sleepiness in children.26 On the mESS,
caregivers rate the likelihood of their
child falling asleep from 0 (never) to
3 (almost always) in 8 situations.
Scores range from 0 to 24, with
higher scores indicating more
sleepiness.27

PSG parameters used to assess OSAS
severity were the AHI and oxygen
desaturation index (ODI [ie, number
of episodes of oxygen desaturation
$3% per hour of sleep]). The AHI
reflects both sleep fragmentation and
hypoxemia, whereas the ODI more
specifically assesses intermittent
hypoxemia.

Baseline demographic variables are
summarized according to treatment
arm (ie, eAT, WWSC) as mean 6 SD
values for continuous variables or
frequency (%) for categorical
variables. Baseline comparisons of
QoL and symptom measurements
according to study arm were
examined by using 2-sample
independent t tests (unadjusted
P value) or analysis of covariance
(ANCOVA). These and all other
ANCOVA models were adjusted for
site, race (African American versus
non–African American), age (5–7 vs
8–10 years), and overweight status
($85th vs ,85th BMI percentile) as
the primary analysis and site. Race
(African American versus
non–African American), gender, age
(continuous), obesity ($95th vs
,95th BMI percentile), maternal
education (less than high school, high
school or higher, or missing), income
(,$30 000, $$30 000, or missing),
and baseline log AHI were included in
the secondary analysis.19 To assess
whether the WWSC and eAT arms
experienced a differential change in
QoL and symptom measurements,
unadjusted analysis of variance and
adjusted ANCOVA models were fit

with the QoL and symptom outcomes
expressed as change from baseline to
follow-up. Additional ANCOVA
models included interaction terms to
assess effect modification for
treatment response according to
baseline OSAS severity, race, and
weight. Furthermore, linear
regression models were used to
assess associations between change
in QoL or symptoms and change in
PSG measures (log transformed to
approximate normal distribution). In
this last regression model, data from
the 2 treatment arms were combined.
This technique was used because
OSAS resolution, defined as AHI ,2
and OAI ,1 at follow-up, was
observed in a large proportion of
subjects in both treatment arms (46%
of WWSC subjects and 79% of eAT
subjects). Sensitivity analyses were
conducted, however, stratified by
treatment arm. A total of 24 children
(16 in the WWSC arm and 8 in the
eAT arm) were not treated per

protocol. Exploratory analyses
performed for the original CHAT
publication did not yield
appreciable changes in results
when those subjects were excluded
from the analyses. Cohen’s d effect
size was calculated as (mean change
difference)/(pooled SD). Statistical
analyses were performed by using
SAS version 9.3 (SAS Institute, Inc,
Cary, NC) with a cutoff of #0.01.

RESULTS

No significant baseline differences in
demographic characteristics, QoL, or
symptom survey total scores were
seen between treatment arms. There
was a significant difference in the
emotional function domain of the
parent PedsQL with a higher score
seen in the eAT arm (Tables 1 and 2).

Generic Health-Related QoL (PedsQL)

The PedsQL parent-reported total
score improved significantly more in

TABLE 1 Demographic Characteristics of the Study Population at Baseline

Characteristic eAT Arm (n = 227) WWSC Arm (n = 226)

Age, mean 6 SD, y 6.5 6 1.4 6.6 6 1.4
Male sex 118 (52.0) 101 (44.7)
Race
African American 123 (54.2) 126 (55.8)
White 81 (35.7) 74 (32.7)
Other 23 (10.1) 26 (11.5)

Hispanic ethnicity 21 (9.3) 16 (7.2)
Maternal education
Less than high school 22 (9.7) 20 (8.8)
High school diploma/GED or higher 200 (88.5) 205 (90.3)
Not sure/missing 4 (1.77) 2 (0.88)

Income
,$30 000 91 (40.3) 92 (40.5)
$$30 000 100 (44.3) 107 (47.1)
Missing 35 (15.5) 28 (12.3)

Height z score 0.6 6 1.0 0.7 6 1.0
Weight z score 1.0 6 1.2 1.0 6 1.3
Weight class
Overweight or obese (BMI .85th percentile) 106 (46.7) 107 (47.4)
Obese (BMI .95th percentile) 76 (33.5) 74 (32.7)

Site
Philadelphia 72 (31.7) 75 (33.2)
Cincinnati 40 (17.6) 39 (17.3)
Cleveland 60 (26.4) 64 (28.3)
St Louis 30 (13.2) 30 (13.3)
New York 9 (4.0) 7 (3.1)
Boston 16 (7.0) 11 (4.9)

AHI 6.9 6 0.4 6.7 6 0.4
ODI 7.3 6 0.5 7.0 6 0.5

No differences between arms were detected (all P . .05). Data are presented as mean 6 SD or n (%). GED, General
Educational Development.
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the eAT group compared with the
WWSC group (5.9 6 13.6 points vs
0.95 6 13.3 points [P , .01], yielding
an effect size of 0.37) (Table 3).

Significance did not alter with
adjustment for site, continuous age,
race, socioeconomic status, or obesity
status. This difference was driven by

highly significant differences for the
school (academic performance) and
physical function domains. The
change scores for the emotional
function domain also differed
between arms after adjusting for
baseline differences (P , .01).
Changes in the social function (peer
interaction) domain were not
significantly different between the
arms. No significant differences in
change scores between treatment
groups in the PedsQL total score or
the 4 domains were noted in the surveys
answered directly by the children.

Disease-Specific Health-Related QoL
(OSA-18)

Total OSA-18 scores in the eAT group
improved more than in the WWSC
group by –21.4 6 16.5 vs –4.5 6 19.3,
producing a large effect size of –0.93
(P , .01) (Table 3). Significant
differences in the change scores
between the 2 arms were seen in all
of the individual domains of the OSA-
18, including sleep disturbance,
daytime problems, physical suffering,
caregiver concerns, and emotional
distress (all P # .01).

TABLE 2 QoL and Symptom Measures According to Treatment Arm at Baseline

Outcome eAT Baseline WWSC Baseline Pa Pb

PedsQL (parent) total 77.9 6 15.4 76.7 6 15.5 .33 .30
PedsQL (parent) emotional function 78.2 6 18.6 73.3 6 19.6 ,.01 ,.01
PedsQL (parent) physical function 80.3 6 20.3 83.1 6 18.3 .12 .19
PedsQL (parent) school function 74.4 6 19.6 73.2 6 20.1 .44 .49
PedsQL (parent) social function 84.2 6 19.0 81.9 6 19.3 .17 .17

PedsQL (child) total 68.3 6 16.1 67.6 6 14.8 .59 .49
PedsQL (child) emotional function 66.0 6 23.2 64.5 6 23.5 .46 .36
PedsQL (child) physical function 73.3 6 18.2 73.5 6 17.0 .91 .90
PedsQL (child) school function 63.1 6 21.7 65.4 6 19.4 .23 .26
PedsQL (child) social function 68.3 6 24.8 64.0 6 24.2 .05 .06

OSA-18 total 53.1 6 18.3 54.1 6 18.8 .55 .36
OSA-18 sleep disturbance 3.8 6 1.4 3.8 6 1.5 .76 .96
OSA-18 emotional distress 2.4 6 1.5 2.6 6 1.8 .20 .18
OSA-18 physical suffering 2.7 6 1.4 2.7 6 1.3 .61 .91
OSA-18 daytime problems 2.8 6 1.4 2.9 6 1.5 .42 .37
OSA-18 caregiver concerns 2.8 6 1.5 3.0 6 1.5 .22 .18

PSQ-SRBD total 0.5 6 0.2 0.5 6 0.2 .47 .49
PSQL snoring subscale 0.8 6 0.3 0.8 6 0.3 .85 .66
PSQL sleepiness subscale 0.4 6 0.3 0.5 6 0.3 .49 .52
PSQL behavior subscale 0.4 6 0.3 0.5 6 0.3 .34 .43

SLSC total (mESS) 7.1 6 4.7 7.5 6 5.2 .23 .25

Data are presented as mean 6 SD.
a Adjusting for stratified variables only: site, race (African American versus non–African American), age (5–7 vs 8–10
years old), and overweight ($85th vs ,85th BMI percentile).
b Adjusting for site, race (African American versus non–African American), age (continuous), obese, gender, maternal education
(less than high school, high school or higher, or missing/not sure), income (.$30 000,#$30 000, or missing), and baseline log AHI.

TABLE 3 Change Scores in QoL and Symptom Measures by Treatment Arm

Outcome eAT WWSC Effect Sizea Pb P c

Baseline Change Baseline Change

PedsQL (parent) total 77.9 6 15.4 5.9 6 13.6 76.7 6 15.5 0.9 6 13.3 0.37 ,.01 ,.01
PedsQL (parent) emotional function 78.2 6 18.6 4.9 6 16.7 73.3 6 19.6 2.1 6 18.1 0.16 .12 ,.01
PedsQL (parent) physical function 80.3 6 20.3 7.4 6 19.9 83.1 6 18.3 20.7 6 18.2 0.42 ,.01 ,.01
PedsQL (parent) school function 74.4 6 19.6 7.4 6 18.1 73.2 6 20.1 0.2 6 19.7 0.38 ,.01 ,.01
PedsQL (parent) social function 84.2 6 19.0 3.2 6 19.6 81.9 6 19.3 2.9 6 17.2 0.02 ..99 .56

PedsQL (child) total 68.3 6 16.1 3.4 6 17.3 67.6 6 14.8 3.3 6 16.9 0.01 .92 .43
PedsQL (child) emotional function 66.0 6 23.2 3.9 6 28.9 64.5 6 23.5 2.2 6 29.5 0.06 .55 .07
PedsQL (child) physical function 73.3 6 18.2 3.0 6 20.3 73.5 6 17.0 2.0 6 22.3 0.05 .63 .38
PedsQL (child) school function 63.1 6 21.7 4.3 6 23.9 65.4 6 19.4 3.5 6 22.5 0.03 .70 .89
PedsQL (child) social function 68.3 6 24.8 2.8 6 26.1 64.0 6 24.2 7.0 6 26.2 20.16 .12 .63

OSA-18 total 53.1 6 18.3 221 6 16.5 54.1 6 18.8 24.5 6 19.3 20.93 ,.01 ,.01
OSA-18 sleep disturbance 3.8 6 1.4 22.2 6 1.3 3.8 6 1.5 20.5 6 1.6 21.14 ,.01 ,.01
OSA-18 emotional distress 2.4 6 1.5 2.1 6 1.5 2.6 6 1.8 2.6 6 1.6 20.30 ,.01 .01
OSA-18 physical suffering 2.7 6 1.4 20.9 6 1.3 2.7 6 1.3 20.16 1.5 20.60 ,.01 ,.01
OSA-18 daytime problems 2.8 6 1.4 21.0 6 1.3 2.9 6 1.5 20.1 6 1.5 20.68 ,.01 ,.01
OSA-18 caregiver concerns 2.8 6 1.5 21.2 6 1.4 3.0 6 1.5 20.4 6 1.6 20.51 ,.01 ,.01

PSQ-SRBD total 0.5 6 0.2 20.3 6 0.2 0.5 6 0.2 20.0 6 0.2 21.35 ,.01 ,.01
PSQL snoring subscale 0.8 6 0.3 20.7 6 0.3 0.8 6 0.3 20.1 6 0.4 21.55 ,.01 ,.01
PSQL sleepiness subscale 0.4 6 0.3 20.3 6 0.4 0.5 6 0.3 20.0 6 0.4 20.65 ,.01 ,.01
PSQL behavior subscale 0.4 6 0.3 20.1 6 0.3 0.5 6 0.3 20.0 6 0.3 20.34 ,.01 ,.01

SLSC total (mESS) 7.1 6 4.7 22.0 6 4.2 7.5 6 5.2 20.3 6 4.1 20.42 ,.01 ,.01
a Cohen’s d.
b Adjusting stratified variables only: site, race (African American versus non–African American), age (5–7 vs 8–10 years old), and overweight ($85th vs ,85th BMI percentile).
c Adjusting for site, race (African American versus non–African American), age (continuous), obese, gender, maternal education (less than high school, high school or higher, or missing/
not sure), income (.$30 000, #$30 000, or missing), baseline AHI quartile, and baseline outcome variable.
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Symptom Questionnaires (PSQ SRBD
and mESS Scores)

For the Sleep-Related Breathing Scale
of the Pediatric Sleep Questionnaire
(PSQ-SRBD), a –0.28 6 0.2 point
change in the eAT group and –0.03 6

0.2 change in the WWSC group
produced a large effect size of –1.35
(P , .01) for the differences between
arms (Table 3). Moreover, significant
differences in the change scores
between treatment arms were seen
for the behavior, sleepiness, and
snoring subscales (all P , .01).
Improved sleepiness was
corroborated by significant
improvement in the mESS score in the
eAT group of –2.01 6 4.7 compared
with 0.28 6 4.1 in the WWSC arm,
with a moderate effect size of –0.42
(P , .01).

Change score differences between
the treatment arms for the QoL and
symptom survey total scores are
summarized in Fig 1.

Assessment of Effect Modification by
Race and Baseline Weight and OSAS
Severity

Weight did not influence the
associations between treatment arm
and QoL or symptoms (Table 4, all

P . .05). Interaction terms for race
were not significant for models for
the majority of QoL and symptom
outcomes. In contrast, effect
modification by race was observed
for the association between
intervention group and both the
PSQ-SRBD total score and behavior
subscale, even after adjustment for
measures of socioeconomic status
(Table 5). Specifically, smaller
relative improvements associated
with AT were reported by caregivers
of African-American children
compared with non–African-
American children for those 2
symptom measures (P = .01 and
,.01, respectively, for the relevant
interaction terms). These
differences persisted in analyses
restricted to the 76 African-
American children and 81
non–African-American children in
the eAT arm whose OSAS resolved
by PSG (P values for the fully
adjusted models all ,.01, data not
shown).

Baseline OSAS severity (AHI or ODI
quartiles) also did not influence the
association between treatment arm
and QoL or symptoms (all P . .01,
data not shown).

Association of QoL and OSAS
Symptoms With PSG Measures

In general, improvements in OSAS
severity measured by using PSG
explained only a small portion of the
variance in the QoL and symptom
change scores. Change in AHI
correlated, albeit weakly, with change
in mESS (partial r2 = 0.03, P , .01),
OSA-18 (partial r2 = 0.07, P , .01),
PSQ SRBD scale (partial r2 = 0.14, P ,

.01), PSQ snoring subscale (partial
r2 = 0.17, P , .01), and PSQ
sleepiness subscale (partial r2 = 0.03,
P , .01) (Table 6). Small but
significant associations were also
seen between change in ODI and OSA-
18 total score (partial r2 = 0.05, P ,

.01), PSQ SRBD scale (partial r2 =
0.09, P , .01), PSQ snoring subscale
(partial r2 = 0.09, P , .01), and PSQ
sleepiness subscale (partial r2 = 0.02,
P , .01) (Table 7). In contrast,
changes in AHI and ODI were not
significantly associated with changes
in generic health-related QoL.

DISCUSSION

This large, randomized controlled
trial of children with OSAS found that
key symptoms and QoL improved

FIGURE 1
Summary of differences in QoL and OSAS symptom score changes in the eAT and WWSC arms. Absolute values were used when change scores were
negative to facilitate comparisons of effect magnitude. *P , .01 for difference between arms, adjusted for site, race, age, obese (,95 or .95 BMI
percentile), gender, maternal education (less than high school, high school or higher, or missing), income (.$30 000,#$30 000, or missing), log baseline
AHI, and baseline outcome variable.
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substantially more after eAT than
WWSC. Benefits from eAT were
evident in generic and disease-
specific health-related QoL (as
measured by using the PedsQL and
OSA-18) and in OSAS symptoms (as
reflected by using the PSQ SRBD scale
and the mESS). Moderate to large
improvements were observed for
most QoL and symptom
measurements, including the parent-
completed PedsQL (total score,
school, emotional, and physical
function domains), OSA-18 (total and
all 5 domains), mESS, and the PSQ
SRBD (total score and snoring,
sleepiness, and inattentive/
behavioral subscales). Improvement
in OSAS severity measured by using
PSG variables explained only a small
proportion of the improvements seen
in OSAS symptoms and QoL. These
observations have important clinical
implications for the many children

with OSAS who are evaluated for AT.
The findings are of particular
relevance, given the growing interest
from patients, payers, and providers
that QoL and symptom outcomes be
highlighted in the management of
chronic health conditions.

Clinically, many factors are
considered when making a decision
to perform surgery or to judge the
success of surgical interventions.
Previous studies measuring success
rates for AT in children with OSAS
have often focused somewhat
narrowly on normalization of PSG
parameters, with reports of surgical
success rates ranging from 27% to
83%; lower cure rates are typically
reported in obese children.19,28–31

This emphasis on PSG measures of
disease resolution may be partially
due to assumptions that PSG severity
parallels severity of the symptoms
seen with OSAS. This concept is not

well supported by the current
literature for either neurobehavioral
morbidity or QoL.19,26 Previous
studies of children with OSAS have
shown no association between
baseline OSA-18 scores and severity
of OSAS on PSG.32 Moreover, studies
have failed to demonstrate clear
correlation between extent of PSG
improvements after AT and
improvement in QoL.33,34 In CHAT, we
observed correlations between
changes in AHI or ODI and changes in
QoL and symptom severity measures.
However, PSG improvements
explained only a small portion of the
variance for the change scores (partial
r2 ranging from ,0.01 to 0.17). Thus,
both previous literature and current
data indicate that using PSG results as
the sole metric for effectiveness of AT
in pediatric OSAS may neglect other
benefits that are important to children
and their families.

TABLE 4 Effect Modification on Change: Weight Category (Normal Versus Overweight Versus Obese)

Outcome eAT WWSC Pa Pb

Normal Overweight Obese Normal Overweight Obese

Peds QL (parent) total 5.54 6 1.33 1.91 6 1.61 4.09 6 2.31 20.00 6 1.24 22.58 6 1.56 20.63 6 2.33 .99 .91
Peds QL (child) total 5.11 6 1.73 0.86 6 2.06 5.22 6 2.94 4.64 6 1.65 20.14 6 2.06 1.27 6 3.03 .89 .74
OSA-18 total 221.23 6 1.77 218.57 6 2.14 218.70 6 3.19 24.19 6 1.68 22.33 6 2.08 21.14 6 3.11 .79 .96
PSQ-SRBD total 20.28 6 0.02 20.24 6 0.02 20.24 6 0.03 20.03 6 0.02 20.00 6 0.02 20.01 6 0.03 .92 .76
PSQL snoring subscale 20.65 6 0.03 20.59 6 0.04 20.59 6 0.06 20.11 6 0.03 20.05 6 0.04 20.08 6 0.06 .89 .92
PSQL sleepiness subscale 20.28 6 0.03 20.26 6 0.04 20.28 6 0.06 20.04 6 0.03 20.02 6 0.04 0.08 6 0.06 .32 .36
PSQL behavior subscale 20.12 6 0.03 20.12 6 0.04 20.04 6 0.05 0.02 6 0.03 20.03 6 0.04 20.06 6 0.05 .10 .13

SLSC total (mESS) 22.37 6 0.41 21.14 6 0.50 22.77 6 0.72 20.20 6 0.39 20.41 6 0.48 0.13 6 0.72 .12 .09

Data are presented as mean 6 SD; marginal means adjusting for variables included in P value 1.
a P value for interaction term adjusting stratified variables only: site, race (African American versus non–African American), and age (5–7 vs 8–10 years old).
b P value for interaction term adjusting for site, race (African American versus non–African American), age (continuous), gender, maternal education (less than high school, high school
or higher, or missing/not sure), income (.$30 000, #$30 000, and missing), baseline log AHI, and baseline outcome variable.

TABLE 5 Effect Modification on Change: Race (African American Versus Non–African American)

Outcome eAT WWSC Pa Pb

African American Non–African American African American Non–African American

Peds QL (parent) total 3.18 6 2.07 7.44 6 1.82 20.12 6 2.47 2.12 6 2.22 .57 .77
Peds QL (child) total 4.55 6 2.50 0.85 6 2.17 3.09 6 3.03 2.44 6 2.65 .48 .26
OSA-18 total 217.85 6 2.84 222.51 6 2.51 210.71 6 3.36 25.07 6 3.03 .04 .09
PSQ-SRBD total 20.23 6 0.03 20.32 6 0.02 20.10 6 0.03 20.07 6 0.03 .01 .01
PSQL Snoring sub-scale 20.67 6 0.05 20.68 6 0.05 20.23 6 0.06 20.25 6 0.06 .91 .79
PSQL Sleepiness sub-scale 20.13 6 0.06 20.29 6 0.05 20.07 6 0.07 20.02 6 0.06 .03 .26
PSQL Behavior sub-scale 20.01 6 0.04 20.18 6 0.04 20.06 6 0.05 20.03 6 0.05 ,.01 ,.01

SLSC total (mESS) 21.67 6 0.60 22.57 6 0.53 20.90 6 0.72 20.91 6 0.65 .40 .32

Data are presented as mean 6 SD; marginal means adjusting for variables included in P value 1.
a P value for the effect modification adjusting for stratified variables only: site, age (5–7 vs 8–10 years old), and overweight ($85th vs ,85th BMI percentile).
b P value for the effect modification adjusting for site, age (continuous), obese (,95 vs $95 BMI percentile), gender, maternal education (less than high school, high school or higher, or
missing/not sure), income (.$30 000, #$30 000, or missing), baseline log AHI, and baseline outcome variable.
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The large proportion of our subjects
who were overweight or obese
allowed for subgroup analysis of QoL
and symptoms. Increased likelihood
of persistent OSAS after AT in obese
children has been well documented,
including a meta-analysis of 23
studies.28,30 Obesity has also been
associated with decreased QoL in
children.35 Improvement in QoL after
AT for OSAS in the obese population
has, however, been reported. A study
of children with OSAS and BMI .95%
showed improvement in OSA-18
general and domain scores despite
lack of resolution of OSAS in the
majority of subjects.31 In the present
analysis, although only obese children
considered to be candidates for AT
were included, obesity did not
influence the relative changes in QoL
or OSAS symptom severity with each
intervention. These findings are
supported by a study of QoL in

children with severe obesity which
showed that of 7 obesity-related
comorbidities, only OSAS was
associated with significant decreases
in QoL.35 The improved QoL and
symptom outcomes seen in obese
children support a clinically beneficial
effect of surgery relative to watchful
waiting for children in this group for
whom treatment controversies exist.

OSAS has also been shown to be more
common in African-American
children.36 More than one-half (55%)
of the CHAT study participants were
African American, which enabled
evaluation for effect modification of
race on the changes in QoL and
symptoms between treatment arms.
A significant effect modification of
treatment by race was seen when
comparing African-American versus
non2African-American study
participants for the PSQ SRBD total
score and behavior subscale.

Specifically, caregivers of American-
African children in the eAT arm
reported less improvement in
children’s behavior than did
caregivers of non2African-American
children. These differences persisted
after adjustment for socioeconomic
status and in an analysis restricted to
children in whom OSAS resolved by
PSG. In conjunction with the lack of
improvement noted by the child-
completed PedsQL survey, however, it
must be considered that differing
caregiver expectations about the
beneficial effects of surgery or what
constitutes problematic behavior may
have influenced responses.

In the present study, none of the
child-reported PedsQL measurements
differed significantly between the 2
treatment groups. Previous studies
have shown an ability of the child
PedsQL to detect significant
differences in the summary and

TABLE 6 Association Between QoL and Symptom Change Scores and PSG Change Scores (Log AHI)

Outcome Pa Pb

Log AHI Change b(SE) Partial R 2 Log AHI Change P Log AHI Change b(SE) Partial R2 Log AHI Change P

Peds QL (parent) total 20.66 (0.42) ,0.01 0.12 20.75 (0.38) ,0.01 0.05
Peds QL (child) total 0.60 (0.54) ,0.01 0.27 20.07 (0.48) ,0.01 0.88
OSA-18 total 3.32 (0.60) 0.07 ,0.01 3.49 (0.55) 0.07 ,0.01
PSQ-SRBD total 0.05 (0.01) 0.14 ,0.01 0.05 (0.01) 0.13 ,0.01
PSQL Snoring subscale 0.12 (0.01) 0.17 ,0.01 0.12 (0.01) 0.17 ,0.01
PSQL Sleepiness subscale 0.04 (0.01) 0.03 ,0.01 0.05 (0.01) 0.04 ,0.01
PSQL Behavior subscale 0.01 (0.01) ,0.01 0.34 0.02 (0.01) ,0.01 0.04

SLSC total (mESS) 0.47 (0.13) 0.03 ,0.01 0.51 (0.12) 0.04 ,0.01
a P value for change in log AHI adjusting stratified variables only: site, race (African American versus non–African American), age (5–7 vs 8–10 years old), and overweight ($85th vs
, 85th BMI percentile).
b P value for change in log AHI adjusting for site, race (African American versus non–African American), age (continuous), obese (,95 vs$95 BMI percentile), gender, maternal education
(less than high school, high school or higher, or missing/not sure), income (.$30 000, #$30 000, or missing), baseline log AHI, and baseline outcome variable.

TABLE 7 Association Between QoL and Symptom Change Scores and PSG Change Scores (log ODI)

Outcome Pa Pb

Log ODI Change b(SE) Partial R 2 Log ODI Change P Log ODI Change b(SE) Partial R2 Log ODI Change P

Peds QL (parent) total 20.66 (0.49) ,0.01 0.18 20.66 (0.45) ,0.01 0.14
Peds QL (child) total 0.20 (0.62) ,0.01 0.75 20.26 (0.56) ,0.01 0.65
OSA-18 total 3.14 (0.71) 0.05 ,0.01 2.87 (0.66) 0.04 ,0.01
PSQ-SRBD total 0.05 (0.01) 0.09 ,0.01 0.05 (0.01) 0.08 ,0.01
PSQL Snoring subscale 0.10 (0.02) 0.09 ,0.01 0.10 (0.01) 0.09 ,0.01
PSQL Sleepiness subscale 0.04 (0.01) 0.02 ,0.01 0.04 (0.01) 0.02 ,0.01
PSQL Behavior subscale 0.02 (0.01) ,0.01 0.12 0.02 (0.01) 0.01 0.02

SLSC total (mESS) 0.32 (0.15) 0.01 0.04 0.42 (0.14) 0.02 ,0.01
a P value for change in log ODI adjusting stratified variables only: site, race (African American versus non–African American), age (5–7 vs 8–10 years old), and overweight ($85th vs
, 85th BMI percentile).
b P value for change in log ODI adjusting for site, race (African American versus non–African American), age (continuous), obese (,95 vs$95 BMI percentile), gender, maternal education
(less than high school, high school or higher, missing/not sure), income (.$30 000, #$30 000, or missing), baseline log AHI, and baseline outcome variable.
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domain scores between healthy
children and children with a variety
of chronic diseases.37 However, OSAS
was not specifically evaluated.
Conceivably, children have difficulty
recognizing their own sleepiness,
irritability, or decreased
concentration or do not consider
those symptoms as problematic as
the pain or physical limitations
experienced with other chronic
diseases. An alternate explanation is
that the improvements reported by
caregivers represent a desire to
justify surgical interventions.

The major strengths of this study of
health-related QoL and OSAS
symptoms in pediatric patients
undergoing AT for OSAS were
a large, diverse sample recruited
from multiple pediatric centers and
use of a randomized design with
a control group and highly rigorous
and standardized measurement
approaches. The study addressed
patient-reported outcomes, which
are increasingly recognized as
important to patients and other
stakeholders in health care. However,
it should be noted that measures of
QoL are inherently subjective, and in
the setting of a surgical trial with an
inability to blind participants, it is

possible that the larger
improvements in QoL and symptom
measurements seen in the eAT arm
could reflect a surgical placebo effect
or variability of caregivers in
assessing symptoms. However, the
significant (albeit small) correlation
with PSG improvement provides
support for treatment-associated
effects. An additional shortcoming
was the limited follow-up period of
7 months.

CONCLUSIONS

This large, multisite, prospective,
randomized controlled study of AT
for PSG-documented pediatric OSAS
found that key parent-reported
measures of QoL and symptoms, or
“patient- centered outcomes,”
improved substantially and
significantly more in children treated
with surgical AT than in children
treated with WWSC. Improvements in
QoL and OSAS symptoms were
associated with improvement in PSG
indicators of disease severity;
however, only a small proportion of
the observed QoL and symptomatic
improvement was explained by PSG
improvement. This study strongly
supports the consideration of metrics

beyond those reflected by PSG
parameters when evaluating the
value of AT in children with
symptomatic OSAS.
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Polysomnographic Outcomes Following Lingual Tonsillectomy for
Persistent Obstructive Sleep Apnea in Down Syndrome

J. Drew Prosser, MD; Sally R. Shott, MD; Oscar Rodriguez, MD; Narong Simakajornboon, MD;

Jareen Meinzen-Derr, PhD; Stacey L. Ishman, MD, MPH

Objectives/Hypothesis: Lingual tonsil hypertrophy is a common cause of persistent airway obstruction in patients with
Down syndrome (DS) following adenotonsillectomy (T&A); however, little is known about the effect of lingual tonsillectomy
(LT) on polysomnographic outcomes in these patients. Our objective was to describe changes in sleep-related respiratory out-
comes following LT in children with DS and persistent obstructive sleep apnea (OSA) following T&A.

Study Design: Retrospective case series.
Methods: We included all children with DS who underwent polysomnography before and after LT at a tertiary care cen-

ter from 2003 to 2013. Nonparametric analysis of variables was performed.
Results: Forty patients with DS underwent LT; 21 met inclusion criteria. The mean age at surgery was 9.3 6 4.3 years

and 47.6% were female. The median apnea-hypopnea index (AHI) was 9.1 events/hour (range, 3.8 to 43.8 events/hour)
before surgery and 3.7 events/hour (range, 0.5 to 24.4 events/hour) after surgery. The median improvement in overall AHI
and the obstructive AHI (oAHI) were 5.1 events/hour (range, 22.9 to 41) and 5.3 events/hour (range, 22.9 to 41), respec-
tively (P <.0001). The mean oxygen saturation nadir improved from 84% to 89% (P 5.004). The mean time with CO2 > 50
mm Hg, central index, and percentage of rapid eye movement sleep were not significantly different. After surgery, the oAHI
was <5 events/hour in 61.9% and �1 in 19% of patients.

Conclusions: In children with DS, persistent OSA after T&A and lingual tonsil hypertrophy, LT significantly improved
AHI, oAHI, and O2 saturation nadir. We recommend that children with DS should be evaluated for lingual tonsil hypertrophy
if found to have persistent OSA following T&A.

Key Words: Obstructive sleep apnea, Down syndrome, lingual tonsil hypertrophy, lingual tonsillectomy.
Level of Evidence: 4

Laryngoscope, 00:000–000, 2016

INTRODUCTION
Obstructive sleep apnea (OSA) is a sleep-related

breathing disorder associated with significant morbidity
in children, including impaired memory, behavioral dis-
turbances, attention deficit and hyperactivity disorder,
and cardiovascular disease.1,2 Althoughe the prevalence
of OSA in the general pediatric population is low

(approximately 1%–2%), the prevalence is much higher
in children with Down syndrome (DS), where an esti-
mated 40% to 80% are affected.3,4 Adenotonsillectomy
(T&A) is the first-line treatment in children with OSA;
however, persistent OSA is common after surgery in
children with DS. Studies have shown that in children
with DS, T&A results in resolution of OSA, with an
obstructive AHI �1 event/hour, in only 16% to 33% of
those treated.5,6

Several factors have been implicated in the patho-
genesis of persistent OSA in patients with DS. These
include muscular hypotonia as well as anatomic features
such as macroglossia, relative glossoptosis, midface
hypoplasia, hypopharyngeal collapse, and lingual tonsil
hypertrophy.7 Anatomic studies have shown lingual ton-
sil hypertrophy to be significantly more common in chil-
dren with DS than in controls, with almost 35% of
children with persistent OSA and DS reported to have
lingual tonsil hypertrophy, compared to 3% of the gener-
al pediatric population.8,9

Lingual tonsillectomy (LT) has been shown to
improve OSA in patients with lingual tonsil hypertrophy
and persistent OSA after T&A.10 Despite evidence that
lingual tonsil hypertrophy plays a significant role in the
persistence or recurrent of pediatric OSA, and the recog-
nition that this finding is more prevalent in patients
with DS than in children without comorbidities, no
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studies have evaluated the effect of LT on persistent
OSA in patients with DS. In light of these findings, it
was our goal to evaluate the polysomnographic success
of LT to resolve persistent pediatric OSA in our patients
with DS.

MATERIALS AND METHODS
Following institutional review board approval at the Cin-

cinnati Children’s Hospital Medical Center, we performed a ret-
rospective chart review of patients with DS who were age 18
years and younger who underwent LT using radiofrequency
ablation11 from 2003 to 2013. All patients had previously under-
gone a T&A and were diagnosed with lingual tonsil hypertrophy
using dynamic upper airway cine magnetic resonance imaging
(MRI). Patients who completed polysomnography (PSG) before
and after LT were included. Patients who did not have both
pre- and postoperative PSGs or those whose preoperative
obstructive apnea-hypopnea index (oAHI) was <1 event/hour,
were excluded.

Charts were reviewed for demographic data and PSG out-
comes including the apnea-hypopnea index (AHI), oAHI, O2

nadir, percent of total sleep time that was rapid eye movement
(REM) sleep, percent of sleep study time with CO2 >50 mm Hg,
obstructive apnea index, hypopnea index, maximum end tidal
CO2, and central apnea index.

PSG Recording
PSG was performed with Grass System (Grass Telefactor,

West Warwick, RI) for up to 12 hours in a quiet dark room with
an ambient temperature of 248C, in the company of their
parents. The standard pediatric montage was used. The follow-
ing parameters were recorded simultaneously: body position,
bilateral electro-occulogram, six-channel electroencephalogram
(F3M2, F4M1, C3M2, C4M1, O1M2, O2M1), chin electromyo-
gram, anterior tibialis electromyogram, tracheal microphone,
electrocardiogram, pulse oximetry (Masimo, Irvine CA), thoracic
and abdominal inductance plethysmography, nasal pressure
transducer (Pro-Tech, Mukilteo, WA), and end-tidal CO2 (BCI,
Capnochecks; Smiths Medical, St. Paul, MN). Studies were
interpreted by board-certified pediatric sleep medicine physi-
cians at Cincinnati Children’s Hospital Medical Center.

PSG Interpretation
All polysomnographs were scored according to the Ameri-

can Academy of Sleep Medicine (AASM) guidelines.12 An apnea
was defined as a reduction of airflow of >90% for at least two
breathing cycles. Apneas were identified as obstructive when
associated with continued or increased respiratory effort. A
mixed apnea was identified when absence of airflow was associ-
ated with periods with and without respiratory effort. A hypo-
pnea was defined as a decrease in airflow of �50% for at least
two breathing cycles followed by a �3% decrease in oxygen sat-
uration or an electrocortical arousal from sleep. The obstructive
apnea index was calculated as the number of obstructive and
mixed apneas divided by the total sleep time. The hypopnea
index was calculated as the number of obstructive hypopneas
divided by the total sleep time. The AHI was calculated as the
number of apneas and hypopneas, divided by the total sleep
time. The oAHI was calculated as the sum of the obstructive
apneas, mixed apneas, and hypopneas, divided by the total
sleep time. Severity of OSA was defined by oAHI. Mild OSA
was defined as 1 to <5 events per hour, moderate OSA was
defined as 5 to <10 events per hour, and severe OSA was

defined as �10 events per hour. The saturation nadir was
defined as the lowest oxygen saturation reading during a respi-
ratory event.

Statistical Analysis
Data distributions were reported as means with standard

deviations in parentheses and medians with minimum and
maximum values in brackets. Due to the fact that the data did
not follow a normal distribution, nonparametric statistical anal-
yses were conducted to test postsurgery changes. Changes in
measurements pre- and postsurgery were tested using the Wil-
coxon signed rank test for continuous variables; changes in cat-
egorical variables were tested using the McNemar test.

RESULTS
Forty patients with DS underwent LT, and 21 met

the inclusion criteria. The demographics for this study
population are displayed in Table I. The mean age at
surgery was 9.3 6 4.3 years (47.6% were female and
90.5% were white). Individual patient PSG data can be
found in the Supporting Information, Appendix 1A and
1B, in the online version of this article. The median AHI
was 9.1 events/hour (range, 3.8 to 43.8 events/hour)
before surgery and 3.7 (range, 0.5 to 24.4 events/hour)
after surgery (Table II). The median improvement in
overall AHI and the oAHI were 5.1 events/hour (range,
22.9 to 41 events/hour) and 5.3 events/hour (range,
22.9 to 41 events/hour), respectively (P <.0001). The
mean oxygen saturation nadir improved from 84% to
89% (P 5.004); however, there were no significant
changes in the mean percent time with CO2 >50 mm
Hg, central index, or percentage of REM sleep. After
surgery, the oAHI was <5 events/hour in 61.9% of
patients and �1 event/hour in 19%. After LT, 28.5% of
patients had moderate OSA, and 14% had severe OSA,
as measured by the oAHI. Stratification of patients by
age did not affect the PSG outcomes (Table III). Further

TABLE I.
Study Population Demographics for Children With Down

Syndrome Who Underwent Lingual Tonsillectomy for Obstructive
Sleep Apnea After Adenotonsillectomy.

Characteristic
Demographics,

n 5 21

Age at preoperative PSG, yr,
mean (SD), median [range]

8.9 (4.4),
7.8 [3.6–16.9]

Age at surgery, yr, mean (SD),
median [range]

9.3 (4.3),
8.1 [4.4–17.2]

Age at postoperative PSG, yr,
mean (SD), median [range]

9.7 (4.3),
8.6 [4.6–17.4]

Age at surgery

3–6 years, n (%) 7 (33.3%)

>6 years, n (%) 14 (66.7%)

Race, white, n (%) 19 (90.5%)

Sex, male, n (%) 11 (52.4%)

BMI percentile, n 5 13,
mean (SD), median [range]

82.8 (27.4),
92 [1–99]

Mean and median values are reported.
BMI 5 body mass index; PSG 5 polysomnography; SD 5 standard

deviation.
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outcomes were stratified by preoperative OSA severity
level, which showed a mean improvement in oAHI of
0.93, 4.3, and 17.6 for mild, moderate, and severe dis-
ease, respectively (Table IV).

DISCUSSION
In children with DS, lingual tonsil hypertrophy and

persistent OSA following T&A, LT significantly improved
AHI, oAHI, and the oxygen saturation nadir. After sur-
gery, 19% had complete resolution of OSA, whereas an
additional 42.9% had only residual mild disease. At the
same time, the median oxygen saturation nadir
improved significantly. In this small sample, we did not
see any difference in PSG outcomes by age. Fourteen
percent of the children had severe OSA after their LT,
and all of these patients had moderate or severe disease
before surgery. Two patients had worsening of the oAHI
following the procedure (oAHI from 6.9 to 10.3 and 6.4
to 6.7), which were not clinically significant and could be
a result of test-retest issues with the PSG.

A recent review of non–continuous positive airway
pressure treatment options for children with persistent
OSA following T&A, found that LT was the most com-
monly reported surgical intervention.10 An additional
study regarding children who underwent LT reported a
mean improvement of the respiratory disturbance index
from 14.7 to 8.1 events/hour in 26 patients.13 This study
population was more heterogeneous than our population,
as 46% had no comorbidities, and the remaining patients
had a variety of syndromes (including DS), although the
percentage of patients with DS was not reported. Anoth-
er study by Abdel-Aziz et al. reviewed 16 children who
underwent LT and noted a mean improvement in AHI
from 10.5 events/hour before surgery to 3.2 events/hour
postoperatively; one patient in the study had DS.14

Truong et al. reported on 27 children who underwent
LT, and demonstrated that this procedure decreased the
mean AHI from 18.3 to 9.7 events/hour (P <.05).15 Their
population was again heterogeneous, with 26% of
patients having comorbidities that included DS, cranio-
facial syndromes, and other neurologic diseases.

It has been shown that there is a high likelihood
that patients with DS have multiples sites of upper air-
way obstruction associated with their OSA.9 In addition,
airway obstruction in patients with DS is further compli-
cated by the presence of muscular hypotonia with pha-
ryngeal hypotonia, midface hypoplasia, glossoptosis, and
relative macroglossia. In light of this, one might expect
a significant failure rate and resolution rates to be lower
in children with DS when compared to children without
comorbidities. When comparing our results to previously
published reports, we find similar rates of improvement
for our cohort with DS as were seen in mixed patient
populations (children with and without comorbidities).
One reason for this better than expected resolution rate
could be that the patients in our study had lingual tonsil
hypertrophy diagnosed with the assistance of a dynamic
cine MRI as opposed to drug-induced sleep endoscopy.
Although many surgeons use flexible endoscopy to deter-
mine the presence or absence of lingual tonsil
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hypertrophy,13,15 this method does not allow for quantifi-
cation of the size, and especially the depth, of lingual
tonsil tissue. The MRI is more sensitive than flexible
endoscopy for defining the true depth and volume of the
lingual tonsillar tissue present8,9 and may allow for
more complete lingual tonsil tissue removal. Although
the use of radiofrequency for removal of the lingual ton-
sils did not allow us to quantify the volume of tissue
removed, it is relatively easy to distinguish lymphoid tis-
sue from tongue muscle, which makes complete removal
possible.

Limitations of our study include the small sample
size, although this is the largest series of LT in children
with DS to date, and concerns regarding generalizability,
given the fact that 90% of our cohort was white. This
study is also limited by its retrospective nature, which
likely results in some selection bias. In addition, limiting
our evaluation to children who underwent both pre- and
postoperative PSG may limit generalizability, as the
decision to get these studies may be more common in
children with persistent symptoms after both T&A and

LT surgery. Furthermore, although we strongly suspect
that body mass index (BMI) plays a role in persistent
OSA following surgery, there were not enough patients
in our study with complete pre- and post-BMI data to
make statistical analysis meaningful. Despite these limi-
tations, LT resulted in significant decreases in the oAHI
for almost all of these children; however, persistent mod-
erate or severe disease was found in 38%. Futures pro-
spective studies should include standardized PSG
outcomes, BMI, and larger sample sizes with sufficient
numbers to stratify patients by OSA severity.

CONCLUSION
In children with DS with persistent OSA after T&A

and lingual tonsil hypertrophy, LT significantly
improved AHI, oAHI, and O2 saturation nadir, and reso-
lution of the oAHI to <5 events/hour was seen in 62% of
children. We recommend that children with DS be evalu-
ated for lingual tonsil hypertrophy if found to have per-
sistent OSA following T&A.

TABLE III.
Changes in Polysomnographic Outcomes Before and After Surgery, for Children With Down Syndrome Who Underwent Lingual Tonsillecto-

my for Obstructive Sleep Apnea After Adenotonsillectomy, Stratified by Age.

Changes in PSG
Outcomes for 3 to 6

Year Olds, N 5 7

Changes in PSG
Outcomes for Children >6

Years Old, N 5 14 P Value

AHI, events/hr, mean (SD),
median [range]

4.5 [20.4 to 8.8] 6.4 [22.9 to 41.0] .28

Obstructive AHI, events/hr,
mean (SD), median [range]

4.3 [21.4 to 9] 7.1 [22.1 to 41.0] .25

O2 nadir, %, mean (SD),
median [range]

20.02 [20.06 to 0.08], n 5 5 20.05 [20.31 to 0.01], n 5 11 .078

% REM, mean (SD),
median [range]

22.0 [212 to 17] 3.0 [215.0 to 18.0] .41

% time CO2 > 50 mm Hg,
mean (SD), median [range]

28.8 [291 to 34], n 5 5 26[21 to 87.6], n 5 6 .12

Apnea index, events/hr,
mean (SD), median [range]

20.14 [20.22 to 1.57] n 5 5 6.73 [21.71 to 14.82], n 5 9 .06

Hypopnea index, events/hr,
mean (SD), median [range]

4.8 [22.96 to 8.61], n 5 5 2.78 [28.01 to 29.32], n 5 13 .92

Maximum ET CO2, mm Hg,
events/hr, mean (SD),
median [range]

25 [211 to 4.0] 1.5 [212 to 16.3] .31

Central index, events/hr,
mean (SD), median [range]

0.5 [20.2 to 1.0] 20.05 [22.3 to 3.9] .23

Median differences were tested using the Wilcoxon rank sum test.
AHI 5 apnea hypopnea index; ET 5 end tidal; PSG 5 polysomnography; REM 5 rapid eye movement; SD 5 standard deviation.

TABLE IV.
Changes in Polysomnographic Outcomes Before and After Surgery, for Children With Down Syndrome Who Underwent Lingual Tonsillecto-

my for Obstructive Sleep Apnea After Adenotonsillectomy, Stratified by Preoperative Obstructive Sleep Apnea.

OSA Severity % of Patients (n) Postoperative AHI, Mean (SD) Postoperative oAHI, Mean (SD) oAHI Change, Mean (SD)

Mild OSA 19.0% (4) 3.2 (2.9) 2.5 (2.4) 0.93 (2.2)

Moderate OSA 47.6% (10) 4.0 (3.4) 2.9 (3.1) 4.3 (3.2)

Severe OSA 33.3% (7) 10 (8.9) 9.1 (7.6) 17.6 (12.9)

Mild OSA was defined as 1 to 5 events/hour, moderate OSA was defined as an oAHI of 5 to <10 events/hour, and severe OSA was defined as 10 or
more events/hour.

AHI 5 apnea hypopnea index; oAHI 5 obstructive apnea hypopnea index; OSA 5 obstructive sleep apnea; SD 5 standard deviation.
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A B S T R A C T

Aim: To analyze the indications and outcomes of open neurosurgical approaches (ONA) and endoscopic

transnasal approaches (ETA) in the surgical management of pediatric sinogenic subdural and epidural

empyema.

Material and methods: Retrospective single-center study design within a tertiary care referral center

setting. Children less than 18 years of age consecutively operated on between January 2012 and February

2014 for drainage of a sinogenic subdural empyema (SE) or epidural (EE) empyema were included. Main

outcome measures: success of first surgical procedure, persistent symptoms and sequelae at the end of

the follow-up period.

Results: Nine SE (53%) and 8 EE (47%) were observed. Neurological symptoms, especially seizures, were

more frequent in the SE group. Perioperative pus samples were positive in 67% of the SE group and in 75%

of the EE group. The most frequently isolated bacteria belonged to the Streptococcus anginosus group. CT

or MR imaging showed that most empyema probably originated from the frontal sinus. However, two

cases resulted from an ethmoiditis and one case from a Pott’s puffy tumor, without any direct contact

with the paranasal sinus. In cases of SE, the most effective surgical technique was ONA with craniotomy.

Associated endoscopic sinus drainage was useful for the purpose of bacteriological diagnosis. In cases of

EE, effectiveness was noted in both ONA and ETA techniques. In two cases of EE, the ETA procedure

encompassed direct drainage of the empyema through the posterior wall of the frontal sinus (Draf III

approach). The number of patients successfully treated after a single surgical procedure was higher in

the EE group (p = 0.05). Regarding outcomes, no mortalities were observed. Persistent disorders at the

end of the follow-up period, especially headaches, cognitive, concentration or schooling problems,

tended to be more frequent in the SE group than in the EE group (67% vs 29%), and were more commonly

observed in cases requiring several surgical procedures (75% vs 12.5%) (p = 0.05).

Discussion: Endoscopic sinus surgery plays a critical role in the surgical management of pediatric

sinogenic SE and EE. In cases of small volume EE, the endoscopic approach associated with

antibiotherapy may be sufficient to treat the infectious process.

� 2015 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The most commonly applied definition of pediatric acute
bacterial sinusitis (PABS) is an upper respiratory infection in which
symptoms are not improving after 10–14 days and often
worsening after 5–7 days [1]. In a large Northern American study
* Corresponding author. Tel.: +33 1 44 49 46 82; fax: +00 33 1 44 49 46 90.

E-mail address: vincent.couloigner@nck.aphp.fr (V. Couloigner).

http://dx.doi.org/10.1016/j.ijporl.2015.08.007

0165-5876/� 2015 Elsevier Ireland Ltd. All rights reserved.
using the ‘‘Nationwide Emergency Department Sample 2008
database’’ and including 101,660 children, complications were
documented in 0.7% of children presenting to emergency
departments with the diagnosis of PABS [2]. Of those children
with complications, 15% had periorbital cellulitis, 76% had
orbital complications and 9% had intracranial complications.
Orbital complications were associated with a younger mean age
(7.3 years versus 11.9 years for intracranial complications).
Smaller retrospective studies detailed the distribution of
subcategories of intracranial complications. In a cohort of 104
83
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Table 1
Patient clinical characteristics.

SE (n = 9) EE (n = 8)

Age (years) (median � SD) 11 � 3 10 � 4

Sex ratio (males/females) 4/5 5/3

Fever (n) 3 5

Palpebral edema (n) 1 2

Headaches (n)a 4 2

Neurological symptoms findings (n)

-Aphasia 1 0

-Altered consciousness 1 0

-Meningeal syndrome 4 0

-Focal neurological deficit 2 0

-Seizure 6 2

-Intracranial hypertension 1 1

a Headaches were excluded from the list of neurological symptoms as it could

have also resulted from sinusitis.
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children with complicated ABS, 14 intracranial complications
including 2 brain abscesses, 7 epidural and 6 subdural empyema
were retrieved [3]. In another pediatric series of 11 suppurative
intracranial complications of sinusitis, 3 intracranial abscesses
(ICA), 3 SE, 2 EE, 2 SE associated with EE, and 1 SE associated with ICA
were observed [4]. This data suggests that EE and SE represent the
most frequent intracranial complications of pediatric ABS. However,
only a few publications have specifically focused on their manage-
ment, especially concerning the respective roles of ONA and ETA
[3–9].

The primary objective of the present study was to compare the
outcomes of ONA and ETA in a retrospective pediatric cohort of
sinogenic empyema, in order to optimize the indications of surgical
treatments of these complications. A secondary end point was to
describe the clinical, bacteriological and imaging characteristics of
pediatric cases of sinogenic SE and EE.

2. Material and methods

The manuscript was prepared in accordance with STROBE
guidelines [10].

2.1. Study design

This single-center retrospective study included all consecutive
pediatric cases of epidural or subdural empyema operated in the
Pediatric Neurosurgical and ENT Departments of Necker Hospital
between January 2012 and February 2014.

2.2. Inclusion criteria

The diagnosis of sinogenic subdural or epidural empyema was
based on the association of the following findings: (i) clinical or
biological signs of infection, (ii) the observation of an empyema
mainly or solely located in the frontal lobe, and of an opacity of the
ethmoidal or frontal sinus on CT and MR imaging, (iii) the absence
of recent cranial trauma or surgery, and the absence of any other
infection (tooth, middle ear.) which could have been responsible
for the empyema. Neither the presence of clinical symptoms
compatible with sinusitis (fever, headache, facial subcutaneous
swelling) nor the contiguity between the sinus opacity and the
empyema on imaging were judged necessary to make the
diagnosis of sinogenic empyema. Indeed, concerning the latter
point, the sinus opacity and the resulting empyema can sometimes
be separated from each other due to one of the following
mechanisms:

� Indirect spread of infection between the sinus and the epidural or
subdural space through the mucosal veins of the sinus to the
emissary veins that link the facial and dural venous systems
[11,12] or, in cases of EE, through an osteomyelitis of the frontal
bone (Pott’s puffy tumor)
� Antibiotic treatment prior to brain imaging: often, at the time of

diagnosis of empyema, the sinusitis has already been diagnosed
and treated for several days with antibiotics. This treatment can
modify the extension of the sinus infection and induce a
separation between the sinus opacity and the empyema on
imaging.

2.3. Exclusion criteria

The exclusion criteria were the following:

� Non-sinogenic empyema.
� Patients older than 18 years.
� Insufficient clinical, biological or imaging data.
4

2.4. Review of medical records

Clinical charts were retrieved using the institutional database
CCAM (Classification Commune des Actes Médicaux). The medical
records of children with SE or EE were reviewed for age, gender,
underlying conditions before diagnosis, presenting symptoms,
duration of symptoms before admission, CRP (C-reactive protein)
levels, bacteriological data, CT and MR imaging findings, medical
and surgical treatments and final clinical outcomes.

2.5. Data analysis

Quantitative variables were described using their mean or
median value and standard deviation, and qualitative variables
were described as numbers and percentages. Statistical compar-
isons were performed using Student’s t-test or Mann–Whitney
U test for quantitative variables and Chi-square or Fisher’s exact
test for qualitative variables. P values �0.05 were considered
statistically significant.

3. Results

Out of 23 pediatric cases of SE or EE operated at our institution
during the study period, 6 were discarded because of their non-
sinogenic origin (5 otogenic and 1 post-traumatic empyema). Nine
SE (53%) and 8 EE (47%) cases were finally included. Patients’
demographics and symptoms are described in Tables 1–3. The
median age was 11 years (8.8–13.5) in the SE group and 10 years
(9.0–10.8) in the EE group (NS). The sex ratio was not different
between both groups (Table 1).

3.1. Clinical features on admission and before surgery

Clinical features are presented in Tables 1–3. The major
difference between both groups was the neurological clinical
presentation. Indeed, the number of neurological symptoms per
patient (mean � SD) was 1.8 � 1.2 in the SE group and 0.4 � 0.5 in
the EE group (p = 0.01). The most frequent neurological symptoms
were seizures (6 children with SE and 2 with EE) and meningeal
syndrome (4 patients with SE and none of those with EE). Among the
two patients with EE and seizures, one patient had a frontal subdural
aeroma (Table 2), possibly explaining the cortical irritation leading to
the seizure. Pott’s puffy tumors tended to be more frequent in the EE
group (37.5% vs 11%) (NS) (Table 4).

3.2. CRP levels and bacteriological findings

CRP levels and bacteriological data are presented in Tables 2
and 3.



Table 2
Neurological symptoms, CRP levels, size of empyema, surgical treatment and outcomes in patients with SE.

Patient

initials

Neurological

symptomsa

Initial

CRP level

(mg/ml)

Extension

of empyema

before 1st

surgeryb

Bacteria First

procedure

Second

procedure

Third

procedure

Residual symptoms

and treatments during

the last visit

(follow-up duration)

BD FND

DC

S

MS

72 Extended Gram

positive cocci

ONA (Burr

hole drainage)

ONA (frontal

and parietal

craniotomy)

Speech and motor

difficulties

(27 months), AEDs

DC S

MS

6 Localized NG EEA ONA (frontal

and parietal

craniotomy)

Intermittent

headaches

(22 months)

ID S NA Extended Streptococcus

constellatus and

Prevotella species

EEA ONA (parietal

craniotomy)

and FSO

Concentration

problems, EEG

abnormalities,

AEDs (23 months)

LM MS

S

124 Localized Streptococcus

intermedius

EEA

FSDext

ONA (Burr hole

drainage +

puncture of

frontal BA under

US guidance)

Schooling difficulties,

headaches

(29 months)

PLam S NA Localized Fusobacterium

necrophorum

EEA ONA (parietal

craniotomy)

ONA (frontal

medial and

parietal

craniotomies)

+ FSO

Schooling difficulties,

frontal and parietal

bone defect, AEDs

(20 months)

RM FND

A

S

NA Extended Streptococcus

constellatus

EEA and

FSDext

ONA (Frontal

and parietal

craniotomy)

AEDs (24 months)

PLen MS 86 Extended NG EEA Headaches

(27 months)

TL S

ICHS

292 Extended Streptococcus

species

ONA (frontal

medial

craniotomy)

No problem

(18 months)

VJ None 35 Extended Fusobacterium

necrophorum

EEA

ONA, (frontal

medial and

parietal

craniotomies),

FSO

No problem

(33 months)

Shaded portion: Cases requiring more than one procedure. Unshaded portion: Cases successfully treated with a single operation. AEDs: antiepileptic drugs BA: brain abscess

DC: decreased consciousness EEA: endoscopic ethmoidectomy and antrostomy EEG: electroencephalogram FND: focal neurological deficit FSD: frontal sinus drainage, either

through an external (FSDext) or through an endoscopic Draf type III approach (FSDendos) FSO: frontal sinus obliteration ICHS: Intracranial hypertension syndrome MS:

Meningeal syndrome NA: not available NG: no bacterium isolated in bacteriological samples ONA: open neurosurgical approach S: seizure.
a Headaches were excluded from the list of neurological symptoms as it could have also resulted from sinusitis.
b Localized empyema corresponded to empyema located in the front of the polar or basal part of the frontal lobe, next to the infected frontal and anterior ethmoid sinuses.

Extended empyema had spread way beyond the polar or basal region of the frontal lobe facing the infected sinus (see also Figs. 1 and 4).
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The preoperative CRP levels (mg/l) (mean � SD) were not
different between the SE (102 � 101) and EE groups (112 � 119).
Nor did the CRP levels differ between patients requiring only one
(114 � 127) or several drainage surgeries (97 � 75).

Blood cultures were positive in only one patient with SE and in no
patients with EE. Perioperative pus samples were positive in 67%
(n = 6) of SE (3 sinus samples and 3 intracranial samples) and in 75%
(n = 6) of EE (2 sinus samples and 4 intracranial samples). Lumbar
punctures were performed in 4 patients with SE due to meningeal
syndrome and did not retrieve any bacteria. In cases of SE, the
isolated bacteria were the following: Streptococcus constellatus

(n = 2), Non-specified Streptococcus (n = 2), Streptococcus intermedius

(n = 1), Fusobacterium necrophorum (n = 1), Fusobacterium nucleatum

(n = 1) and Provatella species (n = 1). Bacteria isolated in children
with EE were: S. intermedius (n = 4), Staphylococcus lugdunensis

(n = 1), Staphylococcus aureus (n = 1), Staphylococcus capitis (n = 1)
and Propionobacterium acnes (n = 1).

3.3. Radiological findings

The imaging techniques performed before the first surgical
procedure were the following: CT scans in 10 cases (59%) (6 SE and
4 EE), MRI in 4 cases (23.5%) (2 SE and 2 EE) and CT scan and MRI in
3 cases (17.5%) (1 SE and 2 EE). There was no clear explanation in
the clinical charts concerning the choice of the imaging techniques.

A thickened inflammatory mucosa, possibly associated with
the presence of pus, was observed in the maxillary and ethmoidal
sinuses in 100% of cases, in the frontal sinus in 88% of cases
(n = 15), and in the sphenoid sinus in 53% of cases (n = 9). Fifty nine
percent of cases of maxillary and ethmoidal sinusitis, and 59% of
cases of frontal sinusitis were bilateral. Ethmoidal inflammation
mostly concerned the interior part of this paranasal sinus. Two
cases clearly resulted from the ethmoidal sinus since these
patients did not have any frontal sinus. In one case, the EE
originated from a Pott’s puffy tumor and not directly from a sinus
cavity (Fig. 1, D1).

In three cases (2 SE and 1 EE), the empyema and the infected sinus
were not contiguous (Fig. 2). An erosion of the posterior wall of the
frontal sinus was observed in one case (EE) and an erosion of the
ethmoidal roof in two cases (1 SE and 1 EE) (Fig. 3). The locations and
extensions of the empyema on the initial imaging and at the time of
their maximal expansion are shown in Figs. 1 and 4, respectively. The
locations of empyema were as follows:

� For SE, the frontal polar region was involved in 89% of cases
(n = 8), the frontal basal in one case, the parietal region in 78% of
85



Table 3
Neurological symptoms, CRP levels, size of empyema, surgical treatment and outcomes in patients with EE.

Patient

initials

Neurological

symptomsa

Initial

CRP level

(mg/ml)

Size of the

empyema

before 1st

surgeryb

Bacteria First procedure Second

procedure

Third

procedure

Residual symptoms

and treatments during

the last visit

(follow-up)

CW S 74 Localized NG Endoscopic

antrostomy

EEA ONA

(technique

not specified)

FSO

Slow cognitive

procETAing, abnormal

EEG, AEDs (11 months)

KK None 207 Extended Staphylococcus

lugdunensis,

Staphylococcus

capitis, and

Propionobacterium

acnes

ONA (frontal

craniotomy) + FSO

ONA (frontal

craniotomy)

No problem

(10 months)

MD None 339 Localized Staphylococcus

aureus

EEA

FSDendos

Endoscopic

transnasal drainage

of the empyema

AEDs maintained in

spite of normalized

EEG (11 months)

CM S 71 Localized Streptococcus

intermedius

EEA

FSDendos

Endoscopic

transnasal drainage

of the empyema

AEDs (4 months)

CTK None NA Localized NG EEA No problem

(4 months)

KMF None 53 Extended Streptococcus

intermedius

ONA (frontal

craniotomy) + FSO

No follow-up

NZM None 32 Localized Streptococcus

intermedius

ONA (frontal

craniotomy) + FSO

No problem

(4 months)

TE ICHSc 6 Localized Streptococcus

intermedius

EEA

ONA (frontal

craniectomy + BA

needle aspiration)

FSOd

Unsightly secondary

displacement of the

Palacos1 cranioplasty

(12 months)

Shaded portion: Cases requiring more than one procedure. Unshaded portion: Cases successfully treated with a single operation. AEDs: antiepileptic drugs BA: brain abscess

DC: decreased consciousness EEA: endoscopic ethmoidectomy and antrostomy EEG: electroencephalogram FND: focal neurological deficit FSD: frontal sinus drainage, either

through an external (FSDext) or through an endoscopic Draf type III approach (FSDendos) FSO: frontal sinus obliteration ICHS: Intracranial hypertension syndrome NA: not

available NG: no bacterium isolated in bacteriological samples ONA: open neurosurgical approach S: Seizure.
a Headaches were excluded from the list of neurological symptoms as it could have also resulted from sinusitis.
b Localized empyema corresponded to empyema located in the front of the polar or basal part of the frontal lobe, next to the infected frontal and anterior ethmoid sinuses.

Extended empyema had spread way beyond the polar or basal region of the frontal lobe facing the infected sinus (see also Figs. 1 and 4).
c This intracranial hypertension syndrome with headaches and vomiting was probably mainly due to the presence of a large frontal brain abscess.
d This patient was operated on 4.5 months after the initial surgical drainage for frontal cranioplasty using polymethyl-methacrylate (Palacos1).
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cases (n = 7), and the interhemispheric fissure in 67% of cases
(n = 6).
� For EE, the frontal polar region was involved in 87.5% of cases

(n = 7), the frontal basal in two cases, the parietal region in one
case and the hemispheric fissure in no cases.

Cerebral, venous, orbital and other lesions associated with the
empyema are detailed in Table 4.
Table 4
Lesions associated with the SE or EE.

SE (n = 9) EE (n = 8)

Pott’s puffy tumor (n) 1 3

Brain abscess (n) 4 0

Septic

thrombophlebitis

of the superior

longitudinal

sinus (n)

2 1

Orbital abscesses (n) 1 1

Other lesions or

disorders

Septic

pulmonary

embolism

(n = 1)

(F. necrophorum)

Furunculosis

extended over

the abdominal

skin and 4 limbs

one month before

empyema (n = 1)

(S. aureus)

6

3.4. Treatments and outcomes

All patients were hospitalized in a pediatric neurosurgical
intensive care unit and were rapidly treated with the following
drugs:

� broad spectrum intravenous antibiotherapy active on the
bacteria usually involved in these infections and with a good
diffusion within the bone, epidural and subdural spaces usually
encompassing 3rd generation cephalosporins and metronidazole
or clindamycin
� corticosteroids in the presence of cerebral edema
� anticoagulant drugs in case of proven or highly suspected septic

thrombophlebitis
� antiepileptic drugs if necessary.

The surgical treatments undergone by our patients are
described in Tables 2–5. Even though the mean numbers of
surgeries was not different between the SE (1.8 operations/patient)
and EE (1.4 operations/patient) groups (p = 0.18), the number of
patients who recovered after a single surgical procedure was
higher in the EE group (Table 5; p = 0.06). In both SE and EE groups,
the success rate of the first surgical procedure was not significantly
influenced by the surgical approach (ONA or ETA). However, in



Fig. 1. Cerebral imaging performed just before the first surgical procedure. (*) or (^): Empyema (D1 and D2). White arrows: subcutaneous abscess associated with Pott’s puffy

tumors (D4). Black arrow: brain abscess. SE initially operated by ETA alone (A1–A7) was smaller than those initially treated by ONA � ETA (B1–B3). (A3) was the only case of SE

that was successfully treated after ETA alone. EE initially operated by ETA alone (C1–C4) was not smaller than those directly treated with ONA � ETA (D1–D4). In the latter group, the

external neurosurgical approach was employed in the case of D1 because the ES originated from a Pott’s puffy tumor and remained distant from the infected sinuses, in case B2

because of the size and extensions of the empyema, and in case D4 because of the presence of a large brain abscess requiring direct neurosurgical drainage. The reason why ONA was

chosen as an initial procedure in patient D3 is unclear.
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patients with SE, ONA tended to be more effective: 67% (2/3) of
children who recovered after a single surgical procedure were
operated on using ONA while only 17% (1/6) of children who
recovered after requiring several surgeries were operated on using
ONA (p = 0.22). In the EE group, the corresponding percentages
were 50% (3/6) and 50% (1/2), respectively. Regarding frontal sinus
surgery, in SE cases, 33% (1/3) of children who had a single surgical
procedure and 33% (2/6) of those who had several operations had
drainage or an obliteration of the frontal sinus. In the EE group, the
corresponding percentages were 50% (3/6) and 50% (1/2),
respectively. Thus, in both SE and EE groups, frontal sinus surgery
did not improve the effectiveness of the first surgical procedure.

In SE, the most effective procedure was ONA with craniotomy
(Table 2)

� During the first surgical procedure, its success rate was 100% (2/
2) versus 14% (1/7) using other techniques (p = 0.08).
� If we consider all surgical procedures, its success rate was 88% (7/

8) versus (25%) (2/8) using other techniques (p = 0.04).

No mortalities were observed in the present study. The follow-
up duration was longer in the SE group (Table 5). Persistent
symptoms and disorders at the end of the follow-up period are
detailed in Tables 2 and 3. They tended to be more frequent in the
SE group than in the EE group (67% vs 29%) (Table 5). The most
frequent symptoms observed were headaches and cognitive,
concentration, or schooling problems. 44% of patients with SE
(4/9) and 43% of those with EE (3/7) were still being treated with
antiepileptic drugs during their latest follow-up visit.

4. Discussion

The clinical expressions of SE and EE are dramatically different.
Subdural empyema often presents itself in neurosurgical emer-
gencies whereas epidural empyema is often diagnosed on imaging
studies. Therefore, the place of the ENT surgeon may differ
according to the localization of the empyema.

The aim of the present study was to describe the clinical
characteristics of pediatric sinogenic EE and SE, and to discuss their
optimal treatment strategies.

Since most cases of empyema were associated with an infection
of both the ethmoidal and frontal sinuses, it was often impossible
to determine with certainty from which sinus the SE or EE had
developed from. The observation of an erosion of the posterior wall
of the frontal sinus or the superior wall of the ethmoidal sinus was
rarely contributive in the determination of ethmoidal or frontal
sinus involvement as it was present in only three cases (Fig. 3). The
presence of Pott’s puffy tumors in 4 patients did not allow the
ruling out of an ethmoidal origin as osteomyelitis of the frontal
bone can result from ethmoiditis [13]. However, two arguments
87



Fig. 2. CT and MR imaging of empyema not in contact with the infected sinus. (A) In this patient, only the right frontal sinus was infected (black arrow) even though the SE was

located on the opposite side (*). (B1–B3) SE with no visible continuity with the frontal or ethmoid sinuses. (C1–C2) Left frontal sinusitis and right frontal EE originated from

Pott’s puffy tumor.
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strongly support the responsibility of frontal sinusitis in most
cases:

� the mean age of our patients (11 years for SE and 10 years for EE),
which was similar to those previously reported in the literature
[3,4,14], corresponds to the age of development of the frontal
sinus
� 82% of empyema (8 SE and 6 EE) were at least partly located in

the polar part of the frontal lobe and not in its basal part, i.e. they
faced the frontal and not the ethmoid sinus.

Two cases clearly originated from the ethmoidal sinus since
these patients did not have any frontal sinus. In one case, the EE
originated from a Pott’s puffy tumor and not directly from a sinus
cavity (Fig. 2).

With regards to imaging techniques, in the present work as well
as in other publications [15], CT scans were more often prescribed
than MRI (76.5% versus 41% of cases). This is mostly due to the fact
that they are easier to obtain in an emergency setting and also
easier to perform on children. However, CT scans may fail in
revealing intracranial complications [16,17]. The American College
8

of Radiology considers that MRI with contrast and contrast-
enhanced CT are complementary examinations when evaluating
potential complications of sinusitis [18]. CT scans are less effective
in detecting empyema and in distinguishing SE from EE as
compared to MRI, but its specificity for the diagnosis of
thrombophlebitis is higher and it better shows absent sinuses
and bony erosions of sinus walls or cranial vault. Concerning MRI,
gadolinium-enhanced T1-weighted sequences are particularly
useful in distinguishing EE from SE, since in these sequences,
the dura mater clearly appears as a thick enhanced layer. The
distinction is usually quite obvious in extended forms (Fig. 4), but
can be more difficult at the beginning of the evolution (Fig. 1): SE
inner contours are rather irregular, following the form of
underlying cerebral gyri. They often have a multilocular appear-
ance, are frequently spread way beyond the infected sinus and are
often partly localized in the interhemispheric fissure.

Concerning microbiological data, a striking trend noted was the
frequent involvement of Streptococcus anginosus. Indeed, this
group of streptococci has long been recognized to cause invasive
pyogenic infections in various tissues [19]. In pediatric studies of
intracranial complications of rhinosinusitis, S. anginosus was not
only the most frequently involved bacterium, but it also increased



Fig. 3. CT scans showing an erosion of the ethmoidal roof ((A) SE, (B) EE) or of the posterior wall of the frontal bone (*) ((C) EE).

Fig. 4. Cerebral imaging at the time of maximal extension of empyema (*). These images show that SE is usually larger than EE, reaches areas situated way above the ethmoid and

frontal sinuses and, also often extends to the interhemispheric region. While EE shows typical biconvex contours, SE has a more irregular shape, sometimes displaying a

multilocular appearance (A3, A4, A5, A6, A7, and A9).
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Table 5
Treatments and outcomes.

SE (n = 9) EE (n = 8) p

Follow-up (months)a 25 � 5 7 � 4.5 <10�6

Duration of hospital stay (days)a 23 � 9 22 � 6 NS

IV antibiotics (days)a 22 � 7 17 � 7 NS

Success of initial surgical procedure 33% (3/9) 75% (6/8) 0.06

-ETA (n = 6) 17% (1/6) 75% (3/4)

-ONA (n = 2) 50% (1/2) 67% (2/3)

-ONA combined with ETA (n = 1) 100% (1/1) 100% (1/1)

Mean number of surgical proceduresa 1.8 � 0.7 1.4 � 0.7 0.18

Hospitalization duration (days)a 23 � 9 22 � 6 NS

All surgical procedures

Children with persistent symptoms at the end of the follow-up period 67% (6/9) 29% (2/7)b NS

-Headaches 3 0

-Concentration, cognitive or schooling problems 3 1

-Abnormal EEG 1 1

-Speech difficulties 1 0

-Motor difficulties 1 0

-Unsightly cranial vault deformity 1 1

NS: not significant.
a Values are expressed as means � SD.
b In the calculation of the percentage of persistent symptoms at the end of the follow-up period in the EE group, the denominator was reduced to 7 as one patient never

attended the scheduled follow-up visits.
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the probability of neurosurgical intervention and long-term
neurologic deficits [9]. Some bacteriological differences between
SE and EE result from the more anaerobic environment of SE due to
its reduced connection to the pneumatized paranasal sinuses.
Hence why staphylococci are more frequently observed in EE and
anaerobic bacteria in SE (present study, [4,5,9]). This microbiolog-
ical data differs from those observed in uncomplicated PABS,
where Streptococcus pneumoniae, Haemophilus influenzae, and
Moraxella catarrhalis are isolated in about 30%, 30%, and 10% of
cases, respectively [15].

SE and EE always require hospitalization in a pediatric
neurosurgical intensive care unit and the rapid institution of a
medical treatment. With regards to surgical indications and
modalities, our data strongly suggests that they considerably
differ between SE and EE. In SE, the most effective procedure is a
direct and large drainage through a craniotomy. ETA alone is not
advisable: in the present work, out of 7 patients with SE treated
this way, only one recovered while the 6 others required additional
surgery with ONA (Fig. 1, A3). As shown in Fig. 1, the poor results
from ETA in the case of this indication were observed even when
the initial extension of the SE was very limited. However, the
adjunction of ETA to ONA was useful for the purpose of
bacteriological diagnosis as in our series of patients with SE, half
of the positive bacteriological samples were harvested from
paranasal sinuses during the ETA procedure. Hence, we recom-
mend rapid surgery combining ETA and ONA in pediatric cases of
SE.

In EE, as shown by the present data, more patients will recover
after a single surgical procedure than in cases of SE. ETA may be an
alternative to ONA, especially when a direct drainage of the EE can
be performed through a Draf III approach and an opening of the
posterior wall of the frontal sinus. In some instances however, a
direct endoscopic drainage is impossible due to the location and
extensions of the EE, or due to the presence of associated lesions
requiring ONA (Fig. 1, cases D1, D2 and D4). One of our cases (Fig. 1,
C2) and other literature data [20] show that the presence of a Pott’s
puffy tumor does not contraindicate an exclusively endoscopic
approach. Finally, the drainage or obliteration of the frontal sinus
did not influence surgical outcomes in patients with EE as well as in
those with SE.

Regarding outcomes, in accordance with literature data [3–6], no
mortalities were observed. Persistent disorders at the end of the
follow-up period, especially headaches and cognitive, concentration,
0

or schooling problems, tended to be more frequent in the SE group
than in the EE group (67% vs 29%). As a consequence of their more
uneventful postoperative course, children with EE were followed up
for a shorter period of time (Table 5, p < 10�6). The probability of
persistent symptoms was higher when several surgical procedures
were needed (p = 0.05).

The present study contains some limitations and drawbacks:

� it is a single-center and retrospective study
� it includes a small number of patients, even if it represents the

second largest published series of pediatric sinogenic intracra-
nial complications [9]
� only children who underwent surgery for SE and EE were

retrieved meaning that empyema cases which did not require
surgery were not included.

5. Conclusions

Intracranial empyema and particularly subdural empyema are
severe infections that require a multimodal approach, involving
neurosurgeons, ENT surgeons, radiologists and infectiologists.

ETA has an important role in the management of intracranial
empyema. If its role may be limited to microbiological diagnosis in
SE, it can sometimes successfully treat EE, especially when the EE
can be directly drained by opening of the posterior wall of the
frontal sinus or of the ethmoidal roof.
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A B S T R A C T

Objective: To determine the effects of unilateral endoscopic sinus surgery (ESS) on facial skeletal growth

in children.

Design: Retrospective controlled study.

Setting: Academic tertiary referral medical center.

Materials and methods: Included were children who underwent a unilateral ESS procedure between

1995 and 2006 to evacuate a subperiosteal orbital abscess (SPOA) and several years later went through

cephalometric measurements comparing their facial development between the surgical and nonsurgical

sides.

Results: A total of 6 children were recruited for this study (3 girls and 3 boys), between the ages 3 to 10 at

time of surgery, and from 9.5 to 23 years of age today. Four of the children had surgery on the right side

and 2 on the left. No statistically significant difference was found when evaluating all planes in the

cephalometric radiographs according to age at surgery, age today and years from surgery.

Conclusion: In our study, no significant differences were found in craniofacial growth between the sides

of the face in children who underwent ESS for the same medical indication on one side of the face,

suggesting that ESS might be safely performed even in young children.

Level of evidence: –2c

� 2015 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Insufficient reports and animal studies have raised concerns
and debate regarding the impact of surgical intervention of the
nasal sinuses on facial development in the pediatric population [1–
8]. Most of these studies were conducted on piglets, showing
interruption of facial growth on the side of the endoscopic surgery.
However, the animals did not show any clinical evidence of
abnormal growth [9,10]. The effects of sinus surgery on facial
growth in human beings has been even less frequently reported
due to the significant quantity of parameters to be evaluated
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including patient age, the various pathologies treated, the surgical
procedure performed and the need for further imaging for accurate
evaluation of the facial skeleton post-surgery. For example, Kosko
et al. reported maxillary sinus hypoplasia on CT scan after
endoscopic sinus surgery (ESS), but with no apparent clinical facial
asymmetry [11]. In addition to this, very aggressive surgical
management of mid-face lesions was not associated with interrup-
tion of facial growth as was suggested by Lund et al. [12]. In another
study conducted by Wolf et al., no evidence of facial growth
interruption was reported; however, these two latter studies did not
perform accurate measurements of the facial skeleton.

The purpose of this study is to evaluate the effect of extensive
unilateral removal of the ethmoid cells and the lamina papyracea
by ESS on mid-facial growth in a unique group of children having a
subperiosteal orbital abscess (SPOA), and compare this to the non-
operated side using antero-posterior (AP) cephalometric radio-
graphs (soft tissue and bone intensity).

2. Materials and methods

The study was approved by the IRB.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijporl.2015.02.016&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijporl.2015.02.016&domain=pdf
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Fig. 1. Illustration of the five transverse linear measurements.
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The study population consisted of children who underwent ESS
for drainage of an SPOA between the years 1995 and 2006. Children
with significant congenital syndromes such as Down’s syndrome
and cystic fibrosis [13], a history of significant maxillofacial
trauma, nasal fractures, or previous nasoseptal surgery were
excluded. All children underwent a CT scan demonstrating
sinusitis and an SPOA. All ESS procedures for drainage of the
abscess were performed by the same surgeon, using the same
approach and technique.

2.1. Surgical procedure

ESS was performed using 4-mm 08 and 308 telescopes under
general anesthesia. The lamina papyracea was completely exposed
and removed after removal of the uncinate process, bulla
ethmoidalis and anterior and posterior ethmoid cells. A small
pack was left in the middle meatus until the following morning
[14].

2.2. Patient evaluation

All patients were contacted for initial assessment by phone for
collecting epidemiologic data, including queries regarding any
imaging modality of the head region performed since the ESS
procedure.

The next step was to invite the child (and his parents when
appropriate) for medical history, including nasal history, face
trauma and additional surgery in the sinuses and nose along the
years, and a complete head and neck examination at the outpatient
clinic. An informed consent was provided by the patient (or his
parents when appropriate).

2.3. Cephalometric radiography and measurement

All patients had an AP cephalometric radiograph for evaluation
of any asymmetry between the two sides of the face.

The cephalometric images are the 2D interpretation of 3D
structures. In cephalometry, the X-ray source was fixed at a
distance of 152.4 cm from the mid sagittal plane, and the film was
placed at a distance of 15 cm from the mid sagittal plane. The ear
rods were inserted into the external auditory canals, while the
Frankfort plane was parallel to the floor. The central X-ray beam
penetrated the patient’s skull in an AP direction and bisected the
trans-meatal axis perpendicularly. In lateral and frontal cephalo-
grams, many structures overlap as complex 3D structures are
projected on a 2D plane. The magnification and distortion inherent
in conventional radiography make it difficult to accurately assess
the patient’s anatomy [15]. The properly adjusted cephalostat
cannot prevent a slight translation or rotation of the mid-sagittal
plane. These variations in skull position may lead to variations in
cephalometric measurements.

One investigator (blinded to the side of operation) evaluated
7 reference points on the cephalometric radiograph and compared
the two sides of the face. Cephalograms were traced and measured
by hand, and all measurements made by one investigator. Five
transverse linear measurements were measured on each radio-
graph. These are shown in Fig. 1 (see legend for definitions of
abbreviations).

The linear transverse measurements used in the study were as
follows:

Our 4 anatomic landmark reference points used for the
measurements (Fig. 1):

1. MO – medio-orbitale – the point on the medial orbital margin
that is closest to the median lane (left and right);
2. LO – latero-orbitale – the intersection of the lateral orbital
contour with the innominate line (left and right);

3. LPA – lateral piriform aperture – the most lateral aspect of the
piriform aperture (left and right);

4. ZFMA – zygomatico-frontal medial suture point – point at
the medial margin of the zygomatico-frontal suture (left and
right).

The midsagittal plane (the 5th plane), from which all other
planes were calculated was drawn through:

Top: OM – orbital midpoint – the projection on the line LO–LO of
the top of the nasal septum at the base of the crista galli;
TNS – top nasal septum – the highest point on the superior
aspect of the nasal septum;
Bottom: ANS—anterior nasal spine.

2.4. Statistical evaluation

Categorical variables were reported as frequency and
percentages, and continuous variables as medians and inter-
quartile ranges (IQR). We used the Wilcoxon test to study the
difference between the two sides of the face, using the four
variables measured. Spearman Correlation Coefficient was used
to assess the correlation between age at surgery, age at
evaluation, time of follow up and the difference between the
measurements of the two facial sided. A two-tailed p < 0.05 were
considered statistically significant. Analyses were performed
with SPSS version 21.
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Table 1
Patients’ age at surgery and now (chronological order).

No. Age at surgery

(years)

Age today

(years)

Time from

surgery (years)

1 10 23 13

2 3 12.5 9.5

3 7 12.5 5.5

4 3 9.5 6.5

5 9 15.5 6.5

6 4 13 9

Table 3
.

Line measured r Value p Value

Age at surgery diff_mo �0.162 0.759

diff_lo �0.03 0.955

diff_lpa 0.309 0.551

diff_mzmd_div_mo 0.132 0.803

Age today diff_mo �0.209 0.691

diff_lo 0.076 0.887

diff_lpa �0.209 0.691

diff_mzmd_div_mo �0.388 0.447

Years from surg diff_mo �0.388 0.447

diff_lo 0.121 0.819

diff_lpa �0.299 0.56

diff_mzmd_div_mo �0.746 0.088
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3. Results

Eighteen children underwent evacuation of SPOA during the
study period. Excluded were 2 who were no operated upon by the
same surgeon and 5 more who were lost to follow-up and could not
be reached. Out of the remaining 11 children, 5 strongly refused to
have further imaging and hence were also excluded. A total of
6 patients were finally recruited for this study (3 females and
3 males), all between the ages of 3 and 10 at the time of surgery,
and between 9.5 and 23 years of age today (Table 1). Four of the
children had surgery on the right side and 2 on the left.

Table 2 shows the AP cephalometric combined means, standard
deviations, medians, and minimum and maximum values of eight
linear transverse measurements (right and left four transverse
planes) for all 6 subjects.

The mean distance between the MO reference point and the
mid-sagittal plane on the right was 10.67 mm and on the left
12.17 mm. There was no significant statistical difference between
the sides in all patients (p = 0.447).

The mean distance between the LO reference point and the mid-
sagittal plane on the right was 45.33 mm and on the left 45.00 mm.
There was no significant statistical difference between the sides in
all patients (p = 0.819).

The mean distance between the LPA reference point and the
mid-sagittal plane on the right was 11.17 mm and on the left
14.00 mm. There was no significant statistical difference between
the sides in all patients (p = 0.56).

The mean distance between the ZFMA reference point and the
MO reference point on the right was 38.67 mm and on the left
42.0 mm. again, there was no statistical difference between the
sides in all patients (Table 3).

It is important here to emphasis that out of the 6 patients,
4 were operated on the right and 2 on the left. All measurements
except LPA measured on the left in both cases that were operated
on the left and LO measured on the right for 1 case operated on the
right, showed that the transverse plane on the side that was
operated on was smaller than the other side; however, these
changes were not found to be statistically significant.

No statistically significant difference was found when evaluat-
ing the differences for all four planes according to age at surgery,
age today and years from surgery. We did find a non-significant
difference (p = 0.088) between the two sides when measuring the
Table 2
The values of the anatomic landmarks measured.

Anatomic landmark side mo lo

Rt Lt Rt

Mean 10.67 12.17 45.33

SD 1.37 1.72 3.5

mo Lo

Operated(O), non-operated (NO) O NO O

Mean 10 13 45
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ZFMA/MO planes when considering the years from surgery – the
longer the time that passed from surgery – the less the difference.

4. Discussion

ESS in the pediatric populations is becoming more common in
recent years, but concern has been raised regarding the possible
influence on mid facial growth due to the disturbance of the bony
structures of the sinuses. While evidence of mal development of
the mid facial region in animal studies has been reported,
controversy exists as to possible development alterations in
humans [10,13].

Although the craniofacial skeleton in the growing child is
suggested by some to be responsive to changing functional
demands and environmental factors, several studies have shown
no significant changes of mid-facial growth in children even
following ESS [2]. In the latter study, Wolf et al. documented the
largest series reported thus far of 124 children who underwent ESS.
Even though the follow-up varied (4–14 years), and cephalometric
measurements were not taken, they concluded that no clinically
significant disturbances were observed in facial bone develop-
ment. Bothwell et al. reported a 13.2 year follow-up of 67 children
with a mean age of 3.1 years, 46 who had ESS and 21 children who
did not. Quantitative and qualitative analyses showed no statistical
significance in facial growth between children who underwent ESS
and those who did not [3].

In this study, we present quantitative evidence that unilateral
sinus surgery can be performed safely in the pediatric patient
without causing significant facial asymmetry. All of our subjects
were young children at the time of the surgery (ages 3–10), and
today (time of evaluation), at least 6 years after surgery, in the age
range of 9.5–23 years. We report no statistically significant
differences in the measured transverse planes on cephalometry
radiographs between the operated and non-operated sides.

Although there are a reasonable number of studies on the
impact of ESS on facial growth in the pediatric population, using
different methods of measurements and comparisons, none
lpa zfma_div_mo

Lt Rt Lt Rt Lt

45 11.17 14 38.67 42

2.83 1.94 3.41 3.88 6.69

lpa zfma_div_mo

NO O NO O NO

46 12 13 36.8 43.8
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related to this type of procedure nor did they use AP cephalometry
transverse measurements. Only one other study was found using
CT tomography with the aim of comparing facial growth between
8 children who had unilateral surgical treatment including the
external approach, ESS and the combined approach for orbital
complications (mainly, but not only SPOA) to 19 adults with or
without sinusitis [1]. In another study by Van Peteghem et al.,
lateral cephalometric measurements were reported for a very
specific group of cystic fibrosis children having extensive
functional endoscopic sinus surgery, reporting no statistically
significant differences between different age groups [15]. However,
AP cephalometry was not performed and all patients have had
bilateral surgery.

In our study, only minimal changes in facial volume measure-
ments were found, confirming the clinical impression that ESS in
the pediatric population is safe.

Our study design has contributed substantially to our conclu-
sion in several ways. First of all, only one side was operated upon,
saving the other side to serve as a control group in the same
patient. Second, all patients had comparable significant endoscopic
surgery in which the ethmoid cells and the lamina papyracea were
resected extensively. Needless to say, such an extensive uniform
procedure is not common in the pediatric population. Third, all
procedures were performed by the same surgeon, and last of all,
the cephalometric imaging provides the major advantage of better
enabling evaluation of facial measurements.

The study had limitations, and the results should be interpreted
with caution. The sample size was small, cephalometric measure-
ments are prone to errors (due to the technique and measurement
process), and lastly, the children were of different ages at surgery,
and as a consequence different ages at the time of cephalometry
and evaluation of measurements.

5. Conclusions

In the present study sample, no significant differences were
found in craniofacial growth between the sides of the face in
children. These children went through ESS for the same medical
indication on one side of the face, and this side was compared to
the other non-operable side, with measurements using anterior-
posterior cephalometry.
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CLINICAL PRACTICE GUIDELINE

Clinical Practice Guideline for the Diagnosis and
Management of Acute Bacterial Sinusitis in Children
Aged 1 to 18 Years

abstract
OBJECTIVE: To update the American Academy of Pediatrics clinical
practice guideline regarding the diagnosis and management of acute
bacterial sinusitis in children and adolescents.

METHODS: Analysis of the medical literature published since the last
version of the guideline (2001).

RESULTS: The diagnosis of acute bacterial sinusitis is made when a child
with an acute upper respiratory tract infection (URI) presents with (1)
persistent illness (nasal discharge [of any quality] or daytime cough or
both lasting more than 10 days without improvement), (2) a worsening
course (worsening or new onset of nasal discharge, daytime cough, or
fever after initial improvement), or (3) severe onset (concurrent fever
[temperature ≥39°C/102.2°F] and purulent nasal discharge for at least
3 consecutive days). Clinicians should not obtain imaging studies of any
kind to distinguish acute bacterial sinusitis from viral URI, because they
do not contribute to the diagnosis; however, a contrast-enhanced
computed tomography scan of the paranasal sinuses should be
obtained whenever a child is suspected of having orbital or central
nervous system complications. The clinician should prescribe antibiotic
therapy for acute bacterial sinusitis in children with severe onset or
worsening course. The clinician should either prescribe antibiotic
therapy or offer additional observation for 3 days to children with
persistent illness. Amoxicillin with or without clavulanate is the first-
line treatment of acute bacterial sinusitis. Clinicians should reassess
initial management if there is either a caregiver report of worsening
(progression of initial signs/symptoms or appearance of new signs/
symptoms) or failure to improve within 72 hours of initial management.
If the diagnosis of acute bacterial sinusitis is confirmed in a child with
worsening symptoms or failure to improve, then clinicians may change
the antibiotic therapy for the child initially managed with antibiotic or
initiate antibiotic treatment of the child initially managed with
observation.

CONCLUSIONS: Changes in this revision include the addition of a clin-
ical presentation designated as “worsening course,” an option to treat
immediately or observe children with persistent symptoms for 3 days
before treating, and a review of evidence indicating that imaging is
not necessary in children with uncomplicated acute bacterial sinus-
itis. Pediatrics 2013;132:e262–e280
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AAP—American Academy of Pediatrics
AOM—acute otitis media
CT—computed tomography
PCV-13—13-valent pneumococcal conjugate vaccine
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RCT—randomized controlled trial
URI—upper respiratory tract infection
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INTRODUCTION

Acute bacterial sinusitis is a common
complication of viral upper respiratory
infection (URI) or allergic inflammation.
Using stringent criteria to define acute
sinusitis, it has been observed that be-
tween 6% and 7% of children seeking
care for respiratory symptoms has an
illness consistent with this definition.1–4

This clinical practice guideline is a re-
vision of the clinical practice guideline
published by the American Academy of
Pediatrics (AAP) in 2001.5 It has been
developed by a subcommittee of the
Steering Committee on Quality Improve-
ment and Management that included
physicians with expertise in the fields of
primary care pediatrics, academic gen-
eral pediatrics, family practice, allergy,
epidemiology and informatics, pediatric
infectious diseases, pediatric otolaryn-
gology, radiology, and pediatric emer-
gency medicine. None of the participants
had financial conflicts of interest, and
only money from the AAP was used to
fund the development of the guideline.
The guideline will be reviewed in 5 years
unless new evidence emerges that
warrants revision sooner.

The guideline is intended for use in
a variety of clinical settings (eg, office,
emergency department, hospital) by

clinicians who treat pediatric patients.
The data on which the recom-
mendations are based are included in
a companion technical report, pub-
lished in the electronic pages.6 The
Partnership for Policy Implementation
has developed a series of definitions
using accepted health information
technology standards to assist in the
implementation of this guideline in
computer systems and quality mea-
surement efforts. This document is
available at: http://www2.aap.org/in-
formatics/PPI.html.

This revision focuses on the diagnosis
and management of acute sinusitis in
children between 1 and 18 years of age.
It does not apply to children with sub-
acute or chronic sinusitis. Similar to the
previous guideline, this document does
not consider neonates and children
younger than 1 year or children with
anatomic abnormalities of the sinuses,
immunodeficiencies, cystic fibrosis, or
primary ciliary dyskinesia. The most
significant areas of change from the
2001 guideline are in the addition of
a clinical presentation designated as
“worsening course,” inclusion of new
data on the effectiveness of antibiotics
in children with acute sinusitis,4 and
a review of evidence indicating that

imaging is not necessary to identify
those children who will benefit from
antimicrobial therapy.

METHODS

The Subcommittee on Management of
Sinusitis met in June 2009 to identify
research questions relevant to guide-
line revision. The primary goal was to
update the 2001 report by identifying
and reviewing additional studies of
pediatric acute sinusitis that have
been performed over the past decade.

Searches of PubMed were performed
by using the same search term as in
the 2001 report. All searches were
limited to English-language and human
studies. Three separate searches were
performed to maximize retrieval of the
most recent and highest-quality evi-
dence for pediatric sinusitis. The first
limited results to all randomized
controlled trials (RCTs) from 1966 to
2009, the second to all meta-analyses
from 1966 to 2009, and the third to
all pediatric studies (limited to ages
<18 years) published since the last
technical report (1999–2009). Addi-
tionally, the Web of Science was que-
ried to identify studies that cited the
original AAP guidelines. This literature
search was replicated in July 2010

FIGURE 1
Levels of recommendations. Rec, recommendation.
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and November 2012 to capture re-
cently published studies. The com-
plete results of the literature review
are published separately in the tech-
nical report.6 In summary, 17 ran-
domized studies of sinusitis in
children were identified and reviewed.
Only 3 trials met inclusion criteria.
Because of significant heterogeneity
among these studies, formal meta-
analyses were not pursued.

The results from the literature review
were used to guide development of the
key action statements included in this
document. These action statements
were generated by using BRIDGE-Wiz
(Building Recommendations in a Devel-
opers Guideline Editor, Yale School of
Medicine, New Haven, CT), an interactive
software tool that leads guideline de-
velopment through a series of ques-
tions that are intended to create a more
actionable set of key action statements.7

BRIDGE-Wiz also incorporates the quality
of available evidence into the final de-
termination of the strength of each
recommendation.

The AAP policy statement “Classifying
Recommendations for Clinical Practice
Guidelines” was followed in designating

levels of recommendations (Fig 1).8

Definitions of evidence-based state-
ments are provided in Table 1. This
guideline was reviewed by multiple
groups in the AAP and 2 external
organizations. Comments were com-
piled and reviewed by the subcom-
mittee, and relevant changes were
incorporated into the guideline.

KEY ACTION STATEMENTS

Key Action Statement 1

Clinicians should make a pre-
sumptive diagnosis of acute bacterial
sinusitis when a child with an acute
URI presents with the following:

� Persistent illness, ie, nasal dis-
charge (of any quality) or daytime
cough or both lasting more than
10 days without improvement;

OR

� Worsening course, ie, worsen-
ing or new onset of nasal dis-
charge, daytime cough, or
fever after initial improvement;

OR

� Severe onset, ie, concurrent fe-
ver (temperature ≥39°C/102.2°F)
and purulent nasal discharge for
at least 3 consecutive days (Evi-
dence Quality: B; Recommenda-
tion).

KAS Profile 1

Aggregate evidence quality: B

Benefit Diagnosis allows decisions regarding management to be made. Children
likely to benefit from antimicrobial therapy will be identified.

Harm Inappropriate diagnosis may lead to unnecessary treatment. A missed
diagnosis may lead to persistent infection or complications

Cost Inappropriate diagnosis may lead to unnecessary cost of antibiotics. A
missed diagnosis leads to cost of persistent illness (loss of time from
school and work) or cost of caring for complications.

Benefits-harm assessment Preponderance of benefit.
Value judgments None.
Role of patient preference Limited.
Intentional vagueness None.
Exclusions Children aged <1 year or older than 18 years and with underlying

conditions.
Strength Recommendation.

TABLE 1 Guideline Definitions for Evidence-Based Statements

Statement Definition Implication

Strong recommendation A strong recommendation in favor of a particular action is made
when the anticipated benefits of the recommended
intervention clearly exceed the harms (as a strong
recommendation against an action is made when the
anticipated harms clearly exceed the benefits) and the quality
of the supporting evidence is excellent. In some clearly
identified circumstances, strong recommendations may be
made when high-quality evidence is impossible to obtain and
the anticipated benefits strongly outweigh the harms.

Clinicians should follow a strong recommendation unless
a clear and compelling rationale for an alternative approach
is present.

Recommendation A recommendation in favor of a particular action is made when
the anticipated benefits exceed the harms but the quality of
evidence is not as strong. Again, in some clearly identified
circumstances, recommendations may be made when high-
quality evidence is impossible to obtain but the anticipated
benefits outweigh the harms.

Clinicians would be prudent to follow a recommendation, but
should remain alert to new information and sensitive to
patient preferences.

Option Options define courses that may be taken when either the quality
of evidence is suspect or carefully performed studies have
shown little clear advantage to one approach over another.

Clinicians should consider the option in their decision-making,
and patient preference may have a substantial role.

No recommendation No recommendation indicates that there is a lack of pertinent
published evidence and that the anticipated balance of
benefits and harms is presently unclear.

Clinicians should be alert to new published evidence that
clarifies the balance of benefit versus harm.
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The purpose of this action statement is
to guide the practitioner in making
a diagnosis of acute bacterial sinusitis
on the basis of stringent clinical cri-
teria. To develop criteria to be used in
distinguishing episodes of acute bac-
terial sinusitis from other common
respiratory infections, it is helpful to
describe the features of an un-
complicated viral URI. Viral URIs are
usually characterized by nasal symp-
toms (discharge and congestion/
obstruction) or cough or both. Most
often, the nasal discharge begins as
clear and watery. Often, however, the
quality of nasal discharge changes
during the course of the illness. Typi-
cally, the nasal discharge becomes
thicker and more mucoid and may
become purulent (thick, colored, and
opaque) for several days. Then the
situation reverses, with the purulent
discharge becoming mucoid and then
clear again or simply resolving. The
transition from clear to purulent to
clear again occurs in uncomplicated
viral URIs without the use of antimi-
crobial therapy.

Fever, when present in uncomplicated
viral URI, tends to occur early in the
illness, often in concert with other
constitutional symptoms such as
headache and myalgias. Typically, the
fever and constitutional symptoms
disappear in the first 24 to 48 hours,
and the respiratory symptoms become
more prominent (Fig 2).

The course of most uncomplicated viral
URIs is 5 to 7 days.9–12 As shown in Fig 2,
respiratory symptoms usually peak in
severity by days 3 to 6 and then begin
to improve; however, resolving symp-
toms and signs may persist in some
patients after day 10.9,10

Symptoms of acute bacterial sinusitis
and uncomplicated viral URI overlap
considerably, and therefore it is their
persistence without improvement
that suggests a diagnosis of acute
sinusitis.9,10,13 Such symptoms include

nasal discharge (of any quality: thick
or thin, serous, mucoid, or purulent)
or daytime cough (which may be
worse at night) or both. Bad breath,
fatigue, headache, and decreased ap-
petite, although common, are not
specific indicators of acute sinusitis.14

Physical examination findings are also
not particularly helpful in distinguish-
ing sinusitis from uncomplicated URIs.
Erythema and swelling of the nasal
turbinates are nonspecific findings.14

Percussion of the sinuses is not useful.
Transillumination of the sinuses is diffi-
cult to perform correctly in children and
has been shown to be unreliable.15,16

Nasopharyngeal cultures do not reliably
predict the etiology of acute bacterial
sinusitis.14,16

Only a minority (∼6%–7%) of children
presenting with symptoms of URI will
meet criteria for persistence.3,4,11 As
a result, before diagnosing acute
bacterial sinusitis, it is important for
the practitioner to attempt to (1) dif-
ferentiate between sequential epi-
sodes of uncomplicated viral URI
(which may seem to coalesce in the
mind of the patient or parent) from
the onset of acute bacterial sinusitis
with persistent symptoms and (2)
establish whether the symptoms are
clearly not improving.

A worsening course of signs and
symptoms, termed “double sickening,”
in the context of a viral URI is another
presentation of acute bacterial sinus-
itis.13,17 Affected children experience
substantial and acute worsening of

respiratory symptoms (nasal dis-
charge or nasal congestion or day-
time cough) or a new fever, often on
the sixth or seventh day of illness,
after initial signs of recovery from an
uncomplicated viral URI. Support for
this definition comes from studies in
children and adults, for whom antibi-
otic treatment of worsening symp-
toms after a period of apparent
improvement was associated with
better outcomes.4

Finally, some children with acute
bacterial sinusitis may present with
severe onset, ie, concurrent high fever
(temperature >39°C) and purulent
nasal discharge. These children usu-
ally are ill appearing and need to be
distinguished from children with un-
complicated viral infections that are
unusually severe. If fever is present in
uncomplicated viral URIs, it tends to
be present early in the illness, usually
accompanied by other constitutional
symptoms, such as headache and
myalgia.9,13,18 Generally, the constitu-
tional symptoms resolve in the first
48 hours and then the respiratory
symptoms become prominent. In most
uncomplicated viral infections, in-
cluding influenza, purulent nasal dis-
charge does not appear for several
days. Accordingly, it is the concurrent
presentation of high fever and puru-
lent nasal discharge for the first 3 to
4 days of an acute URI that helps to
define the severe onset of acute bac-
terial sinusitis.13,16,18 This presentation
in children is the corollary to acute
onset of headache, fever, and facial
pain in adults with acute sinusitis.

Allergic and nonallergic rhinitis are
predisposing causes of some cases of
acute bacterial sinusitis in childhood.
In addition, at their onset, these con-
ditions may be mistaken for acute
bacterial sinusitis. A family history of
atopic conditions, seasonal occur-
rences, or occurrences with exposure
to common allergens and other

FIGURE 2
Uncomplicated viral URI.
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allergic diatheses in the index patient
(eczema, atopic dermatitis, asthma)
may suggest the presence of non-
infectious rhinitis. The patient may
have complaints of pruritic eyes and
nasal mucosa, which will provide
a clue to the likely etiology of the
condition. On physical examination,
there may be a prominent nasal
crease, allergic shiners, cobblestoning
of the conjunctiva or pharyngeal wall,
or pale nasal mucosa as other indi-
cators of the diagnosis.

Key Action Statement 2A

Clinicians should not obtain imag-
ing studies (plain films, contrast-
enhanced computed tomography
[CT], MRI, or ultrasonography) to
distinguish acute bacterial sinusi-
tis from viral URI (Evidence Quality:
B; Strong Recommendation).

The purpose of this key action state-
ment is to discourage the practitioner
from obtaining imaging studies in
children with uncomplicated acute
bacterial sinusitis. As emphasized in
Key Action Statement 1, acute bacterial
sinusitis in children is a diagnosis that
is made on the basis of stringent
clinical criteria that describe signs,
symptoms, and temporal patterns of
a URI. Although historically imaging
has been used as a confirmatory
or diagnostic modality in children

suspected to have acute bacterial si-
nusitis, it is no longer recommended.

The membranes that line the nose are
continuous with the membranes
(mucosa) that line the sinus cavities,
the middle ear, the nasopharynx, and
the oropharynx. When an individual
experiences a viral URI, there is in-
flammation of the nasal mucosa and,
often, the mucosa of the middle ear
and paranasal sinuses as well. The
continuity of the mucosa of the upper
respiratory tract is responsible for the
controversy regarding the usefulness
of images of the paranasal sinuses in
contributing to a diagnosis of acute
bacterial sinusitis.

As early as the 1940s, observations
were made regarding the frequency of
abnormal sinus radiographs in healthy
children without signs or symptoms of

current respiratory disease.19 In ad-
dition, several investigators in the
1970s and 1980s observed that children
with uncomplicated viral URI had fre-
quent abnormalities of the paranasal
sinuses on plain radiographs.20–22 These
abnormalities were the same as those
considered to be diagnostic of acute
bacterial sinusitis (diffuse opacification,
mucosal swelling of at least 4 mm, or
an air-fluid level).16

As technology advanced and CT scan-
ning of the central nervous system and

skull became prevalent, several stud-
ies reported on incidental abnormali-
ties of the paranasal sinuses that were
observed in children.23,24 Gwaltney
et al25 showed striking abnormalities
(including air-fluid levels) in sinus
CT scans of young adults with un-
complicated colds. Manning et al26

evaluated children undergoing either
CT or MRI of the head for indications
other than respiratory complaints or
suspected sinusitis. Each patient un-
derwent rhinoscopy and otoscopy be-
fore imaging and each patient’s
parent was asked to fill out a ques-
tionnaire regarding recent symptoms
of URI. Sixty-two percent of patients
overall had physical findings or his-
tory consistent with an upper re-
spiratory inflammatory process, and
55% of the total group showed some
abnormalities on sinus imaging; 33%
showed pronounced mucosal thick-
ening or an air-fluid level. Gordts
et al27 made similar observations in
children undergoing MRI. Finally,
Kristo et al28 performed MRI in chil-
dren with URIs and confirmed the high
frequency (68%) of major abnormali-
ties seen in the paranasal sinuses.

In summary, when the paranasal
sinuses are imaged, either with plain
radiographs, contrast-enhanced CT, or
MRI in children with uncomplicated
URI, the majority of studies will be
significantly abnormal with the same
kind of findings that are associated
with bacterial infection of the sinuses.
Accordingly, although normal radio-
graphs or CT or MRI results can ensure
that a patient with respiratory symp-
toms does not have acute bacterial
sinusitis, an abnormal image cannot
confirm the diagnosis. Therefore, it is
not necessary to perform imaging in
children with uncomplicated episodes
of clinical sinusitis. Similarly, the high
likelihood of an abnormal imaging
result in a child with an uncomplicated
URI indicates that radiographic studies

KAS Profile 2A

Aggregate evidence quality: B; overwhelmingly consistent evidence from observational studies.

Benefit Avoids exposure to radiation and costs of studies. Avoids
unnecessary therapy for false-positive diagnoses.

Harm None.
Cost Avoids cost of imaging.
Benefits-harm assessment Exclusive benefit.
Value judgments Concern for unnecessary radiation and costs.
Role of patient preference Limited. Parents may value a negative study and avoidance of

antibiotics as worthy of radiation but panel disagrees.
Intentional vagueness None.
Exclusions Patients with complications of sinusitis.
Strength Strong recommendation.
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not be performed in an attempt to
eliminate the diagnosis of sinusitis.

Key Action Statement 2B

Clinicians should obtain a contrast-
enhanced CT scan of the paranasal
sinuses and/or an MRI with con-
trast whenever a child is suspected
of having orbital or central nervous
system complications of acute bac-
terial sinusitis (Evidence Quality: B;
Strong Recommendation).

The purpose of this key action state-
ment is to have the clinician obtain
contrast-enhanced CT images when
children are suspected of having se-
rious complications of acute bacterial
sinusitis. The most common complica-
tion of acute sinusitis involves the orbit
in children with ethmoid sinusitis
who are younger than 5 years.29–31

Orbital complications should be sus-
pected when the child presents with
a swollen eye, especially if accompa-
nied by proptosis or impaired function
of the extraocular muscles. Orbital
complications of acute sinusitis have
been divided into 5 categories: sym-
pathetic effusion, subperiosteal ab-
scess, orbital cellulitis, orbital abscess,
and cavernous sinus thrombosis.32 Al-
though sympathetic effusion (inflam-
matory edema) is categorized as an

orbital complication, the site of in-
fection remains confined to the sinus
cavities; eye swelling is attributable
to the impedance of venous drain-
age secondary to congestion within
the ethmoid sinuses. Alternative
terms for sympathetic effusion (in-
flammatory edema) are preseptal or
periorbital cellulitis. The remaining
“true” orbital complications are best
visualized by contrast-enhanced CT
scanning.

Intracranial complications of acute si-
nusitis, which are substantially less
common than orbital complications, are
more serious, with higher morbidity
and mortality than those involving the
orbit. Intracranial complications should
be suspected in the patient who pres-
ents with a very severe headache,
photophobia, seizures, or other focal
neurologic findings. Intracranial com-
plications include subdural empyema,
epidural empyema, venous thrombosis,
brain abscess, and meningitis.29 Typi-
cally, patients with intracranial compli-
cations of acute bacterial sinusitis are
previously healthy adolescent males
with frontal sinusitis.33,34

There have been no head-to-head
comparisons of the diagnostic accu-
racy of contrast-enhanced CT scanning
to MRI with contrast in the evaluation

of orbital and intracranial complica-
tions of sinusitis in children. In gen-
eral, the contrast-enhanced CT scan
has been the preferred imaging study
when complications of sinusitis are
suspected.35,36 However, there are
documented cases in which a contrast-
enhanced CT scan has not revealed
the abnormality responsible for the
clinical presentation and the MRI with
contrast has, especially for intra-
cranial complications and rarely for
orbital complications.37,38 Accordingly,
the most recent appropriateness cri-
teria from the American College of
Radiology endorse both MRI with
contrast and contrast-enhanced CT as
complementary examinations when
evaluating potential complications of
sinusitis.35 The availability and speed of
obtaining the contrast-enhanced CT are
desirable; however, there is increasing
concern regarding exposure to radia-
tion. The MRI, although very sensitive,
takes longer than the contrast-
enhanced CT and often requires seda-
tion in young children (which carries
its own risks). In older children and
adolescents who may not require se-
dation, MRI with contrast, if available,
may be preferred when intracranial
complications are likely. Furthermore,
MRI with contrast should be performed
when there is persistent clinical con-
cern or incomplete information has
been provided by the contrast-
enhanced CT scan.

Key Action Statement 3

Initial Management of Acute Bacterial
Sinusitis

3A: “Severe onset and worsening
course” acute bacterial sinusitis.
The clinician should prescribe an-
tibiotic therapy for acute bacterial
sinusitis in children with severe
onset or worsening course (signs,
symptoms, or both) (Evidence
Quality: B; Strong Recommenda-
tion).

KAS Profile 2B

Aggregate evidence quality: B; overwhelmingly consistent evidence from observational studies.

Benefit Determine presence of abscesses, which may require surgical
intervention; avoid sequelae because of appropriate aggressive
management.

Harm Exposure to ionizing radiation for CT scans; need for sedation for
MRI.

Cost Direct cost of studies.
Benefits-harm assessment Preponderance of benefit.
Value judgments Concern for significant complication that may be unrecognized

and, therefore, not treated appropriately.
Role of patient preference Limited.
Intentional vagueness None.
Exclusions None.
Strength Strong recommendation.
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3B: “Persistent illness.” The clini-
cian should either prescribe anti-
biotic therapy OR offer additional
outpatient observation for 3 days
to children with persistent illness
(nasal discharge of any quality or
cough or both for at least 10 days
without evidence of improvement)
(Evidence Quality: B; Recommenda-
tion).

The purpose of this section is to offer
guidance on initial management of
persistent illness sinusitis by helping
clinicians choose between the follow-
ing 2 strategies:

1. Antibiotic therapy, defined as initial
treatment of acute bacterial sinusitis
with antibiotics, with the intent of
starting antibiotic therapy as soon
as possible after the encounter.

2. Additional outpatient observation, de-
fined as initial management of acute
bacterial sinusitis limited to contin-
ued observation for 3 days, with com-
mencement of antibiotic therapy if
either the child does not improve
clinically within several days of diag-
nosis or if there is clinical worsening
of the child’s condition at any time.

In contrast to the 2001 AAP guideline,5

which recommended antibiotic therapy
for all children diagnosed with acute
bacterial sinusitis, this guideline allows
for additional observation of children
presenting with persistent illness (na-
sal discharge of any quality or daytime
cough or both for at least 10 days
without evidence of improvement). In
both guidelines, however, children pre-
senting with severe or worsening ill-
ness (which was not defined explicitly
in the 2001 guideline5) are to receive
antibiotic therapy. The rationale for this
approach (Table 2) is discussed below.

Antibiotic Therapy for Acute Bacterial
Sinusitis

In the United States, antibiotics are
prescribed for 82% of children with
acute sinusitis.39 The rationale for
antibiotic therapy of acute bacterial
sinusitis is based on the recovery of
bacteria in high density (≥104 colony-
forming units/mL) in 70% of maxillary
sinus aspirates obtained from chil-
dren with a clinical syndrome char-
acterized by persistent nasal discharge,
daytime cough, or both.16,40 Children
who present with severe-onset acute
bacterial sinusitis are presumed to
have bacterial infection, because a
temperature of at least 39°C/102.2°F
coexisting for at least 3 consecutive
days with purulent nasal discharge is
not consistent with the well-documented
pattern of acute viral URI. Similarly,
children with worsening-course acute
bacterial sinusitis have a clinical course
that is also not consistent with the
steady improvement that character-
izes an uncomplicated viral URI.9,10

KAS Profile 3A

Aggregate evidence quality: B; randomized controlled trials with limitations.

Benefit Increase clinical cures, shorten illness duration, and may
prevent suppurative complications in a high-risk patient
population.

Harm Adverse effects of antibiotics.
Cost Direct cost of therapy.
Benefits-harm assessment Preponderance of benefit.
Value judgments Concern for morbidity and possible complications

if untreated.
Role of patient preference Limited.
Intentional vagueness None.
Exclusions None.
Strength Strong recommendation.

KAS Profile 3B

Aggregate evidence quality: B; randomized controlled trials with limitations.

Benefit Antibiotics increase the chance of improvement or cure at 10 to
14 days (number needed to treat, 3–5); additional
observation may avoid the use of antibiotics with attendant
cost and adverse effects.

Harm Antibiotics have adverse effects (number needed to harm, 3)
and may increase bacterial resistance. Observation may
prolong illness and delay start of needed antibiotic therapy.

Cost Direct cost of antibiotics as well as cost of adverse
reactions; indirect costs of delayed recovery when
observation is used.

Benefits-harm assessment Preponderance of benefit (because both antibiotic therapy and
additional observation with rescue antibiotic, if needed, are
appropriate management).

Value judgments Role for additional brief observation period for selected children
with persistent illness sinusitis, similar to what is
recommended for acute otitis media, despite the lack of
randomized trials specifically comparing additional
observation with immediate antibiotic therapy and longer
duration of illness before presentation.

Role of patient preference Substantial role in shared decision-making that should
incorporate illness severity, child’s quality of life, and
caregiver values and concerns.

Intentional vagueness None.
Exclusions Children who are excluded from randomized clinical trials of

acute bacterial sinusitis, as defined in the text.
Strength Recommendation.
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Three RCTs have compared antibiotic
therapy with placebo for the initial
management of acute bacterial sinusitis
in children. Two trials by Wald et al4,41

found an increase in cure or improve-
ment after antibiotic therapy compared
with placebo with a number needed to
treat of 3 to 5 children. Most children in
these studies had persistent acute
bacterial sinusitis, but children with
severe or worsening illness were also
included. Conversely, Garbutt et al,42

who studied only children with persis-
tent acute bacterial sinusitis, found no
difference in outcomes for antibiotic
versus placebo. Another RCT by Kristo
et al,43 often cited as showing no benefit
from antibiotics for acute bacterial si-
nusitis, will not be considered further
because of methodologic flaws, in-
cluding weak entry criteria and in-
adequate dosing of antibiotic treatment.

The guideline recommends antibiotic
therapy for severe or worsening acute
bacterial sinusitis because of the ben-
efits revealed in RCTs4,41 and a theo-
retically higher risk of suppurative
complications than for children who
present with persistent symptoms. Or-
bital and intracranial complications of
acute bacterial sinusitis have not been
observed in RCTs, even when placebo
was administered; however, sample
sizes have inadequate power to pre-
clude an increased risk. This risk,
however, has caused some investigators
to exclude children with severe acute
bacterial sinusitis from trial entry.42

Additional Observation for Persistent
Onset Acute Bacterial Sinusitis

The guideline recommends either anti-
biotic therapy or an additional brief
period of observation as initial man-
agement strategies for children with
persistent acute bacterial sinusitis be-
cause, although there are benefits to
antibiotic therapy (number needed to
treat, 3–5), some children improve on
their own, and the risk of suppurative

complications is low.4,41 Symptoms of
persistent acute bacterial sinusitis may
be mild and have varying effects on
a given child’s quality of life, ranging
from slight (mild cough, nasal dis-
charge) to significant (sleep disturbance,
behavioral changes, school or child care
absenteeism). The benefits of antibiotic
therapy in some trials4,41 must also be
balanced against an increased risk of
adverse events (number need to harm,
3), most often self-limited diarrhea, but
also including occasional rash.4

Choosing between antibiotic therapy or
additional observation for initial man-
agement of persistent illness sinusitis
presents an opportunity for shared
decision-making with families (Table 2).
Factors that might influence this de-
cision include symptom severity, the
child’s quality of life, recent antibiotic
use, previous experience or outcomes
with acute bacterial sinusitis, cost of
antibiotics, ease of administration, care-
giver concerns about potential adverse
effects of antibiotics, persistence of re-
spiratory symptoms, or development of
complications. Values and preferences
expressed by the caregiver should be
taken into consideration (Table 3).

Children with persistent acute bacterial
sinusitis who received antibiotic therapy
in the previous 4 weeks, those with
concurrent bacterial infection (eg,
pneumonia, suppurative cervical adeni-
tis, group A streptococcal pharyngitis, or
acute otitis media), those with actual or

suspected complications of acute bac-
terial sinusitis, or those with underlying
conditions should generally be managed
with antibiotic therapy. The latter group
includes children with asthma, cystic
fibrosis, immunodeficiency, previous si-
nus surgery, or anatomic abnormalities
of the upper respiratory tract.

Limiting antibiotic use in children with
persistent acute bacterial sinusitis who
may improve on their own reduces
common antibiotic-related adverse
events, such as diarrhea, diaper der-
matitis, and skin rash. The most recent
RCT of acute bacterial sinusitis in
children4 found adverse events of 44%
with antibiotic and 14% with placebo.

Limiting antibiotics may also reduce
the prevalence of resistant bacterial
pathogens. Although this is always
a desirable goal, no increase in re-
sistant bacterial species was observed
within the group of children treated
with a single course of antimicrobial
agents (compared with those receiving
placebo) in 2 recent large studies of
antibiotic versus placebo for children
with acute otitis media.44,45

Key Action Statement 4

Clinicians should prescribe amoxi-
cillin with or without clavulanate
as first-line treatment when a de-
cision has been made to initiate
antibiotic treatment of acute bac-
terial sinusitis (Evidence Quality: B;
Recommendation).

KAS Profile 4

Aggregate evidence quality: B; randomized controlled trials with limitations.

Benefit Increase clinical cures with narrowest spectrum drug; stepwise increase in
broadening spectrum as risk factors for resistance increase.

Harm Adverse effects of antibiotics including development of hypersensitivity.
Cost Direct cost of antibiotic therapy.
Benefits-harm assessment Preponderance of benefit.
Value judgments Concerns for not encouraging resistance if possible.
Role of patient preference Potential for shared decision-making that should incorporate the caregiver’s

experiences and values.
Intentional vagueness None.
Exclusions May include allergy or intolerance.
Strength Recommendation.
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The purpose of this key action state-
ment is to guide the selection of an-
timicrobial therapy once the diagnosis
of acute bacterial sinusitis has been
made. The microbiology of acute
bacterial sinusitis was determined
nearly 30 years ago through direct
maxillary sinus aspiration in children
with compatible signs and symptoms.
The major bacterial pathogens re-
covered at that time were Strepto-
coccus pneumoniae in approximately
30% of children and nontypeable
Haemophilus influenzae and Morax-
ella catarrhalis in approximately 20%
each.16,40 Aspirates from the remain-
ing 25% to 30% of children were
sterile.

Maxillary sinus aspiration is rarely
performed at the present time unless
the course of the infection is unusually
prolonged or severe. Although some
authorities have recommended obtain-
ing cultures from the middle meatus to
determine the cause of a maxillary si-
nus infection, there are no data in
children with acute bacterial sinusitis
that have compared such cultures with
cultures of a maxillary sinus aspirate.
Furthermore, there are data indi-
cating that the middle meatus in
healthy children is commonly colonized

with S pneumoniae, H influenzae, and
M catarrhalis.46

Recent estimates of the microbiology
of acute sinusitis have, of necessity,
been based primarily on that of acute
otitis media (AOM), a condition with
relatively easy access to infective flu-
id through performance of tympano-
centesis and one with a similar
pathogenesis to acute bacterial si-
nusitis.47,48 The 3 most common bac-
terial pathogens recovered from the
middle ear fluid of children with AOM
are the same as those that have been
associated with acute bacterial si-
nusitis: S pneumoniae, nontypeable H
influenzae, and M catarrhalis.49 The
proportion of each has varied from
study to study depending on criteria
used for diagnosis of AOM, patient
characteristics, and bacteriologic
techniques. Recommendations since
the year 2000 for the routine use in
infants of 7-valent and, more recently,
13-valent pneumococcal conjugate
vaccine (PCV-13) have been associated
with a decrease in recovery of S
pneumoniae from ear fluid of children
with AOM and a relative increase in
the incidence of infections attribut-
able to H influenzae.50 Thus, on the
basis of the proportions of bacteria

found in middle ear infections, it is es-
timated that S pneumoniae and H
influenzae are currently each respon-
sible for approximately 30% of cases of
acute bacterial sinusitis in children, and
M catarrhalis is responsible for ap-
proximately 10%. These percentages
are contingent on the assumption that
approximately one-quarter of aspirates
of maxillary sinusitis would still be
sterile, as reported in earlier studies.
Staphylococcus aureus is rarely iso-
lated from sinus aspirates in children
with acute bacterial sinusitis, and with
the exception of acute maxillary sinusi-
tis associated with infections of dental
origin,51 respiratory anaerobes are also
rarely recovered.40,52 Although S aureus
is a very infrequent cause of acute
bacterial sinusitis in children, it is
a significant pathogen in the orbital and
intracranial complications of sinusitis.
The reasons for this discrepancy are
unknown.

Antimicrobial susceptibility patterns
for S pneumoniae vary considerably
from community to community. Iso-
lates obtained from surveillance cen-
ters nationwide indicate that, at the
present time, 10% to 15% of upper
respiratory tract isolates of S pneu-
moniae are nonsusceptible to penicil-
lin53,54; however, values for penicillin
nonsusceptibility as high as 50% to
60% have been reported in some
areas.55,56 Of the organisms that are
resistant, approximately half are highly
resistant to penicillin and the remain-
ing half are intermediate in resis-
tance. 53,54,56–59 Between 10% and 42%
of H influenzae56–59 and close to 100%
of M catarrhalis are likely to be
β-lactamase positive and nonsus-
ceptible to amoxicillin. Because of
dramatic geographic variability in the
prevalence of β-lactamase–positive H
influenzae, it is extremely desirable for
the practitioner to be familiar with lo-
cal patterns of susceptibility. Risk fac-
tors for the presence of organisms

TABLE 2 Recommendations for Initial Use of Antibiotics for Acute Bacterial Sinusitis

Clinical Presentation Severe Acute
Bacterial Sinusitisa

Worsening Acute
Bacterial Sinusitisb

Persistent Acute
Bacterial Sinusitisc

Uncomplicated acute bacterial
sinusitis without coexisting
illness

Antibiotic therapy Antibiotic therapy Antibiotic therapy or
additional observation
for 3 daysd

Acute bacterial sinusitis with
orbital or intracranial
complications

Antibiotic therapy Antibiotic therapy Antibiotic therapy

Acute bacterial sinusitis with
coexisting acute otitis media,
pneumonia, adenitis, or
streptococcal pharyngitis

Antibiotic therapy Antibiotic therapy Antibiotic therapy

a Defined as temperature ≥39°C and purulent (thick, colored, and opaque) nasal discharge present concurrently for at
least 3 consecutive days.
b Defined as nasal discharge or daytime cough with sudden worsening of symptoms (manifested by new-onset fever ≥38°
C/100.4°F or substantial increase in nasal discharge or cough) after having experienced transient improvement of
symptoms.
c Defined as nasal discharge (of any quality), daytime cough (which may be worse at night), or both, persisting for >10
days without improvement.
d Opportunity for shared decision-making with the child’s family; if observation is offered, a mechanism must be in place
to ensure follow-up and begin antibiotics if the child worsens at any time or fails to improve within 3 days of observation.
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likely to be resistant to amoxicillin in-
clude attendance at child care, receipt
of antimicrobial treatment within the
previous 30 days, and age younger
than 2 years.50,55,60

Amoxicillin remains the antimicrobial
agent of choice for first-line treatment
of uncomplicated acute bacterial si-
nusitis in situations in which antimi-
crobial resistance is not suspected.
This recommendation is based on
amoxicillin’s effectiveness, safety, ac-
ceptable taste, low cost, and relatively
narrow microbiologic spectrum. For
children aged 2 years or older with
uncomplicated acute bacterial sinusi-
tis that is mild to moderate in degree
of severity who do not attend child
care and who have not been treated
with an antimicrobial agent within the
last 4 weeks, amoxicillin is recom-
mended at a standard dose of 45 mg/kg
per day in 2 divided doses. In com-
munities with a high prevalence of
nonsusceptible S pneumoniae (>10%,
including intermediate- and high-level
resistance), treatment may be initi-
ated at 80 to 90 mg/kg per day in 2
divided doses, with a maximum of 2 g
per dose.55 This high-dose amoxicillin
therapy is likely to achieve sinus fluid
concentrations that are adequate
to overcome the resistance of S
pneumoniae, which is attributable to
alteration in penicillin-binding pro-
teins on the basis of data derived
from patients with AOM.61 If, within the
next several years after licensure of
PCV-13, a continuing decrease in iso-
lates of S pneumoniae (including a
decrease in isolates of nonsusceptible
S pneumoniae) and an increase in
β-lactamase–producing H influenzae
are observed, standard-dose amoxicillin-
clavulanate (45 mg/kg per day) may be
most appropriate.

Patients presenting with moderate to
severe illness as well as those younger
than 2 years, attending child care, or
who have recently been treated with

an antimicrobial may receive high-
dose amoxicillin-clavulanate (80–90
mg/kg per day of the amoxicillin
component with 6.4 mg/kg per day
of clavulanate in 2 divided doses
with a maximum of 2 g per dose).
The potassium clavulanate levels are
adequate to inhibit all β-lactamase–
producing H influenzae and M catar-
rhalis.56,59

A single 50-mg/kg dose of ceftriaxone,
given either intravenously or intra-
muscularly, can be used for children
who are vomiting, unable to tolerate oral
medication, or unlikely to be adherent to
the initial doses of antibiotic.62–64 The
3 major bacterial pathogens involved in
acute bacterial sinusitis are susceptible
to ceftriaxone in 95% to 100% of
cases.56,58,59 If clinical improvement is
observed at 24 hours, an oral antibiotic
can be substituted to complete the
course of therapy. Children who are still
significantly febrile or symptomatic at
24 hours may require additional par-
enteral doses before switching to oral
therapy.

The treatment of patients with pre-
sumed allergy to penicillin has been
controversial. However, recent pub-
lications indicate that the risk of
a serious allergic reaction to second-
and third-generation cephalosporins
in patients with penicillin or amoxi-
cillin allergy appears to be almost nil
and no greater than the risk among
patients without such allergy.65–67

Thus, patients allergic to amoxicillin
with a non–type 1 (late or delayed,
>72 hours) hypersensitivity reac-
tion can safely be treated with cefdinir,
cefuroxime, or cefpodoxime.66–68

Patients with a history of a serious
type 1 immediate or accelerated
(anaphylactoid) reaction to amoxicillin
can also safely be treated with
cefdinir, cefuroxime, or cefpodoxime.
In both circumstances, clinicians may
wish to determine individual tolerance
by referral to an allergist for penicillin

and/or cephalosporin skin-testing be-
fore initiation of therapy.66–68 The
susceptibility of S pneumoniae to
cefdinir, cefpodoxime, and cefuroxime
varies from 60% to 75%,56–59 and the
susceptibility of H influenzae to these
agents varies from 85% to 100%.56,58

In young children (<2 years) with
a serious type 1 hypersensitivity to
penicillin and moderate or more se-
vere sinusitis, it may be prudent to
use a combination of clindamycin (or
linezolid) and cefixime to achieve the
most comprehensive coverage against
both resistant S pneumoniae and H
influenzae. Linezolid has excellent ac-
tivity against all S pneumoniae, in-
cluding penicillin-resistant strains, but
lacks activity against H influenzae and
M catarrhalis. Alternatively, a quino-
lone, such as levofloxacin, which has
a high level of activity against both S
pneumoniae and H influenzae, may
be prescribed.57,58 Although the use
of quinolones is usually restricted be-
cause of concerns for toxicity, cost,
and emerging resistance, their use
in this circumstance can be justified.

Pneumococcal and H influenzae sur-
veillance studies have indicated that
resistance of these organisms to
trimethoprim-sulfamethoxazole and
azithromycin is sufficient to preclude
their use for treatment of acute bacte-
rial sinusitis in patients with penicillin
hypersensitivity.56,58,59,69

The optimal duration of antimicrobial
therapy for patients with acute bac-
terial sinusitis has not received sys-
tematic study. Recommendations
based on clinical observations have
varied widely, from 10 to 28 days of
treatment. An alternative suggestion
has been made that antibiotic therapy
be continued for 7 days after the pa-
tient becomes free of signs and
symptoms.5 This strategy has the ad-
vantage of individualizing the treat-
ment of each patient, results in a
minimum course of 10 days, and
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avoids prolonged antimicrobial ther-
apy in patients who are asymptomatic
and therefore unlikely to adhere to
the full course of treatment.5

Patients who are acutely ill and appear
toxic when first seen (see below) can
be managed with 1 of 2 options.
Consultation can be requested from an
otolaryngologist for consideration of
maxillary sinus aspiration (with ap-
propriate analgesia/anesthesia) to
obtain a sample of sinus secretions
for Gram stain, culture, and suscep-
tibility testing so that antimicrobial
therapy can be adjusted precisely.
Alternatively, inpatient therapy can be
initiated with intravenous cefotaxime
or ceftriaxone, with referral to an
otolaryngologist if the patient’s con-
dition worsens or fails to show im-
provement within 48 hours. If a
complication is suspected, manage-
ment will differ depending on the site
and severity.

A recent guideline was published by
the Infectious Diseases Society of
America for acute bacterial rhinosi-
nusitis in children and adults.70

Their recommendation for initial em-
pirical antimicrobial therapy for acute
bacterial sinusitis in children was
amoxicillin-clavulanate based on the
concern that there is an increasing
prevalence of H influenzae as a cause
of sinusitis since introduction of the
pneumococcal conjugate vaccines
and an increasing prevalence of
β-lactamase production among these
strains. In contrast, this guideline
from the AAP allows either amoxicillin
or amoxicillin-clavulanate as first-line
empirical therapy and is therefore
inclusive of the Infectious Diseases
Society of America’s recommendation.
Unfortunately, there are scant data
available regarding the precise mi-
crobiology of acute bacterial sinusitis
in the post–PCV-13 era. Prospective
surveillance of nasopharyngeal cul-
tures may be helpful in completely

aligning these recommendations in
the future.

Key Action Statement 5A

Clinicians should reassess initial
management if there is either
a caregiver report of worsening
(progression of initial signs/
symptoms or appearance of new
signs/symptoms) OR failure to
improve (lack of reduction in
all presenting signs/symptoms)
within 72 hours of initial manage-
ment (Evidence Quality: C; Recom-
mendation).

The purpose of this key action state-
ment is to ensure that patients with
acute bacterial sinusitis who fail to
improve symptomatically after initial
management are reassessed to be
certain that they have been correctly
diagnosed and to consider initiation of
alternate therapy to hasten resolution
of symptoms and avoid complications.
“Worsening” is defined as progression
of presenting signs or symptoms of
acute bacterial sinusitis or onset of
new signs or symptoms. “Failure to
improve” is lack of reduction in pre-
senting signs or symptoms of acute

bacterial sinusitis by 72 hours after
diagnosis and initial management;
patients with persistent but improving
symptoms do not meet this definition.

The rationale for using 72 hours as the
time to assess treatment failure for
acute bacterial sinusitis is based on
clinical outcomes in RCTs. Wald et al41

found that 18 of 35 patients (51%) re-
ceiving placebo demonstrated symp-
tomatic improvement within 3 days of
initiation of treatment; only an addi-
tional 3 patients receiving placebo
(9%) improved between days 3 and 10.
In the same study, 48 of 58 patients

(83%) receiving antibiotics were
cured or improved within 3 days; at 10
days, the overall rate of improvement
was 79%, suggesting that no addi-
tional patients improved between
days 3 and 10. In a more recent study,
17 of 19 children who ultimately
failed initial therapy with either an-
tibiotic or placebo demonstrated
failure to improve within 72 hours.4

Although Garbutt et al42 did not re-
port the percentage of patients who
improved by day 3, they did demon-
strate that the majority of improve-
ment in symptoms occurred within

KAS Profile 5A

Aggregate evidence quality: C; observational studies

Benefits Identification of patients who may have been misdiagnosed,
those at risk of complications, and those who require
a change in management.

Harm Delay of up to 72 hours in changing therapy if patient fails to
improve.

Cost Additional provider and caregiver time and resources.
Benefits-harm assessment Preponderance of benefit.
Value judgments Use of 72 hours to assess progress may result in excessive

classification as treatment failures if premature; emphasis
on importance of worsening illness in defining treatment
failures.

Role of patient preferences Caregivers determine whether the severity of the patient’s
illness justifies the report to clinician of the patient’s
worsening or failure to improve.

Intentional vagueness None.
Exclusions Patients with severe illness, poor general health, complicated

sinusitis, immune deficiency, previous sinus surgery, or
coexisting bacterial illness.

Strength Recommendation.
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the first 3 days of study entry
whether they received active treat-
ment or placebo.

Reporting of either worsening or
failure to improve implies a shared
responsibility between clinician and
caregiver. Although the clinician
should educate the caregiver re-
garding the anticipated reduction in
symptoms within 3 days, it is in-
cumbent on the caregiver to appro-
priately notify the clinician of concerns
regarding worsening or failure to
improve. Clinicians should emphasize
the importance of reassessing those
children whose symptoms are wors-
ening whether or not antibiotic ther-
apy was prescribed. Reassessment
may be indicated before the 72-hour

mark if the patient is substantially
worse, because it may indicate the
development of complications or
a need for parenteral therapy. Con-
versely, in some cases, caregivers
may think that symptoms are not
severe enough to justify a change to
an antibiotic with a less desirable
safety profile or even the time, effort,
and resources required for reas-
sessment. Accordingly, the circum-
stances under which caregivers
report back to the clinician and the

process by which such reporting
occurs should be discussed at the
time the initial management strategy
is determined.

Key Action Statement 5B

If the diagnosis of acute bacterial
sinusitis is confirmed in a child
with worsening symptoms or fail-
ure to improve in 72 hours, then
clinicians may change the antibi-
otic therapy for the child initially
managed with antibiotic OR initiate
antibiotic treatment of the child
initially managed with observation
(Evidence Quality: D; Option based
on expert opinion, case reports,
and reasoning from first princi-
ples).

The purpose of this key action state-
ment is to ensure optimal antimicro-
bial treatment of children with acute
bacterial sinusitis whose symptoms
worsen or fail to respond to the initial
intervention to prevent complications
and reduce symptom severity and
duration (see Table 4).

Clinicians who are notified by a care-
giver that a child’s symptoms are
worsening or failing to improve
should confirm that the clinical di-
agnosis of acute bacterial sinusitis

corresponds to the patient’s pattern
of illness, as defined in Key Action
Statement 1. If caregivers report
worsening of symptoms at any time in
a patient for whom observation was
the initial intervention, the clinician
should begin treatment as discussed
in Key Action Statement 4. For patients
whose symptoms are mild and who
have failed to improve but have not
worsened, initiation of antimicrobial
agents or continued observation (for
up to 3 days) is reasonable.

If caregivers report worsening of
symptoms after 3 days in a patient
initially treated with antimicrobial
agents, current signs and symptoms
should be reviewed to determine
whether acute bacterial sinusitis is
still the best diagnosis. If sinusitis is
still the best diagnosis, infection with
drug-resistant bacteria is probable,
and an alternate antimicrobial agent
may be administered. Face-to-face
reevaluation of the patient is desir-
able. Once the decision is made to
change medications, the clinician
should consider the limitations of the
initial antibiotic coverage, the antici-
pated susceptibility of residual bacte-
rial pathogens, and the ability of
antibiotics to adequately penetrate
the site of infection. Cultures of sinus
or nasopharyngeal secretions in pa-
tients with initial antibiotic failure
have identified a large percentage
of bacteria with resistance to the
original antibiotic.71,72 Furthermore,
multidrug-resistant S pneumoniae
and β-lactamase–positive H influenzae
and M catarrhalis are more commonly
isolated after previous antibiotic expo-
sure.73–78 Unfortunately, there are no
studies in children that have inves-
tigated the microbiology of treatment
failure in acute bacterial sinusitis or
cure rates using second-line antimi-
crobial agents. As a result, the likeli-
hood of adequate antibiotic coverage
for resistant organisms must be

KAS Profile 5B

Aggregate evidence quality: D; expert opinion and reasoning from first principles.

Benefit Prevention of complications, administration of effective therapy.
Harm Adverse effects of secondary antibiotic therapy.
Cost Direct cost of medications, often substantial for second-line

agents.
Benefits-harm assessment Preponderance of benefit.
Value judgments Clinician must determine whether cost and adverse effects

associated with change in antibiotic is justified given the
severity of illness.

Role of patient preferences Limited in patients whose symptoms are severe or worsening,
but caregivers of mildly affected children who are failing to
improve may reasonably defer change in antibiotic.

Intentional vagueness None.
Exclusions None.
Strength Option.
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addressed by extrapolations from
studies of acute otitis media in chil-
dren and sinusitis in adults and by
using the results of data generated
in vitro. A general guide to manage-
ment of the child who worsens in 72
hours is shown in Table 4.

NO RECOMMENDATION

Adjuvant Therapy

Potential adjuvant therapy for acute
sinusitis might include intranasal
corticosteroids, saline nasal irrigation
or lavage, topical or oral decongest-
ants, mucolytics, and topical or oral
antihistamines. A recent Cochrane
review on decongestants, antihist-
amines, and nasal irrigation for acute
sinusitis in children found no appro-
priately designed studies to determine
the effectiveness of these inter-
ventions.79

Intranasal Steroids

The rationale for the use of intranasal
corticosteroids in acute bacterial si-
nusitis is that an antiinflammatory
agent may reduce the swelling around
the sinus ostia and encourage drain-
age, thereby hastening recovery. How-
ever, there are limited data on how
much inflammation is present, whether
the inflammation is responsive to ste-
roids, and whether there are dif-
ferences in responsivity according to
age. Nonetheless, there are several RCTs
in adolescents and adults, most of which
do show significant differences com-
pared with placebo or active compara-
tor that favor intranasal steroids in the
reduction of symptoms and the patient’s
global assessment of overall improve-
ment.80–85 Several studies in adults with
acute bacterial sinusitis provide data
supporting the use of intranasal ste-
roids as either monotherapy or adju-
vant therapy to antibiotics.81,86 Only one
study did not show efficacy.85

There have been 2 trials of intranasal
steroids performed exclusively in

children: one comparing intranasal
corticosteroids versus an oral de-
congestant87 and the other comparing
intranasal corticosteroids with pla-
cebo.88 These studies showed a great-
er rate of complete resolution87 or
greater reduction in symptoms in
patients receiving the steroid prepa-
ration, although the effects were
modest.88 It is important to note that
nearly all of these studies (both those
reported in children and adults) suf-
fered from substantial methodologic
problems. Examples of these meth-
odologic problems are as follows: (1)
variable inclusion criteria for sinusitis,
(2) mixed populations of allergic and
nonallergic subjects, and (3) different
outcome criteria. All of these factors
make deriving a clear conclusion dif-
ficult. Furthermore, the lack of strin-
gent criteria in selecting the subject
population increases the chance that
the subjects had viral URIs or even
persistent allergies rather than acute
bacterial sinusitis.

The intranasal steroids studied to date
include budesonide, flunisolide, fluti-
casone, and mometasone. There is no
reason to believe that one steroid
would be more effective than another,
provided equivalent doses are used.

Potential harm in using nasal steroids
in children with acute sinusitis in-
cludes the increased cost of therapy,
difficulty in effectively administering
nasal sprays in young children, nasal
irritation and epistaxis, and potential
systemic adverse effects of steroid
use. Fortunately, no clinically signifi-
cant steroid adverse effects have been
discovered in studies in children.89–96

Saline Irrigation

Saline nasal irrigation or lavage (not
saline nasal spray) has been used to
remove debris from the nasal cavity
and temporarily reduce tissue edema
(hypertonic saline) to promote drain-
age from the sinuses. There have been

very few RCTs using saline nasal irri-
gation or lavage in acute sinusitis, and
these have had mixed results.97,98 The
1 study in children showed greater
improvement in nasal airflow and
quality of life as well as a better rate
of improvement in total symptom
score when compared with placebo
in patients treated with antibiotics
and decongestants.98 There are 2
Cochrane reviews published on the
use of saline nasal irrigation in acute
sinusitis in adults that showed vari-
able results. One review published in
200799 concluded that it is a beneficial
adjunct, but the other, published in
2010,100 concluded that most trials
were too small or contained too high
a risk of bias to be confident about
benefits.

Nasal Decongestants, Mucolytics, and
Antihistamines

Data are insufficient to make any
recommendations about the use of
oral or topical nasal decongestants,
mucolytics, or oral or nasal spray
antihistamines as adjuvant therapy for
acute bacterial sinusitis in children.79

It is the opinion of the expert panel
that antihistamines should not be
used for the primary indication of
acute bacterial sinusitis in any child,
although such therapy might be
helpful in reducing typical allergic
symptoms in patients with atopy who
also have acute sinusitis.

OTHER RELATED CONDITIONS

Recurrence of Acute Bacterial
Sinusitis

Recurrent acute bacterial sinusitis
(RABS) is an uncommon occurrence in
healthy children and must be distin-
guished from recurrent URIs, exacer-
bations of allergic rhinitis, and chronic
sinusitis. The former is defined by
episodes of bacterial infection of the
paranasal sinuses lasting fewer than
30 days and separated by intervals of
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at least 10 days during which the
patient is asymptomatic. Some experts
require at least 4 episodes in a calen-
dar year to fulfill the criteria for this
condition. Chronic sinusitis is manifest
as 90 or more uninterrupted days of
respiratory symptoms, such as cough,
nasal discharge, or nasal obstruction.

Children with RABS should be evalu-
ated for underlying allergies, partic-
ularly allergic rhinitis; quantitative
and functional immunologic defect(s),

chiefly immunoglobulin A and immu-
noglobulin G deficiency; cystic fibrosis;
gastroesophageal reflux disease; or
dysmotile cilia syndrome.101 Anatom-
ic abnormalities obstructing one or
more sinus ostia may be present.
These include septal deviation, nasal
polyps, or concha bullosa (pneumati-
zation of the middle turbinate); atypi-
cal ethmoid cells with compromised
drainage; a lateralized middle turbinate;
and intrinsic ostiomeatal anomalies.102

Contrast-enhanced CT, MRI, or en-
doscopy or all 3 should be performed
for detection of obstructive con-
ditions, particularly in children with
genetic or acquired craniofacial ab-
normalities.

The microbiology of RABS is similar to
that of isolated episodes of acute
bacterial sinusitis and warrants the
same treatment.72 It should be rec-
ognized that closely spaced sequential
courses of antimicrobial therapy may
foster the emergence of antibiotic-
resistant bacterial species as the
causative agent in recurrent episodes.
There are no systematically evaluated
options for prevention of RABS in chil-
dren. In general, the use of prolonged
prophylactic antimicrobial therapy
should be avoided and is not usually
recommended for children with re-
current acute otitis media. However,
when there are no recognizable pre-
disposing conditions to remedy in
children with RABS, prophylactic anti-
microbial agents may be used for
several months during the respiratory
season. Enthusiasm for this strategy is
tempered by concerns regarding the
encouragement of bacterial resistance.
Accordingly, prophylaxis should only
be considered in carefully selected
children whose infections have been
thoroughly documented.

Influenza vaccine should be administered
annually, and PCV-13 should be admin-
istered at the recommended ages for all
children, including those with RABS. In-
tranasal steroids and nonsedating anti-
histamines can be helpful for children
with allergic rhinitis, as can antireflux
medications for those with gastro-
esophageal reflux disease. Children with
anatomic abnormalities may require
endoscopic surgery for removal of or
reduction in ostiomeatal obstruction.

The pathogenesis of chronic sinusitis
is poorly understood and appears to
be multifactorial; however, many of
the conditions associated with RABS

TABLE 3 Parent Information Regarding Initial Management of Acute Bacterial Sinusitis

How common are sinus infections in children? Thick, colored, or cloudy mucus from your child’s
nose frequently occurs with a common cold or
viral infection and does not by itself mean your
child has sinusitis. In fact, fewer than 1 in 15
children get a true bacterial sinus infection
during or after a common cold.

How can I tell if my child has bacterial
sinusitis or simply a common cold?

Most colds have a runny nose with mucus that
typically starts out clear, becomes cloudy or colored,
and improves by about 10 d. Some colds will also
include fever (temperature >38°C [100.4°F]) for 1 to
2 days. In contrast, acute bacterial sinusitis is
likely when the pattern of illness is persistent,
severe, or worsening.
1. Persistent sinusitis is the most common type,
defined as runny nose (of any quality), daytime
cough (which may be worse at night), or both
for at least 10 days without improvement.

2. Severe sinusitis is present when fever
(temperature ≥39°C [102.2°F]) lasts for at least
3 days in a row and is accompanied by nasal
mucus that is thick, colored, or cloudy.

3. Worsening sinusitis starts with a viral cold,
which begins to improve but then worsens
when bacteria take over and cause new-onset
fever (temperature ≥38°C [100.4°F]) or
a substantial increase in daytime cough or
runny nose.

If my child has sinusitis, should he or
she take an antibiotic?

Children with persistent sinusitis may be managed
with either an antibiotic or with an additional
brief period of observation, allowing the child up
to another 3 days to fight the infection and
improve on his or her own. The choice to treat or
observe should be discussed with your doctor
and may be based on your child’s quality of life
and how much of a problem the sinusitis is
causing. In contrast, all children diagnosed with
severe or worsening sinusitis should start
antibiotic treatment to help them recover faster
and more often.

Why not give all children with acute bacterial
sinusitis an immediate antibiotic?

Some episodes of persistent sinusitis include
relatively mild symptoms that may improve on
their own in a few days. In addition, antibiotics
can have adverse effects, which may include
vomiting, diarrhea, upset stomach, skin rash,
allergic reactions, yeast infections, and
development of resistant bacteria (that make
future infections more difficult to treat).
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have also been implicated in chronic
sinusitis, and it is clear that there
is an overlap between the 2 syn-
dromes.101,102 In some cases, there
may be episodes of acute bacterial
sinusitis superimposed on a chronic
sinusitis, warranting antimicrobial
therapy to hasten resolution of the
acute infection.

Complications of Acute Bacterial
Sinusitis

Complications of acute bacterial si-
nusitis should be diagnosed when the
patient develops signs or symptoms of
orbital and/or central nervous system
(intracranial) involvement. Rarely,
complicated acute bacterial sinusitis
can result in permanent blindness,
other neurologic sequelae, or death if
not treated promptly and appropriately.
Orbital complications have been clas-
sified by Chandler et al.32 Intracranial
complications include epidural or
subdural abscess, brain abscess, ve-
nous thrombosis, and meningitis.

Periorbital and intraorbital inflam-
mation and infection are the most
common complications of acute si-
nusitis and most often are secondary to
acute ethmoiditis in otherwise healthy
young children. These disorders are
commonly classified in relation to the
orbital septum; periorbital or preseptal
inflammation involves only the eyelid,
whereas postseptal (intraorbital) in-
flammation involves structures of the
orbit. Mild cases of preseptal cellulitis
(eyelid <50% closed) may be treated
on an outpatient basis with appropriate

oral antibiotic therapy (high-dose
amoxicillin-clavulanate for comprehen-
sive coverage) for acute bacterial si-
nusitis and daily follow-up until definite
improvement is noted. If the patient
does not improve within 24 to 48 hours
or if the infection is progressive, it is
appropriate to admit the patient to the
hospital for antimicrobial therapy.
Similarly, if proptosis, impaired visual
acuity, or impaired and/or painful
extraocular mobility is present on ex-
amination, the patient should be hos-
pitalized, and a contrast-enhanced CT
should be performed. Consultation with
an otolaryngologist, an ophthalmolo-
gist, and an infectious disease expert is
appropriate for guidance regarding the
need for surgical intervention and the
selection of antimicrobial agents.

Intracranial complications are most
frequently encountered in previously
healthy adolescent males with frontal
sinusitis.33,34 In patients with altered
mental status, severe headache, or
Pott’s puffy tumor (osteomyelitis of
the frontal bone), neurosurgical con-
sultation should be obtained. A
contrast-enhanced CT scan (preferably
coronal thin cut) of the head, orbits,
and sinuses is essential to confirm
intracranial or intraorbital suppurative
complications; in such cases, in-
travenous antibiotics should be started
immediately. Alternatively, an MRI may
also be desirable in some cases of
intracranial abnormality. Appropriate
antimicrobial therapy for intraorbital
complications include vancomycin
(to cover possible methicillin-resistant

S aureus or penicillin-resistant S
pneumoniae) and either ceftriaxone,
ampicillin-sulbactam, or piperacillin-
tazobactam.103 Given the polymicrobial
nature of sinogenic abscesses, cover-
age for anaerobes (ie, metronidazole)
should also be considered for intra-
orbital complications and should be
started in all cases of intracranial com-
plications if ceftriaxone is prescribed.

Patients with small orbital, subperi-
osteal, or epidural abscesses and
minimal ocular and neurologic abnor-
malities may be managed with in-
travenous antibiotic treatment for 24 to
48 hours while performing frequent
visual and mental status checks.104 In
patients who develop progressive signs
and symptoms, such as impaired visual
acuity, ophthalmoplegia, elevated in-
traocular pressure (>20 mm), severe
proptosis (>5 mm), altered mental
status, headache, or vomiting, as well
as those who fail to improve within 24
to 48 hours while receiving antibiotics,
prompt surgical intervention and
drainage of the abscess should be un-
dertaken.104 Antibiotics can be tailored
to the results of culture and sensitivity
studies when they become available.

AREAS FOR FUTURE RESEARCH

Since the publication of the original
guideline in 2001, only a small number
of high-quality studies of the diagnosis
and treatment of acute bacterial si-
nusitis in children have been pub-
lished.5 Ironically, the number of
published guidelines on the topic (5)
exceeds the number of prospective,

TABLE 4 Management of Worsening or Lack of Improvement at 72 Hours

Initial Management Worse in 72 Hours Lack of Improvement in 72 Hours

Observation Initiate amoxicillin with or without clavulanate Additional observation or initiate antibiotic based on shared
decision-making

Amoxicillin High-dose amoxicillin-clavulanate Additional observation or high-dose amoxicillin-clavulanate
based on shared decision-making

High-dose amoxicillin-clavulanate Clindamycina and cefixime OR linezolid and cefixime OR
levofloxacin

Continued high-dose amoxicillin-clavulanate OR clindamycina

and cefixime OR linezolid and cefixime OR levofloxacin
a Clindamycin is recommended to cover penicillin-resistant S pneumoniae. Some communities have high levels of clindamycin-resistant S pneumoniae. In these communities, linezolid is
preferred.
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placebo-controlled clinical trials of
either antibiotics or ancillary treat-
ments of acute bacterial sinusitis.
Thus, as was the case in 2001, there
are scant data on which to base rec-
ommendations. Accordingly, areas for
future research include the following:

Etiology

1. Reexamine the microbiology of
acute sinusitis in children in the
postpneumococcal conjugate vac-
cine era and determine the value
of using newer polymerase chain
reaction–based respiratory testing
to document viral, bacterial, and
polymicrobial disease.

2. Correlate cultures obtained from
the middle meatus of the maxillary
sinus of infected children with cul-
tures obtained from the maxillary
sinus by puncture of the antrum.

3. Conduct more and larger studies to
more clearly define and correlate
the clinical findings with the various
available diagnostic criteria of
acute bacterial sinusitis (eg, sinus
aspiration and treatment outcome).

4. Develop noninvasive strategies to
accurately diagnose acute bacte-
rial sinusitis in children.

5. Develop imaging technology that dif-
ferentiates bacterial infection from
viral infection or allergic inflamma-
tion, preferably without radiation.

Treatment

1. Determine the optimal duration of
antimicrobial therapy for children
with acute bacterial sinusitis.

2. Evaluate a “wait-and-see prescrip-
tion” strategy for children with

persistent symptom presentation
of acute sinusitis.

3. Determine the optimal antimicro-
bial agent for children with acute
bacterial sinusitis, balancing the
incentives of choosing narrow-
spectrum agents against the known
microbiology of the disease and re-
sistance patterns of likely patho-
gens.

4. Determine the causes and treat-
ment of subacute, recurrent acute,
and chronic bacterial sinusitis.

5. Determine the efficacy of prophy-
laxis with antimicrobial agents to
prevent RABS.

6. Determine the effects of bacterial
resistance among S pneumoniae,
H influenzae, and M catarrhalis
on outcome of treatment with anti-
biotics by the performance of
randomized, double-blind, placebo-
controlled studies in well-defined
populations of patients.

7. Determine the role of adjuvant
therapies (antihistamines, nasal
corticosteroids, mucolytics, decon-
gestants, nasal irrigation, etc) in
patients with acute bacterial si-
nusitis by the performance of pro-
spective, randomized clinical
trials.

8. Determine whether early treat-
ment of acute bacterial sinusitis
prevents orbital or central ner-
vous system complications.

9. Determine the role of complemen-
tary and alternative medicine
strategies in patients with acute
bacterial sinusitis by performing
systematic, prospective, random-
ized clinical trials.

10. Develop new bacterial and viral
vaccines to reduce the incidence
of acute bacterial sinusitis.
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A B S T R A C T

Objectives: In this study, we estimate an ex ante cost–benefit analysis of a Utah law directed at improving

early cytomegalovirus (CMV) detection.

Study design: We use a differential cost of treatment analysis for publicly insured CMV-infected infants

detected by a statewide hearing-directed CMV screening program.

Methods: Utah government administrative data and multi-hospital accounting data are used to estimate

and compare costs and benefits for the Utah infant population.

Results: If antiviral treatment succeeds in mitigating hearing loss for one infant per year, the public

savings will offset the public costs incurred by screening and treatment. If antiviral treatment is not

successful, the program represents a net cost, but may still have non-monetary benefits such as

accelerated achievement of diagnostic milestones.

Conclusions: The CMV education and treatment program costs are modest and show potential for

significant cost savings.

� 2015 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Cytomegalovirus (CMV) is the most common infectious cause of
congenital sensorineural hearing loss (SNHL) [1]. Morton et al.,
Grosse et al., and our group have reported that 15–30% of pediatric
hearing loss can be attributed to CMV [2–4]. The consequences of
hearing loss for affected children include speech and language
delay, low education, and poor occupational performance in
adulthood [5]. The lifetime cost for each child with hearing loss is
estimated to be over three hundred thousand dollars accounting
for the lost productivity, the need for special education, vocational
rehabilitation, assistive devices and medical costs [6]. One study
estimates the total costs associated with congenital CMV infection
to be $4 billion a year [7]. Preventing the sequelae of progressive
hearing loss would significantly reduce the personal and societal
costs for these children.

Research has shown that early identification and intervention
before the hearing-impaired infant reaches 6 months of age are
associated with better language outcomes [8,9]. A recent paper
* Corresponding author. Tel.: +1 801 581 3147; fax: +1 801 581 5156.

E-mail address: zick@fcs.utah.edu (C.D. Zick).
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0165-5876/� 2015 Elsevier Ireland Ltd. All rights reserved.
also reported that early antiviral intervention may improve CMV-
related hearing and neurocognitive outcomes [10]. The National
Institute of Allergy and Infectious Disease Collaborative Antiviral
Study Group (CASG) presented results comparing 6 weeks versus 6
months of oral valganciclovir (VGC) therapy for CMV infected
children less than one month of age. Specifically, 64% of the
children who underwent 6 weeks of VGC therapy had improved or
normal hearing versus 77% who underwent 6 months of oral VGC
therapy. These better audiologic and neurocognitive outcomes
apply to symptomatic congenitally infected infants, however, and
may not apply to the CMV infected hearing impaired infants
identified from a hearing targeted early CMV approach [10].

A critical challenge in diagnosing congenital CMV is that most
newborns do not present with any signs of infection. The diagnosis
requires laboratory testing of neonatal samples within the first
three weeks of life since postnatal CMV infection is not associated
with SNHL. Thus, ideally, at-risk infants should be identified early
to permit targeted monitoring and intervention so that they can
achieve normal speech and language skills. One testing approach
utilizes a targeted hearing loss driven screening method to
determine which infants should undergo CMV testing. This
approach became the basis of a bill Representative Ronda Menlove,
with the support of the Utah CMV working group, introduced to the
115
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2 Of these 9 CMV positive children, 5 had confirmed hearing loss after further

testing. All of these children are at risk of developing more extensive hearing loss in

early childhood as CMV induced hearing loss is progressive, but we are unable to

consider these more distant potential costs for the subgroup without confirmed

hearing loss (n = 4) due to lack of data.
3 Medical costs were calculated using a multi-hospital cost accounting database.

Though we’d prefer to use Medicaid/CHIP cost reimbursement figures, limited

access to such data required we use hospital cost as a proxy.
4 Data from the Census Bureau indicates that 23% of Utah children (all ages) are

on public insurance, but national data broken down by age indicates that insurance

rates for the youngest children tend to be much higher, 45.2% [14] 2013 Annual

Social and Economic Supplement Current Population Survey, City, 2013. Utah

Department of Health data indicates that 37.5% of children born in 2013 were born

on public insurance [15] Bergevin A, Personal Communication with Kobi Young at

the Utah Department of Health, City, 2014. All of these data points represent

historical coverage rates and do not account for changes caused by the Affordable

Care Act (ACA) and potential Medicaid expansion in the state. Even without

Medicaid expansion, the state estimates that using current eligibility guidelines,

63.5–80% of children are eligible for CHIP or Medicaid; if larger numbers of
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Utah legislature in February, 2013 [11]. This bill mandated CMV
testing of newborns under three weeks of age who fail their
newborn hearing screen(s). Utah became the first state to
implement this targeted hearing loss driven testing approach for
CMV diagnosis when the bill was signed into law in June 2013.

Data from Utah’s newborn hearing screening program show
that during the first year of implementation of the law 89% of
newborns underwent the two hearing screens and that 63% of the
children who failed the two newborn hearing screens were
screened for CMV (n = 244). Among the children screened, 5% (12
infants) tested positive for CMV. Some of these CMV positive
infants were found to have normal hearing following audiologic
evaluation.

The enormous potential health burden of congenital CMV
suggests that it is vital that we assess the benefits of early detection
relative to the potentially significant costs of early CMV testing and
treatment. To date, only one such cost analysis has been done
and the authors found targeted newborn screening in the United
Kingdom to be cost effective [12]. Given the differences in health
insurance in the United Kingdom, it is unclear if these study
findings would extrapolate to the United States. As other states,
including Texas, Hawaii, Illinois and Connecticut, consider or have
recently passed similar legislation, there is a need to perform a
cost–benefit analysis to inform public policy in the United States.
This analysis uses an ex-ante approach and a governmental
accounting perspective to assess the projected costs and benefits of
the Utah law.

2. Materials and methods

2.1. Determining costs & benefits

Costs fell cleanly into two categories: administrative costs and
medical costs. Administrative costs were those incurred by the
Department of Health for both the education and screening
components of the program. The government also bears the
medical costs for those affected infants covered by the public
insurance programs (CHIP & Medicaid). Medical costs include both
the CMV screening test and the differential cost of treatment for
CMV-positive infants. Benefits were narrowly defined as medical
costs avoided that would have otherwise been incurred had there
not been early screening and intervention. Benefits to individuals,
families, and private insurers were not considered and cases of
CMV prevented entirely through education and prevention efforts
were also not captured in this analysis. The analysis thus provides a
conservative estimate, as societal and even governmental benefits
from the law certainly exceed what is captured here.

2.2. Quantifying costs and benefits

Administrative costs were drawn from the legislative fiscal note
accompanying the original bill [13]. Department of Health officials
confirmed the fiscal note was an accurate estimate of actual
program costs. The figures used in the analysis include a one-time
startup cost of $4000 and an annual ongoing appropriation of
$30,8001.

Calculating medical costs and cost avoidance (benefits)
required calculating the number of estimated screenings each
year as well as the rate of positive screenings that would be
referred for further evaluation and treatment. For infants who
tested positive but who were found to have normal hearing
1 In the second year additional funding was given, but administrators note this

funding was to be used exclusively for the educational component of the law and

was thus excluded from our analysis, which evaluates the screening component

alone.

16
following audiological evaluation, only the cost of their screening
is included in the analysis. Screening costs and additional
treatment costs are included for infants with confirmed hearing
loss2. The cost of the screening itself was $66 per infant3.

The analysis only considers the costs for those children likely to
be on public insurance because we are using a governmental
perspective. We estimated the proportion of publicly insured
infants using a range of values and varied them in our sensitivity
analysis to test the impact of our assumptions4.

All infants with confirmed hearing loss will incur medical
treatment costs. This analysis considers the added costs to the
government per patient with confirmed congenital CMV and a
diagnosis of sensorineural hearing loss. Treatment of CMV-induced
hearing loss will likely be identical to other types of hearing loss in
infants except for the prescription of antiviral medication and tests
to monitor the patient during treatment5. The cost data presented
here represent the cost to the provider without any markup for
profit margins and include $4453 for the antiviral medication for 6
months and $385.63 for testing. As such they may underestimate
the costs from a private insurance perspective but may overesti-
mate the costs from a Medicaid reimbursement perspective.
Absent the ability to secure Medicaid reimbursement rates, these
cost data were our best estimates.

We present different hypothetical models that include avoiding
cochlear implantation in patients treated with antiviral therapy.
Cochlear implantation is one of the most costly factors in the
analysis. Cochlear implants cost $47,800 per year ($95,600 for
bilateral) whereas hearing aids are $2000; thus, avoiding implants
will save anywhere from $46,800 to $93,600 per patient [5].

A transparent cost benefit analysis must include several
iterations of the analysis, varying the assumptions to illustrate
how sensitive the results are to particular choices made. Because
most costs related to newborn hearing loss are incurred in the first
year or two of life, no discounting is necessary for this analysis as all
costs and benefits occur more or less in the present. Many of the costs
and benefits that will accrue in the future are to individuals, families
and educational institutions rather than to the government. In our
estimation, the society-wide benefits of early detection and
intervention far exceed those presented here. For the following
models, all calculations project forward two years into the program.

3. Results

The initial model presented in Table 1 provides a baseline. It
assumes that the rate of public insurance coverage for infants will
individuals start taking advantage of their eligibility from the ACA, then state public

insurance for infants could reach higher rates than ever before.
5 Use of antiviral medications to treat hearing loss in otherwise asymptomatic

CMV patients is still experimental. We assume a majority of patients will choose to

undergo antivirals because preliminary data shows that to be the case in Utah.



Table 1
Cost–benefit figures of mandatory CMV testing for infants who fail two newborn hearing screenings using different model assumptions.

Baseline modela No cochlear implants

avoided

One cochlear implant

avoided

80% of newborns on public

insurance

2014 2015 2014 2015 2014 2015 2014 2015

Costs

Program setup $4,000 $4000 $4000 $4,000

Fixed administrative $30,800 $30,800 $30,800 $30,800 $30,800 $30,800 $30,800 $30,800

Screenings $7,260 $7,260 $7260 $7260 $7260 $7,260 $7,260 $7,260

Antiviral treatment

and monitoring tests

$4,839 $4,839 $4839 $4839 $4839 $4,839 $9,678 $9,678

Total costs $46,899 $42,899 $46,899 $42,899 $46,899 $42,899 $57,348 $53,348

Benefits

Treatment savings $93,600 $93,600 $0 $0 $46,800 $46,800 $140,400 $140,400

Benefits–costs $46,691 $50,701 ($46,899) ($42,899) ($99) $3,901 $83,052 $87,052

a The base model chooses values near the middle of the ranges provided for the costs/benefits for which we have ranges and uses precise estimates where available.

Program setup & fixed administrative costs are those outlined in the fiscal note incurred directly by the Department of Health, screening costs are the costs to the government

through Medicaid/CHIP for the proportion of screening costs expected to be publicly funded, and antiviral treatment and monitoring tests are likewise those incurred only by

the patients who are publicly funded and elect to undergo those procedures. This model assumes one child covered by Medicaid/CHIP and diagnosed with CMV-related

sensorineural hearing loss each year, that child takes antivirals, and s/he would have needed cochlear implants without the intervention.
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mimic the rate nationwide for children under age three. It also
assumes that the one publicly funded patient who pursues
antiviral therapy will mitigate hearing loss to an extent that s/
he will only require hearing aids rather than bilateral cochlear
implants. The model shows a large net benefit.

The next two models that appear in Table 1 illustrate the
difference if, under the same set of assumptions, no cochlear
implants are avoided or only a single implant (unilateral) is
avoided. In the case where no cochlear implants are avoided, there
is a net cost to the government, and in the case of a single cochlear
implant avoided, the costs and benefits essentially cancel each
other out.

The final model considers how costs and benefits might differ if
the number of publicly insured infants increases as individuals
take advantage of their public insurance eligibility to avoid tax
penalties for the uninsured or as increased numbers of individuals
are eligible for public insurance under currently debated Medicaid
expansion in Utah. This model considers the extreme scenario of
80% of infants on public insurance (using the high end of the
Department of Health data on current eligibility). All other
assumptions follow the base model. While this increases
dramatically the public dollars paid for CMV screenings, it only
increases the number of CMV-positive children that take VGC on
public insurance from one to two children per year. At most it
might mean that two children avoid cochlear implantation each
year rather than one. The model above calculates the benefit if one
of those two children would have had a single CI and the other
would have been bilateral and both are able to avoid cochlear
implantation. Overall, this model illustrates that the effect of
increased public insurance is not as significant a factor in the
calculation as the potential cost–savings if VGC treatment proves
effective.

In sum, we found the implementation of Utah’s hearing-
targeted CMV screening program to have a net public benefit in
three of the four cost–benefit scenarios we investigated. Only in
the instance where no cochlear implant is avoided in a year does
the program show a net public cost, albeit a modest one.

4. Discussion

The enormous societal costs of congenital CMV must be
balanced against the costs incurred from any early CMV screening
program. A targeted hearing early CMV testing approach was a
compromise to identify infants at greatest risk to develop
progressive SNHL. A targeted approach requires CMV testing of
a small number of infants per year as compared to testing
thousands of infants if a universal program was implemented.

Williams et al., estimated the cost of a targeted CMV screening
program within the United Kingdom [12]. They utilized data from
the national hearing screening program in England and from a
recently completed study using saliva swabs. The costs of
screening time, PCR testing, and treatment were calculated. They
estimated that the cost for this approach would be $10,693 per
child and concluded this amount would be favorable compared to
other screening programs.

The costs per child determined from our analysis would be
much less than that from the Williams et al., study although a
direct comparison is difficult given the different health care
systems. Much of the cost from screening and treatment of the
congenitally infected hearing impaired infants will come from
antiviral therapy and from cochlear implantation. Eighteen
months since implementation of this approach, eight of fourteen
infants diagnosed with CMV have undergone antiviral therapy.
Kimberlin et al., reported one child who underwent 6 months of
VGC therapy requiring cochlear implantation compared to three
children who underwent 6 week VGC therapy requiring this
surgical procedure at the 12 month follow up period [10]. At the 24
month follow up period, four children undergoing 6 months of VGC
therapy required cochlear implantation compared to six children
requiring the same procedure undergoing 6 weeks of VGC therapy.

It may be that our cost–benefit estimates are overly generous as
only a minority of children who would qualify for cochlear
implants in the United States actually receive them [10]. This
potential over-estimation however, is likely offset by the fact that
we did not include the familial and educational benefits of early
intervention that will be attributable to the Utah law. Nor did we
account for the benefits of the preventive educational program-
ming mandated by the legislation. Both of these omissions make
our analyses conservative.

5. Conclusion

Our results support a possible societal savings from early
identification and treatment of CMV. This analysis considers only
the impact of the screening portion of the program. Overall, the
results suggest that there is reason for optimism about the return
on investment to the government associated with the Utah law.
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Objectives: Determine whether the outcome of tympanoplasty in preschool children is different from

that of older children.

Study design: Retrospective case series.

Methods: Retrospective review of children having undergone a primary tympanoplasty by 4 surgeons

for a tympanic membrane perforation between 2002 and 2013.

Results: Data from 50 children age 2–4, 130 children age 5–7 and 105 children age 8–13 years old were

reviewed. Median follow-up was 7.5 months. On crude analysis, the incidence of anatomical success was

not significantly different between the different age groups (p = 0.38), the success rate was respectively

69.4%, 68.5% and 79.1% with an overall rate of 72.5%. 5.9% of all children required later insertion of

tympanostomy tubes, 10.2% in preschool children. The post-operative audiology results were similar for

all groups with a mean improvement of 9 dB in the air-bone gap. When limiting the analysis to the 155

children having at least 6 months of follow-up, the rate of success was respectively 50.0%, 60.8% and

74.0% (p = 0.10). After multivariate analysis controlling for the effect of surgeon, approach and etiology,

the odds ratio of perforation was respectively 5.48, 2.27 and 1.00 for the different age groups.

Conclusion: Children younger than 4 years of age have the worst outcome after tympanoplasty. It

remains uncertain whether the benefits of hearing improvement and quality of life may outweigh that of

a high rate of a residual, usually smaller, perforation. Prospective studies are needed to confirm these

results and delineate the patient characteristics and technique most likely to lead to successful results.

� 2014 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Tympanoplasty is a commonly performed procedure in
children. There have been multiple studies evaluating the effect
of age on success rate. However, controversy remains regarding the
ideal age at which pediatric tympanoplasty should be performed.
Despite the lack of definite evidence of an association between
age and tympanoplasty success rate, many authors [1–3] have
recommended delaying tympanoplasty until the child is older than
6 to 8 years old to allow time for Eustachian tube maturation and
increase the odds of favorable outcome. In a survey by Lancaster
et al. 70% of otolaryngologists reported a set age below which
they would not perform a tympanoplasty, the most common age
reported being 10 years old [4]. However, others have suggested
* Corresponding author at: McGill University Department of Otolaryngology

Head & Neck Surgery 2300 Tupper St, Room A-334 Montreal, QC, Canada H3H 1P3.

Tel.: +1 438 825 6024.
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adverse sequelae from persistent tympanic membrane perfora-
tions based on quality of life measures [5] and Friedman et al. [6]
and Knapik et al. [7] have demonstrated excellent tympanic
membrane closure rate in selected children under 7 years of age.

While multiple studies have evaluated the impact of age on
success rate of tympanoplasty, studies have generally limited their
analysis to children above 6 to 8 years old [8–10] or grouped a
small number of preschool with older children [11–13]. Thus far,
no study has specifically evaluated the success rate of tympano-
plasty in preschool children. Anatomical success rate of tympa-
noplasty in studies having specifically evaluated children under
8 years old is presented in Table 1.

At our institution, child’s age is not used to determine the
timing of a tympanic membrane perforation repair. Rather, surgery
will be offered after a period of observation of 6 months if the child
exhibits evidence of good Eustachian tube function in the opposite
ear or of the perforation is dry for at least 6 months in cases of
bilateral perforations; if the perforation is large, causes significant
hearing loss; or it is deemed to be high-risk for cholesteatoma
formation due to a marginal location or epithelium ingrowth. The
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Table 1
Reported anatomical success rate of tympanoplasty in children below 8 years old.

Author (year) N Age (years) Anatomical success rate (%) Follow-up Surgical technique

Berger (1983) [14] 26 4–8 96 >1 month Temporalis fascia, perichondrium

Black (1995) [15] 14 2–7 56 >6 mos Temporalis fascia

Buchwach (1980) [16] 25 3–8 64 >12 mos Temporalis fascia

Chandrasekhar (1995) [17] 69 <7 94 >6 mos Unknown

Charlett (2009) [18] 21 4–8 57 >2 months Temporalis fascia, fat, perichondrium

Collins (2003) [19] 6 <6 83 >1 month Temporalis fascia, cartilage

Denoyelle (1999) [20] 76 4–8 83 >12 mos Temporalis fascia

Friedberg (1980) [21] 4 3–7 100 >2 months Temporalis fascia

Friedman (2013) [6] 43 4–7 93 >1 month Cartilage

Kessler (1994) [22] 37 2–6 81 >6 mos Temporalis fascia

Knapik (2011) [7] 20 <6 100 >6 mos Temporalis fascia, perichondrium

Koch (1989) [1] 10 2–7 30 >6 months Unknown

Lau and Tos (1986) [23] 26 2–7 92 >3 months Unknown

Te (1998) [24] 11 <8 91 >6 mos Temporalis fascia

Umapathy (2003) [25] 23 4–8 87 >12 mos Temporalis fascia

Cumulative data 411 84
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main arguments for early repair of tympanic membrane perfora-
tion in children include improved hearing for optimization of
speech and language development, prevention of chronic ear
disease and allowing children to enjoy water activities.

2. Objective

The objective of this study was to evaluate the success rate of
primary tympanoplasty performed in pre-school children as
compared to that of older children. The primary outcome measure
evaluated was the status of the tympanic membrane at the end of
the period of follow-up. Secondary outcome measures evaluated
were need for tympanostomy tubes, cholesteatoma formation and
improvement in hearing thresholds.

3. Methods

A retrospective review of children 13 years old or younger
having undergone a primary tympanoplasty between 2002 and
2013 at a tertiary care pediatric hospital by four pediatric
otolaryngologists was performed. Approval from the University
of Utah and Primary Children’s Hospital ethics review board was
obtained. Four surgeons performed all tympanoplasties included
in this study and all worked regularly with residents. Surgical
technique, approach and graft material varied between the
surgeons. Exclusion criteria included revision tympanoplasty,
cholesteatoma, concomitant or previous ipsilateral mastoidecto-
my, concomitant ossiculoplasty, concomitant tympanostomy tube
insertion and tympanic membrane retraction pocket without a
perforation. Data collected included age at time of surgery, gender,
etiology of perforation, status of the contralateral ear, prior
adenoidectomy, characteristics of the perforation, type of graft
used, surgical technique, complications and duration of follow-up.
Hearing results were evaluated by reviewing pre- and post-
operative speech reception thresholds (SRT) and pure-tone
average air-bone gap (ABG). Air-bone gap was calculated according
to the American Academy of Otolaryngology—Head and Neck
Surgery guidelines published in 1995 [26]. Post-operative audio-
gram was usually performed at 6 to 12 weeks post-operatively.

Patients were separated into 3 age categories: 2–4 years old,
5–7 years old and 8–13 years old. These age groups were designed
to compare the outcome in pre-school children to those older than
8 years of age.

3.1. Outcome

A satisfactory outcome was defined as an intact tympanic
membrane at the end of the follow-up period. Status of the
20
tympanic membrane was determined by the operating surgeon
at follow-up visits using otoscopy and/or micro-otoscopy. A
persistent perforation was defined as a perforation noted within
6 months post-operatively and a recurrent perforation was defined
as any perforation noted more than 6 months post-operatively.
Secondary outcomes evaluated included post-operative tympanic
membrane or middle ear cholesteatoma, need for tympanostomy
tube and audiologic responses (ABG and SRT).

3.2. Analysis

Data analysis was performed using Stata version 12. Chi-square
test was used to analyze categorical data and t-test was used to
analyze continuous data. A p-value less than 0.05 was considered
significant on crude analysis for possible inclusion of the variable
into the multivariate analysis. A paired t-test was used to evaluate
the difference between pre-operative and post-operative hearing
results. An analysis of variance (ANOVA) was used to determine
whether hearing results were statistically different between the
three different age groups. A logistic regression was performed
to evaluate the association between age group and post-
tympanoplasty perforation as well as determine which factors
were associated with anatomical success. A subgroup logistic
regression analysis was also performed including only children
with 6 months or more of follow-up.

4. Results

A total of 284 tympanoplasties in 259 children were performed
between 2002 and 2013 by four pediatric otolaryngologists. The
median follow-up duration was 7.5 months (range 1 to 106
months). One hundred fifty-five children had 6 or more months of
follow-up.

Distribution of patient’s and surgical characteristics is pre-
sented in Table 2. The overall incidence of intact tympanic
membrane for the whole duration of follow-up was 72.5% overall
and 63.2% in patients with at least 6 months of follow-up. The
incidence of an intact tympanic membrane by age group was 69.4%
in children age 2–4, 68.5% in children age 5–7 and 79.1% in children
age 8–13. There was no statistically significant evidence of a linear
association between rate of perforation post-tympanoplasty and
age (OR = 0.91, 95% CI 0.82–1.01). Mean prevalence of intact
tympanic membrane at the end of the follow-up period by age is
presented in Fig. 1. On crude analysis, factors that were most
strongly associated with increased odds of post-tympanoplasty
perforation were use of acellular dermis (p = 0.004), transcanal
approach (p < 0.001) and surgeon (p = 0.004). There was no
association between post-tympanoplasty perforation and season



Table 2
Patient and surgical characteristics per status of the tympanic membrane at the end

of the follow-up period.

Characteristic No perforation

n = 206, n (%)

Perforation

n = 78, n (%)

OR,

(p-value)

Age group (0.16)

2–4 34 (69.4) 15 (30.6) 1.66 (0.19)

5–7 89 (68.5) 41 (31.5) 1.74, (0.07)

8–13 83 (79.0) 22 (21.0) 1.0

Gender
Male 111 (73.5) 40 (26.5) 0.89, (0.67)

Female 95 (71.4) 38 (28.6)

Adenoidectomy
Yes 98 (73.7) 35 (26.3) 0.89, (0.68)

No 107 (71.3) 43 (28.7)

Craniofacial anomaly
Yes 54 (79.4) 14 (20.6) 0.62, (0.15)

No 151 (70.2) 64 (29.8)

Contralateral perforation
Yes 53 (70.7) 22 (29.3) 1.14, (0.66)

No 153 (73.2) 56 (26.8)

Middle ear inflammation
Yes 16 (88.9) 2 (11.1) 0.31, (0.13)

No 188 (71.2) 76 (28.8)

Etiology (0.04)

Tubes 167 (70.2) 71 (29.8) 1.0

Chronic ear disease 17 (89.5) 2 (10.5) 0.28, (0.09)

Trauma 9 (90.0) 1 (10.0) 0.26, (0.21)

Surgeon (0.005)

1 88 (84.6) 16 (15.4) 1.0,

2 70 (67.3) 34 (32.7) 2.67, (0.004)

3 40 (64.5) 22 (35.5) 3.03, (0.004)

4 8 (57.1) 6 (42.9) 4.13, (0.02)

Approach
Transcanal 98 (64.1) 55 (35.9) 2.64, (<0.001)

Post-auricular 108 (82.4) 23 (17.6)

Technique
Overlay 24 (96.0) 1 (4.0) 0.10, (0.02)

Underlay 182 (70.3) 77 (29.7)

Material (0.01)

Temporalis fascia 118 (79.2) 31 (20.8) 1.0

Perichondrium 25 (69.4) 11 (30.6) 1.67, (0.21)

Acellular dermis 51 (60.0) 34 (40.0) 2.54, (0.002)

Cartilage 11 (84.6) 2 (15.4) 0.69, (0.64)

Size
>50% 32 (64.0) 18 (36.0) 1.60, (0.16)

<50% 159 (74.0) 56 (26.0)

Location (0.39)

Anterior 86 (71.7) 34 (28.3) 1.0

Posterior 52 (70.3) 22 (29.7) 1.07, (0.84)

Central 30 (85.7) 5 (14.3) 0.42, (0.10)

Fig. 1. Prevalence of intact tympanic membrane at the end of the follow-up period

per age.
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(p = 0.35), number of previous tympanostomy tubes (p = 0.82),
otorrhea in the 6 months prior to surgery (p = 0.27), previous
adenoidectomy (p = 0.68) or previous myringoplasty (p = 0.77).
Pre-school children were more likely to have a contralateral
perforation (p = 0.02).

There was a total of 69 children with craniofacial disorders
including 36 children with cleft palate, 24 children with Down
syndrome and 9 children with other craniofacial disorders such a
craniosynostosis. The anatomical success rate in children with
craniofacial disorders was between 70.8% and 88.9% and was not
statistically different between the different subtypes of craniofa-
cial disorders or compared to children without any craniofacial
disorder. While children with craniofacial abnormalities did not
have a decreased anatomical success rate, they were significantly
more likely to develop serous otitis media and/or require
tympanostomy tubes after tympanoplasty (p = 0.02). The number
of children with other relevant comorbidities such as chronic
sinusitis (1), environmental allergies (1) or asthma (1) was not
sufficient in order to perform a subgroup analysis.

Results of the crude analysis with odds ratio of the different
complications evaluated per age group and their associated odds
ratio is presented in Table 3. There were no significant differences
in the rate of any of the complications evaluated for the different
age groups. There were 78 anatomical failures with a perforation
noted at the end of the follow-up period of which 16 (20.5%) were
recurrent perforations noted after more than 6 months of follow-
up and 62 (79.5%) were persistent perforations. Of the 78 recurrent
or persistent perforations, 20 were pinpoint (25.6%), 42 were <50%
and 2 were >50% of the tympanic membrane area. 17.9% of
perforations were the same size, 55.1% were smaller, 7.7%
were larger and 19.2% were of unknown size. The two residual
perforations >50% had been <50% at the initial surgery. Seventeen
children (6.0%) underwent a tympanostomy tube insertion post-
tympanoplasty and 17 children (6.4%) developed a tympanic
membrane cholesteatoma pearl (12) or middle ear cholesteatoma
(5). Fifty-six children underwent revision surgery for tympanic
membrane perforation (42) or cholesteatoma (14). Five children
undergoing revision surgery for a tympanic membrane perforation
underwent a concomitant mastoidectomy due to chronic otorrhea.
First revision tympanoplasty for tympanic membrane perforation
was successful in 20/37 (54.1%) children, unsuccessful in 14/37
(37.8%) children and was unknown in 3/37 (8.1%) children.

Hearing results are shown in Tables 4 and 5. All age groups
had significant improvement in their hearing thresholds post-
tympanoplasty and the hearing thresholds were not significantly
different between the three age groups. Children with an ongoing
perforation after the initial tympanoplasty had poorer hearing
outcomes than children with a successful tympanoplasty and had a
post-operative SRT of 21.0 dB (p = 0.25) and a post-operative ABG
of 13.5 dB (p = 0.02).

Logistic regression analysis revealed that covariates modifying
the association between perforation post-tympanoplasty and
age group were surgeon, surgical approach (transcanal vs
postauricular) and etiology of perforation. Results may be found
in Table 6. Multivariate analysis revealed that after adjusting for
confounders there is a significant difference between the perfora-
tion rate post-tympanoplasty in preschool children (age 2–4)
(p = 0.04) and children age 5–7 years old (p = 0.03) compared to
121



Table 3
Odds ratio of various complications per age group.

Outcome Age 2–4 OR (95% CI) Age 5–7 OR (95% CI) Age 8–13 OR p-Value (overall)

Persistent perforation 1.16 (0.49–2.73) 1.60 (0.85–3.02) 1.0 0.32

Recurrent perforation 3.86 (0.88–16.88) 1.93 (0.49–7.67) 1.0 0.19

Any perforation 1.66 (0.77–3.59) 1.74 (0.96–3.16) 1.0 0.16

Tubes 1.59 (0.48–5.29) 0.56 (0.17–1.82) 1.0 0.28

Cholesteatoma 2.27 (0.44–11.67) 3.46 (0.95–12.59) 1.0 0.12

Any failure 1.58 (0.78–3.23) 1.72 (0.99–2.98) 1.0 0.13

Revision surgery 2.01 (0.88–4.60) 1.47 (0.75–2.91) 1.0 0.24
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children age 8–13 years old. When limiting the multivariate
analysis to children with at least 6 months of follow-up the
difference between the lowest and highest age group was
significant with pre-school children having an incidence of
perforation more than 5 times higher (95% CI 1.68–17.93,
p = 0.005) than that of children aged 8–13 years old. The
perforation rate in children aged 5–7 years old was not
significantly different than that of children aged 8–13 years old
(p = 0.07). Surgeon acted as a strong negative confounder and
weakened the association between age and post-tympanoplasty
perforation, thus increasing the odds of perforation in pre-school
children after controlling for the effect of surgeon.

5. Discussion

This study represents the largest reported evaluation of
pediatric tympanoplasty assessing specifically the outcome of
pre-school children. After adjusting for confounding factors, the
current study does suggest that pre-school children have a
significantly higher rate of post-tympanoplasty perforation as
compared to older children. The higher rate of failure in pre-school
children seems to be mostly attributed to a high rate of re-
perforation noted more than 6 months after tympanoplasty, with a
third of failures due to reperforations after initial successful
healing. This could be explained by an initially successful
tympanoplasty and subsequent reperforation due to persistent
Eustachian tube dysfunction or due to an acute otitis media. In
addition, overall success rate of tympanoplasty in this study was
lower than those previously reported in the literature for all age
groups. This may be partially explained by the significant resident
involvement in those cases and the fact that the procedures were
performed at a tertiary referral centre and that some of these
children may have been referred from other otolaryngologists that
may have considered the repair too difficult for them to attempt. It
may also be a reflection of the patient selection criteria by the
surgeons at our centre.

Results of previous studies evaluating the association
between age and success rate in pediatric tympanoplasty have
been conflicting. A study by Black et al which included 14 children
age 2–7 years old revealed a rate of intact graft of 56% in that age
group as compared to 77% in children age 8–10 years old [15].
The difference in intact graft between the age groups was not
statistically significant. Kessler et al. examined tympanoplasty
outcome in 209 children and reported a lower long-term success
rate in the 37 children under 6 years old (p < 0.05), but the short-
term outcome was similar between the different age groups
Table 4
Pre- and post-operative SRT per age group.

Age group Pre-operative SRT Post operative SRT p-Value

2–4 23.3 16.7 0.02

5–7 21.7 16.7 <0.001

8–13 25.6 18.4 <0.001

ANOVA p-value 0.23 0.61

22
examined [22]. The late failure rate observed in that study and the
current study suggest a high rate of recurrent perforation after
initial successful healing possibly due to an immature Eustachian
tube in younger children.

A meta-analysis evaluating the effect of age on pediatric
tympanoplasty success included 19 articles evaluating the effect of
age, with the lowest age limit being 6 years old [27]. Compilation of
these articles revealed a linear association between success rate
and increasing age (p = 0.005). Interestingly, only 5 out of the
30 articles included in the overall meta-analysis had reported an
association between age and tympanoplasty success rate. While
the literature does seem to indicate that the success rate in
children is somewhat lower than that in adults, uncertainty
remains as to what is the ideal age to repair tympanic membrane
perforations in children [28]. The current results suggest that
surgeons should exert caution when considering performing
tympanoplasty on children less than 5 years of age since results
from tympanoplasty in that age group seems to be associated with
a lower success rate. Possible reasons for previous failure to
identify an association between age and pediatric tympanoplasty
success rate include exclusion of younger children (under 6 or
8 years old), lack of sufficient power to detect a significant
difference as most studies published thus far had case series of less
than 100 patients and lack of multivariate analysis to control for
possible confounding factors.

While complete closure of the tympanic membrane is the
desired goal, significant improvements in quality of life can also
be achieved with a decreased perforation size. Sheahan et al.
conducted a phone survey with parents of children who had
previously undergone a tympanoplasty to evaluate parental
satisfaction 8–60 months after surgery [5]. Seventy-nine percent
of parents were satisfied with the outcome. For children with a
persistent perforation, 40% of parents were satisfied, 56% reported
fewer ear infections and 40% reported improvement in hearing.

The main confounding factor that modified the association
between age and perforation post-tympanoplasty was the identity
of the surgeon performing the surgical procedure. The fact that
the association between the surgeon and the anatomical success
rate was maintained in the multivariate analysis suggests that the
surgeon’s effect is likely attributable to criteria used for patient
selection by each surgeon, surgical skills and variation in technique
undetected by the chart review and not solely due to patient’s
age or choice of graft material. Individual surgeon’s success rate did
seem to indicate that surgeons with more than 20 years of
experience (surgeons 1 and 2) had a higher success rate, which is a
finding that has previously been reported when comparing senior
Table 5
Pre- and post-operative ABG per age group.

Age group Pre-operative ABG Post operative ABG p-Value

2–4 15.7 9.1 0.04

5–7 16.7 9.5 <0.001

8–13 21.5 11.3 <0.001

ANOVA p-value 0.16 0.24



Table 6
Adjusted odds ratio of association between perforation and age group by logistic regression after controlling for confounding effect of surgeon, surgical approach and etiology

of perforation.

Variable Level Adjusted OR of perforation

OR (95% CI) n = 267

Adjusted OR of perforation

if follow-up >6 mos

OR (95% CI) n = 146

Age group 2–4 years old 2.46 (1.04–5.85) 5.48 (1.68–17.93)

5–7 years old 2.06 (1.06–4.00) 2.27 (0.94–5.46)

8–13 years old 1.0 1.0

Surgeon 1 1.0 1.0

2 1.62 (0.71–3.73) 1.16 (0.40–3.33)

3 3.48 (1.49–8.11) 5.07 (1.64–15.62)

4 3.66 (0.95–14.15) 3.12 (0.61–15.80)

Approach Post-auricular 1.0 1.0

Trans-canal 2.37 (1.15–4.90) 2.76 (1.07–7.09)

Etiology Tympanostomy tubes 1.0 1.0

Chronic otitis media 0.32 (0.06––1.56) 0.13 (0.01–1.47)

Trauma 0.25 (0.03–2.16) 0.57 (0.05–6.30)
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surgeons to trainees [15,28] but no study has previously
investigated specifically success rate of tympanoplasty in estab-
lished surgeons. While the surgeons’ choices of surgical approach,
technique and graft material may have influenced their individual
success rate, this study was not powered to detect factors to
explain individual surgeon’s success rate.

While there appeared to be a strong association between use of
acellular dermis and success rate, the association between graft
material, specifically acellular dermis, and success rate was not
maintained on multivariate analysis. This may have been due to
the fact that the association may have been explained by the
surgeon’s identity, as surgeons 2 and 3 were the main users of this
material. It may also be due to a lack of power due to the small size
of the study. Given some of the advantages of acellular dermis such
as avoidance of a post-auricular incision in trans-canal tympano-
plasty, further research is needed to determine whether acellular
dermis is a acceptable graft material alternative for pediatric
tympanoplasty.

Other factors that have been previously evaluated for their
possible association with pediatric tympanoplasty success rate
were evaluated as part of our study. On multivariate analysis, in
addition to surgeon, surgical approach and etiology of perforation
were found to be associated with success rate of tympanoplasty.
The only study having directly evaluated the success rate of post-
auricular compared to trans-canal tympanoplasty in children had
not found any difference in the success rate between the two
approaches [2]. However, given the narrower ear canal in young
children, the post-auricular approach could be advantageous in
providing better exposure to the tympanic membrane and thus
lead to better success rate. With the increased use of the otologic
endoscope and increased exposure associated with this technique,
it would be interesting to evaluate whether this will lead to a
decrease rate of perforation post-tympanoplasty in transcanal
tympanoplasties.

In summary, the otolaryngologist should notify the caregivers
of the pros and cons of early repair and inform the parents of
the potential for an unsuccessful outcome in younger children
undergoing tympanoplasty. Advantages of early repair include
prevention of complications such as potential reduction of
chronic otitis media, improved hearing and the ability to
participate in water activities. Disadvantages include a potential-
ly more technically difficult surgical procedure due to the
smaller size of the external auditory canal and higher failure
rate and possible need for a revision procedure or tympanostomy
tubes.
5.1. Strengths and weaknesses

The major strength of this study is the large number of pre-
school age children included in the analysis as well as the large size
of our cohort. In addition, these results represent a ‘‘real life’’
situation with children with and without comorbidities having
undergone surgery by multiple surgeons using different surgical
techniques. Finally, this is one of few studies having performed
multivariate analysis in order to determine the factors associated
with failure of pediatric tympanoplasty.

The most important weakness of this study is the short duration
of follow-up. One hundred twenty-nine children had less than
6 months of follow-up and the median duration of follow-up was
only 7 months. This is partially attributed to the fact that the
tympanoplasties were performed in a tertiary care institution with
a large referral base and that some children may have had post-
operative care performed by an otolaryngologist closer to home. It
is possible that the results obtained would have differed if follow-
up had been longer. The differences in results between all children
and children with 6 or more months of follow-up could be due to
the fact that children with an intact tympanic membrane at the
first follow-up visit may be less likely to return for follow-up.
Conversely, it is possible that children who did not have a
minimum of 6 months of follow-up may have developed a
recurrent or residual perforation that went undiagnosed due to
their failure to return for a follow-up visit thus lowering the
recurrent or persistent perforation rate when including children
with less than 6 months of follow-up in the current analysis.

6. Conclusion

This is the first study evaluating the success rate of
tympanoplasty in pre-school children and the study with the
largest number of children under 6 years old. After adjusting for
confounders, pre-school children appear to have a significantly
higher odd of perforation post-tympanoplasty. While it remains
uncertain whether the possible improvement in quality of life and
small improvement in hearing thresholds associated with tympa-
noplasty outweighs the risk of tympanoplasty failure in young
children, the 26% rate of revision tympanoplasty in children age 2–
4 years old suggest that surgery may be best delayed in that age
group.

Prospective studies with a longer follow-up period, large
sample size and quality of life measures are needed to elucidate
some of the key questions generated from this and prior studies.
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Single-sided deafness (SSD) refers to an asymmetric
condition in which a patient has one ear with severe-
profound sensorineural hearing loss with normal hearing
in the contralateral ear. The impact of unilateral hearing
loss may be variable and considerations in children are
different from those in adults. Nevertheless, they experi-
ence a substantial hearing deficit.

In typical listening situations, sound reaching one ear
differs from the sound that reaches the opposite ear in two
ways: because of the head shadow effect, there is a
difference in the intensity of the sound at each ear and
there is a variance between the times when the sound
reaches each ear. One of the most important uses of these
differences is to allow the listener to know the direction
from which a sound, including speech, originates. More-
over, these abilities allow the listener to separate speech
from background noise. Since the lack of ability to
discriminate and understand speech in the presence of
competing sounds reduces an individual’s competence
and effectiveness in personal and professional inter-
actions, the loss of binaural hearing can significantly
affect socioeconomic and quality-of-life functions.

Studies in children reveal that unilateral hearing
impairment may negatively affect language develop-
ment, social interactions, and academic performance
(1,2). Some adults with postlingual SSD seem only
minimally bothered by the loss and do not pursue further
treatment, whereas others possibly related to occu-
pational or social considerations seek assistive
listening technologies.

Still the benefits of binaural hearing, especially in
aiding with difficult listening situations, are clear and
have been well described elsewhere for both normal
hearing listeners (3) and those with bilateral cochlear
implants (4). These include improved speech understand-
ing in quiet and in noise, better localization, and the
ability to hear at greater distances. In addition to the
objective benefits of binaural hearing there are numerous
subjective advantages including a more ‘‘balanced’’ and
less tiring listening experience.

Most rehabilitative options for SSD route sound to the
contralateral cochlea resulting in only unilateral auditory
stimulation either with transmission via cross-routing of
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TABLE 1. Demographics

Category n (%)

Sex
Male 6 (50)

SSD ear
Left 7 (58)

Etiology of SSD
SSNHL 8 (67)

Other 4 (33)

Pathology in normal ear
Yes 2 (17)

Mean (SD)

Age at implantation 50.5 (13.4)

Age at deafness 47.3 (12.4)

Pure-tone average (PTA); 0.5, 1, 2 kHz
Normal ear 12.7 (7.0)

SSD ear 87.0 (8.3)

Duration of deafness to CI (yr) 3.1 (5.7)

Length postoperative follow-up (yr) 3.4 (1.8)

Demographics of adult SSD patients who underwent cochlear
implantation at our institution (n¼ 12).

PTA was calculated using air conduction lines. Other etiologies of
SSD in the data set include Ménière’s, chronic otitis media, and
sequela from CPA meningioma resection. SD indicates standard
deviation.

TABLE 2. Institutional protocol for cochlear implantation in
SSD patients

Pure-tone air and bone conduction thresholds
Imittance measures including tympanometry and acoustic reflexes

and otoacoustic emissions
MRI or CT imaging confirmation of a cochlea and cochlear nerve

and to detect inner ear malformations or evidence of ossification
Speech reception thresholds and speech discrimination where age

appropriate (CNC, HINT)
Adaptive HINT is also done with sound field using CROS

amplification and/or the BAHA soft band
Localization testing using a manufacturer-specific ‘‘direct connect’’

system
Vertigo and tinnitus questionnaires are included in the evaluation
All postimplantation testing is performed using a manufacturer-

specific direct connect system

Institutional protocol for cochlear implantation in SSD patients.

SINGLE-SIDED DEAFNESS COCHLEAR IMPLANTATION
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sound (CROS) amplification devices or osseointegrated
devices such as bone anchored hearing aids (BAHA).
Although both of these approaches provide the patients
with some access to sound, the configurations do not
restore hearing to the deaf ear but rather route the signals
so that the benefits of binaural hearing are not maximally
achieved as previously demonstrated (5). Even with such
technology, improved hearing in difficult listening situ-
ations and the ability to localize sound remain elusive to
most patients with SSD (6) and may actually make
listening more difficult with certain signal-to-noise ratios
incident on the unaffected ear. Cochlear implants for
SSD were first introduced in the setting of intractable
tinnitus (7), but have since been shown to have benefits
far beyond tinnitus suppression (8,9).

Our purpose in this article was to review our institu-
tional experience with selecting appropriate SSD
pediatric and adult patients to receive a cochlear implant
for various indications and their subjective and objective
outcomes to date to determine if 1) there is a functional
increase in word and sentence recognition in quiet and in
noise and 2) the binaural advantage can be restored by
placing a cochlear implant in the poorer ear.

METHODS

Subjects
This retrospective chart review was approved by our institu-

tional review board (IRB) and included 12 adult patients and 4
children with SSD. All patients had unaidable hearing in the
affected ear. There were no strict hearing criteria in the better
and all patients were evaluated on an individual basis but the
average PTA in the better hearing ear was 12.7 (SD 7.0). All
patients contributing data had at least 1 year of CI use.

See Table 1 for adult demographic factors. Most subjects
were deaf as a result of sudden sensorineural hearing loss
(SSNHL) (67%), and did not have any pathology in their
normal hearing ear (83%). The PTA of the deaf ear among
all subjects was 87.0 (SD 8.3). The mean age at diagnosis
among adult patients with SSD was 47.3 years (SD 12.4) and on
average they were implanted 3.1 years (SD 5.7) later. Eleven
adult patients received Cochlear Nucleus (Englewood, CO,
U.S.A.) devices and one received Advanced Bionics (Valencia,
CA, U.S.A.) devices. All four children received Cochlear
Nucleus devices. Intraoperatively, all patients had full inser-
tions of the electrode array without perioperative or
postoperative complications.

Speech Perception
Patients were evaluated according to our institutional SSD

protocol (Table 2). Before the availability of direct connect, a
‘‘plug and muff’’ technique was used to minimize/eliminate the
role of better hearing ear (n¼ 4) in a sound-proof booth using
recorded material. To ensure that the poor ear was completely
isolated from the ‘‘good’’ ear on the nonimplanted side, the
good ear was plugged and muffed using E.A.R. foam earplugs
(3 M Co., St. Paul, MN, U.S.A.) and TASCO sound shield over-
the-head earmuff Model #2900. (TASCO Corp, Riverside, RI,
U.S.A.). For the plug, the mean attenuation for frequencies 125
to 8000 Hz was 42.3 dB with a noise reduction rating (NRR) of
29. The muff had a mean attenuation of 33.9 dB for frequencies
125 to 8000 Hz with an NRR of 29.
6

Later in our experience, a manufacturer-specific direct
connect system to the cochlear implant sound processor was
used to allow isolation of the CI ear for testing with an insert
earphone in the unaffected ear. Direct connect (DC) audio-
metric testing (Cochlear Americas), via electrical cable con-
nection, to the cochlear implant processor allows testing of
each ear in isolation or together (binaurally) using tones or
speech. This allows elimination of the inadvertent role of the
better hearing ear in sound field testing and allows for hearing
in noise testing with spatially separated competing signal and
sound localization without the need for multispeaker arrays.
The generalizability of this system has been validated else-
where including precise timing and level cues (10–12). The
signals are processed via a head-related transfer function
(HRTF) so that it is equivalent to sound field presentation
and the software provides calibration to ensure that the signals
are delivered at the desired presentation levels.
Otology & Neurotology, Vol. 37, No. 2, 2016
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Speech perception both pre- and postoperatively was
measured in quiet using consonant–nucleus–consonant (CNC)
words as well as AzBio sentences and administered at 60 dB A.

Hearing in Noise
Hearing in background noise with various signal-to-noise

ratios (SNR) was also tested with speech from the front and
noise incident from the front, the better hearing ear, and the CI
ear. Bamford–Kowal–Bench sentence-in-noise (BKB-SIN)
(Etymotic Research 2005, Elk Glove Village, IL, U.S.A.)
testing was administered for four adult subjects, whereas adap-
tive hearing in noise test (HINT) testing was administered for
the remaining six adult subjects.

BKB-SIN is designed to assess sentence recognition in noise
and consists of 36 lists of sentences presented in 4-talker babble
noise. The sentences are presented at 65-dB SPL and the level of
the noise is varied in 3 dB steps at fixed SNR beginning at
þ21 dB SNR (easy) descending to �6 dB SNR (hard) to obtain
a speech reception threshold where the subjects can repeat key
words 50% of the time (SNR-50); therefore, a lower score is
indicative of better performance. The test was performed in the
sound field in each ear individually and in the sound field in
three conditions: speech front/noise front, speech front/noise
right, speech front/noise left (n¼ 4) or using Direct Connect
(n¼ 6) as noted above. Scores are indicated as dB SNR. In those
patients tested in both sound field and using Direct Connect,
results were found to be equivalent.

As DC was integrated into our evaluations, we began using
adaptive HINT testing in place of BKB-SIN for evaluating
hearing in noise sentences on all new patients as well as for
subsequent evaluations of previously implanted patients.

Localization
Localization testing was performed with the Direct Connect

system as described above for five adult patients. A broadband
noise from 1 of 12 virtual locations in the rear hemifield with
locations numbered 1 through 12 on a response sheet, from right
TABLE 3. Outcomes acro

Category n Preop (SD) n

CNC words (% score)
CI ear 9 2.9 (5.6) 8

Bilateral 4 98.0 (2.3) 8

AZ BIO (quiet)
CI ear 5 6.6 (9.2) 3

Bilateral 5 100 (0) 3

HINT/BKB-SIN-noise front (SNR)
Bilateral 10 �1.8 (1.9) 8

HINT/BKB-SIN-noise CI ear (SNR)
Bilateral 10 �2.4 (2.7) 8

HINT/BKB-SIN-noise better ear (SNR)
Bilateral 10 �0.3 (3.1) 8

Localization (degrees RMS)
CI ear 0 — 5

Bilateral 4 42.5 (7.7) 5

Speech perception of adult SSD patients who underwent cochlear implant
p values calculated using dependent T test. ‘‘—’’ indicates measurement c

standard error of the difference being zero. As given in Table 1, the average
is 3.4 years (SD 1.8). AzBio (quiet) indicates Arizona biomedical sentences
noise test; CI, cochlear implant; CNC words, consonant–vowel nucleus–con
SNR, signal-to-noise ratio.

Otology & Neurotology, Vol. 37, No. 2, 2016
to left, and positioned to represent an arc from 97.5 degrees (on
the right) to 262.5 degrees (on the left) with 15 degrees
separations between source locations. The task involves a
verbal response corresponding to the perceived location of
the sound. Localization testing is reported as the degrees root
mean squared (RMS) error.

RESULTS

Adult Subjects, n U 12
Postoperative data were available for 10 adult patients

(Table 3) as one transitioned care to another center
whereas another was not a native English speaker. Data
from most recent postoperative evaluation (3.4 yr � 1.8)
were used for performance comparison relative to pre-
operative data. Table 4 demonstrates individual subject
outcomes data.

Speech Perception
There was significant improvement in CNC word

scores in the implanted ear with an average benefit of
54% (SE� 8.4), p¼ 0.001 in seven adult patients who
underwent this test. Improvement in sentence scores on
AzBio in quiet relative to the SSD ear was on average
82.5% (SE� 14.5); however, this was not statistically
significant ( p¼ 0.11) as there were only two matched
pairs. Sound field and direct connect results were equiv-
alent in all patients.

Hearing in Noise
Speech-in-noise using binaural hearing BKB-SIN or

adaptive HINT tests demonstrated that when noise was
presented to the SSD/CI ear (speech front), the signal-to-
noise ratio significantly decreased with an average
reduction of 2.0 dB SNR (SE� 0.8), p¼ 0.047 in nine
ss clinical time points

1 year
Postop (SD) n

Most recent
Postop

Preop vs Most Recent
Postop p Value

55.4 (16.9) 7 57.7 (21.1) 0.001

98.0 (1.4) 7 95.7 (4.1) 0.594

95.0 (4.6) 2 92.0 (7.1) 0.111

100.0 (0) 2 100.0 (0) —

�2.4 (1.0) 7 �2.1 (1.3) 0.960

�6.6 (2.5) 7 �5.3 (3.0) 0.047

�2.5 (2.0) 7 �3.7 (1.5) 0.005

54.0 (11.6) 5 67.0 (15.1) —

47.2 (9.4) 5 45.0 (16.6) 0.205

ation.
ould not be calculated secondary to lack of matched pairs or the
time from surgery to the most recent post-op visit (>1 yr post-op)

in quiet condition; BKB-SIN, Bamford–Kowal–bench sentence-in-
sonant words; HINT, hearing in noise test; RMS, root mean square;
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adult patients tested. When noise was presented to the
better hearing ear (speech front), the signal-to-noise ratio
significantly decreased with an average reduction of
4.6 dB (SE� 1.0), p¼ 0.005.

Localization
No significant difference in sound localization was

found when comparing preoperative data to 1-year post-
operative data with regards to root mean square (RMS)
error values (n¼ 4 matched pairs, p¼ 0.61). Further-
more, no difference was found when comparing preop-
erative data to postoperative data from more than 1 year
after surgery (n¼ 2 matched pairs, p¼ 0.21).

Subjective Assessment
All adult subjects were able to integrate the signal from

the implanted ear (electrical) with the acoustic signal,
without deterioration in speech understanding in their
better hearing ear. All patients with tinnitus reported
suppression since device activation.

Pediatric Subjects (n U 4)
Our institutional experience consists of four pediatric

SSD patients implanted to date. The first child was
implanted at the age of 10, and is now 14 years old.
She has enlarged vestibular aqueduct (EVA) and a long
duration of deafness in her left ear. Preoperatively, she
obtained 0% on CNC words in the effected ear alone. Her
score at the 1-year post-op interval was 18% but has since
dropped to 6% by year three. Concurrently, there has
been a progressive decline in the nonimplanted ear alone
from 98 to 80% at her most recent evaluation. At 3
months and 1 year, BKB-SIN scores were significantly
improved in all three conditions compared with preop-
erative values, but have since declined to poorer than
preimplant scores. Although she initially wore the device
regularly, she now wears it only in school—though she
does report subjective benefit during use as duly noted by
her parents and teachers. Evidence from our experience
with SSD patients after cochlear implantation is that
although the quality of the auditory percept may not
be acceptable, as they lose hearing in the nonimplanted
hearing ear (as expected in patients of EVA, for
example), they begin to better integrate and interpret
the CI signal. This has not been the case to date with this
patient as she has been wearing her device with less
regularity over time. When questioned, she seems too
focused over concern for her declining acoustic hearing
to recognize the long-term benefit of using her implant
more regularly.

The second pediatric impatient was implanted at the
age of six and had PBK-word scores of 20%, HINT-Q
was 76% and HINT-N was 49% in implant only con-
dition at 3-months poststimulation. Bimodal scores were
100% showing that the signal was not being degraded by
the addition of an electrical stimulus to the normal
hearing ear. Interestingly, despite the apparent increase
in performance, he only wears the CI in school and
sometimes complains that it ‘‘bothers’’ the good ear.
Otology & Neurotology, Vol. 37, No. 2, 2016
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More recently, his father reports he has not worn his
implant at all over the last few months. Of note, family
dynamics seem to play a role in this patient’s device use.

The third pediatric patient was 3 years old at the time
of implantation. As of the 3-month postoperative evalu-
ation, PBK-word scores were 96% with the nonimplanted
ear alone and 32% with the implant alone. In the bimodal
condition the word score was 96% attributable to the
ceiling effect from having one normal hearing ear.
Importantly, the combined signal did not cause a decre-
ment in performance. On the sentence test, with noise-
front she scored 100% in the nonimplanted ear, 70% with
the CI alone, and 100% in the bimodal condition. Her
father reports that the patient no longer asks where sound
is coming from and responds better to sound in general.

Overall, the children demonstrated varying degrees of
open-set speech perception in the implanted ear and bilat-
eral improvement in the presence of background noise.
However, these few children introduce some of the issues
related to expectations after a prolonged duration of deaf-
ness and the impact of device use on performance.

Most recently, a family presented with their 6-month
old who was diagnosed with sensorineural hearing loss.
The family had done extensive research and asked many
appropriate questions. At their request, the child under-
went a cochlear implant evaluation at our center. After
extensive counseling, the family elected to proceed with
cochlear implantation, at the age of 11 months. There are
not yet any postoperative data available.

DISCUSSION

Perhaps the least understood aspect of unilateral hear-
ing loss is determining if and when treatment is indicated.
Some patients have to the ability to adapt well without
any intervention. Although adults who have experienced
postlingual SSD can endorse certain deficits or listening
difficulties, the same cannot be assumed of children.
Experience suggests that some children benefit from
noninvasive interventions; however, determining
optimal treatment and timing for a given patient remains
a challenge. Some children and adults also overcome
such deficits without intervention.

The other available treatment options for SSD do not
restore hearing to the affected ear and hence, lack the
advantages of binaural hearing that require sound to
arrive at each ear independently for the processing of
timing and pitch differences to be integrated by the brain.
It should be noted that both the CROS and bone-anchored
hearing aids may have undesirable effects in certain
listening situations including hearing in noise, especially
when noise is present on the side with the implant and
may be routed to the better hearing ear, worsening the
signal-to-noise ratio and making listening more difficult.
Cochlear implants may overcome these issues, but should
not be expected to restore all of the benefits of
binaural hearing.

Studies such as our own on SSD CI are hampered by
our inability to fully measure the efficacy of the
Otology & Neurotology, Vol. 37, No. 2, 2016
treatment. Subjective improvement of localization and
speech understanding in difficult listening situations in
real-life situations with the addition of the second ear
after implantation may actually be more important than
our ability to quantify this with currently available tools
and methods. It is possible that the tests currently being
used are not sensitive enough to accurately reflect sub-
jective patient reports until a certain level of competence
is reached. As we move forward with evaluating SSD
candidacy for cochlear implantation, it will be important
to devise measurement tools that can better reflect the
binaural advantage in the sound field in the presence of a
normal or near-normal ear. Next we consider the factors
that we use to consider candidacy for SSD CI on the basis
of our experience so far.

Candidacy Considerations
As observed in Table 1, our patients were diverse in

their baseline characteristics including both demo-
graphics and audiometric characteristics. In some
patients, the better hearing ear was in the normal range,
but threatened in some way as in the case of an inner ear
malformation predisposing to progressive hearing loss or
as yet minimally symptomatic retrocochlear pathology in
an only-hearing ear. Patients differed significantly in
their motivating factors for pursuing cochlear implan-
tation be it tinnitus suppression, trouble in difficult
listening situations, or anticipated hearing loss in an
only-hearing ear. Many more patients with SSD have
been evaluated for cochlear implantation at our center
and this experience has allowed us to define the following
parameters for SSD CI candidacy.

Absolute Indication: Late Stage Unilateral Ménière’s
Disease

Patients with late stage Ménière’s disease may struggle
with intractable vertigo from an ear essentially nonfunc-
tional from an auditory perspective. With a simultaneous
labyrnthectomy and ipsilateral cochlear implant, patients
can have definitive treatment of their vertigo while
bringing their ‘‘ear back to life’’ all during an outpatient
ambulatory procedure. In 2013, Hansen et al. reported on
the results of cochlear implantation in patients with
Ménière’s disease who progressed to profound sensor-
ineural hearing loss with one ear. They reported signifi-
cant improvement in word and sentence scores, though
ability to localize sound in this cohort showed much more
modest improvement (13). We have had similar experi-
ence with our cohort and we think this provides a hopeful
option for patients who have often had years of suffering
with their disease to both alleviate their vertigo and
rehabilitate their hearing.

Absolute Indication: An ‘‘At Risk’’ Only Hearing Ear
Though rare, a threatened only hearing ear, for

example, an acoustic neuroma or other retrocochlear
pathology, is an important consideration for a cochlear
implant. These patients live in fear of the possibility of 1
day waking up suddenly deaf ill equipped to handle the
129
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communication challenges that arise and not having
previous experience or need to comprehend manual
communication. Depending on the etiology, these
patients may still be candidates for CI after bilateral
hearing loss, but pre-emptive implantation at an early age
can limit the duration of deafness in the worse hearing ear
and hence improve likely outcomes if the threatened ear
is not viable for implantation.

Additionally, a cochlear implant can provide assurance
that if and when the patient loses hearing in the threat-
ened only hearing ear that they will not be completely
‘‘off line’’ with their cochlear implant. We have found
this to be important in patients even in cases where the
electric signal is not well integrated during the interval of
persistent acoustic hearing as these patients quickly adapt
to electric only hearing once further loss occurs.

Absolute Indication: Pediatric Progressive Hearing
Loss

Although criteria continue to be defined, cochlear
implant candidacy for SSD is most favored in younger
patients with progressive conditions such as enlarged
vestibular aqueduct (EVA), genetic conditions, auto-
immune inner ear disease, ototoxicity, and certain meta-
bolic diseases. Since the good ear is likely to decline
eventually, re-establishing hearing in the poorer ear
avoids the untoward sequelae of long duration of deaf-
ness and total auditory deprivation.

Counseling and Other Considerations
Just as in any family with children undergoing evalu-

ation for a cochlear implant, an important part of the
preoperative counseling includes ensuring patients and
their families understand the range of possible outcomes
as well as the considerable time and effort required for
optimal performance with the device. Additionally,
particular consideration should include discussion about
subjective performance and progress over time, in
addition to objective testing. An assessment of functional
impairments may be more important than objective
audiologic testing, most of which may be relatively
normal with one hearing ear. For those children who
are school age, one should inquire of the family whether
they have noted difficulty in particular listening con-
ditions, in social interactions, or in reports from teachers.

Another consideration is the very young child with
SSD. With acknowledgement that some children with
SSD grow up to be well-functioning adults and adapt
well, these outcomes are difficult to predict. The devel-
oping brain is at maximal neuroplasticity at a young age
and so a prolonged period of auditory deprivation may
compromise ultimate auditory performance with treat-
ment. By analogy to adults, there are some adults who
have lived with SSD without perceived difficulty,
whereas others have found it challenging and no factors
have yet been identified to know which patients fall into
which group. Unfortunately, attempting to clarify these
unknowns introduces a paradox. Waiting until a child
gets older may allow a better determination of the impact
0

of the hearing loss on functioning and learning, but this
wait introduces a longer duration of deafness, a negative
relationship in predicting CI outcomes. A recent review
of the experience in Freiburg, Germany, with pediatric
SSD indicates that children with acquired hearing loss
and a shorter duration of hearing loss outperformed those
with a longer duration of SSD (14). It is important that the
family understands all of these considerations when
making the decision with the cochlear implant team.

Additionally, at this early stage of investigation, suc-
cessfully obtaining financial reimbursement surrounding
the surgery, the device and associated visits to the
implant center represent an important obstacle to its
wider adoption.

Relative Contraindications
After a certain period of time, as yet undefined, one

might expect the length of deafness to be too long for the
benefits of cochlear implants to be realized. Until data
clarify such a cut-off, implantation with proper counsel-
ing may be considered.

CONCLUSIONS

SSD can have a significant impact on developmental
spheres and various aspects of quality of life. An
informed discussion to include all available therapies
and their respective advantages and disadvantages with
the family and CI team is essential to the decision-
making process. Early experience with SSD CI recipients
suggests that cochlear implantation, with appropriate
preoperative assessment and counseling and postopera-
tive management, may offer these patients the best
opportunity to realize the benefits of binaural hearing.
Although in our center, certain conditions seem like clear
indications, further data will be necessary before this
treatment modality is advocated more widely.
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TRIOLOGICAL SOCIETY
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Significance of Unilateral Enlarged Vestibular Aqueduct

John Greinwald, MD; Alessandro deAlarcon, MD; Aliza Cohen, MA; Trina Uwiera, MD;

Keijan Zhang, PhD; Corning Benton, MD; Mark Halstead, MD; Jareen Meinzen-Derr, PhD

Objectives/Hypothesis: To describe the clinical phenotype of pediatric patients with unilateral enlarged vestibular
aqueduct (EVA) and then to compare the findings to two clinically related phenotypes: bilateral EVA and unilateral hearing
loss without EVA. In view of clinical observations and previously published data, we hypothesized that patients with unilat-
eral EVA would have a much higher rate of contralateral hearing loss than patients with unilateral hearing loss without EVA.

Study Design: Retrospective cohort study.
Methods: Patients with unilateral or bilateral EVA were identified from a database of children with sensorineural hear-

ing loss who were seen at a tertiary care institution between 1998 and 2010. Those with imaging findings consistent with
well-established EVA criteria were identified. A comparative group of patients with unilateral hearing loss without EVA was
also identified. The following specific outcome measurements were analyzed: 1) hearing loss phenotype, 2) laterality of EVA
and hearing loss, 3) midpoint and operculum vestibular aqueduct measurements, and 4) genetic test results.

Results: Of the 144 patients who met our inclusion criteria, 74 (51.4%) had unilateral EVA. There was a strong correla-
tion between the presence of hearing loss and ears with EVA. Fifty-five percent of patients with unilateral EVA had hearing
loss in the contralateral ear; in most of these patients, the hearing loss was bilateral. Contralateral hearing loss occurred in
only 6% of patients with unilateral hearing loss without EVA. No significant differences were found in temporal bone meas-
urements between the ears of patients with unilateral EVA and ipsilateral hearing loss and all ears with EVA and normal
hearing (P ¼ .4). There was no difference in the rate of hearing loss progression in patients with unilateral EVA between ears
with or without EVA (16 of 48 [33.3%] vs. 9 of 27 [33.3%], respectively; P ¼ 1.0). There was no difference in the rate of
hearing loss progression in patients with bilateral and unilateral EVA (41 of 89 ears [46.1%] vs. 25 of 75 ears [33.3%],
respectively; P ¼ .1); however, both EVA groups had higher rates of progression compared to patients with unilateral hearing
loss without EVA. There was a strong correlation between the presence of hearing loss at 250 Hz and the risk of more severe
hearing loss and progressive hearing loss. Patients with bilateral EVA and SLC26A4 mutations had a higher rate of progression
than patients who had no mutations (P ¼ .02). No patients with unilateral EVA had Pendred syndrome.

Conclusions: Children with unilateral EVA have a significant risk of hearing loss progression. Hearing loss in the ear
contralateral to the EVA is common, suggesting that unilateral EVA is a bilateral process despite an initial unilateral imaging
finding. In contrast to bilateral EVA, unilateral EVA is not associated with Pendred syndrome and may have a different
etiology. Temporal bone measurements, hearing loss severity, and hearing loss at 250 Hz were all correlated with the risk of
progressive hearing loss. Clinicians should become knowledgeable regarding the implications of this disease process so that
families can be counseled appropriately.

Key Words: Hearing loss, genetics, molecular biology.
Level of Evidence: 2b.

Laryngoscope, 123:1537–1546, 2013

INTRODUCTION
Over the past two decades, abnormalities of the tem-

poral bone have increasingly been recognized as an
important etiology of sensorineural hearing loss (SNHL).1–

4 Given that high-resolution computed tomography (CT)
and magnetic resonance imaging have identified these
abnormalities in up to 37% of children with previously
unexplained SNHL, imaging has become an integral com-
ponent of the standard evaluation of children with
SNHL.3,4 The most common finding revealed by imaging is
an enlarged vestibular aqueduct (EVA); this is followed by
abnormalities of the cochlea and the vestibular system.5

Valvassori and Clemis were the first to describe a
group of children with SNHL and concomitant EVA.6 In
a cohort of 3,700 patients who had undergone polytomo-
graphic studies, these authors identified 50 patients with
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EVA and proposed that EVA was a congenital malforma-
tion of the temporal bone that predisposes affected
individuals to the early onset of hearing loss and vestibu-
lar disturbance. Valvassori and Clemis, as well as other
authors, maintained that enlargement of the endolym-
phatic sac and duct is the underlying process causing the
bony change of the vestibular aqueduct.7–9 Spiegel and
Lalwani proposed that the underlying pathophysiology of
EVA is similar to that of endolymphatic hydrops.10

EVA was initially defined as a vestibular aqueduct
>1.5 mm at the midpoint.6 This measurement was based
on polytomographic studies, which are somewhat crude in
comparison to our current technology. Although early
generation CT scans allowed for a clearer view of the
vestibular aqueduct, the advent of high-resolution CT per-
mitted more accurate and quantifiable aqueduct
assessment; this enabled researchers to distinguish
between normal and enlarged aqueducts. In view of this
technological advancement, Vijayasekaran et al. were able
to specifically define EVA.11 Using a standardized measure-
ment algorithm, they studied 73 children with normal
hearing and determined a normal vestibular aqueduct mid-
point to be at �0.9 mm and a normal vestibular aqueduct
operculum to be �1.9 mm. These measurements have since
been used as the radiographic standard for defining EVA.

The otologic phenotype of EVA is exceedingly vari-
able. This phenotype can be associated with fluctuating
and progressive hearing loss12,13 as well as disequili-
brium and vertigo.14 The age at diagnosis of the hearing
loss ranges from infancy to adulthood. The reported se-
verity of hearing loss ranges from normal hearing (rare)
to profound hearing loss, which is usually bilateral.15,16

Although unilateral hearing loss in patients with EVA
has been reported,12,17,18 it is not well described. Pre-
ciado et al.19 found that the diagnostic yield of imaging
studies in children with EVA was significantly higher in
those with unilateral vs. bilateral SNHL. In patients
with bilateral SNHL, there was a statistically significant
trend toward a higher prevalence of EVA with increasing
severity of the hearing loss. No specific analysis was per-
formed on patients with unilateral EVA in this study.

A conductive component of the hearing loss has been
observed at 250 Hz, despite a clinically normal middle ear
and tympanogram.9,12,20 The prevalence of an accompanying
low-frequency conductive or mixed hearing loss ranges from
28% to 80% of ears with EVA.7,12,20 Although the clinical sig-
nificance of the conductive component is unknown, some
investigators have proposed that it may represent the audio-
logic effect of a third inner ear window.20 Others have
suggested that it may represent an inherent increased stiff-
ness of the ossicles due to the inner ear fluid disturbance.5,20

The prevalence of progressive SNHL in patients with
EVA varies from 12% to 65%.9,12,13,16,21 Hearing loss pro-
gression can occur in a stepwise fashion over a prolonged
period of time, or suddenly, after minor head trauma, baro-
trauma, or in idiopathic SNHL. In a seminal study, Boston
et al.9 found a linear relationship between the size of the
aqueduct and the likelihood of hearing loss progression.
Additionally, these authors found that the presence of a
low-frequency conductive hearing loss was associated with
an increased risk of hearing loss progression.

The most common genetic etiology for EVA is muta-
tions in the SLC26A4 gene (also known as PDS).22 This
gene produces a protein called pendrin, which is responsi-
ble for iodine and chloride ion transport in the inner ear
and thyroid gland. Biallelic mutations in SLC26A4 cause
Pendred syndrome and are present in 10% to 20% of
patients with EVA.23,24 Patients with this syndrome typi-
cally have severe to profound hearing loss and inner ear
anomalies such as EVA; they can also develop a thyroid
goiter and hypothyroidism. Single SLC26A4 mutations
have been found in 15% to 20% of patients with EVA.
These patients typically have a less severe hearing pheno-
type than patients with Pendred syndrome, have less
severe abnormalities of the vestibular aqueduct, and have
no thyroid dysfunction. It has been proposed that
sequence changes in other gene(s) interact with the single
mutations in SLC26A4.23–25 Recently, mutations have
been identified in FOXI1, which reduce the transcription
of SLC26A4, resulting in an EVA phenotype.26 Mutations
in the KCNJ10 gene have also been implicated in EVA
when present in combination with SLC26A4 heterozy-
gotes.27 Additionally, EVA has been associated with
disorders such as CHARGE syndrome,28 Waardenburg
syndrome,29 and branchio-otorenal syndrome.30

Children with bilateral EVA and any SLC26A4 muta-
tions are more likely to have greater aqueduct enlargement
and are more likely to experience progression of hearing
loss.25 Data pertaining to the prevalence of SLC26A4 muta-
tions in patients with unilateral EVA is scant. Berrettini
et al.18 reported on two patients with unilateral EVA who
did not have mutations in SLC26A4. Consistent with this
finding, Madden et al.25 observed a lower prevalence of
these mutations in a clinical population of patients with
unilateral EVA than in those with bilateral EVA.

In a review of studies investigating patients with
EVA, Zalzal et al.12 found that reported prevalence rates
of unilateral EVA ranged from 6% to 40%.7,31 Although
unilateral EVA is not uncommon, its audiometric and
temporal bone phenotype, natural history, and genetic
etiology are not well understood. This gap in knowledge
creates several problematic clinical questions: 1) How
should families be counseled in regard to their child’s
hearing loss and imaging findings?; 2) How should
patients be monitored in regard to their hearing loss
and the potential risk of disease progression?; and 3)
What is the positive predictive value of genetic testing?

In light of these issues, the purpose of the current
study was to describe the clinical phenotype of patients
with unilateral EVA and then to compare the findings to
two clinically related phenotypes: bilateral EVA and
unilateral hearing loss without EVA. Taking into account
our clinical observations and the aforementioned data, we
hypothesized that patients with unilateral EVA would
have a much higher rate of contralateral hearing loss
than patients with unilateral hearing loss without EVA.

MATERIALS AND METHODS

Enlarged Vestibular Aqueduct Population
We performed a database search of all children seen at

our center who were diagnosed with EVA or unilateral hearing
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loss without EVA from 1998 to 2010. Patients included in the
study were required to meet the following criteria: 1) diagnosis of
EVA was consistent with the previously published and well-
established criteria;9,11 2) a complete audiometric assessment
was performed and at least 3 months of audiometric follow-up
data were available; and 3) genetic testing (GJB2, SLC26A4)
was performed if offered at our institution at the time of the
hearing loss evaluation (Fig. 1). Exclusion criteria included
temporal bone dysmorphology that would prevent measure-
ments, aural atresia, known syndromic hearing loss, documented
ototoxicity, or a history of temporal bone fractures, meningitis,
hydrocephalus with a shunt, autoimmune inner ear disease, or
auditory neuropathy. Demographic data, audiometric data,
temporal bone measurements, and genetic test results were
obtained for study patients. This study was approved by the
institutional review board and was in compliance with Health
Insurance Portability and Accountability Act of 1996 regulations.

Audiometric Data
A pure tone average (PTA) for each ear was derived by

averaging the audiometric findings at 500, 1,000, 2,000, and
4,000 Hz at the initial and most recent audiometric evaluation. A
PTA for each ear was also derived for the high frequencies (high-
frequency PTA [HFPTA]) by averaging the audiometric findings
at 4,000, 6,000, and 8,000 Hz. An additional subanalysis was
performed on the individual 250-Hz pure tone frequency.

Progressive hearing loss was defined as a 10 dB or greater
increase in PTA over a follow-up period of at least 3 months.
Patients with an initial PTA �90 dB were eliminated from fur-
ther analysis with regard to progressive SNHL. Progressive
hearing loss was evaluated as absolute change in PTA values as
well as a rate of change in PTA (in decibel loss per year), which
takes into account the time between audiologic visits. When
reporting PTA values for patients with asymmetric bilateral
hearing loss, the better-hearing ear was used for describing the
hearing phenotype for that patient. The levels of hearing loss

were defined within the following framework: mild loss (20–39
dB), moderate loss (40–54 dB), moderately severe loss (55–69
dB), severe loss (70–89 dB), and profound loss (>90 dB).

Temporal Bone CT Analysis
Measurement of the various structures of the temporal

bone seen on CT scans was carried out according to a previously
published algorithm.9,11 All patients in the study had CT scans
available for review. Briefly, the width of the aqueduct was meas-
ured at both the operculum (a line perpendicular to the posterior
surface of the petrous pyramid going to the most lateral or pos-
terolateral pixel in the medial wall of the operculum) and at the
midpoint between the coronal plane of the operculum and the
coronal plane of the posterior wall of the crus commune or upper
vestibule. The vestibular aqueduct was considered enlarged
when its width exceeded the 95th percentile of normal temporal
bones at either the operculum or the midpoint (1.9 mm and 0.9
mm, respectively; Fig. 2). All measurements were performed by
two neuroradiologists (C.B. and M.H.). When there was a discrep-
ancy between the measurements performed by these two
physicians, the mean of the two measurements was used.

Methodology for GJB2, GJB6, MTRNR1, and
SLC26A4 Genetic Testing

Genomic DNA was isolated from blood and buccal swab
tissues using the Puregene DNA purification Kit (Gentra Sys-
tems, Minneapolis, MN) or the Roche MagNA Pure Compact
system (Roche Diagnostics Corporation, Indianapolis, IN)
according to the manufacturers’ instructions. Coding exons and
at least 50 base pairs of the adjacent intronic regions of the
GJB2 (NC_000013 and NM_86849), MTRNR1 (NC_001807) and
SLC26A (NC_000007.13 and NM_000441) genes were amplified
by polymerase chain reaction (PCR), followed by bidirectional
sequencing using the BigDye Terminator Cycle Sequencing Kit
(Applied Biosystems by Life Technologies, Foster City, CA).

Fig. 1. Flow diagram of enlarged
vestibular aqueduct (EVA) study
population. *HL ¼ hearing loss; **HF
¼ high frequency. [Color figure can
be viewed in the online issue, which
is available at wileyonlinelibrary.
com.]
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Sequencing products were analyzed using the ABI Prism 3730
Capillary Sequence Detection System, and raw data were
obtained and compared to the published consensus sequences
using Sequencher 4.8 (Gene Codes Corporation, Ann Arbor, MI)
sequencing analysis software. The 342-kb deletion in the
genetic region of D13S1830 (GJB6-D13S1830) locus on chromo-
some 13q12 was analyzed by PCR and gel electrophoresis.
Detailed methodologies have previously been published.19,25

Mutation nomenclature is based on the recommendations of the
American College of Medical Genetics and the Human Genome
Variation Society.

Several in silico analysis methods for the prediction of
functional consequences of sequence variants were utilized to
provide initial classification. All sequence variants were verified
by the Human Gene Mutation Database, the National Center
for Biotechnology Information Single Nucleotide Polymorphism
database, and locus-specific mutation databases, such as
Connexin Deafness Homepage (http://davinci.crg.es/deafness/
index.php?seccion ¼ mut_db&db ¼ nonsynd&nonsynd ¼
cx26mut). For novel mutations, we used SIFT (http://blocks.
fhcrc.org/sift/SIFT.html), which utilizes evolutionary infor-
mation from homologous proteins,16 and PolyPhen (http://
www.bork.embl-heidelberg.de/PolyPhen/), which incorporates
structural information into classification rules.17 The Grantham
Scale18 was also used to evaluate the significance of amino acid
substitutions, and a determination of the likelihood of the
sequence change being pathogenic was made by the Molecular
Genetics laboratory.

Statistical Analyses
Data distributions were reported as medians with ranges

or interquartile ranges for continuous variables and frequencies
with proportions for categorical variables. Comparisons were
made among subjects who had ipsilateral hearing loss, contra-
lateral hearing loss, and bilateral hearing loss relative to the
ear with the identified EVA. Due to the non-normal distribution
of the majority of the data, nonparametric statistics were used
in the analyses. Continuous data were compared using the
Kruskal–Wallis test or the Wilcoxon rank sums test, as appro-
priate. Categorical data were compared among groups using v2

analysis or the Fisher exact test, as appropriate. Correlations
between vestibular measurements and continuous variables
such as PTA values were conducted using the Spearman rank
correlation coefficient. For assessing which factors may be inde-
pendently related (independent predictors) to having a
progressive hearing loss in an ear, multivariate analysis was
conducted using generalized estimating equations (GEE). GEE
allows for the clustering of ears in the analysis (two ears
belonging to the same individual). GEE was used for both mod-
eling of odds or risk progression as a dichotomous variable and
modeling the rate of progression (as a decibel loss per year). For
all analyses, a P value of .05 or less was considered statistically
significant. All analyses were performed using SAS for
Windows, version 9.2 (SAS Institute, Cary, NC).

RESULTS
Our database search identified 144 patients (67

males, 77 females) who met our inclusion criteria. Uni-
lateral EVA was identified in 74 (51.4%) of these
patients (Fig. 1); 42 (56.8%) had left-sided EVA, and 32
had right-sided EVA. The median age at which the hear-
ing loss was identified was 59.5 months (range, 0–324.5
months). The median follow-up time was 37.8 months
(range, 0–812.5 months), and 116 (80.5%) patients were
followed for at least 3 months. As shown in Table I,
patients with unilateral EVA were identified at a later
age than patients with bilateral EVA (70 vs. 54.5
months; P ¼ .01). They also had a shorter period of
audiometric follow-up (32.8 vs. 56.3 months; P ¼ .02)
and were more likely to have unilateral hearing loss
(46% vs. 15.7%; P < .0001).

Unilateral Versus Bilateral Hearing Loss
Forty-five patients (31.3%) with EVA had unilateral

hearing loss. In 23 (51%) of these patients, the hearing
loss was left-sided. Among the 74 patients with unilat-
eral EVA, 34 (46%) had unilateral hearing loss; in 1
patient, the unilateral loss was in the contralateral ear.
The remaining 39 patients had bilateral hearing loss.
More than 55% of patients with unilateral EVA pre-
sented with hearing loss in the contralateral ear (Fig. 1).
Among the 70 patients with bilateral EVA, only 11
(15.7%) had unilateral hearing loss. The median age at
which hearing loss was identified in all EVA patients
(n ¼ 144) was significantly higher among those with uni-
lateral hearing loss as compared to those with bilateral
loss (78.5 vs. 45.5 months; range, 16.5–158 vs. 0–324.5
months; P < .0001). This finding was consistent when
patients were stratified into a unilateral EVA group
(80.5 vs. 42.8 months; range, 16.5–158 vs. 0–324.5

Fig. 2. Schema for acquiring vestibular aqueduct measurements. (A)
Operculum measurement. (B) Midpoint measurements: half of the dis-
tance between the opercular and crus plane (A to B). OP ¼ opercu-
lum; PSSC ¼ posterior semicircular canal. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com.]
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months; P ¼ .02) and a bilateral EVA group (75.0 vs. 48
months; range, 38–102.5 vs. 0–208 months; P ¼ .008).

Hearing Loss Severity
The median PTAs at the initial and final audiometric

assessments for all ears with hearing loss (n ¼ 243) were
50 (range, 10–130) and 57 (range, 7.5–122.5), respectively.
Nine ears had an isolated HFPTA (median HFPTA was
35.8; range, 20–57.5). Patients with hearing loss and uni-
lateral EVA had slightly better hearing than those with
bilateral EVA, although this difference was not statisti-
cally significant (47.5 [range, 10–130] vs. 55.6 [range, 12–
130], respectively; P ¼ .075). This finding was consistent
when analyzing the better-hearing ear in both groups.

At initial audiometric assessment, there was no
statistical difference between the median PTA of patients
with unilateral hearing loss (n ¼ 45) and the better-hear-
ing ear of patients with bilateral loss (n ¼ 99; 48.75 vs.
41.25; P ¼ .4). This finding was consistent when our
cohort was stratified into unilateral and bilateral EVA
groups. Among the 74 patients with unilateral EVA (n ¼
114 ears with hearing loss), there was no significant dif-
ference in the median PTA at the initial audiometric
assessment between ipsilateral ears (n ¼ 73) and contra-
lateral ears (n ¼ 41; 47.5 [range, 10–130] vs. 41 [range,

14–130], respectively; P ¼ .9). This finding was consistent
with the final audiometric assessment of ipsilateral and
contralateral PTA values (52.5 [range, 7.5–121.25] vs. 50
[range, 12.5–130], respectively; P ¼. 6).

The severity of hearing loss at the initial assessment
was categorized as borderline to mild in 37.4% of ears
with hearing loss, moderate to severe in 45.3% of affected
ears, and profound in the remaining 17.3% of affected
ears. There was no difference in hearing loss severity
between patients with bilateral vs. unilateral EVA (P ¼
.48; Table I). There was no statistical relationship (P ¼
.21) between levels of hearing loss severity and whether
the loss was ipsilateral or contralateral to the EVA at ei-
ther the initial or the final audiometric assessment.

Vestibular Aqueduct Measurements
Hearing loss and vestibular aqueduct phenotypes

were compared regarding temporal bone measurements at
the midpoint and the operculum (Table II). No significant
differences were found in the temporal bone measure-
ments between the ears of patients with unilateral EVA
and ipsilateral hearing loss and all ears with EVA and
normal hearing (P ¼ .4). Operculum measurements were
significantly greater in the ears of patients with bilateral
EVA than in those with unilateral EVA (P ¼ .025).

TABLE I.
Data Pertaining to Patients With EVA.

Characteristic Unilateral, n ¼ 74 Bilateral, n ¼ 70 P

Male 38 (51%) 29 (41%) .26

Age at identification of hearing loss, mo* 70 (0–324.5) [39.5–106] 54.5 (0–208) [32.5–69.5] .01

Follow-up time, mo† 32.8 (0.5–164) [13.5–69.5] 56.3 (0.5–812.5) [33.8–76.8] .02

�3 months of follow-up 55 (74.3%) 61 (87.1) .05

Unilateral hearing loss at initial assessment 34 (46.0%) 11 (15.7%) <.0001

Pure tone average in better-hearing ear, dB 37.9 (10–130) [27.5–65] 50 (6.25–130) [32.5–70] .19

Hearing loss severity in better-hearing ear .48

Mild 30 (40.5%) 21 (30.0%)

Moderate 11 (14.9%) 15 (21.4%)

Moderately severe 11 (14.9%) 12 (17.1%)

Severe 3 (4.1%) 7 (10%)

Profound 11 (14.9%) 10 (14.3%)

Normal/borderline‡ 8 (10.8%) 5 (7.1%)

*Range in parentheses and interquartile range (25th and 75th percentile) in brackets.
†Among 126 patients with follow-up.
‡High-frequency loss in 6 of 8 patients with unilateral EVA and 1 of 5 with bilateral EVA.
EVA ¼ enlarged vestibular aqueduct.

TABLE II.
Vestibular Measurements of Ears With Hearing Loss.

Bilateral EVA,
129 Ears*

Unilateral EVA and
Ipsilateral Hearing

Loss, 73 Ears†

Non-EVA Ears and
Contralateral Hearing

Loss, 41 Ears
EVA Ears With Normal

Hearing, 12 Ears‡

Midpoint, mm (range) 1.7 (0.1–4.1) 1.5 (0.1–3.5) 0.41 (0.1–0.9) 1.25 (0.1–3.8)

Operculum, mm (range) 2.7 (0.68–7.6) 2.3 (0.1–7.5) 1.37 (0.1–1.9) 2.0 (0.8–4.2)

* versus †: midpoint P ¼ .069, operculum P ¼ .025
† versus ‡: midpoint P ¼ .4, operculum P ¼ .4.
EVA ¼ enlarged vestibular aqueduct.
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In the 144 patients with EVA, there were 243 ears
with hearing loss. The midpoint and operculum meas-
urements of these ears correlated with the PTA of the
final audiogram (Spearman rho ¼ 0.20 [P ¼ .002] and
0.17 [P ¼ .007], respectively). This was consistent when
correlating midpoint and operculum measurements with
the HFPTA at the final audiogram (Spearman rho ¼
0.28 [P ¼ .003] and 0.23 [P ¼ .01], respectively).
When analyzing only ears with hearing loss and EVA
(n ¼ 202), similarly significant correlations were found
for PTA measurements (Spearman rho ¼ 0.18 [P ¼ .01]
and 0.14 [P ¼ .05], respectively). For HFPTA, the corre-
lations were slightly stronger (Spearman rho ¼ 0.30
[P ¼ .004] and 0.25 [P ¼ .018], respectively). In the ears
of patients with EVA who had hearing loss at their ini-
tial evaluation (n ¼ 164), significant correlations were
found between the PTA and the size of the midpoint and
operculum (Spearman rho ¼ 0.22 [P ¼ .006] and 0.26
[P ¼ .0009], respectively). For HFPTA, similarly
significant correlations were found (Spearman rho ¼
0.32 [P ¼ .005] and 0.24 [P ¼ .04], respectively).

Vestibular aqueduct measurements were compared
among audiometric phenotypes (Table III). Only 1 patient
with unilateral EVA had contralateral hearing loss (mid-
point, 1.4; operculum, 2.0). The median midpoint
measurement in patients with ipsilateral hearing loss
(2.05; range, 0.1–4.1) was greater than this measurement
in patients with bilateral hearing loss (1.5; range, 0.1–
3.6; P < .0001). Also, the median operculum measure-
ment in patients with ipsilateral hearing loss was greater
(2.45; range, 0.1–5.2) than this measurement in patients
with bilateral hearing loss (2.05; range, 0.4–7.5; P ¼ .09);
however, this difference was not statistically significant.

Hearing Loss Progression
There were 232 ears in children with �3 months of

audiometric follow-up that were included in the analysis
of hearing loss progression; 31 ears were excluded from
analysis, as they had profound hearing loss (n ¼ 201).
At the initial audiometric evaluation, 164 ears had hear-
ing loss, and 37 had normal hearing. Overall, 65 of 201
(39.6%) ears had progression. The initial median PTA in
the progressive hearing loss group was 53.3 (range,
15–90), and the final median PTA was 78.7 (range, 27.5–
120). The proportion of ears with progressive hearing
loss was slightly higher among ears of patients with
bilateral EVA compared to ears of patients with unilat-

eral EVA, although this difference was not statistically
significant (41 of 89 ears [46.1%] vs. 25 of 75 ears
[33.3%], respectively; P ¼ .1). No difference in hearing
loss progression was found when we compared patients
with bilateral vs. unilateral hearing loss (55 of 134
[41%] vs. 11 of 30 [36.7%], respectively; P ¼ .7).

Additionally, in analyzing patients with unilateral
hearing loss, we found a trend toward a higher preva-
lence of progression in patients with bilateral vs.
unilateral EVA, although this trend was not statisti-
cally significant (5 of 8 [62.5%] vs. 6 of 22 [27.3%],
respectively; P ¼ .1). In the patients with unilateral
EVA and normal hearing, 3 of 37 (8.1%) demonstrated
hearing loss progression. However, the rate of progres-
sion in these patients was lower than in patients with
EVA and hearing loss at initial presentation (65 of 164
[39.6%]; P ¼ .0003) and in the ears of patients with
unilateral EVA (25 of 75 [33%]; P ¼ .002). Among the
75 ears in patients with unilateral EVA and hearing
loss, there was no difference in the likelihood of hear-
ing loss progression between ears with and without
EVA (16 of 48 [33.3%] vs. 9 of 27 [33.3%], respectively;
P ¼ 1.0, Fisher exact test).

For all 201 ears analyzed for progression, the median
change in PTA between the initial and final audiogram
was 5.0 dB (range, �38.75 to 77.5 dB). For the ears that
progressed (n ¼ 68), the annual rate of progression was
4.5 (range, 1.0–63 dB). For all 164 ears with initial hear-
ing loss, the median change in PTA between the initial
and final audiogram was 6.25 dB (range, �38.75 to 77.5);
among the ears with progression (n ¼ 65), the annual
rate of hearing loss progression was 4 (range, 1.0–63 dB).
The rate of progression was significantly correlated with
the midpoint (Spearman rho ¼ 0.41; P ¼ .001), but not
with the operculum (Spearman rho ¼ 0.18; P ¼ .16). The
midpoint measurement was highly predictive of how fast
an individual would progress (taking into account the
clustering of ears or that two ears can belong to the same
individual; b ¼ .37; standard error ¼ .07; P < .0001). For
every 0.37-U increase in the midpoint measurement, the
rate of progression per year increased by a factor of 1 dB.
The change in PTA was not correlated with either the
midpoint (Spearman rho ¼ 0.18; P ¼ .16) or the opercu-
lum (Spearman rho ¼ 0.08; P ¼ .5).

During our study period, 100 patients with unilat-
eral SNHL without EVA who had at least 3 months of
follow-up audiometric data were identified. A portion of
these patients have been previously described.32 Twenty-

TABLE III.
Median (Range) [IQR] Aqueduct Measurements by the Side of the Hearing Loss Relative to the Side of the EVA.

Hearing Loss
With EVA

Ipsilateral Opercular
Width, mm*

Ipsilateral Midpoint
Width, mm†

Contralateral Opercular
Width, mm

Contralateral Midpoint
Width, mm

Ipsilateral hearing loss 2.7 (0.1–7.6) [2.1–3.5] 2.05 (0.1–4.1) [1.6–2.55] 1.25 (0.1–4.2) [0.85–1.85] 0.4 (0.1–3.8) [0.2–0.9]

Contralateral hearing loss‡ 1.1 0.7 2 1.4

Bilateral hearing loss 2.5 (0.4–7.5) [1.95–3.0] 1.5 (0.1–3.6) [1.0–1.9] 1.4 (0.1–1.9) [0.9–1.6] 0.4 (0.1–0.9) [0.1–0.7]

*Comparison between ipsilateral and bilateral hearing loss groups: not significantly different (P ¼ .09).
†Comparison between ipsilateral and bilateral hearing loss groups: significantly different (P < .0001).
‡Only 1 subject with unilateral EVA had contralateral hearing loss.
IQR ¼ interquartile range (25th and 75th percentile); EVA ¼ enlarged vestibular aqueduct.

Laryngoscope 123: June 2013 Greinwald et al.: Unilateral Enlarged Vestibular Aqueduct

137



seven (27%) of these patients had progression in at least
one ear, and 2 patients had progression in both ears.
Twenty-three of the 100 (23%) patients had ipsilateral
progression, whereas 6 of 100 (6%) had contralateral pro-
gression. As compared to patients with EVA and
ipsilateral hearing loss (65 of 164 [39.6%]), patients with
unilateral hearing loss without EVA had a significantly
lower rate of progression (27 of 100 [27%]; P ¼ .037).
There was no difference in the rate of progression in
patients with normal hearing and EVA (3 of 37 [8.1%])
and patients with unilateral hearing loss without EVA (6
of 100 [6%]; P ¼ .9).

Low-Frequency Hearing Loss Progression
Of the 144 patients with EVA, 237 ears had pure

tone audiometric data at 250 Hz (PT250); 194 of these
ears had hearing loss at 250 Hz. PT250 strongly corre-
lated with midpoint and operculum measurements
(Spearman rho ¼ 0.43, P < .001 and 0.42, P < .0001,
respectively). The PT250 also strongly correlated with the
final PTA and HFPTA (Spearman rho ¼ 0.79, P < .0001
and 0.64; P < .0001, respectively). Controlling for
temporal bone measurements, the PT250 was still
highly correlated with the final PTA (Spearman rho ¼
0.7; P < .0001). There was no association between the
PT250 and a positive SLC26A4 test result.

One hundred seventy-six patients met our study
criteria for determining hearing loss progression. In these
patients, 57 ears showed progression (median, 40 dB
hearing loss at 250 Hz), and 119 ears showed no progres-
sion (median, 25 dB hearing loss at 250 Hz; P ¼ .003). A
mixed hearing loss at 250 Hz was seen in 117 ears. There
was a significantly higher rate of progression in ears with
a hearing loss at 250 Hz than in ears with normal hearing
thresholds (46 of 117 [39.3%] vs. 11 of 59 [18.6%], respec-
tively; P ¼ .0003).

Among all ears that had PT250 values and were an-
alyzed for progression (n ¼ 176 ears) using GEE to
account for clustered data by ear, the odds for progres-
sion increased with increasing PT250 (Table IV). This
relationship weakened when midpoint measurements
and initial PTA were controlled for in the analysis. Both
the hearing level at 250 Hz and the initial PTA were
strongly correlated with the likelihood of progression
(Table IV).

Genetics
A summary of genetic test results is shown in

Tables V and VI. SLC26A4 testing was positive for a sig-
nificantly higher number of patients with bilateral EVA
than with unilateral EVA (43.5% vs. 10.3%; P ¼ .007). Of
patients with positive SLC26A4 results, 7 of 24 (29%)
had biallelic mutations (i.e., Pendred syndrome), and 17
of 24 (71%) had a single mutation. No unilateral EVA
patients had biallelic mutations compatible with Pen-
dred syndrome. Very few patients had mutations in the
GJB2, GJB6, or MTRNR1 genes. Only 1 patient had
biallelic GJB2 mutations.

Overall, the rate of hearing loss progression in
patients with SLC26A4 mutations was similar to the
rate in patients without SLC26A4 mutations (Table VII).
Analysis of hearing loss phenotypes indicated that the
rate of progression was significantly related to positive
results in ears with hearing loss in patients with bilat-
eral EVA (Table VIII). Additionally, of patients with
positive genetic test results and progressive hearing
loss, significantly more had bilateral EVA (14 of 35
[40%]) than unilateral EVA (3 of 30 [10%]; P ¼ .006).

DISCUSSION
Although unilateral EVA is not an uncommon

otologic finding, its audiometric and temporal bone

TABLE IV.
Risk Analysis of Hearing Loss Progression.

Variable Odds Ratio 95% CI P

PTT @ 250 Hz 1.10* 1.03-1.19 .009

PTT @ 250 Hz† 1.08* 0.996-1.17 .06

PTT @ 250 Hz‡ 1.04* 0.93-1.16 .5

Initial PTA4 1.12* 1.04-1.20 .003

Initial PTA4§ 1.10* 1.02-1.19 .018

*For every 5-dB increase in initial value.
†Controlling for midpoint.
‡Controlling for initial PTA4 value.
§Controlling for midpoint. CI ¼ confidence interval; PTA ¼ pure tone

average; PTT ¼ pure tone threshold.

TABLE V.
Genetic Test Results.

Unilateral
EVA, n ¼ 74

Bilateral
EVA, n ¼ 70 P

Number of patients who
received genetic testing

GJB2 51 (68.9%) 50 (71.4%) .74

GJB6 4 (5.4%) 5 (7.1%) .74*

SLC26A4 39 (52.7%) 46 (65.7%) .11

MTRNR1 4 (5.4%) 3 (4.3%) 1.0*

Positive results among
those tested

GJB2 3 (5.9%) 3 (6.0%) 1.0*

GJB6 0 1 (20%) 1.0*

SLC26A4 4 (10.3%) 20 (43.5%) 0.0007

MTRNR1 0 0 —

*Fisher exact test.
EVA ¼ enlarged vestibular aqueduct.

TABLE VI.
SLC26A4 Genotypes.

3 –2 A>G 682–698del17 L445W

M1T N322D (2) 1614 þ1 G>A

P10T (2) N324Y Y530H

L50R (2) F335L L597S

G209V F335S L729P

T410M 1001 þ1 G>A (2) G740S

V138F T416P (3) G740V

L236P (2) L441P

Amino acid changes shown for missense mutations. Numbers in
parentheses denote the number of alleles found.
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phenotype, natural history, and genetic etiology remain
unclear. The underlying goal of the present study was to
shed light on these areas of uncertainty and to deter-
mine the clinical significance of unilateral EVA in
pediatric patients.

Overall, the patients in this study demonstrated
an extremely heterogeneous audiometric phenotype.
Patients with unilateral EVA as well as those with bilat-
eral EVA had unilateral and bilateral hearing loss and
varying levels of hearing loss severity. Interestingly, we
found no difference in hearing loss severity between the
unilateral and bilateral EVA cohorts. This finding
implies that the inner ear dysfunction in patients with
bilateral EVA is not necessarily more severe than the
dysfunction in patients with unilateral EVA.

In patients with unilateral EVA, there was no corre-
lation between the side of the hearing loss and the side of
the EVA, as >50% of patients with unilateral EVA had
contralateral hearing loss. Furthermore, these patients
showed no difference in hearing loss severity between the
contralateral and ipsilateral ears. These findings suggest
that unilateral EVA may be a phenotypic expression of
bilateral alterations in the membranous labyrinth and
that unilateral EVA is likely not a unilateral disease pro-
cess. The latter conclusion can perhaps be explained by
events that occur during embryogenesis. Specifically, per-
turbation of the inner ear labyrinth, which causes
endolymphatic duct dilatation, can occur after embryonic
temporal bone mesenchyme condenses into bone; hence,
imaging would not reveal enlargement of the vestibular
aqueduct. Alternatively, if endolymphatic duct dilatation
occurs earlier in embryogenesis, imaging studies would
reveal the enlargement of the vestibular aqueduct.

Data pertaining to temporal bone phenotypes show a
correlation between the final PTA and midpoint and oper-
culum measurements and the HFPTA and midpoint and
operculum measurements. This correlation has not been
previously established. Studies conducted by Zalzal et al.12

and Colvin et al.21 reported no relationship between the
absolute level of hearing or hearing loss progression and
temporal bone measurements; however, both studies used
more restrictive criteria for EVA (i.e., a midpoint measure-
ment �1.5 mm) and had small study populations.

Reporting on 77 patients, Madden et al.5 found a relation-
ship between the midpoint and operculum measurements
and the rate of progression, but not with the initial PTA.
The disparity between historical findings and the present
study may be attributed to our use of a final PTA measure-
ment, which may have been affected by the presence of
progressive hearing loss.

Patients with unilateral EVA had slightly better
hearing compared to those with bilateral EVA, although
this difference was not statistically significant. The
difference may be related to the relatively high preva-
lence of isolated high-frequency hearing loss in patients
with unilateral EVA. Overall, a comparison of temporal
bone measurements in patients with unilateral and
bilateral EVA revealed no critical differences. Neverthe-
less, subtle differences were evident. Specifically,
although operculum measurements were larger in
patients with unilateral EVA, there was no difference in
midpoint measurements between patients with unilat-
eral and bilateral EVA. Also, patients with unilateral
EVA and ipsilateral hearing loss had larger vestibular
aqueduct measurements than patients with bilateral
EVA, suggesting the possibility of a different underlying
etiology between the two groups.

Hearing loss progression was seen both in patients
with unilateral EVA and in patients with bilateral EVA.
Although it was more commonly seen in patients with
bilateral EVA, this difference was not statistically signifi-
cant. This lack of significance remained constant when
analyzing ears with unilateral and bilateral hearing loss.

Interestingly, patients with unilateral EVA had a
similar rate of progression in both the ipsilateral and
contralateral ears. When compared to the ears in
patients with unilateral hearing loss without EVA, the
ears of patients with unilateral EVA had a higher likeli-
hood of progression. In patients with unilateral hearing
loss without EVA, only 6% had involvement of the con-
tralateral ear. In sharp contrast, 55% of patients with
unilateral EVA had involvement of the contralateral ear.
Collectively, these data support our study hypothesis
that patients with unilateral EVA would have a much
higher rate of contralateral hearing loss than patients
with unilateral hearing loss without EVA.

In patients with EVA, hearing loss at 250 Hz is
strongly correlated with the severity of the PTA and the
likelihood of progression. Additionally, the hearing loss

TABLE VII.
Rate of Progression Based on Audiometric Phenotype and

SLC26A4 Testing Results by Patient.

Progression in Unilateral EVA, n ¼ 54 Bilateral EVA, n ¼ 54 P

Both ears 6 (11%) 11 (20.4%) .18

Only one ear 15 (27.8%) 19 (35.2%)

No ears 33 (61.1%) 24 (44.4%)

Rate of Progression
SLC26A4
Positive

SLC26A4
Negative

All patients with EVA 10/17 (58.8%) 22/48 (45.8%) .36

Patients with unilateral EVA 0/3 13/27 (48.2%) .24*

Patients with bilateral EVA 10/14 (71.4%) 9/21 (42.9%) .10

*Fisher exact test.
EVA ¼ enlarged vestibular aqueduct.

TABLE VIII.
Rate of Progression Based on Audiometric Phenotype and

SLC26A4 Testing Results by Ears.

SLC26A4
Positive

SLC26A4
Negative P

Ears with HL 14/27 (51.9%) 26/73 (35.6%) .14

Ears with HL þ EVA 14/26 (53.9%) 20/59 (33.9%) .08

Ears with HL
þ unilateral EVA

0/2 10/24 (41.7%) .51*

Ears with HL
þ bilateral EVA

14/24 (58.3%) 10/35 (28.6%) .02

*Fisher exact test.
EVA ¼ enlarged vestibular aqueduct; HL ¼ hearing loss.
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at 250 Hz is related to larger temporal bone measure-
ments. When controlling for PTA and midpoint temporal
bone measurements, the correlation between hearing
loss at 250 Hz and the likelihood of progression is weak-
ened, thus showing that the strength of temporal bone
measurements is an indicator of progression. Overall,
our data indicate that hearing levels at 250 Hz alone
may be a sensitive clinical indicator in patients with
EVA. Our data support the findings of Boston et al.,9

which showed a similar correlation in ears with a mixed
hearing loss between 250 and 1,000 Hz.

As discussed by Zhou et al.,20 the etiology of low-
frequency, predominantly mixed hearing loss is uncer-
tain. Increased intralabyrinthine fluid pressure or a
possible third inner ear window phenomenon has been
proposed as an etiology for this hearing loss. The rela-
tionships shown in the current study between temporal
bone measurements, hearing loss progression, and hear-
ing loss at 250 Hz may support the abovementioned
etiologic theory that larger vestibular aqueducts cause
increased inner ear fluid pressure; in turn, fluid pres-
sure may lead to a high rate of progression and the
presence of hearing loss at 250 Hz.

Patients with bilateral EVA had a significantly
higher likelihood of having SLC26A4 mutations and of
having Pendred syndrome than did patients with unilat-
eral EVA. Our analysis of the ears of patients with
hearing loss revealed that mutations were present at a
higher rate in patients with bilateral EVA than in those
with unilateral EVA. The presence of mutations overall
did not increase the likelihood of progressive hearing
loss or the severity of hearing loss in either EVA group.
Specifically, in the ears of patients with bilateral EVA
and hearing loss, the presence of mutations increased
the likelihood of hearing loss progression. These findings
support previously published data25 indicating that sin-
gle mutations contribute to the EVA phenotype. These
single mutations, together with other as yet undeter-
mined mutations, are thought to be responsible for the
hearing loss phenotype.23,25

The audiometric phenotype was similar in patients
with unilateral and bilateral EVA. Because of the rela-
tively high rate of hearing loss progression in patients
with unilateral EVA, we feel that it is prudent to recom-
mend close audiometric monitoring. Families and patients
should be made aware of the possibility that a unilateral
imaging finding does not necessarily signify that the pro-
cess occurring within the membranous labyrinth is a
unilateral process and that the development of bilateral
hearing loss is quite common. Additionally, they should be
advised that SLC26A4 testing is a valuable diagnostic
adjunct in the evaluation of all patients with EVA.

Our study has several limitations. Given that all of
our data were based on previously collected imaging and
audiometric results, biases may have been introduced
regarding how data were entered into the database and
which patients were included in the database. Children
who did not receive an imaging study of the inner ear did
not meet our inclusion criteria, thus making the true prev-
alence of unilateral EVA in the total population of children
with SNHL difficult to assess. Also, we examined only

EVA and did not investigate other less common temporal
bone anomalies. Further study may thus be warranted to
determine the possible role of such anomalies in the hear-
ing loss phenotype of patients with EVA.

CONCLUSION
Children with unilateral EVA have a significant risk

of hearing loss progression. Hearing loss in the ear contra-
lateral to the EVA is common, suggesting that unilateral
EVA is a bilateral process despite an initial unilateral
imaging finding. In contrast to bilateral EVA, unilateral
EVA is not associated with Pendred syndrome, but may
have a different etiology. Clinicians should become
knowledgeable regarding the implications of this disease
process so that families can be counseled appropriately.
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phenotype and was highest for patients with a positive fam-
ily history of hearing loss or when the loss was congenital 
and symmetric. The spectrum of implicated genes showed 
wide ethnic variability. These findings support the more 
efficient utilization of medical resources through the devel-
opment of evidence-based algorithms for the diagnosis of 
hearing loss.

Introduction

Hearing loss is the most common sensory deficit in 
humans. It is diagnosed in 1 in 500 newborns and affects 
half of all octogenarians (Fortnum et al. 2001; Morton and 
Nance 2006). Although causality is multifactorial, in devel-
oped countries, a large fraction of hearing loss is genetic 
and non-syndromic, i.e., not associated with other pheno-
types (Marazita et al. 1993). Non-syndromic hearing loss 
(NSHL) mimics are syndromic forms of hearing loss that 
present as NSHL early in life with syndromic features 
developing later. Type 1 Usher syndrome, for example, is 
an NSHL mimic presenting as congenital profound hearing 
loss with delayed motor milestones. The associated pro-
gressive vision loss begins in late childhood (Smith et al. 
1994).

Genetic diagnosis of NSHL and NSHL mimics is valua-
ble. It provides prognostic information on possible progres-
sion of hearing loss, permits meaningful genetic counseling, 
and impacts treatment decisions (Kimberling et al. 2010). 
A positive diagnosis also saves healthcare dollars by direct-
ing the clinical evaluation and obviating unnecessary testing 
such as the routine use of imaging. The challenge, however, 
is in providing comprehensive genetic testing. Hearing loss 
is extremely heterogeneous, with over 90 genes causally 
implicated in NSHL (Van Camp and Smith 2015). Although 
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historically this heterogeneity restricted genetic testing to 
just a few genes (Hilgert et al. 2009), the advent of targeted 
genomic enrichment and massively parallel sequencing 
(TGE + MPS) has revolutionized the clinical care of the
patient with hearing loss by making comprehensive genetic 
testing possible (Shearer and Smith 2015).

TGE + MPS have been used in several small cohorts
with positive diagnostic rates that range from 10 to 83 % 
[reviewed in (Shearer and Smith 2015)]. This variability 
reflects selection bias (i.e., including only a select ethnicity 
or only patients with a positive family history for hearing 
loss), platform bias (i.e., including only a limited number of 
genes), and analytic bias (i.e., neglecting to consider copy 
number variations in the analysis) (Hoppman et al. 2013; Ji 
et al. 2014; Shearer et al. 2013, 2014b). Herein, we report 
the analysis of the largest patient cohort to date that has 
undergone comprehensive clinical genetic testing for hear-
ing loss. Of the 1119 patients presenting for testing in our 
clinical diagnostic laboratory, we were able to diagnose a 
genetic cause of deafness in 440 persons (39 %). We show 
that the diagnostic rate reflects ethnicity and clinical pheno-
type, and ranges from 1 % in patients with unilateral hearing 
loss to 72 % in patients of Middle Eastern ethnicity. These 
results provide a foundation from which to make appropri-
ate recommendations for the use of comprehensive genetic 
testing in the evaluation of patients with hearing loss.

Materials and methods

Patients

Patients included in this study were sequentially referred to 
the Molecular Otolaryngology and Renal Research Labo-
ratories (MORL) for clinical genetic testing from Janu-
ary 2012 to September 2014. All genetic screenings were 
done on a custom-designed TGE + MPS panel called Oto-
SCOPE® (Shearer et al. 2010). Relatives of patients were 
not included in this analysis (each nuclear and/or extended 
family was represented by only the proband), but no exclu-
sions were otherwise made based upon age, age of onset, 
phenotype or previous testing. All available phenotype, 
family history, and ethnicity data were recorded. Abnor-
mal physical exam features were classified as described in 
Table S1. The Institutional Review Board of the University 
of Iowa approved this study, and the described research was 
performed in accordance with the Declaration of Helsinki.

Library preparation, sequencing and bioinformatics

TGE + MPS were completed on DNA prepared from
whole blood using a Sciclone NGS workstation (Perki-
nElmer, Waltham, MA) for sample preparation. The testing 

platform was either OtoSCOPE® v4 (408 individuals) or v5 
(711 individuals) which targets 66 or 89 deafness-associ-
ated genes, respectively (Table S2) using custom-designed 
SureDesign capture technology (Agilent Technologies, 
Santa Clara, CA). Each platform included all known NSHL 
and NSHL mimic genes at the time of design (May 2011 
and November 2012, respectively). Samples were analyzed 
in pools of 48 samples sequenced on an Illumina HiSeq 
(Illumina, Inc., San Diego, CA, USA) flow cell using 100-
bp paired-end reads. If pre-determined quality control 
values were not met, the sample was rerun, as previously 
described (Shearer et al. 2014b).

Data were analyzed using a local installation of the 
open-source Galaxy software (Blankenberg et al. 2010; 
Goecks et al. 2010) and a combination of several other 
open-source tools, including read mapping with Burrows–
Wheeler Alignment (BWA) (Li and Durbin 2009), dupli-
cate removal with Picard, local re-alignment and variant 
calling with GATK Unified Genotyper (McKenna et al. 
2010), enrichment statistics with NGSRich (Frommolt 
et al. 2012), and variant reporting and annotation with cus-
tom-produced software. Copy number variant analysis was 
performed as described (Nord et al. 2011; Shearer et al. 
2014b).

Variant interpretation

On a patient-by-patient basis, all variants were discussed 
in the context of phenotypic data at a weekly interdiscipli-
nary Hearing Group Meeting that included clinicians, sci-
entists, geneticists, genetic counselors, and bioinformati-
cians. Each variant’s interpretation included consideration 
of quality/coverage depth (QD ≥ 5), minor allele frequency
(MAF) from 1000 Genomes Project Database and the 
National Heart, Lung, and Blood Institute (NHLBI) Exome 
Sequencing Project Exome Variant Server [thresholds for 
recessive and dominant NSHL were <0.005 (excluding 
GJB2 variants) and <0.0005, respectively] (Shearer et al. 
2014a) conservation (GERP and PhyloP) and pathogenic-
ity prediction annotation (including PolyPhen2, SIFT, 
MutationTaster and LRT), and annotation within the Deaf-
ness Variation Database (deafnessvariationdatabase.org), 
an in-house curated, open-access database. Based upon the 
decision reached at Hearing Group Meeting, result letters 
were generated for all patients, reporting all variants with 
MAF <1 % to the ordering physician. In the case of posi-
tive results [variant(s) reported as ‘pathogenic’ or ‘likely 
pathogenic’ based on criteria defined by the American 
College of Medical Genetics and Genomics (ACMG) and 
further refined by the MORL for NSHL] (Richards et al. 
2015; Shearer et al. 2014a), clinical correlation and segre-
gation analysis were recommended. Positive results were 
confirmed via Sanger sequencing prior to reporting. The 
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majority of rare variants deemed unlikely to cause hearing 
loss and not previously reported to be pathogenic were cat-
egorized as Variants of Unknown Significance (VUSs).

Statistical analysis

All provided clinical and phenotypic data were recorded. Diag-
nostic rates were compared using the Fisher exact test (com-
paring a specified group to all other members of the cohort) or 
Chi-square test (comparing more than 2 groups), with p < 0.05 
considered significant. Data were compiled using Microsoft 
Excel and analyzed using Prism 6 (GraphPad).

Results

Patients

1119 unrelated patients were sequentially accrued during 
the study period. Relations were not included; otherwise, 
there were no exclusionary criteria. Patient demographics 
were binned into broad key categories: inheritance, onset, 
severity, laterality, physical exam and previous genetic test-
ing (Fig. 1; Table 1). No clinical information was provided 

AD
 (1

41
)

AR
 (2

26
)

N
o 

FH
 (6

04
)

C
on

ge
ni

ta
l (

62
9)

C
hi

ld
ho

od
 (3

25
)

A
du

lth
oo

d 
(1

8)

M
ild

-M
od

er
at

e 
(3

06
)

Se
ve

re
-P

ro
fo

un
d 

(3
99

)

B
ila

te
ra

l (
53

2)
As

ym
m

et
ric

 (9
2)

U
ni

la
te

ra
l (

69
)

N
or

m
al

 (6
83

)
A

bn
or

m
al

 (2
33

)

D
FN

B
1 

(9
9)

D
FN

B
1 

an
d 

O
th

er
 (1

9)
O

th
er

 T
es

tin
g 

(3
4)

0

10

20

30

40

50

60

So
lv

e 
R

at
e 

(%
)

Onset Severity Laterality Physical
Exam

Previous
Testing

Inheritance

*

*

**

**

**

**

**

**

**

Fig. 1  Diagnostic rates are dependent on patient-specific clinical and 
phenotypic characteristics and are shown as the percentage of patients 
with the noted characteristic. Background shading separates catego-
ries. N for each characteristic is listed after the label. Dashed line 
indicates the overall diagnostic rate for this study (39.3 %). Fisher 
exact test used to determine statistical significance with *p < 0.05 and 
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Table 1  Reported ethnic and phenotypic characteristics of patients 
evaluated in this study

Characteristic Number %

Sex

 Male 561 50.1

 Female 550 49.2

 NP 8 0.7

Age when ordered (years)

 Age ≤2 415 37.1

 Age 3–17 607 54.2

 Age ≥18 82 7.3

Ethnicity

 Caucasian 549 49.1

 Hispanic 128 11.4

 African American 51 4.6

 Asian 40 3.6

 Mixed ethnicity 57 5.1

 Middle Eastern 25 2.2

 Ashkenazi Jewish 8 0.7

 Other 7 0.6

 NP 254 22.7

Family history

 Autosomal recessive 226 20.2

 Autosomal dominant 141 12.6

 X-linked 1 0.1

 Ambiguous 8 0.7

 No family history 604 54.0

 NP 139 12.4

Onset

 Congenital 629 56.2

 Childhood 325 29.0

 Adult 18 1.6

 NP 147 13.1

Severity

 Normal 1 0.1

 Mild-moderate 306 27.3

 Severe-profound 399 35.7

 NP 413 36.9

Laterality

 Bilaterally symmetric 532 47.5

 Unilateral 69 6.2

 Asymmetric 92 8.2

 NP 426 38.1

Not SNHL

 Conductive 6 0.5

 Mixed 24 2.1

Physical exam

 Normal 683 61.0

 Any abnormality 233 20.8

 NP 203 18.1
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on 72 patients. For all other individuals, the available clini-
cal information was considered during Hearing Group 
Meeting and discussed in the context of the genetic data. 
The most common characteristics included: Caucasian eth-
nicity (49 %); young age (93 % were <18 years of age); 
congenital hearing loss (56 %); severe-to-profound hearing 
loss (36 %); and symmetric impairment (48 %). Patients 
most commonly had no family history of hearing loss 
(54 %) and a normal physical exam (61 %).

Genetic diagnoses

We identified a genetic cause of hearing loss in 440 patients 
(39 %) (Table S3). Of these patients, 101 (23 %) received a 
genetic diagnosis implicating an NSHL mimic, which included 
Usher syndrome (59 patients), Pendred syndrome (29 patients), 
Deafness-infertility syndrome (6 males and 1 female with 
NSHL), Alström syndrome (1 patient), autosomal dominant 
non-ocular Stickler syndrome (1 patient), branchiootorenal 
syndrome (BOR) (2 patients), MYH9-associated disease (1 
patient), and Wolfram syndrome (1 patient) (Table S4).

Panel versioning

During the course of this study, the TGE + MPS platform
was updated from v4 to v5 as part of our standard operating 
procedure, increasing the number of genes screened from 
66 to 89. Of the 711 patients analyzed on v5, 11 patients 
carried causative variants in genes not included in v4, 
thus increasing the diagnostic rate by 2 % in all patients 
screened with V5 and accounting for 4 % of all positive 
diagnoses (11 of 263 positive diagnoses). Read metrics 
for V4 and V5 are shown in Table S5. Although patients 
sequenced with v5 had a lower average number of reads 
and lower average target coverage, the percentage of reads 
overlapping target was higher, as was the coverage at 1, 20, 
and 30×.

Variant identification

Our analysis of 1119 patients identified 5900 variants, 
which we reported to healthcare providers. 14 % of variants 

were considered causally related to the hearing loss pheno-
type and reported as pathogenic or likely pathogenic; 4 % 
were previously reported pathogenic variants for recessive 
hearing loss, with a second variant not identified (carrier 
status); and 82 % of variants were reported as VUSs. The 
median number of reported variants was 4 (range = 0–14)
and 5 (0–19) for v4 and v5, respectively (Fig. S1).

Diagnostic rate and phenotype

There was considerable phenotypic diversity that impacted 
the overall diagnostic rate of 39 % (Fig. 1). In patients with 
a family history of dominant hearing loss, for example, the 
diagnostic rate was 50 % (p < 0.05), while in patients with 
a family history of recessive hearing loss it was only 41 % 
(not significant—n.s.). In patients with no family history of 
hearing loss, the diagnostic rate was 37 % (p < 0.05).

When age of onset is considered, patients with congeni-
tal hearing loss had a diagnostic rate of 44 %, which was 
significantly greater than the diagnostic rate in patients 
with childhood (29 %)- or adult (28 %)-onset hearing loss 
(p < 0.005 in both cases). Patients with bilateral hearing 
loss were significantly more likely to receive a diagnosis 
than patients with asymmetric or unilateral hearing loss 
(44, 22 and 1 %, respectively; p < 0.005). Patients with 
conductive or mixed hearing loss had a decreased likeli-
hood of receiving a genetic diagnosis (17 and 21 %, respec-
tively), but the difference was not significant.

Any kind of abnormality on physical exam decreased 
the likelihood of a genetic diagnosis using this panel (27 %, 
p < 0.005), as compared to patients with NSHL (42 %, n.s.). 
In patients with a clinical diagnosis of Usher or BOR syn-
dromes, the diagnostic rate was 31 and 37 %, respectively. In 
none of the 15 patients with neurological findings (seizures 
or severe mental retardation) and hearing loss was a non-
syndromic genetic cause for deafness identified (Table S6).

Combining demographic characteristics provided a 
more realistic assessment of the diagnostic rate (Figs. 1, 
2). Patients with dominant, recessive or no family history 
of hearing loss had diagnostic rates of 50, 41, and 37 %, 
respectively. If the hearing loss was also congenital, the 
diagnostic rate increased to 55, 43, and 44 %. Additional 
phenotypic characteristics further improved the diagnostic 
rate (Fig. S2). For example, a patient with a negative family 
history for hearing loss had a lower-than-average diagnostic 
rate (37 %); however, if the hearing loss was congenital, the 
diagnostic rate increased to 44 % (p < 0.005 as compared 
to patients with non-congenital hearing loss and a nega-
tive family history for hearing loss). With congenital onset 
and symmetric hearing loss, the rate increased to 48 % 
(p < 0.005), and if the physical examination was normal, 
it increased further to 51 % (p < 0.005). The same trend 
was true for patients with family histories of dominant and 

Table 1  continued

Characteristic Number %

Previous testing

 Any 147 13.1

 DFNB1 99 8.8

 DFNB1 and other genes 19 1.7

 Other genes 24 2.1

NP not provided, SNHL sensorineural hearing loss
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recessive hearing loss—their diagnostic rates jumped to 67 
and 55 %, respectively, when the hearing loss was congeni-
tal and symmetric and the physical examination was other-
wise normal.

For adult-onset hearing loss, the diagnostic rate was 28 %, 
however, if the family history was positive, the diagnostic 
rate climbed to 50 %, and if the patient also had symmetric 
hearing loss, the diagnostic rate jumped again to 67 %.

Only when the hearing loss was unilateral was there 
a marked negative impact on diagnostic rate (1 % of 
patients). This finding, when combined with any other 
characteristic, decreased diagnostic success (Fig. 2).

Diagnostic rate by ethnicity

Ethnic differences impacted the diagnostic rate (p < 0.005). 
In the cohort self-identified as Caucasian (549, 49 %), the 
diagnostic rate was 38 %. However, in cohorts self-identi-
fied as Asian (40, 4 %) and Middle Eastern (25, 2 %), the 
diagnostic rate was 63 and 72 %, respectively (p < 0.005). 
The diagnostic rate was lowest in African Americans (51, 
5 %), at 26 %, p < 0.05 (Fig. 3).

Genetic spectrum

In total, 49 genes were causally implicated in hearing loss 
(Table 2). However, nearly three-fourths of all diagnoses 
(317 of 440, 72 %) were attributable to 10 genes. The four 
genes most frequently implicated were GJB2 (22 %), STRC 
(16 %), SLC26A4, (7 %) and TECTA (5 %), although this 
list varied based on degree of hearing loss. For example, 
while variants in GJB2 were the most common cause of 
severe-to-profound hearing loss (20 %), STRC accounted 
for 30 % of diagnoses in persons with mild-to-moderate 
hearing loss, followed closely by GJB2 (25 %) and then 
TECTA (7 %). SLC26A4 pathogenic variants were identi-
fied in 7 % of patients with positive diagnoses; however, all 
of these patients had severe-to-profound hearing loss (10 % 
of severe-to-profound hearing loss).

Frequency of causative genes also varied by ethnicity 
(Fig. 3, S4). For example, amongst self-identified Cau-
casian and Hispanics, STRC-related deafness was just as 
likely to be diagnosed as GJB2-related deafness (21 vs. 
20 % and 16 vs. 14 %, respectively), but in Middle East-
ern or Asian patients, GJB2 diagnoses were more common 
than STRC diagnoses (17 vs. 6 % and 36 vs. 4 %, respec-
tively). No African American patients were diagnosed with 
GJB2-related hearing loss (Fig. 3, S4).

Causal variants

The profile of causal variant type differed with inherit-
ance pattern. Amongst all 440 diagnoses, 49 % were due to 

missense variants (Table S7); however, if the hearing loss 
was dominantly inherited, missense variants were diag-
nosed 85 % of the time, as compared to 46 % with reces-
sive inheritance. Variants predicting null alleles were much 
more common with recessive diagnoses—CNVs, indels, 
nonsense variants, and splice variants made up 20, 19, 9, 
and 6 % of recessive and 2, 3, 5, and 5 % of dominant diag-
noses. 146 CNV alleles in 9 different genes were identified 
as causative in 88 patients (GJB2, MYH9, OTOA, PCDH15, 
SLC26A4, STRC, TMC1, TMPRSS3, USH2A). These genes 
contributed to 20 % of all 440 diagnoses, including one 
dominant diagnosis.

Discussion

Amongst studies of genetic hearing loss, this report is 
unique as no restrictive criteria were imposed on patient 
selection. Comprehensive genetic testing was completed on 
1119 sequentially accrued and unrelated patients. Follow-
ing a collaborative diagnostic meeting (Hearing Group) at 
which identified genetic variants in each patient were dis-
cussed in the context of the patient-specific phenotype, a 
genetic cause of hearing loss was identified in 440 patients 
(39 %) (Table S3). Several smaller studies have reported 
similar diagnostic rates (Shearer and Smith 2015).

Our data show that a focused history and physical exam-
ination can guide the expected outcome when genetic test-
ing is ordered. The phenotypic correlations that improve or 
decrease the diagnostic utility of genetic testing are intui-
tive and logical. For example, we found that a family his-
tory positive for hearing loss improved diagnosis (44 % for 
dominant or recessive family history compared to 37 % for 
no family history).

Symmetry of hearing loss also impacted diagnosis. In 
patients with an otherwise normal physical exam, if the 
hearing loss was symmetric, the diagnostic rate was 48 %. 
However, a genetic cause was never identified in patients 
with ‘presumed’ unilateral NSHL suggesting that this con-
dition does not exist (Figs. 1, 2). In fact, the only instance 
of a positive genetic diagnosis associated with unilateral 
hearing loss was in a patient with a family history of BOR 
syndrome caused by a truncating variant in EYA1, a well-
recognized phenotype–genotype association (Chang et al. 
2004; Chen et al. 1995).

Ethnicity impacted diagnostic rate. Nearly half (49 %) 
of the patients in this study self-identified as Caucasian 
and had a diagnostic rate of 38 %. In patients of Middle 
Eastern ethnicity, the diagnostic rate was higher (72 %), 
an increase that reflects the higher coefficient of inbreed-
ing in this population (Najmabadi and Kahrizi 2014). Coef-
ficient of inbreeding is known to vary across populations, 
ranging from 0.0365 in Bedouins to 0.0026 in Japanese and 
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5.96E−8 in an Afro-European admixed population of Chi-
cago (Pemberton and Rosenberg 2014).

That the diagnostic rate was lowest in African Ameri-
cans and the ‘Other’ group (which included patients of 
African, Bahaman or Native American heritage) suggests 
that there is a ‘discovery gap’ to fill in these ethnic groups 
(Gasmelseed et al. 2004; Shan et al. 2010). Nevertheless, 
in all ethnic groups, a relatively large number of less fre-
quently implicated genes accounted for 10–15 % of diag-
noses (Fig. 3), implying that across populations a similar 
proportion of hearing loss is due to multiple, rare, ethnic-
specific variants that arise randomly and independently.

In many of the world’s populations, variants in GJB2 
are the predominant cause of congenital severe-to-pro-
found ARNSHL (Kenneson et al. 2002). In this study, 
they accounted for 22 % of all diagnoses and 26 % of 
diagnoses in the congenital severe-to-profound ARNSHL 
cohort. The ethnic-specific breakdown of GJB2-related 
hearing loss in Caucasian, Hispanic, African American, 

Asian, and Middle Eastern patients was 20, 14, 0, 36 and 
17 %, respectively (Fig. 3, S2). When corrected for GJB2 
pre-screening, the percentages increased slightly (22, 16, 
0, 45, and 17 %, respectively), which is in agreement with 
other reports (Bazazzadegan et al. 2012; Dai et al. 2009; 
Du et al. 2014; Pandya et al. 2003; Usami et al. 2012).

STRC causative variants accounted for 30 % of diagno-
ses in patients with mild-moderate hearing loss, providing 
the most common diagnosis among those with this degree 
of hearing loss. In aggregate, 16 % of diagnoses impli-
cated STRC. It is noteworthy that the majority of causative 
mutations in STRC involved large CNVs (99 %), under-
scoring the requirement that all comprehensive genetic 
testing panels for hearing loss include CNV detection.

Of variants with a MAF of <0.01, the largest majority 
were of unknown significance (VUSs, Fig. S1). In addition, 
however, we identified several known or likely pathogenic 
variants associated with ARNSHL in genes without a sec-
ond causal variant. For example, 151 of the 679 patients, in 
whom a genetic diagnosis was not made, carried reported 
ARNSHL-causal variants without having a second vari-
ant in the coding sequence of that gene. This carrier rate of 
22 % is roughly 8 times higher than that reported in hear-
ing control populations and suggests that many of these 
patients have yet-to-be-identified non-coding mutations 
(Green et al. 1999).

Variant annotation is a dynamic process. Interpreta-
tion of variants as pathogenic, likely pathogenic, VUS, 
likely benign and benign is continuously refined based on 
increasingly robust data. The Deafness Variation Data-
base (deafnessvariationdatabase.org) captures this area 
of active study in an open-source, continuously updated, 
interpretational database that we maintain on all variant 
positions interrogated on the OtoSCOPE platform.

In summary, we believe that comprehensive genetic 
testing is a foundational diagnostic test that allows 
healthcare providers to make evidence-based decisions 
in the evaluation of hearing loss thereby providing bet-
ter and more cost-effective patient care (Fig. 4, Table S8). 
While only 10 genes accounted for 72 % of diagnoses, 
49 genes were identified as causative and 20 % of diag-
noses involved at least one CNV (Table 2 and Shearer 
et al. (2014b)), mandating comprehensive TGE + MPS
and thorough data analysis. While whole exome sequenc-
ing (WES) is becoming cheaper and for many indications 
more practical, a focused deafness-specific panel contin-
ues to offer the advantages of better coverage of targeted 
regions, greater facility to detect multiple variant types 
(including CNVs and complicated genomic rearrange-
ments), substantially lower costs, higher throughput, sim-
pler bioinformatics analysis, and focused testing, obviat-
ing the need to deal with secondary/incidental findings that 
otherwise inevitably arise with WES.
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Fig. 3  Solve rate and implicated genes across ethnicities. The 10 
genes with ≥10 diagnosis for the entire cohort are plotted individu-
ally; all other genes diagnosed are grouped as “other”. Ethnic-specific 
differences are readily apparent

Fig. 2  Diagnostic rate is influenced by ethnic, clinical and pheno-
typic characteristics. a N for each combination of two reported char-
acteristics for all combinations. Color/shading reflects the number 
of patients with the paired criteria, up to the maximum of n = 683.
b Diagnostic success for each corresponding category in a. Color-
ing/shading indicative of diagnosis: light orange indicates below 
average diagnostic rate, yellow indicates close to average diagnos-
tic rate (39.3 %), and dark green indicates above average diagnostic 
rate. Empty squares had fewer than 10 individuals. AD autosomal 
dominant, AR autosomal recessive, PE physical exam, DFNB1 prior 
genetic DFNB1 (GJB2) testing, DFNB1 & other prior genetic testing 
including DFNB1 and other tests, other testing prior genetic testing 
excluding DFNB1 testing

◂
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Table 2  Diagnoses and 
inheritance patterns in 440 
patients with genetic hearing 
loss

Gene Total diagnoses Autosomal dominant Autosomal recessive Mitochondrial or 
X-linked

Diagnoses % Diagnoses % Diagnoses % Diagnoses %

GJB2 95 21.6 1 1.6 94 25.3

STRC 71 16.1 71 19.1

SLC26A4 29 6.6 29 7.8

TECTA 23 5.2 15 23.8 8 2.2

MYO15A 21 4.8 21 5.6

MYO7A 20 4.5 1 1.6 19 5.1

USH2A 19 4.3 19 5.1

CDH23 18 4.1 18 4.8

ADCRV1 12 2.7 12 3.2

TMC1 10 2.3 2 3.2 8 2.2

PCDH15 9 2.0 9 2.4

OTOF 9 2.4

TMPRSS3 9 2.4

LOXHD1 8 1.8 8 2.2

OTOA 8 2.2

WFS1 7 1.6 5 7.9 2 0.5

COL11A2 6 1.4 5 7.9 1 0.3

KCNQ4 6 9.5

MYH14 5 1.1 5 7.9

MYO6 4 6.3 1 0.3

ACTG1 4 0.9 4 6.3

PTPRQ 4 1.1

MYH9 3 0.7 3 4.8

OTOGL 3 0.8

TRIOBP 3 0.8

CLDN14 2 0.5 2 0.5

COCH 2 3.2

ESPN 2 3.2

EYA4 2 3.2

LRTOMT 2 0.5

POU3F4 2 40.0

SMPX 2 40.0

TPRN 1 1.6 1 0.3

WHRN 2 0.5

ALMS1 1 0.2 1 0.3

DFNB59 1 0.3

DIABLO 1 1.6

DIAPH1 1 1.6

EYA1 1 1.6

GRXCR1 1 0.3

ILDR1 1 0.3

LHFPL5 1 0.3

MTRNR1 1 20.0

MYO1A 1 1.6

SLC17A8 1 1.6

SLC26A5 1 0.3

TSPEAR 1 0.3

USH1C 1 0.3

USH1G 1 0.3
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Abstract

Objectives: Adenoidectomy in conjunction with tympanostomy tube insertion for treating pediatric otitis media with
effusion and recurrent acute otitis media has been debated for decades. Practice differed surgeon from surgeon. This study
used population-based data to determine the protective effect of adenoidectomy in preventing tympanostomy tube re-
insertion and tried to provide more evidence based information for surgeons when they do decision making.

Study Design: Retrospective birth cohort study.

Methods: This study used the National Health Insurance Research Database for the period 2000–2009 in Taiwan. The tube
reinsertion rate and time to tube re-insertion among children who received tympanostomy tubes with or without
adenoidectomy were compared. Age stratification analysis was also done to explore the effects of age.

Results: Adenoidectomy showed protective effects on preventing tube re-insertion compared to tympanostomy tubes
alone in children who needed tubes for the first time (tube re-insertion rate 9% versus 5.1%, p = 0.002 and longer time to re-
insertions, p = 0.01), especially those aged over 4 years when they had their first tube surgery. After controlling the effect of
age, adenoidectomy reduced the rate of re-insertion by 40% compared to tympanostomy tubes alone (aHR: 0.60; 95% CI:
0.41–0.89). However, the protective effect of conjunction adenoidectomy was not obvious among children with a second
tympanostomy tube insertion. Children who needed their first tube surgery at the age 2–4 years were most prone to have
tube re-insertions, followed by the age group of 4–6 years.

Conclusions: Adenoidectomy has protective effect in preventing tympanostomy tube re-insertions compared to
tympanostomy tubes alone, especially for children older than 4 years old and who needed tubes for the first time.
Nonetheless, clinicians should still weigh the pros and cons of the procedure for their pediatric patients.
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Introduction

Acute otitis media (AOM) and otitis media with effusion (OME)

are very common otologic problems in children. The middle ear

cavity is filled with infected fluid and the mucosa is inflamed.

Ninety percent of children experience AOM and OME before

school age, most often between 6 months and 4 years of age [1,2].

Most OME resolve spontaneously within three months, but 30–

40% may have recurrent OME and 5–10% of episodes may last

for a year or longer [1,3,4]. Diagnosis of OME depends on history,

including previous rhino-sinusitis or AOM, decreased hearing

noted by the care giver, inattention at school, and aural fullness

sensation as stated by the child. Physical examination is based

mainly on pneumatic otoscopy, which is an inexpensive, accessi-

ble, and easily used diagnostic tool [3,5]. Diagnosis may be

confirmed by telescopy, pure tone audiometry, and tympanometry

[6]. Management includes conservative treatment and surgical

intervention. The American Academy of Otolaryngology Head

and Neck Surgery (AAO-HNS) set the clinical practice guidelines

for OME in 2004. Based on the self-limiting nature of most OME,
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clinicians should manage children who are not at risk by watchful

waiting for three months from the date of effusion onset (if known)

or from the date of diagnosis (if onset is unknown). If a child

becomes a surgical candidate, tympanostomy tube insertion is the

preferred initial procedure. Adenoidectomy should only be

performed when there is nasal obstruction or chronic adenoiditis,

or in repeated tympanostomy tube insertions. Tonsillectomy or

myringotomy alone should not be used [5]. The AAO-HNS also

set clinical practice guidelines for tympanostomy tubes in children

in 2013, recommending that clinicians offer bilateral tympanos-

tomy tubes to children with bilateral chronic OME (OME last for

3 months or longer), and recurrent AOM with middle ear effusion.

The guideline also recommended that clinicians should not offer

tympanostomy tubes to children with single episode of OME

lasting less than 3 months, and recurrent AOM without middle ear

effusion [7].

For children with tympanostomy tubes, 20–50% may require

repeated tympanostomy tubes after their initial tubes extruded [8–

10]. Adenoidectomy has been proved to be effective in preventing

recurrence of OME, recurrent AOM, or the need for repeated

tympanostomy tubes in many studies in the past 30 years [11–20],

and only a few demonstrated contrary data [21–24]. Adenoidec-

tomy may reduce repeated tympanostomy tubes by 50% [15–19].

Why is adenoidectomy effective in preventing pediatric middle ear

infection? The adenoids are considered an important factor in

pediatric middle ear infection since it may be a reservoir of

pathogens [25], while its size effect may block the Eustachian tube

orifice [26,27]. Thus, it may play a role in middle ear

inflammation or decreased ciliated mucosa [28–30]. However, it

is not suggested as a regular procedure in treating chronic OME or

recurrent AOM or in conjunction with primary tympanostomy

tube insertions [5,31], for the possible complications of general

anesthesia and the procedure itself like bleeding, nasopharyngeal

stenosis, and injury to the orifice of Eustachian tubes [32–34].

Although the AAO-HNS practice guidelines for OME suggested

adenoidectomy only for children requiring repeated tympanosto-

my tubes [5], many surgeons performed adenoidectomy in

conjunction with tympanostomy tubes insertion as the initial

treatment for chronic OME or recurrent AOM in recent years

after the release of AAO-HNS practice guidelines [16,18,19].

When to perform adenoidectomy for children with chronic OME

remains a major debatable issue. Another controversial issue is the

age at which adenoidectomy will be beneficial to children with

chronic OME. Many studies show that adenoidectomy is only

beneficial to children of certain age groups. In three studies, Gates

et al. and Maw showed that adenoidectomy was beneficial in

children with OME older than 4 years [11,12,14], and one most

recent systemic review and metanalysis also concluded that

adenoidectomy with primary tube insertion appears to provide a

protective effect against repeated surgery in children older than 4

years [35], while Hammaren-Malmi et al. demonstrated that

adenoidectomy did not reduce OME in children younger than 4

years old [21]. However, Coyte et al. found that adenoidectomy

was beneficial to children older than 2 years old and that the

benefits were more obvious among children older than 3 years old

[15]. Thus, the results of these studies are not consistent. This

population-based retrospective birth cohort study aimed to

examine the protective effect of adenoidectomy for tube re-

insertion using the National Health Insurance Research Database

(NHIRD) in Taiwan. Specifically, this study examined the efficacy

of adenoidectomy in conjunction with tympanostomy tube

insertion for reducing the repeated tympanostomy tubes compared

to tympanostomy tubes alone. We used Tympanostomy tube

insertion as a surrogate for chronic OME and recurrent AOM

because surgical procedures were usually for most serious and

retractable cases. Besides, the reduction of tube insertion also

means the reduction of the risk of general anesthesia and the

procedure itself which were really burdens for both pediatric

patients and their parents. The National Health Insurance (NHI)

in Taiwan, established since 1995, has a nationwide coverage of

more than 99% of legal residents. It is well known for its low fees

and low reimbursement but high quality of service. All of the

medical services and medication in Taiwan are paid for by NHI,

which is also characterized by easy accessibility without a

regulated referral system. Patients may go to any doctor or any

hospital on their own will, with or without the referral of primary

care physicians. All of the medical procedures and claims are

recorded in the NHI database, which is the only buyer of medical

service in Taiwan. The NHIRD is released for academic use

yearly by the National Health Institute of Taiwan.

Materials and Methods

The study was reviewed and approved by the Institutional

Review Board of Taipei Veterans General Hospital. (IRB number:

2013-02-019B) No inform consent was given because this study

analyzed government released secondary data. The identification

of every individual in the database was censored. This ten-year

study (2000–2009) used the Taiwan NHIRD, a population-based

data on approximately 23 million people covered by the NHI.

Every admission and outpatient visit record was included in this

database without sampling. All children born in the year 2000 and

2001 who had tympanostomy tube insertion before the end of the

study period (end of the year 2009) were included. They were

divided into two groups based on whether or not adenoidectomy

Figure 1. Study flow chart.
doi:10.1371/journal.pone.0101175.g001
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was done together with their first tympanostomy tube insertion.

Data on these children was examined to determine if they received

repeated tube insertions before the end of the study period.

Those with repeated tube insertions without adenoidectomy on

their first tympanostomy tube insertion were further divided into

two groups based on whether or not adenoidectomy was done

together with their second tympanostomy tube insertion. Data on

these children was further examined to determine if they received

a third tube insertion before the end of the study period (Fig. 1).

The repeat tube insertion rate and time to repeated tubes were

compared between children who received adenoidectomy with

tympanostomy tubes and those who received tube insertion alone.

The study population was obtained by retrieving all of the

patients with the procedure code for myringotomy with ventilation

tube insertion under a microscope from 2000 to 2009 from the

claims data of the NHIRD, with a birthday between January 1,

2000 and December 31, 2001. That is a population-based data

without any sampling. As such, a population based year 2000 and

2001 birth cohort for tympanostomy tube insertion was obtained

and followed-up to 8 or 9 years old. Children with cleft palate with

diagnosis codes in International Classification of Disease, 9th

Revision (ICD-9) 749.00,749.04 were excluded because they

tended to have multiple tympanostomy tube insertions [36–38].

Adenoidectomy was also relatively contraindicated for children

with cleft palate as it might lead to velo-pharyngeal incompetence

[39]. Concurrent tympanostomy tube insertion and adenoidecto-

my was defined by identifying two procedure codes for myringot-

omy with ventilation tube insertion under a microscope, and for

adenoidectomy on the same day in the claims data. Adenoidec-

tomy done with tonsillectomy at the same time was also identified

and was not included in this study.

The children were also stratified into four age groups in years in

order to examine the effect of age (0!age,2, 2!age,4,

4!age,6, and 6!age,9). The rate of repeated tympanostomy

tube insertion and time to recurrence were examined in each age

group to explore the protective effect of adenoidectomy on tube

reinsertion. The age group with highest risk of tube re-insertion

was further determined. The rate of post-adenoidectomy bleeding

was also explored.

Statistical Analysis
The tube insertion rate between children with adenoidectomy

and tympanostomy tubes and those with tympanostomy tubes

alone in all age groups was compared using the Fisher’s exact test.

The time between the first tympanostomy tube insertion and

repeated procedures in the study period was compared by log-rank

test for failure time. The adjusted hazard ratio of recurrence

between children with and those without adenoidectomy and

among age groups was obtained by Cox proportional hazard

model. The statistical results were obtained via the software SAS

9.1 (SAS Institute, Cary, NC, USA). Statistical significance was set

at p,0.05. All values were expressed as mean 6 standard

deviation (SD).

Results

According to the Taiwan National Statistics Report, there were

305,312 and 260,354 newborns in the year 2000 and 2001

respectively [40]. This study had a population-based birth cohort

numbering 565,666 who were followed-up for 8 to 9 years. A total

of 2221 children in the 2000 and 2001 birth cohorts had

tympanostomy tube insertion before the age of 8 or 9 years. The

cumulative incidence of tympanostomy tube insertion before 8 or

9 years of age was 0.393%. After excluding 437 children with cleft

palate, and 29 children with adenotonsillectomy, 1755 were

included in this study. Among them, 1627 cases had only one tube

insertion before 8 or 9 years of age. There were 1065 males, or

60.7% of the total cases. Around 80% of children had their first

tube surgery after 4 years of age. One hundred and eleven had two

tubes insertions and 17 had more than two insertions. Additional

adenoidectomy and age at tympanostomy tube insertions and

adenoidectomy were shown in Table 1.

Of the 1755 cases included, 767 had adenoidectomy on their

first tympanostomy tube insertion. The other 988 children had

tube insertion alone, although 89 of them needed repeated tube

insertions. There were 21 who had adenoidectomy on their second

tubes insertion while 68 had tube insertion only. The age of

children received adenoidectomy was 5.561.3 (mean6SD) years

old. Children who received both adenoidectomy and tympanos-

tomy tubes on their first tubes insertion had a lower recurrence

rate than those who had tubes alone (p = 0.002). They also had a

longer time to re-insertions (p = 0.01) (Fig. 2). However, the

protective effect of adenoidectomy on the second tube insertion

was not observed in terms of re-insertion rate and in time to re-

insertions (p = 0.29 and p = 0.22, respectively) (Table 2).

Table 1. Descriptions of 2000–2001 birth cohort who
had undergone tympanostomy tubes before 9 years
of age.

Characteristics n %

Total subjects 1755 100.0

Gender*

Male 1065 60.7

Female 689 39.3

Age at 1st tube insertion*

0–2 years 183 10.4

2–4 years 222 12.7

4–6 years 856 48.8

6–9 years 494 28.2

Number of chronic OME episodes

1 1627 92.7

2 111 6.3

3 12 0.7

4+ 5 0.3

Surgical operation

Tube only 988 56.3

Tube + Adenoidectomy 767 43.7

Age at tube insertion{

1st tube insertion 5.0 1.8

2nd tube insertion 5.9 1.5

3rd tube insertion 6.9 1.3

Age at adenoidectomy`

0–2 years 5 0.6

2–4 years 82 10.1

4–6 years 450 55.5

6–9 years 274 33.8

*One missing value.
{Shown by mean and standard deviation.
`Only those who had undergone adenoidectomy were included (n = 767).
doi:10.1371/journal.pone.0101175.t001
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Stratifying the children into four age groups (0–2 years, 2–4

years, 4–6 years, and 6–9 years), those older than 4 years old who

received both adenoidectomy and tympanostomy tubes had

statistically significant lower tube re-insertion rate and longer

time to tube re-insertions than those who had tympanostomy tubes

alone (Table 2 & Figure 2). (p = 0.02, p,0.001 for age group 4–6

and 6–9 respectively) There was no difference in tube re-insertions

regardless of adenoidectomy in the age group 0–2 and 2–4 years

(Table 2).

After controlling for age, adenoidectomy reduced the rate of

tube re-insertion by 40% compared to tympanostomy tubes alone

(aHR: 0.60; 95% CI: 0.41–0.89). After controlling for the effect of

adenoidectomy, children who had their first tube surgery at the

age of 2–4 years were most prone to tube re-insertions, followed by

the 4–6 years age group (Table 3). Among 767 patients who

received adenoidectomy, only two had severe post-operative

bleeding that required intra-operative monitoring.

Discussion

The 2000 and 2001 birth cohort in Taiwan had 565,666

children. Among them, 2221 had tympanostomy tube insertion

before the age of 8 or 9 years for a cumulative incidence of

0.393%. Compared to other reports, one study showed the

tympanostomy tube insertion rate in United states was 6.8%

before the age of 3 and another study revealed middle ear surgical

procedure was 9% in Norway [41,42]. The rate of tube re-

insertion is about 20% to 50% [8–10,43]. The rate of tympanos-

tomy tube insertion and tube re-sinsertion of children in Taiwan is

low. This may be because Asian parents usually do not like their

children to undergo surgery, leading to more conservative

management or otolarygologists in Taiwan managed pediatric

otitis media more conservatively under the suggestions of clinical

practice guideline in comparison to surgeons in the United States

[44–46].

This study demonstrates that adenoidectomy has a protective

effect of preventing tube re-insertion in conjunction with the first

tympanostomy tube insertion in children older than 4 years old

compared to tube insertion alone. There were 849 cases in the 4–6

year old age group, which accounted for nearly half of the enrolled

cases. Further stratifying this group into two groups of 4–5 years

and 5–6 years for analysis, adenoidectomy had significant

protective effects in the 4–5 year old age group but not in the

5–6 year old age group. The recurrence rate of children receiving

adenoidectomy in the two age groups was 5.8% and 5.5%,

respectively. The recurrence rates in tube only group was lower in

the 5–6 year old age group (8.1%) than that in the 4–5 year old

age group (12.1%). This may be due to the protective effect of age

influencing the protective effect of adenoidectomy. We did not

found the protective effect of adenoidectomy for children under 4

years old. Given small sample size for children under age of 4, post

hoc power was calculated to examine whether the statistical power

was large enough to detect differences in tube re-insertion rate

between two surgical procedures. With an overall sample size of

Figure 2. Survival curve of tube re-insertions. (A) Overall recurrence. (B) (C) and (D) Recurrence stratified by age.
doi:10.1371/journal.pone.0101175.g002
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183 0–2 years-old and 224 2–4 years-old children, the power

achieves 37.1% and 33.6%, respectively, at a 0.05 significance

level. This meant that there might be a protective effect which we

could not detect due to small sample size for children under 4

years old.

After adjusting for the effect of age, adenoidectomy reduced the

rate of tube re-insertion by 39%. These results are similar to those

of most previous studies on this topic, most of them around 40% to

50% [10,15,17–19,35]. If a child requires tube insertion at the age

of 2–4 years, he or she are more likely to have tube re-insertions.

This may be due to children in this age group are more likely to

have recurrent AOM episodes, attending day care services, or

shorter tubes staying time. Clinicians should therefore pay more

attention to this age group of patients with chronic OME because

they are prone to have recurrence. On the other hand,

adenoidectomy is not beneficial to patients in this age group.

Education the parents to avoid exposure to risk factors [46],

medical management of allergic rhinitis, and vaccination for

Table 2. Tympanostomy tube re-insertions by previous surgical procedures and age groups.

Recurrence of chronic OME Test for failure time

Previous surgical procedures n % P Value* P Value{

All age groups

First re-insertion

Tube only (n = 988) 89 9.0 0.002 0.01

Tube+ adenoidectomy (n = 767) 39 5.1

Second re-insertion

Tube only (n = 68) 12 17.6 0.29 0.22

Tube+ adenoidectomy (n = 21) 1 4.8

Age stratification at first tube insertion

0–2 years

Tube only (n = 178) 16 9.0 0.39 0.39

Tube+ adenoidectomy (n = 5) 1 20.0

2–4 years

Tube only (n = 143) 17 11.9 0.41 0.33

Tube+ adenoidectomy (n = 79) 13 16.5

4–6 years

Tube only (n = 422) 43 10.2 0.02 0.02

Tube+ adenoidectomy (n = 434) 25 5.8

6–9 years

Tube only (n = 245) 13 5.3 ,0.001 ,0.001

Tube+ adenoidectomy (n = 249) 0 0.0

*Fisher’s exact test was performed.
{Time to OME recurrence was tested by log-rank test.
doi:10.1371/journal.pone.0101175.t002

Table 3. Estimated hazard rations (HR) and 95% confidence intervals (95% CI) of tympanostomy tube re-insertions
of 2000–2001 birth cohort of chronic OME who had undergone tympanostomy tubes before 9 years of age.

Recurrence of chronic OME

Variables HR{ 95% CI aHR{ 95% CI

Previous operation

Tube only 1.00 1.00

Tube+ adenoidectomy* 0.61 0.42–0.89* 0.60 0.41–0.89*

Age

0–2 years 0.63 0.34–1.14 0.55 0.30–1.00*

2–4 years 1.00 1.00

4–6 years 0.66 0.43–1.02 0.71 0.46–1.11

6–9 years 0.41 0.21–0.79* 0.44 0.23–0.86*

*p,0.05.
{HR = Hazard ratio; aHR = Adjusted hazard ratio; 95% CI = 95% confidence interval.
doi:10.1371/journal.pone.0101175.t003

Adenoidectomy on Pediatric Tympanostomy Tube Re-Insertions

PLOS ONE | www.plosone.org July 2014 | Volume 9 | Issue 7 | e101175

156

http://www.plosone.org/


pneumococcal conjugate vaccine [47–49] are efforts that can be

done in order to prevent the need for repeated tubes.

This study is the first to explore the problem using a population-

based birth cohort. Every case born in the 2000 and 2001 were

demonstrated and followed-up in this study without sampling to

show what really happened to all these children in Taiwan who

needed tympanostomy tube insertion before the age of 8 or 9

years. With the advantage of a population-based administrative

database and the uniqueness a birth-cohort design, the numbers of

tube insertions after birth of every case can be clearly defined and

the concurrent surgical procedure (adenoidectomy or adeno-

tonsillectomy) can be identified accurately without ambiguity in

history.

To improve the internal validity of this study, tympanostomy

tube insertion is used instead of diagnosis codes in ICD-9 as a

surrogate of chronic OME and recurrent AOM for the accuracy

of defining the study population. If there was a code for certain

surgical procedures for a patient in the claims data, that patient

definitely had the disease and underwent the surgical procedure

for it on the date of the surgery. In contrast, if diagnosis codes in

ICD-9 were used as a surrogate for the disease, the probability of

miscoding by the physician might be much higher. Physicians

might use a certain diagnosis code by misdiagnosis. They also

might do this for prescribing antibiotics or laboratory test in order

to pass the review of the insurance payer or to improve

reimbursement.

The major limitation of this study is the limitation of the

administrative claims data. Medical records and the operative

notes of every patient could not be obtained. In the NHIRD, there

was no clinical data like patient history, physical examination

findings, laboratory data results, hearing level or surgical findings.

Medical records could not be checked to identify if the patient had

adenoid hypertrophy, adenitis, obstructive sleep apnea, or

persistent purulent nasal discharge. The appearance of ear drum

and culture results were also not known, which might lead to

selection bias because surgeons perform adenoidectomy for more

severe cases. Disease severity in the adenoidectomy group might

be higher than in the tube insertion alone group. In the real world,

a population based randomized control trial for this problem is not

feasible or ethical. This study does offer an alternative way to

explore the protective effects of adenoidectomy on tympanostomy

tube re-insertions without any ethical issue. Other unobserved

confounders are very likely to be diluted in this population based

birth cohort study design and may have little influence.

Although adenoidectomy has protective effects on preventing

tube re-insertions for children who need tympanostomy tubes,

especially those older than 4 years old, performing adenoidectomy

for every kid who needs tubes is not being recommended. The

complication rate may not be high but there are complications due

to the general anesthesia or from the procedure itself, including

post-operative bleeding and nasopharyngeal stenosis [32–34].

Surgeons should take consider both the benefits and harm for

every individual patient and make the best decision accordingly.

Conclusions

Adenoidectomy has protective effect against the need for

repeated tympanostomy tubes, especially for children older than

4 years. Children who need their first tube at the age of 2–4 years

are most likely to have a tube re-insertion in the future. Surgeons

should weigh the pros and cons for every individual patient before

suggesting adenoidectomy to prevent recurrent chronic OME and

AOM.
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a b s t r a c t

Objective: To evaluate the presentation, treatments and outcomes in pediatric patients with salivary
gland malignancies.
Study design: Retrospective chart review (1950e2012), Prospective phone interview.
Methods: Patients �18 years old with a salivary gland malignancy treated at our institution were
identified. Patients were also contacted by phone for a follow up survey.
Results: Fifty-six patients were identified. Tumor origin was 88% parotid (n ¼ 49), 5% (n ¼ 3) subman-
dibular and 7% (n ¼ 4) minor salivary glands. Time from onset of symptoms to diagnosis was over one
year (mean ¼ 14.4 years). Fifteen out of 52 patients with major gland malignancy had a locoregional
recurrence and local recurrences were almost all after initial enucleation. Two of these patients died of
disease (overall disease specific survival ¼ 96%). Three out of 4 patients with minor gland malignancy
had a local recurrence and two patients with high grade pathology developed metastases and died of
their disease (overall survival ¼ 50%). On long term follow up survey in 13 patients (25%), 100% reported
normal facial movement and 54% described symptoms of Frey's syndrome, which is higher than other
reported series in children. Recurrence was noted up to 45 years after initial treatment.
Conclusions: The majority of malignant pediatric salivary gland tumors are low grade and have excellent
survival, especially if found at an early stage. Minor salivary gland malignancies, particularly high grade,
have a worse prognosis. Long term mild Frey's syndrome can be expected in approximately half of pa-
tients. We advocate a need for long term follow up and increased awareness among providers to di-
agnose these patients earlier.

© 2016 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Salivary gland tumors are uncommon in children and adoles-
cents and represent only 0.5% of pediatric malignancies [1]. In
adults, approximately 15e25% of salivary gland tumors are malig-
nant [2] compared to approximately 25e50% in the pediatric
population [3e6]. As a whole, salivary gland malignancies are a

heterogeneous group of cancers, with differing behaviors based on
factors such as location, histologic type, grade and stage.

Due to the rarity of salivary gland malignancies in the pediatric
population and lack of large single institution clinical studies, it is
challenging to develop a consensus on treatment. The degree of
surgery and the role of adjuvant treatment remain unclear. Opti-
mizing a balance between good oncologic outcome and long term
morbidity is paramount. Additionally, long term functional and
cosmetic outcomes are somewhat unknown in this patient popu-
lation as the majority of data in existence is via retrospective chart
review which may not capture these complications.

The goal of this study is to examine a series of pediatric patients
with salivary gland malignancies treated at a single tertiary care
referral center and followed for up to 62 years to aid in answering
the challenging question of treatment and long term functional
outcomes for these children.
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2. Materials and methods

After institutional review board approval, a retrospective chart
review was performed (1950e2012) and all patients less than or
equal to 18 years of age with a histologically confirmed salivary
gland malignancy evaluated or treated at the Mayo Clinic in
Rochester, Minnesota were identified. Patients' medical records
were reviewed for demographic data, presentation, diagnostic
testing, management strategy and clinical outcomes. Tumors were
staged based upon the 2008 AJCC TNM staging classification sys-
tem. Follow up length was calculated from the date of surgery until
the last known contact with the patient.

Time from initial surgery to recurrence at the primary site or
neck was the outcome. Subjects were censored at time of last
follow-up or death. Kaplan-Meier estimates of the survival function
were obtained using available case analysis and risk factors were
compared using the log-rank test. A Bonferroni correctionwas used
for multiple testing of definitive surgery types.

Patients and or the parents of underage patients were contacted
for long term follow up conducted via standardized phone inter-
view conducted by trained personnel of the Mayo Clinic Survey
Research Center. The enrolled subjects provided written and oral
consent.

3. Results

3.1. Demographics

Fifty six patients age less than or equal to eighteen years were
identified. Twenty-four were male and 32 were female. The patients
ranged in age from 3 to 18 years old, with a mean of 14.1 years.

3.2. Clinical presentation

All but one patient presented with a salivary gland mass. The
majority of patients (91%) had painless masses. No patients pre-
sented with facial nerve weakness. Mean time between onset of
symptoms and diagnosis was 14.4 months.

4. Major gland

4.1. Tumor characteristics

Of the 56 cases, 49 involved the parotid gland and 3 involved the
submandibular gland. Information on histology, grade and stage can
be found inTable 1. All patientswere clinicallyN0with no evidence of
distant metastases. Tumor grade was available for 35 patients. All
intermediate or high grade lesions were classified as mucoepi-
dermoid carcinomawith the exception of onehigh grade synovial cell
sarcoma.Fivepatientshadadversepathologic features; 4 tumorswith
extracapsular spread and 1 with vascular invasion.

4.2. Treatment

A large proportion of patients (55%) underwent some degree of
operative management at another institution. Approximately half
(14 of 29 cases) of these cases underwent an incomplete procedure
and after obtaining final pathologic diagnosis were transferred to
our tertiary center for definitive surgical management. The major-
ity of these patients had either an enucleation or superficial paro-
tidectomy and then underwent total parotidectomy after
evaluation at our institution. Of the patients that had completion
surgery at our institution, residual tumor was found in about half of
the surgical specimens (47%). Definitive treatment for primary
parotid malignancies was as follows: 22% enucleation of tumor, 10%

superficial parotidectomy, 49% total parotidectomy with facial
nerve preservation, 16% total parotidectomy with at least partial
facial nerve resection and primary chemoradiation in 2% (Table 1).
Approximately 40% of parotid tumors underwent a neck dissection.
The majority of neck dissections (65%) were limited to area II; 15%
included areas II and III. No cervical lymph nodes were involved,
but 11% of patients had positive intraparotid lymph nodes. All
submandibular gland malignancies were treated with resection of
the gland as well as dissection of nodal area IB. No surrounding Ib
lymph nodes were positive. One patient with rhabdomyosarcoma
underwent primary chemotherapy and radiation due to the large
and infiltrative nature of the tumor.

Three patients, all with primary parotid malignancies, received
adjuvant radiation after surgery. These were as follows: T3
mucoepidermoid carcinoma with invasion into the masseter mus-
cle, T3 high grade mucoepidermoid carcinoma with positive
intraparotid lymph nodes and a T3 adenoid cystic carcinoma. Two
patients received chemotherapy and radiation: one with rhabdo-
myosarcoma and one with T4b mucoepidermoid carcinoma. The
average radiation dosage delivered to these patients was 5600 Gy.
One patient with lymphoma of the parotid gland received
chemotherapy alone after surgery (Table 1).

4.3. Outcomes

Fourteen out of 52 patients had a local recurrence, 2 had a
cervical recurrence, 2 developed distant metastases and 2 died of
their disease. A description of the clinical course for patients with a
local recurrence can be found in Appendix 1. Local recurrences

Table 1
Parotid and submandibular gland tumor characteristics and treatment outcomes.

n %

Histology
Mucoepidermoid carcinoma 27 52
Acinic cell carcinoma 16 31
Adenoid cystic carcinoma 3 6
Rhabdomyosarcoma 2 4
Adenocarcinoma 1 2
Lymphoma 1 2
Polymorphous hemangioendothelioma 1 2
Synovial cell sarcoma 1 2

Tumor grade
Low 23 66
Intermediate 9 26
High 3 8

T stage
T1 22 49
T2 13 29
T3 9 20
T4 1 2

Stage
Stage I 21 48
Stage II 14 32
Stage III 8 18
Stage IV 1 2

Definitive treatment (parotid tumors)
Enucleation 11 22
Superficial parotidectomy 5 10
Total parotidectomy 32 65
Primary chemoradiation 1 2

Adjuvant radiation 3 6
Adjuvant chemoradiation 2 4
Recurrence
Local 14 27
Regional (neck) 2 4

Distant metastasis 2 4
Outcomes
Alive NED 48 85
Dead of disease 4 7
Dead of other cause 4 7

C.C. Cockerill et al. / International Journal of Pediatric Otorhinolaryngology 88 (2016) 1e6

160



were almost all after initial enucleation (10/14). Median time to
recurrence in this group was 9.5 months (range 3e540 months).
Two had a recurrence in the cervical lymph nodes that was treated
with selective neck dissection. Neither of these patients had a neck
dissection as part of their initial surgery. One patient with rhab-
domyosarcoma developed lung metastases that were treated
curatively with chemotherapy and radiation but ultimately died of
treatment associated acute myeloid leukemia.

Mean length of follow up for patients with major salivary gland
malignancies was 13.5 years (range: 0.2e62.3). Two patients died of
major salivary malignancy making the overall disease specific
survival 96%. Two patients died of acute myeloid leukemia thought
to be secondary to chemoradiation treatment received for their
salivary malignancy and two patients died of other causes.

4.4. Factors associated with recurrence

Information on factors associated with recurrence is presented in
Table 2. There was evidence that adverse pathologic factors (extrac-
apsular spread, vascular invasion and or perineural spread), enucle-
ationor superficial versus total parotidectomy, andnoneckdissection
increased the risk of recurrence. However, statistical significancewas
only seen in patients who underwent enucleation versus total paro-
tidectomy (p value ¼ 0.005) (Fig. 1). There was insufficient evidence
that low versus high grade pathologic types, T stage, and addition of
adjuvant radiation was related to risk of recurrence.

4.5. Complications

Based on retrospective chart review, the most common
complication involved the facial nerve with 4 patients having
complete facial paralysis, and another 4 patients with limited
branch facial paralysis. Gustatory sweating (Frey's syndrome) was
recorded in 5 patients. Other complications related to surgery
included hypertrophic scar and major depression associated with
appearance from facial paralysis. Complications associated with
radiation included facial lymphedema, xerostomia, paresthesias,
external auditory canal stenosis and arrested mandibular growth
requiring reconstructive surgery. Two patients developed treat-
ment related acute myeloid leukemia.

4.6. Long term follow up survey data

An attempt was made to contact all 52 patients still alive at last
follow up. Ultimately, 13 patients or parents of patients could be
reached for a phone survey. Average follow up time for this cohort
was 28.7 years (range 2.1e62.3 years). One hundred percent re-
ported normal facial movement with no eye problems. One patient
reported facial twitching or spasm despite not having any facial
weakness after initial treatment. Over half (54%) described symp-
toms of Frey's syndrome. All of these patients reported that their
gustatory sweating symptoms never resolved and stated that the
effect on their quality of life was a “1” on a scale of 1e10.

Other reported long term side effects of treatment included
facial numbness, change in ear position, speech impairment, diffi-
culty eating, chronic facial pain, need for long term feeding tube,
difficulty whistling/blowing, excessive scarring and drooling (n ¼ 1
for all). Four patients that were treated with surgery alone reported
excessively dry mouth. One patient reported a recurrence 45 years
after being treated for mucoepidermoid carcinoma with surgery,
radiation and chemotherapy.

5. Minor gland

There were 4 cases of minor salivary gland cancer (2 low grade
mucoepidermoid, 1 high grade mucoepidermoid, 1 low grade
adenocarcinoma). Three out of 4 patients suffered a local recur-
rence and one of these had a cervical lymph node recurrence 3.5
years later. Two patients (high grade mucoepidermoid and
adenocarcinoma) developed metastases and both died of their
disease, which made an overall disease specific survival of 50% for
this group. Average length of follow up in this cohort was 6.9 years.

6. Discussion

We present our single institution experience treating pediatric
salivary gland malignancies over a 62 year time period. Our series
confirms that mucoepidermoid carcinoma is the most common
histologic type in pediatric patients followed by acinic cell and
adenoid cystic carcinoma [1,4,7]. An average age at presentation of
14e15 years also appears to be consistent across studies [1,7].

Table 2
Factors associated with locoregional recurrence of parotid and submandibular gland tumors.

Locoregional recurrence n/total n (%) p-value

Low grade pathologya 8/32 (25%)
High grade pathologyb 5/18 (28%)
T1/T2 10/35 (29%)
T3/T4 3/10 (30%)
Adverse pathologic factors 2/5 (40%) 0.6
No adverse pathologic factors 13/46 (28%)
Positive intraparotid LN 0/4 (0%)
No positive intraparotid LN 14/45 (31%)
Enucleation 7/11 (64%)
Superficial parotidectomy (SP) 2/5 (40%)
Total parotidectomy (TP) 5/32 (16%)
Definitive surgery
Enucleation vs. TP 0.005
Enucleation vs. SP 0.15
SP vs. TP 0.10

Neck dissection 3/22 (14%) 0.09
No neck dissection 12/30 (40%)
Adjuvant radiation 1/6 (17%) 0.57
No adjuvant radiation 14/46 (30%)

LN: lymph nodes.
a Low grade mucoepidermoid, acinic cell, lymphoma.
b Intermediate and high grade mucoepidermoid, adenoid cystic, rhabdomyosarcoma, high grade synovial cell sarcoma.
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6.1. Major gland

Major salivary gland tumors appear to behave substantially
different than minor salivary gland tumors and therefore these
findings are reported separately. For major gland malignancies, we
found that the majority of these tumors are low grade (66%) and
present at an early stage (80%). Thismay explainwhy the patients in
our series had an excellent prognosis with an overall disease spe-
cific survival of 96%. Comparatively, the adult literature reports a
47e65% ten year overall survival [1,8,9]. Sultan et al. reviewed the
SEER database from 1974 to 2006 and likewise demonstrated that
pediatric salivary gland malignancies are generally less advanced
and have a better outcome than their adult counterparts [1]. Due to
the good overall survival in our series we were unable to identify
statistically significant factors associated with poor prognosis.
However, Kupferman et al. found that age greater than 14 years,
non-Caucasian ethnicity, high-grade histopathology and perineural
invasion predicted for adverse survival [7].

Based on the outcomes in our series, we believe that the ma-
jority of these patients can be managed with surgery alone. In fact,
only 11% of patients received adjuvant radiation. Complications
from radiation in our series included facial lymphedema, xero-
stomia, paresthesias, external auditory canal stenosis and arrested
mandibular growth requiring reconstructive surgery. Additionally,
two patients developed and died from acute myeloid leukemia
thought to be secondary to chemoradiation treatment received for
their salivary malignancy. Risk versus benefit of radiation should be
carefully weighed in this population given the potential for
morbidity. We believe radiation therapy should be considered in
patients with positive margins, high grade tumors, advanced stage,
adverse pathologic factors (perineural spread, extracapsular
extension, vascular invasion) and bone or soft tissue invasion.

Over half (65%) of the patients with parotid tumors in our series
underwent total parotidectomy (TP). Themost common indications
for TP in our series were deep lobe tumors or intermediate grade
mucoepidermoid carcinoma. Patients who underwent TP were
much less likely to recur than those who underwent enucleation or

superficial parotidectomy (Table 2; 16% vs 64% and 40% respec-
tively). Based on our experience we recommend TP for deep lobe
tumors, high grade, positive intraparotid lymph nodes or positive
cervical lymph nodes. Enucleation of parotid tumors is strongly
discouraged. Patients that present to our institution who have
undergone enucleation alone at an outside facility are recom-
mended to undergo completion superficial parotidectomy at a
minimum. We recommend resection of the facial nerve only if it is
grossly involved by tumor.

Locoregional recurrence in our series was 28%, similar to other
published series reporting 25e31% [10,11]. Recurrence was more
likely in patients with adverse pathologic features (vascular/peri-
neural invasion or extracapsular spread), who underwent enucle-
ation or superficial parotidectomy as opposed to total parotidectomy
and patients with no neck dissection (Table 2). However, given the
limited sample size, the only factor that reached statistical signifi-
cance was enucleation versus total parotidectomy. Recurrence
occurred at a median time of 9.5 months and at a maximum time of
45 years. Therefore, we recommend at least yearly surveillance for a
prolonged period in this patient population.

Nodal metastasis is rare in pediatric salivary malignancies. The
majority of patients who underwent neck dissection in our series
had intermediate grade mucoepidermoid carcinoma and no pa-
tients were found to have positive lymph nodes. In the series by
Kupferman et al., only 17% of neck dissections specimens were
found to harbor positive nodes [7]. The two patients in our series
who developed cervical recurrences did not originally undergo
neck dissection. Therefore, despite the low occurrence of cervical
metastasis, we recommend neck dissection for patients with pos-
itive intraparotid lymph nodes, high grade histology, clinical or
radiographically suspicious lymph nodes, submandibular gland
pathology and T3/T4 tumors. Neck dissection should include levels
II and III for parotid tumors and level Ib for submandibular tumors
unless there is clinical or radiologic evidence of suspicious
lymphadenopathy outside of those regions.

There is scarce literature regarding long term outcomes of pa-
tients with pediatric parotid malignancies. In order to determine

Fig. 1. Kaplan-Meier curve for recurrence free survival (Major gland). Total parotidectomy vs superficial parotidectomy vs. enucleation of tumor.
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this, we conducted a standardized phone survey and approximately
a quarter of the patients in our series participated. This allowed for
an average follow up time of 28.7 years in this group, which is
longer than any published study. Our data suggest that, overall;
children treated for parotid malignancies have minimal long term
sequelae. None of the surveyed patients reported current facial
weakness or eye problems. There was a high rate of persistent
Frey's syndrome in our series at 54%. This compares to other series
which report an incidence of 2e47% in pediatric patients [3,7],
however, Frey's syndrome may be under-represented in these
retrospective studies due to reporting bias. A quality of life survey
study by Feng et al. found that 9% of patients with pediatric parotid
tumors reported Frey's syndrome at an average follow up time of
8.5 years. However all their patients underwent superficial paro-
tidectomy and only 12% had malignant tumors [12]. Our results
concur with this series in that patients reported that their Frey's
syndrome had a minimal impact on their quality of life.

6.2. Minor gland

Lastly, patients with minor salivary gland malignancies in our
series fared much worse than those with major gland tumors.
Recurrence in this group was 75% and rate of distant metastases
and death was 50%. Due to the small number of patients in our
series with minor gland tumors (n ¼ 4), conclusions are difficult to
make. A larger series of 35 children by Galer et al. revealed a more
favorable prognosis with a recurrence rate of 11% and overall
disease-specific survival of 88.4% at 5 years [13]. More studies
should be conducted on this topic; however, wewould favor a more
aggressive management strategy in these patients.

A potential limitation is the retrospective nature of our study
which could cause information on outcomes and complications for
those who did not participate in the survey to be limited by loss of
follow up or interview/reporting bias. A strength of this study is the
comparably large number of patients as malignant salivary tumors
are uncommon in children and each institution has limited case
numbers. Our series has the longest reported follow up of its kind
(mean ¼ 14 years) with the addition of 23% of patients responding
to a formalized long term outcome and quality of life survey.

7. Conclusion

We report a single institution's experience with pediatric sali-
vary malignancies over a 62 year time period with the longest post
treatment follow up in the currently published literature.We found
that the majority of these tumors are low grade and have excellent
survival if found at an early stage. In our series, minor salivary gland
malignancies, particularly high grade, tended to do worse. Primary
treatment should be surgery with every attempt to spare the facial
nerve unless grossly involved by tumor. Radiation therapy should
be administered sparingly and only when strongly indicated, as
there is a high potential for long term morbidity. Recurrence in our
series was more likely with the presence of adverse pathologic
features and enucleation versus total parotidectomy. On long term
follow up, our patients had good facial movement and were
without eye complications. Future studies should attempt to pool
patients from multiple institutions in order to further investigate
ideal treatment algorithms.
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Appendix 1. Description of patients with a local recurrence e
major gland

Pt# T stage, pathology Initial treatment Time to recurrence
(months)

Recurrence treatment Outcome Length of follow up
(years)

1 T3, high grade MEC with
ECS

1. Enucleation
(OSH)
2. TP with FN rsxn
and ND

9.5 RP and placement of radon beads Alive
NED

6

2 T2, MEC TP with FN rsxn 8.8 RP Alive
NED

11

3 T1 low grade MEC SP with ND 22.4 1. RP and ND
2. Recurred again 9 months later, treated with RP and radon
beads

Alive
NED

11

4 T1 low grade acinic cell Enucleation 31.9 TP Alive
NED

20

5 Tx low grade acinic cell Enucleation (OSH) 15.9 TP and ND Alive
NED

20

6 T1 low grade MEC SP (OSH) 9.8 1.TP
2. Recurred again 4 years later. Treated with RP.

Alive
NED

18

7 T1 low grade MEC Enucleation (OSH) 2.9 SP (OSH) Alive
NED

1

8 T1 intermediate grade MEC Enucleation (OSH) Unknown TP and ND Alive
NED

2

9 T3 intermediate grade MEC
with ECS

9.2 Partial temporal bone resection Alive
NED

2

(continued on next page)
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(continued )

Pt# T stage, pathology Initial treatment Time to recurrence
(months)

Recurrence treatment Outcome Length of follow up
(years)

1. Enucleation
(OSH)
2. TP

10 Tx low grade MEC Enucleation (OSH) 3 TP Alive
NED

17.7

11 T2 intermediate grade MEC Enucleation (OSH) 8 1. TP with FN sacrifice (OSH).
2. Multiply recurrent. Treated with RP, Radical ND, radiation
and chemotherapy

DOD 3.1

12 T1 low grade acinic cell Enucleation (OSH) 18.7 1. Enucleation (OSH).
2. Recurred again and treated with TP

Alive
NED

45.8

13 T4 high grade synovial cell
sarcoma

SMG excision 7.2 Revision SMG excision Alive
NED

4.7

14 T1 low grade MEC 1. Enucleation
2. TP

540 RP, chemotherapy, radiation Alive
NED

51.5

MEC:Mucoepidermoid carcinoma, ECS: extracapsular spread, OSH: outside hospital, FN rsxn: facial nerve resection, SP: superficial parotidectomy, TP: total parotidectomy; RP:
revision parotidectomy, SMG: submandibular gland, NED: no evidence of disease, DOD: dead of disease.
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a b s t r a c t

Objective: To update the medical literature regarding the incidence, disease specific survival, and
treatment modalities utilized in pediatric patients diagnosed with thyroid carcinomas.
Study design: Cross Sectional Analysis of a National Database.
Study setting: SEER Database.
Methods: The National Cancer Institute's Surveillance Epidemiology and End Results (SEER) Database
was queried for all cases of pediatric thyroid cancer between the years 2007 and 2012. Patients ages 0
e19 were grouped by histological subtypes and demographic data, overall incidence rate, and disease
specific survival after surgery and surgery with radiation therapy. Fifteen-Year Disease Specific Survival
Curves were generated and treatment modalities were compared to assess for statistical differences at
each yearly interval.
Results: A total of 1723 pediatric patients were identified and the average age-adjusted rate of malig-
nancy was determined to be 0.59 per 100,000 patients. The incidence of pediatric thyroid cancer was
approximately 4.4:1 when comparing females to males, respectively. Papillary subtype was the most
common (n ¼ 1014, 58.8%), followed by follicular variant subtype (n ¼ 397, 23%), follicular subtype
(n ¼ 173, 10.1%) and medullary subtype (n ¼ 139, 8.1%). As pediatric patients reached fifteen to nineteen
years of age, the incidence of papillary and follicular variant subtypes increased. Analysis of medullary
thyroid cancer data revealed that incidence was highest in the zero to four age group and declined at
later years. Pediatric patients presenting with metastatic medullary thyroid carcinoma maintained
significantly poorer fifteen-year disease specific survival when compared to other histologic subtypes
(p < 0.05). Intervention with surgery and radiation therapy provided significant benefit across all his-
tologic subtypes when evaluating disease specific survival at fifteen-years past the initial diagnoses
(p < 0.05).
Conclusions: Pediatric thyroid carcinoma remains an uncommon diagnosis despite an annual increase in
incidence of approximately one percent since the development of the SEER database. Overall, pediatric
thyroid carcinomas demonstrate an excellent prognosis if identified early and appropriate management
is available. Caucasian female patients have higher incidence of carcinoma diagnoses when compared to
males. Medullary histologic subtype, especially when metastatic at initial diagnoses, demonstrates sta-
tistically poorer outcomes when compared to other subtypes.

© 2016 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Thyroid cancer is a relatively uncommon pediatric diagnosis, yet

previous analyses have revealed that the incidence rate is
increasing at a rate of approximately one percent annually [1,2].
Recent studies have characterized thyroidmalignancies as the third
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most common head and neck malignancy in the pediatric popu-
lation, accounting for 21% of all head and neck cancer in pediatric
patients [3]. Differentiated thyroid carcinomas in children include
papillary, follicular, and variant subtypes. Specifically, the papillary
subtype accounts for approximately 90% of pediatric thyroid car-
cinomas and maintains an excellent prognosis, which parallels
findings in the adult literature [3]. The overall prognosis of pediatric
thyroid cancer may be skewed due to the large number of papillary
thyroid cancer diagnoses, which inherently yield excellent out-
comes [4]. Very few studies have stratified each variant subtype by
disease specific survival to determine if this statistical finding is, in
fact, true [6].

Of the differentiated thyroid carcinomas, follicular subtype is
less common in children, but is considered more aggressive and
maintains a poorer prognosis if vascular invasion is present [3]. Also
of note, medullary thyroid carcinoma in pediatric patients is asso-
ciated with markedly shorter mean survival even if individual risk
factors such as metastatic spread or lymphovascular invasion are
absent [6]. Among those diagnosed with thyroid carcinomas, pe-
diatric patients present with more advanced manifestation of dis-
ease than adult patients, yet mortality is comparatively infrequent
[4,6]. In the pediatric population, thyroid carcinomas typically
present in teenage years, especially in Caucasian females, with a
mean age of diagnosis of 16 years [6]. Previous studies have char-
acterized the female predominance of pediatric thyroid carcinomas
and have identified papillary carcinoma as the most common his-
tological subtype within this population [3,6].

Currently, the American Thyroid Association Guidelines dictate
that there is no indicated disease screening for thyroid cancer in
the pediatric population aside from genetic testing and periodic
ultrasound evaluation for patients with mutated genes such as
BRAF, RET oncogene mutations (MEN2A/2B), Cowden Syndrome,
Werner Syndrome and PTEN Related Syndromes. Further consid-
erations include patients who received radiation for Hodgkin
Lymphoma, Leukemias and CNS Tumors especially with radiation
doses between 20 and 29 Gy [7e9,11]. The American Thyroid As-
sociation Task Force on Pediatric Thyroid Cancer reports insuffi-
cient evidence for utilizing ultrasound to screen for non-palpable
thyroid nodules in patient populations not already described due to
the likelihood of false positives associated with an enlarged thymus
or simple cysts [9,11]. As such, pediatricians and otolaryngologists
are forced to rely on early identification of neck masses by physical
examination in order to yield the excellent prognosis for pediatric
patients currently described in the literature [9]. While mortality is
rare, past studies have identified factors associated with poorer
prognosis of well-differentiated pediatric thyroid carcinomas, such
as presence of distant metastases, large primary tumor size, lym-
phovascular invasion, and male sex [5,6]. Interestingly, one recent
study has demonstrated that the V600 BRAF mutation implicated
in adult papillary thyroid carcinoma does not significantly
contribute to the development of pediatric thyroid cancer at the
same rate as currently described in older cohorts [10]. The findings
of this study are significant because they provide primary care
providers with a more refined risk factor approach when evalu-
ating patients [8].

This population-based analysis is imperative since children
maintain a greater chance of recurrence of differentiated thyroid
cancer compared to the adult population [9]. Thus, our group
analyzed the new SEER Database updates provided up until the
year 2012 and compared them to the current literature to deter-
mine if there have been any significant changes in incidence and
disease specific survival based on the various risk factors reported
in previous studies [10]. This study provides the most recent
analysis of the SEER database with respect to pediatric thyroid
carcinoma.

2. Materials and methods

2.1. Description of source database

This manuscript was deemed exempt from Georgetown Uni-
versity IRB review due to the use of de-identified data and was
approved for data collection. The Surveillance, Epidemiology and
End Results (SEER) Database was queried to identify pediatric pa-
tients with pathologically confirmed “thyroid carcinoma” between
0 and 19 years of age from the years 2007e2012. The SEER Data-
base, available at: “seer.cancer.gov”, provides the public with
population-based data regarding cancer incidence, frequency, and
disease specific survival data from 1973 to 2012. At this time, the
SEER database includes approximately 10% of the United States
cancer population and is updated annually by the National Cancer
Institute coding technicians. The SEER registry includes patient
information from Atlanta, Connecticut, Detroit, Hawaii, Iowa, New
Mexico, San Francisco, Louisiana, Seattle, Utah, Los Angeles, Alaska,
and San Jose in order to provide its users with a normalized dis-
tribution of patient cohorts in terms of geographic location and age
groups.

2.2. Patient cohort selection

The SEERstat analysis program was downloaded from “seer.-
cancer.gov” as previously described. Our study group utilized the
“Incidence - SEER 18 Regs Research Data þ Hurricane Katrina
Impacted Louisiana Cases 1973e2012” database and performed a
multivariable frequency analysis to determine the total number of
patients with the below described pediatric thyroid subtypes. Each
specific thyroid cancer subtype was queried using the following
criteria: “malignant behavior”, “known age”, “cases in research
database” for the initial query. Additional clinicopathologic factors
including age, sex, ethnicity, extent of disease, and lymphovascular
invasion were also included within the aforementioned multivari-
able outcomes query.

Within the Case Selection Statement, the following search lim-
itations were applied to obtain frequency data regarding our pa-
tient cohorts: Pediatric Thyroid Subtypes, “Papillary”, “Follicular”,
“Medullary”, and “Papillary Follicular Variant.” Coding for each of
the described thyroid carcinoma subtypes were collected from the
SEER Database Manual and inputted into the Case Selection Com-
mand Feature [9]. Tumor recurrence events were not available in
the SEER database at the time the query was performed and
consequently were not included. Patients that expired within the
first four months after surgery were excluded since these in-
dividuals were likely unable to complete a full course of radioactive
iodine uptake or external beam therapy. Patients with uncoded
primary tumor subsite were excluded from this study as well as
those with anaplastic thyroid carcinomas and non-epithelial can-
cers, such as lymphomas, due to paucity of data. The cohort was
then further subdivided according to treatment modality into a
“surgery alone” group and “surgery with adjuvant radiation” group,
which included individuals who received radioactive iodine uptake
as well as those who received external beam therapy.

2.3. Statistical analysis

2.3.1. Fifteen-year disease specific survival curves
Fifteen-year disease specific curves were generated for the

surgery group and surgery with adjuvant radiation group utilizing
the SEERstat, “Survival Session” search query. Within the survival
session, the Observed Survival “Method” was employed to include
fifteen years with intervals of twelve months. Exclusion criteria
included: “Alive with No Survival Time” and “All Death Certificate

S. Dermody et al. / International Journal of Pediatric Otorhinolaryngology 89 (2016) 121e126

166



Only and Autopsy Only” in order to prevent the inclusion of pa-
tients who would skew the disease specific survival calculations.
Data was then combined for each of the pediatric thyroid subtypes
and standard error of the mean and 95% confidence intervals were
calculated. Disease specific survival data points at each study in-
terval were compared using T-Test analysis to determine significant
difference between the treatment groups.

2.3.2. Statistical analysis calculations
Statistical analysis was performed utilizing the Minitab Inc.

software (State College, PA) to determine statistical differences
between treatment groups. Fifteen-Year Disease Specific Survival
data was compared utilizing the Student's T test to determine
benefit of each treatment modality. The log rank test was not uti-
lized for statistical comparison because the disease specific survival
curves do not reflect a patient's full life span from the point of
diagnosis, but rather illustrate survivorship at fifteen years from the
time of initial diagnosis. The disease specific survival calculations
were weighted similarly to prevent bias of survivorship within the
earlier or later time periods. Calculations were considered statis-
tically significant if P-values were less than 0.05 and 95% confi-
dence intervals did not overlap between the two groups of interest.

3. Results

3.1. Patient cohort demographics

A total of 1723 pediatric patients were located in the SEER
Database and further stratified based on age, sex, and ethnicity.
According to our analysis, teenage Caucasian females maintained
the highest frequency of obtaining a diagnosis of thyroid carcinoma
when evaluating rates per 100,000 patients. Furthermore, females
maintained an age-adjusted rate of diagnosis compared to males of
approximately 4.4:1 per 100,000 patients. Lastly, African Americans
and the unspecified cohorts demonstrated less frequent diagnoses
across each age group when compared to the Caucasian cohort
(Table 1).

3.2. Average age adjusted incidence rate of pediatric thyroid cancer
subtypes

The overall age adjusted average rate of pediatric thyroid cancer
from 2007 to 2012 was determined to be 0.59 new diagnoses per
100,000 individuals (see Table 2). When evaluating papillary thy-
roid carcinoma, follicular thyroid carcinoma, medullary thyroid
carcinoma, and papillary follicular carcinoma thyroid subtypes, the
average rates of incidence were determined to be: 0.30 (47.6%), 0.14
(23.8%), 0.05 (6.7%), and 0.13 (21.9%) per 100,000 reported patients,
regardless of age, respectively. Furthermore, papillary, follicular,
and papillary follicular variant became more prominent in terms of
frequency of diagnosis as pediatric patients reached the fifteen to
nineteen age groups (Fig.1). Medullary thyroid cancer was themost
frequent in terms of incidence in the zero to four years of age group,

but subsequently declined once the five to nineteen years of age
group demographics were analyzed (Fig. 1).

3.3. Overall fifteen year disease specific survival of individuals
diagnosed with pediatric thyroid cancer

At fifteen years post diagnosis, the disease specific survival for
each age group, regardless of tumor subtype, demonstrated greater
than ninety percent survival. Specifically, the younger de-
mographics, including the zero to four and five to nine years of age
groups, maintained a fifteen-year disease specific survival of
approximately ninety-nine percent when surgery and radiation
therapy, radioactive iodine uptake or external beam therapy, were
utilized. Interestingly, patients who were diagnosed in the ten to
fourteen and fifteen to nineteen age groups maintained excellent
survival outcomes, yet fifteen-year disease specific survival were
significantly lower compared to the two younger age groups
(p < 0.05). Despite this statistically significant difference, the two
older cohorts still demonstrated a disease specific survival greater
than 95% (Fig. 2).

3.4. Fifteen year disease specific survival based on cancer subtype
and therapeutic intervention

Pediatric patients, regardless of age group, demonstrated
excellent fifteen-year disease specific survival after intervention
with surgery or surgery with adjuvant radiation, radioactive iodine
uptake or external beam therapy. Individuals demonstrated signif-
icantly improved survival outcomes if they underwent radiation
therapy in conjunction with their primary surgery management
regardless of tumor subtype (p < 0.001). The fifteen-year disease

Table 1
Demographics of pediatric patients diagnosed with papillary thyroid cancer as rate
per 100,000 patients from 2007 to 2012.

Age group 1e4 5e9 10e14 15e19

Sex Male 0.001 0.04 0.11 0.31
Female 0.01 0.05 0.36 1.48

Ethnicity Caucasian 0.01 0.08 0.38 0.27
African American 0.00 0.007 0.03 0.08
Unspecified 0.001 0.003 0.05 0.19

Table 2
Demographics of pediatric patients diagnosed with thyroid cancer.

Carcinoma subtype Diagnosis count Frequency of total

Papillary 1014 58.8
Papillary follicular variant 397 23.0
Follicular 173 10.1
Medullary 139 8.1

Fig. 1. Incidence of pediatric thyroid carcinoma based on most frequent subtype per
100,000 as a percent of total cohort. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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specific survival of pediatric patients who were diagnosed with
medullary thyroid cancer was significantly worse, but appeared to
benefit from combined surgery and external beam therapy (Fig. 3).
Furthermore, patients with the papillary follicular variant at fifteen
years did not appear to derive benefit from surgery with adjuvant
radiation therapy compared to surgery alone when evaluated at
yearly intervals (P ¼ 0.763, 0.689, 0.829, 0.629, 0.728).

3.5. Fifteen year disease specific survival based on extent of disease
at initial diagnosis and therapeutic intervention

When evaluating fifteen-year disease specific survival for each
tumor subtype based upon clinical staging of localized or distant
disease, our group identified that patients diagnosed with localized
papillary, follicular, and papillary follicular thyroid carcinoma
demonstrated excellent outcomes after combined surgery with
radiation. Regardless of subtype, patients demonstrated statisti-
cally worse outcomes at fifteen years if the initial diagnosis
included distant metastases to bone, lung and brain, especially in
the medullary thyroid cohort, despite surgery and adjuvant radia-
tion therapy (p < 0.05) (Fig. 4).

4. Discussion

Previous literature reporting pediatric thyroid carcinoma out-
comes have demonstrated the importance of early diagnosis and
prompt initiation of therapy in order to yield favorable survival
outcomes [1e7]. After assessing the current literature, our group
wished to update the medical community with recent data from
the SEER Database, analyzing pediatric thyroid carcinomas from
2007 to 2012. Furthermore, we wished to determine if there is any
significant difference in the incidence and disease specific survival
outcomes based on individual cancer subtypes between the years
of 2007 and 2012. To the best of our knowledge, this study provides
the medical community with the most recent analysis of the SEER
Database with regard to pediatric thyroid cancer.

After evaluating the SEER Database for the most common thy-
roid cancer subtypes in the pediatric population, our study eluci-
dated findings that were in accordance with several former
publications in themedical literature regarding the incidence of the
various carcinoma subtypes [2e6]. Overall, the incidence of pedi-
atric thyroid cancer appears to be increasing at an average age-
adjusted rate of approximately one percent when the four most
common malignancies were taken into account (Fig. 1). Addition-
ally, after evaluating the pattern of cancer predominance based
upon age cohort, it is apparent that medullary and papillary thyroid
carcinoma incidence are the most frequent before ten years of age
and the incidence of papillary carcinoma increases as one enters
the teenage years. Interestingly, our group determined that be-
tween the years 2007 and 2012, patients at fifteen-year disease
specific survival demonstrated significantly improved outcomes if
the age at diagnosis was before nine years of age compared to in-
dividuals first diagnosed at ten or older. Our findings parallel those
reported in previous medical literature and remain stable since last
SEER dataset was published [3,6].

In order to further expand on disease specific survival, our
group analyzed the four most common pediatric thyroid cancer
subtypes and determined if surgery alone or in combination with
adjuvant radiation therapy provided additional benefit. For both
papillary and follicular thyroid carcinomas, a patient's fifteen-year

Fig. 2. Fifteen-year disease specific survival based on age group between 2007 and
2012. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

Fig. 3. Fifteen-year disease specific survival for each thyroid carcinoma subtype between 2007 and 2012 (A: Papillary, B: Papillary follicular Variant, C: Follicular, D: Medullary; blue:
Surgery, red: Surgery and adjuvant radiation). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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disease specific survival demonstrated significant benefit when
adjuvant radioactive iodine uptake was instituted in the course of
treatment. Interestingly, the medullary thyroid subtype demon-
strated some benefit with external beam radiation therapy, but
since the cells that constitute the medullary thyroid carcinoma do
not uptake iodine, there does not appear to be the same
improvement in disease specific survival when compared to the
papillary or follicular subtypes when utilizing I131 isotopes. For
pediatric patients diagnosed with papillary follicular variant thy-
roid carcinoma, there was no statistically significant difference in
survival between those who underwent surgery or surgery with
adjuvant radioactive iodine uptake therapy at fifteen years post-
diagnosis. It is possible that true differences are difficult to
discriminate because survival of both groups is excellent, or
perhaps survival outcomes must be analyzed at a later time point,
beyond fifteen-years, to identify a statistically significant benefit in
terms of disease specific survival.

Lastly, our group evaluated the differences in fifteen-year dis-
ease specific survival in pediatric patients diagnosed with localized
or distant metastatic disease at initial evaluation and were subse-
quently treated with surgery with adjuvant radiation. Overall, pa-
tients who demonstrated localized involvement at initial diagnoses
maintained statistically better fifteen-year disease specific survival
at each year, while patients who presented with distant metastases
at initial diagnosis demonstrated poorer outcomes regardless of
each subtype. The juxtaposition between survival outcomes in
pediatric patients with localized involvement compared to those
with distant metastases at initial diagnosis is most apparent for
medullary thyroid carcinoma, where approximately only fifty
percent of the original patient cohort with distant metastases
survived fifteen years post-diagnosis (Fig. 4). Fortunately, a diag-
nosis of localized or distant metastatic disease in the papillary,
follicular, and papillary follicular variant subtypes maintained
excellent outcomes after surgery and adjuvant radioactive iodine
uptake therapy.

Based on our group's analysis of the most recently available data
from the SEER database, the survival outcomes amongst patients
with papillary, follicular and papillary follicular variants reach up-
wards of 95% at fifteen years post-diagnosis, illustrating that the

current treatment regimes afford the pediatric population with
excellent survival outcomes. However, medullary thyroid carci-
noma continues to demonstrate less desirable outcomes, especially
if one presents with metastatic disease at initial diagnosis.

The SEER database has several limitations that must be
addressed when evaluating this manuscript. Overall, the database
retrospectively reviews patient incidence and disease specific sur-
vival when it is uploaded to the National Cancer Institute's database
and thus, this study maintains all of the typical biases associated
with a retrospective analysis and possible coding errors. Further-
more, the database does not present perineural invasion or recur-
rence data, which could affect the survival outcomes of the patients
that it reports, especially since recurrence is common in the pedi-
atric population. It is also important to note that the database does
not specify which patients underwent prophylactic total thyroid-
ectomy for the medullary carcinoma subtype and thus may have
skewed the disease specific survival to more improved disease
specific survival as reported within this study. Based on the current
literature, it is undetermined if neck dissection provides benefit to
pediatric patients; however, based on the search query, the SEER
database limits users to total thyroidectomywithout knowledge if a
neck dissection was performed. Even with these limitations, the
SEER database is the gold standard in obtaining surveillance data
for the multitude of cancer diagnoses in both the pediatric and
adult populations.

5. Conclusion

While thyroid cancer is a difficult diagnosis to provide to both
pediatric patients and families, survival outcomes are excellent if
identified before the teenage years. According to our analysis of the
most recent data available through the SEER database, the current
treatment modalities utilized provide pediatric patients with
greater than 95% survival for the most common thyroid carcinoma
subtypes, excluding medullary thyroid carcinoma. This study
demonstrates that the incidence of pediatric thyroid cancer has
continued to increase by approximately one percent yearly be-
tween 2007 and 2012, but the overall outcomes remain very
favorable.

Fig. 4. Fifteen year disease specific survival after surgery and radiation therapy for each subtype based on extent of disease between 2007 and 2012 (A: Papillary, B: Follicular, C:
Medullary, D: Papillary follicular; blue: Localized at initial diagnosis, orange: Distant metastases at initial diagnosis). (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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Lumps and Bumps of the Neck in Children—Neuroimaging
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A B S T R A C T
Neck masses present as palpable lumps and bumps in children with acquired lesions more common than congenital ones.
Assessment of the anatomical site of origin, signal, and contrast enhancement characteristics may help define the etiology of the
lesions, eg, developmental, inflammatory, vascular, or neoplastic. The age of the patient along with detailed clinical history and
physical exam findings are important element to narrow down the differential diagnosis. The correct final diagnosis is essential
to guide treatment as well as the urgency of intervention.
The objective of this review is to define the characteristic location, classic and differentiating imaging features of the most
frequent congenital and acquired cervical lumps and bumps in the pediatric population.
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Introduction
Congenital masses (lumps and bumps) of the neck are by defi-
nition present at birth. Despite the congenital origin of this type
of lesions, some of these may not be clinically present until later
in life. The etiology of congenital neck masses varies from de-
velopmental anomalies to vascular, inflammatory, and tumoral
lesions.1

Many of the neck masses seen in children are acquired le-
sions. These acquired lumps are most often benign, however,
rarely can be malignant in children. The etiology is inflamma-
tory, vascular, neoplastic, or of traumatic origin.1

Mass lesions of the neck are often identified as bumps on
physical examination. Imaging plays an essential role in the
characterization and final diagnosis of the various entities. A
systematic imaging approach to masses of the neck helps to
narrow down the differential diagnosis. This approach includes
determining the primary site of origin, involvement of, and
extension across the various anatomic spaces of the neck, to
evaluate the normal contents of the involved anatomic space
and to assess the characteristic imaging features of the lesion.
The age of the patient and the clinical presentation are also
important factors and often characteristic for the type of lesion,
and should consequently be taken into account during the in-
terpretation of the imaging studies. The correct final diagnosis
is essential to determine the proper treatment strategy.

Ultrasonography (US) and magnetic resonance (MR) imag-
ing are the primary imaging modalities of choice for many
congenital neck lesions in the pediatric population.

US offers a high-resolution image quality, is noninvasive, is
readily available, and does not require sedation. Furthermore,

the real-time character of US examinations allows for the eval-
uation of mobility and compressibility of the mass or changes
in the internal structure of the lesion during, eg, respiration and
swallowing. The additional use of Doppler US contributes in the
assessment of the degree of vascularity/perfusion of the lesion
and analysis of the spectral blood flow waveforms is valuable
in differentiating several types of vascular anomalies.

Anatomical MR imaging renders excellent soft-tissue con-
trast, optimal visualization and delineation of involved or dis-
placed anatomic spaces, vascular anatomy and neural elements,
and more detailed internal tissue characteristics of the lesion.
Advanced MR imaging techniques, like diffusion-weighted
imaging (DWI) or susceptibility-weighted imaging (SWI), may
provide additional valuable information on intralesional fea-
tures, thus facilitating more specific diagnoses.1–6 Multiphasic
dynamic contrast–enhanced MR angiography (cMRA) is a non-
invasive MRI technique used to determine the hemodynamics
of the lesion, thereby providing valuable clues for the diagnoses.
For vascular anomalies in particular, the time-resolved dynamic
cMRA technique using a blood-pool contrast agent (eg, gadofos-
veset trisodium) provides rapid acquisition combined with de-
tailed temporal information of lesion hemodynamics and flow
characteristics.7,8 MRI has, however, the disadvantage of longer
data acquisition times, and may require sedation for use in chil-
dren. However, currently available fast sequence MR imaging
techniques provide satisfactory assessment of the abnormality
in a significant number of cases, thereby eliminating the need
for sedation.

The use of CT should be limited in children because of the
potential long-term risks of ionizing radiation in this vulnerable
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patient group. However, CT occasionally is contributive as a
fast and readily available imaging technique in the emergency
setting, and is helpful for lesions that involve bony structures
and for the acute diagnostic work-up of infections/abscesses
in the neck according to the American College of Radiology
(ACR) Appropriateness Criteria.9

Basic knowledge of the normal contents of each anatomi-
cal space is essential in evaluating the various pathologies and
masses that can arise within each space.

The goal of this review is to identify the characteristic lo-
cation and imaging features, differential diagnosis, and dif-
ferentiating features of the most frequent congenital and ac-
quired cervical mass lesions (lumps and bumps) in the pediatric
population.

Congenital Cystic Masses
Thyroglossal Duct Anomalies

Thyroglossal duct remnants are reported in 7% of the
population.10 These anomalies are the most common congen-
ital anomalies of the neck, representing 70% of the congenital
neck masses (second most common neck mass after cervical
adenopathy in the pediatric age group).6 The formation of the
thyroid gland begins with an endodermal thickening in the floor
of the primitive pharynx-tuberculum impar in the third embry-
onic week. From this site, the thyroid diverticulum develops
and its opening forms the foramen cecum. Due to progressive
growth/elongation of the embryo, the diverticulum descends
caudally into the neck and forms the thyroglossal duct. This
duct is a temporary structure coursing from the foramen ce-
cum at the tongue base, descending in the anterior midline,
looping posterior to the hyoid bone, and continuing its descent
anterior to the thyrohyoid cartilage and trachea to the level of
the thyroid. The descent of the thyroglossal duct occurs before
formation of the hyoid bone, and therefore remnants of the
duct can become trapped within the hyoid bone.6,11 The duct
generally involutes around gestational week 8–10.

Thyroglossal duct cysts are diagnosed in 40% of surgically
removed neck masses in the pediatric population.6 The lesion
manifests from infancy until young adulthood. Thyroglossal
duct cysts are often asymptomatic until enlargement or inflam-
mation occurs associated with infection or trauma. The cyst

arises from a remnant of the thyroglossal duct. Any portion of
the duct, from the foramen caecum to the pyramidal lobe of the
thyroid gland, may persist and cause cyst formation due to se-
cretions from the epithelial lining of the duct.1,12 In pathologic
specimens of excised thyroglossal duct cysts, thyroid tissue is
reported in up to 62% of cases.13 As a result of the course of the
duct, thyroglossal duct cysts are primarily located in the mid-
line (75%) or just off-midline (25%). Paramedian location occurs
more often on the left. The vast majority of the cysts are located
at or about the level of the hyoid bone, and a minority has an
infrahyoid position or is located in the suprahyoid neck.1,3 The
thyroglossal duct cysts located at the level of the tongue base
can be difficult to differentiate from vallecular cyst occurring
at the exact same location based on imaging appearance alone.
The imaging features of thyroglossal duct cysts comprise a well-
defined, thin-walled cystic structure in the typical midline or
paramidline location. Heterogeneous cyst content may reflect
proteinaceous material/hemorrhage or infection as evidenced
by debris and fluid levels both on US and MR imaging. In par-
ticular, T1 hyperintensity may indicate prior hemorrhage, and
this can be further verified with SWI. Noncomplicated cysts do
not demonstrate wall thickening or postcontrast enhancement
(Fig 1). The cyst wall thickness and degree of contrast enhance-
ment of the cyst wall may vary with inflammation/infection. US
enables dynamic evaluation, a characteristic imaging upward
movement of the cyst with tongue protrusion or swallowing
due to the origin of the duct at the foramen cecum is typically
observed.12 The majority of the cysts show a close relation to
the hyoid bone. At the level of the hyoid bone, the cyst may
demonstrate a tail “diving” into the hyoid bone, reflecting en-
trapment of duct remnants in the hyoid bone. To minimize the
risk of recurrence after resection, removal of the central portion
of the hyoid bone is typically included in the curative excision
of the cyst and/or sinus tract (eg, Sistrunk procedure, modified
Sistrunk procedures).14 Factors influencing the recurrence rate
after the Sistrunk procedure (2.6%) are, eg, postoperative infec-
tion, the presence of multiple tracts and distorted anatomy due
to preoperative infection.15,16

Infrahyoid cysts favor an off-midline position, deep to or
embedded within the strap muscles (Fig 2) with a tail toward the
midline (Fig 2).3 Evaluation of the presence of a normal thyroid
gland in the normal location is important in the preoperative

Fig 1. Sagittal contrast-enhanced T1-weighted (A) and sagittal fat-suppressed T2-weighted (B) MR images of a child with a suprahyoid
thyroglossal duct cyst. The images reveal a well-defined, thin-walled cystic structure in the typical midline location at the level of the foramen
cecum at the tongue base. No cyst wall enhancement is encountered on postcontrast imaging. Differentiation between a thyroglossal duct cyst
located at the tongue base and a vallecular cyst is not possible based on imaging appearance alone.
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Fig 2. Axial T1-weighted (A) and fat-suppressed T2-weighted (B) MR images of a child with an infrahyoid thyroglossal duct cyst. The images
demonstrate a thin-walled cystic structure embedded within the left strap muscles (pathognomonic feature) in an off-midline position. The axial
T1-weighted image (A) shows hyperintense signal intensity of the cyst content reflecting intralesional proteinaceous material.

Fig 3. US images at the level of the tongue base (A) and at the level of the thyroid (B) of a child with an ectopic thyroid gland. Image A
demonstrates the appearance of thyroid tissue in an ectopic location. Image B reveals the absence of thyroid tissue in the normal orthotropic
position.

evaluation. US is the imaging modality of choice to demonstrate
the normal positioned thyroid gland.17

Ectopic thyroid tissue is another potential consequence of
persistence of a portion of the thyroglossal duct. Ectopic thy-
roid tissue is often accompanied by additional cyst formation
derived from the thyroglossal duct.13 To differentiate between
a thyroglossal duct cyst or ectopic thyroid tissue mimicking a
thyroglossal duct cyst, preoperative verification of the presence
of a normally located thyroid gland by US is essential. On
imaging, ectopic thyroid tissue has identical imaging features
as normal positioned thyroid tissue and may be identified any-
where along the course of the thyroglossal duct is, however,
most commonly seen in a lingual location (Fig 3). In incidental
cases, ectopic thyroid tissue is reported lateral to the typical mid-
line or off-midline location. The origin of lateral ectopic thyroid
tissue remains unclear.18 Rarely, thyroid carcinoma can arise
from ectopic rests of thyroid tissue in the persistent thyroglossal
duct.12

Branchial Apparatus Anomalies

Anomalies of the branchial apparatus are the second most com-
mon congenital neck lesions in children representing 20% of
the surgically removed pediatric cervical masses.19,20 Branchial
cleft anomalies are postulated to arise from an incomplete
obliteration of portions of the branchial apparatus. The ap-
paratus consists of five pairs of ectoderm-lined branchial clefts

(external) and six mesodermal branchial arches in the lateral
wall of the foregut separated by five endodermal-lined pha-
ryngeal pouches (internal). The fifth arch is considered a rudi-
mentary appendage of the fourth pouch and no structures are
derived from this arch in mammals.12,21 The arches give rise
to specific osseous, cartilaginous, muscular, and neurovascular
structures in the head and neck (Table 1). The first branchial
cleft is the only branchial cleft giving rise to a normal anatomic
structure. Branchial apparatus anomalies present as cysts (75%),
fistulae, and/or sinuses.6,11,22 Cysts manifest in older children
and young adults. Fistulas are typically diagnosed as focal skin
pits in infants and younger children. They form a canal and
open externally on the neck surface and internally in the pha-
ryngeal mucosa. Blind ending sinuses open externally to the
surface of the neck.12 The general imaging features of branchial
cleft cysts comprise of a well-defined, thin-walled anechoic cys-
tic structure on US corresponding with a T1 hypointense and
T2 hyperintense cyst without wall enhancement on MR imag-
ing. The contents of the cyst (fluid or proteinaceous/mucoid),
cyst wall thickness, definability of the margins, and degree of
enhancement of the cyst wall and adjacent structure may be
affected by infection/inflammation and trauma to the lesion.

First branchial cleft anomalies (5-8% of branchial apparatus
anomalies) arise along the embryonic tract of the first branchial
cleft. The first branchial cleft tract courses from the external
auditory canal, via the parotid gland, to the submandibular
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Table 1. Table of Embryologic Origin of Head and Neck Structures
Derived from the Branchial Apparatus (Simplified)

Cleft Arch Pouch

1st External
auditory
canal

Mandible, incus,
malleus, muscles of
mastication

Eustachian tube,
tympanic
cavity, mastoid

2nd Cervical sinus
of His

Part of hyoid bone,
styloid process,
stapes, muscles of
facial expression,
stapedius muscle,
posterior belly of
digastric muscle,
cranial nerve VII
and VIII

Palatine tonsil

3rd Cervical sinus
of His

Part of hyoid bone,
superior constrictor
muscle,
stylopharyngeus
muscle, cranial
nerve IX, internal
carotid artery

Inferior
parathyroid
gland, thymus,
pyriform fossa

4th Cervical sinus
of His

Cuneiform cartilage,
superior laryngeal
nerve, aortic arch
and right subclavian
artery, thyroid gland

Superior
parathyroid
gland

5th Rudimentary Laryngeal cartilage,
laryngeal

Thyroid cells

6th muscles, inferior
pharyngeal
constrictors, cranial
nerve XI, recurrent
laryngeal nerve

triangle.12,21 The lesions often present as a mass or swelling in
the periauricular or mandibular region, with a history of recur-
rent infection/inflammation likely due to the presence of a sinus
tract. The Work classification of first branchial cleft cysts de-
scribes two subtypes. The Work type I cyst (periauricular cyst)
is located close to the external auditory canal. On imaging, a
cystic structure around the pinna anterior, inferior, or poste-
rior to the external auditory canal is identified. The structure
may beak toward the bony-cartilaginous junction of the external

auditory canal.3 The sinus tract often runs parallel to the exter-
nal auditory canal (Fig 4). The imaging appearance of a Work
type II cyst (periparotid cyst) is that of a cystic structure super-
ficial to, in, or deep to the parotid gland (Fig 5). In case of in-
volvement of the deep lobe of the parotid gland, extension into
the parapharyngeal space or even the posterior submandibu-
lar space may occur. There are no reliable imaging features
to differentiate Work type II branchial cleft cysts from other
cystic parotid lesion.3,12 Surgical removal of first branchial cleft
anomalies requires familiarity with the complex and intimate
relationship of these lesions with the facial nerve.23

Second branchial cleft anomalies (75-95% of branchial ap-
paratus anomalies) occur along the second branchial cleft tract
extending from the oropharyngeal mucosa in the tonsillar fossa,
coursing lateral in between the glossopharyngeal and hypoglos-
sal nerve through the carotid bifurcation region and descend-
ing lateral to the common carotid artery to the supraclavicu-
lar region.12,24 The lesion often manifests as an asymptomatic
slowly enlarging mass in childhood or early adulthood and may
be painful if secondarily infected. The Bailey classification dis-
tinguishes four subtypes of second branchial cleft cysts. Only
the Baily type III cyst is of clinical relevance (Fig 6), because the
cyst may show the pathognomonic imaging finding of a small
extension of the cyst between the proximal internal/external
carotid artery close to the common carotid artery bifurcation
(beak sign).3

Third branchial cleft cysts are rare anomalies, but remain the
second most common congenital lesion of the posterior cervical
space after lymphatic malformations.12,25 They arise in the third
branchial cleft tract coursing from the piriform sinus, through
the thyrohyoid membrane and subsequently posterior to the
common or internal carotid artery between the glossopharyn-
geal and hypoglossal nerve. The tract of the third branchial cyst
is located above the course of the laryngeal nerve, a discrimina-
tive feature for differentiating these cysts from fourth branchial
cleft anomalies.12 On imaging, the anomaly is identified as a
thin-walled unilocular cystic structure located anterior or deep
to the sternocleidomastoid (SCM) muscle.3,26

Fourth branchial apparatus anomalies are extremely rare
and arise in the fourth branchial cleft tract coursing from the
piriform sinus, through the thyrohyoid membrane and descend-
ing into the mediastinum along the tracheoesophageal groove.
On imaging, lesions involving the fourth branchial cleft tract are

Fig 4. Axial (A) and sagittal (B) fat-suppressed T2-weighted MR images of a child with a Work type I first branchial cleft anomaly. The images
demonstrate a cystic structure in the left pinna region anterior to the external auditory canal. The sinus tract runs parallel to the external auditory
canal.
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Fig 5. Axial T1-weighted (A) and axial fat-suppressed T2-weighted (B) MR images of a child with a Work type II first branchial cleft anomaly.
The images demonstrate a well-defined, thin-walled cystic structure in the right parotid gland. On the axial T2-weighted image (B), the cyst
content reveals debris in the dependent portion of the lesion, possibly due to prior infection, inflammation, or trauma.

Fig 6. Axial T1-weighted (A), axial fat-suppressed T2-weighted (B), and sagittal T1-weighted (C) MR images of a child with a Bailey type
II second branchial cleft anomaly. The images demonstrate a well-defined, thin-walled cystic structure situated in the lateral neck. The axial
images (A, B) demonstrate the classic location of the cyst lateral to the carotid space. The sagittal image (C) shows the other classical location
landmarks of the cyst, positioned along the anterior surface of the sternocleidomastoid muscle and posterior to the submandibular space.

identified as sinus tracts or sinus tract complications (eg, abscess)
and are in general left-sided lesions. The left thyroid lobe is a
preferred location. In this specific location, a fourth branchial
cleft cyst can be confused with thyroglossal duct cysts or thyroid
cysts. Furthermore, the imaging features of a fourth branchial
cleft cyst can appear similar to an external or mixed laryngo-
cele. The position of the branchial cleft anomaly in reference
to the laryngeal nerve differentiates fourth from third branchial
cleft anomalies. Anomalies derived from the fourth branchial
cleft are typically located below the laryngeal nerve.12,24,26

Thymopharyngeal Duct Anomalies

Thymopharyngeal duct anomalies are very rare congenital
anomalies. These lesions show a slight male predominance and
frequently present in the first decade of life as this is the age
of maximal thymic activity and size. A common presentation
is that of a slow growing asymptomatic neck lesion with symp-
toms of mass effect and compression (eg, dysphagia, dyspnea,
pain, and hoarseness) of adjacent structures in 10% of cases.
During embryonic development, the thymus derives from the
third branchial pouch. Subsequent descending migration of the
thymus into the mediastinum is facilitated through the thy-
mopharyngeal duct. The course of the duct extends from the
level of the mandibular angle, lateral to the thyroid gland, into

the anterior superior mediastinum.12,27 Thymopharyngeal duct
anomalies have a high preference for the left side of the neck;
however, midline and right-sided anomalies are seen.21

Cervical thymic cysts arise along the tract of the thymopha-
ryngeal duct. The etiology of these cysts is controversial. One
of the prevailing theories for the pathogenesis is the congen-
ital persistence of thymopharyngeal duct remnants as origin
of the lesions. A less favored hypothesis is that the cysts re-
sult from acquired progressive cystic degeneration of thymic
elements (corpuscles, epithelium reticulum).3 US imaging may
show a large unilocular or multilocular cystic structure anterior
or deep to the SCM muscle with downward extension parallel
to the SCM muscle. A characteristic imaging finding during
US examination is rapid enlargement of the lesion during Val-
salva maneuver. The typical location of the cyst adjacent to the
carotid space and the degree of extension into the superior me-
diastinum are better appreciated on MR imaging (Fig 7). The
T1 signal of the cyst varies from hypointense to hyperintense,
depending on the protein content of the cyst material or prior
intracystic hemorrhage.3,12

Ectopic or residual thymic tissue can occur as solitary thy-
mopharyngeal duct anomaly or in association with cervical
thymic cyst formation. On imaging, ectopic thymic tissue has
imaging features identical to normal positioned thymic tissue

Dremmen et al: Imaging Lumps and Bumps of the Neck in Children
175



Fig 7. Sagittal T2-weighted fetal MR images of a fetus with a cervical thymic cyst (A-C). The images show a well-defined, thin-walled,
unilocular cystic structure in the left lateral neck. The images demonstrate the typical location of the cyst (A) adjacent to the carotid space (B)
and the continuity with the mediastinal thymus (C).

and may be identified anywhere along the course of the thy-
mopharyngeal duct. US may reveal the typical “starry sky”
appearance of thymic tissue in an aberrant location. If solid
components are identified in cervical thymic cysts, this will
probably represent additional ectopic thymic tissue. These focal
elements of ectopic thymic tissue demonstrate mild enhance-
ment on postcontrast MR imaging sequences.3,21

In 50% of cases of thymopharyngeal duct anomalies, either
cervical thymic cysts or ectopic thymic tissue, a connection can
be identified between the anomaly and the mediastinal thymic
tissue by direct extension, also referred to as cervical extension
of the thymus, or through a fibrous cord (representing a remnant
of the thymopharyngeal duct).12

Laryngeal Anomalies

Laryngeal anomalies are uncommon congenital or acquired
malformations that rarely present during childhood and are
more commonly seen in adults. Laryngoceles and saccular cysts
arise from the saccule, or appendix, of the laryngeal ventricle.
The orifice of the laryngeal ventricle (of Morgagni) is located
between the false and true vocal cords. The laryngeal saccule
originates from the roof of the laryngeal ventricle and extends
superiorly bounded by the false vocal cord and aryepiglottic
fold medially and by the thyroid cartilage laterally. Because
of the numerous amount of mucous glands in the saccule, it
has been hypothesized that it provides lubrication of the vo-
cal cords.12 From birth to the sixth year of life, the saccule is

relatively large and starts to involute by the end of the sixth
year. Congenital laryngeal anomalies typically manifest with
respiratory difficulties or dysphagia during the neonatal time
period.6,12

Laryngoceles are air-filled dilated laryngeal saccules com-
municating with the cavity of the larynx. They may arise from
congenital anomalous large saccules with a potential subsequent
narrow ventricular orifice and demonstrate progressive expan-
sion with increased intraluminal laryngeal pressure (eg, crying).
Acquired laryngoceles are often associated with laryngeal carci-
noma causing (partial) occlusion of the ventricular orifice.12,28,29

Saccular cysts are saccular dilatations filled with mucus and
develop secondary to atresia of the orifice of the ventricle (con-
genital) or obstruction of the ventricular orifice due to mucus
retention (acquired).6,28

Both laryngoceles as well as saccular cysts demonstrate sim-
ilar modes of potential distension and expansion through struc-
turally weak areas of the larynx. They may extend beyond the
superior border of the thyroid cartilage but remain confined to
the larynx (internal type). In contrast, the dilated laryngeal sac-
cules can penetrate the thyrohyoid membrane and extend into
the supraglottic subcutaneous tissues of the neck (external type).
The component superficial to the thyrohyoid membrane is typ-
ically dilated, while the saccular portion inside the membrane is
normal in size. The combined type shows abnormal dilatation
of the saccule on both sides of the thyrohyoid membrane.12,28,42

The external type as well as the combined type will result in
a neck mass. On imaging, a well-defined mass in the lateral

Fig 8. Axial CT image in soft tissue window (A) and lung window (B) and coronal CT image in soft tissue window (C) of a child with a
laryngocele. The images show an air-filled well-defined mass in the lateral aspect of the superior paralaryngeal space (A, B) in keeping with
a dilated laryngeal saccule. Note that the mass extends beyond the superior border of the thyroid cartilage (C) but remains confined to the
larynx and therefore represents an internal type laryngocele.
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aspect of the superior paralaryngeal space is identified. Lesions
of the internal type are limited by the thyrohyoid membrane
(Fig 8). External and combined types are located superficial to
thyrohyoid membrane at the point of insertion of the neurovas-
cular bundle (superior laryngeal nerve, vessels). Laryngoceles
will typically demonstrate a connection to the laryngeal cavity.
The echogenicity and MR signal intensity of the lesions depend
on the amount of air or mucus secretions.12

Congenital Inclusion Cysts

Dermoid and epidermoid cysts are congenital inclusion cysts
and originate from entrapped epithelial elements along embry-
onic lines of fusion during development. These cysts are lined
by squamous epithelium. Dermoid cysts are more commonly
encountered than epidermoid cysts in this region. Seven per-
cent of all dermoids and epidermoids occur in the head and
neck region.6 The clinical distinction between dermoid and
epidermoid cysts is hard to make and in the majority of cases
insignificant.

Dermoid cysts are commonly located in the midline of
the neck, the floor of the mouth, and the submandibular or
the sublingual spaces (Fig 9). The lesion manifests as a slow-
growing asymptomatic mass during childhood or young adult-
hood. Rapid enlargement of the lesion may occur in associ-
ation with a sinus tract and is possibly due to an increase in
desquamation.3,12 Dermoid cysts contain variable amounts of
dermal derivatives such as fluid, lipid material, cholesterol, ker-
atinaceous debris, calcification, and hair. Depending on the
content of the cyst, the imaging features may vary. Typical
imaging findings include a moderately thin-walled unilocular
mass with fat and/or calcifications and no contrast enhance-
ment on MR imaging. US typically demonstrates a pseudosolid
mass due to mixed internal echoes of proteinaceous material,
fat, and calcifications. The presence of posterior acoustic en-
hancement on ultrasound reveals the cystic nature of the mass.
On fat-saturated MR sequences, the fatty elements show sig-
nal dropout. The “sack-of-marbles” appearance, due to coales-
cence of fat into small nodules, is pathognomonic for a der-
moid cyst. In some cases, fluid/fluid or fluid/debris levels are
demonstrated. Local mass effect with displacement of the adja-
cent structures may occur. Commonly, a sinus tract toward the
skin surface is identified. The lesion typically shows no move-
ment related to tongue protrusion or swallowing on US. In
rare instances, dermoids may have fibrous attachments to the

hyoid and may consequently move with protrusion of the
tongue (similar to thyroglossal duct cyst). The topographic re-
lationship of the dermoid cyst inferior or superior to the mylo-
hyoid muscle can be determined in the coronal plane and is an
important preoperative information to help choose between an
external or intraoral approach.3,6 Lack of enhancement differ-
entiates these lesions from teratomas with solid components.

Epidermoid cysts are typically located off-midline or asym-
metric to one side of the midline at the base of the tongue or in
the anterior cervical triangle. They often become evident during
infancy. The degree of proteinaceous fluid in the epidermoid
cyst varies. On imaging, the cystic structure is relatively well
circumscribed. A predominantly fluid filled structure is seen on
US. MR imaging shows either subtle T1 hypointensity or T1
hyperintensity depending on the protein content.18 Although
presence of restricted diffusion has been initially associated with
epidermoids, restricted diffusion is not pathognomonic of epi-
dermoid cysts and can also be seen with dermoid cysts.3,30

Both lesions may demonstrate significant overlap in imag-
ing features and to a lesser degree in location. Identification
of these cysts as inclusion cysts and confirming the presence
or absence of a track is most useful for management of these
cases.31

Bronchogenic Cyst

Cervical bronchogenic cysts are extremely rare congenital
foregut anomalies. The etiology for the aberrant position of the
lesion in the neck is unclear. The lesion manifests in infancy
as an asymptomatic neck mass or as a draining sinus. There is
a male predilection. Imaging features comprise a well-defined
cystic structure in the sternal notch region anterior to the tra-
chea (Fig 10). The cyst or sinus tract can become infected and
evolve into a neck abscess.3,12

Congenital Solid Masses
Teratoma

Teratomas in the cervical region account for 2–5% of all germ
cell tumors and 10% of all teratomas. The lesions are often
identified on prenatal imaging (Fig 11). In the postnatal pe-
riod, they generally present before the age of 3 years as a large
firm mass in the neck region and depending on the location
with complicating airway obstruction/compression. There is a
slight female predominance. Teratomas are composed of all

Fig 9. Axial fat-suppressed T2-weighted (A) and contrast enhanced fat-suppressed T1-weighted (B, C) MR images of a child with a dermoid
cyst. The images demonstrate a well-defined, thin-walled cystic structure in the left lateral neck. On the contrast-enhanced T1-weighted (B, C)
images, the anterolateral location of the cyst in relation to the carotid space is well demonstrated. Note that this precise location differentiates
this lesion from a second branchial cleft anomaly (typical lateral to carotid space).
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Fig 10. Axial (A), coronal (B), and sagittal (C) CT images in soft tissue window of a child with cervical extension of a bronchogenic cyst.
The images show a well-defined cystic structure (A-C) in the sternal notch region (C). The predominant volume of the cystic structure is
found in the upper thoracic region (B, C) and therefore the cervical part of the lesion presumably represents cervical extension of a thoracic
bronchogenic cyst.

Fig 11. Axial T2-weighted (A) and sagittal T1-weighted (B) fetal MR images of a fetus with a large cervical teratoma. The axial image (A)
shows a large right-sided neck lesion with widespread infiltrative extension. The cystic components are T2 hyperintense. The sagittal image
(B) demonstrates the typical area of fat as T1 hyperintense signal intensity (arrow). Polyhydramnios is noted and is due to impaired fetal
swallowing. The postnatal CT image (C) of the child shows the calcification / ossification in the lesion.

three embryonic cell layers involving endodermal, mesoder-
mal, and/or ectodermal elements. They are hypothesized to
arise either from pluripotent stem cells sequestered during em-
bryogenesis or from embryonic tissue that escaped the regional
influences of the primary organizer.6 Teratomas are classified
as mature or immature lesions.18,32 The risk of malignant con-
genital cervical teratomas increases with advanced age at di-
agnosis. Alpha-fetoprotein (AFP) is an indicator for teratoma
in infants and children; however, in neonates, AFP has high
normal baseline values. Cervical teratomas typically are lo-
cated in the midline in the suprahyoid region.1,32 They may
extend into the mediastinum or compress the trachea. If tra-
cheal compression occurs during embryonic development, this
may result in pulmonary hypoplasia. In prenatally identified
lesions, polyhydramnios may be seen secondary to impaired
fetal swallowing.32 On US, the lesion shows heterogeneous
echogenicity with solid and cystic components. MR imaging
demonstrates the typical areas of fat as T1 hyperintense signal
intensity. The cystic components are T2 hyperintense. Intrale-
sional calcifications can be identified on susceptibility-weighted
MR imaging sequences or on selective CT examinations. At
time of diagnosis, cervical teratomas are often large lesions with
widespread infiltrative extension.1,5 There are no reliable imag-
ing features to differentiate mature from immature teratomas.
On histology, these lesions tend to be generally benign mature
tumors.33 Immature cervical teratoma or malignant transforma-
tion is rare.

Congenital and Acquired Vascular Masses
Vascular Malformations

Vascular malformations include several types of anomalies
and are identified in the head and neck region in 1–4% of
the pediatric population. They demonstrate normal endothe-
lial cell turnover and are classified as nonneoplastic lesions
according to the International Society for the Study of Vas-
cular Anomalies (ISSVA) classification system recently up-
dated in 2014 (Table 2), which stems from the early work
of Mulliken and Glowacki.34 Vascular malformations may
remain stable, grow commensurate to the child, or demon-
strate enlargement after infection, trauma, or endocrine changes
(eg, puberty, pregnancy). Vascular malformations are grouped
based on the predominant anomalous tissue or vessel type
into lymphatic malformations, venous malformations, arteri-
ovenous malformations (AVMs), capillary malformations, and
mixed-type lesions.35,36 The capillary malformations (previ-
ously named as port wine stain) are rather cutaneous le-
sions than a neck mass, therefore are beyond the scope of
this review.

Lymphatic malformations are the most common congenital
anomalies in the posterior cervical triangle accounting for
75–80% of the cystic lesions in this region, but they can occur in
any of the different neck regions. The majority of these lesions
are present at birth or appear before the age of 2 years as a
soft mass of variable size.3 Lymphatic malformations can be
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Table 2. International Society for the Study of Vascular Anomalies Classification of Vascular Anomalies (Simplified and Adapted from
www.issva.org)

VASCULAR ANOMALIES

Vascular tumors

Benign vascular tumors
Locally aggressive or borderline

vascular tumors Malignant vascular tumors

Infantile hemangiomas Congenital
hemangiomas

-Rapidly involuting
-Noninvoluting
-Partially involuting
Tufted angioma
Epithelioid hemangioma
Others

Kaposiform
hemangioendothelioma

Retiform hemangioendothelioma
Kaposi sarcoma
Others

Angiosarcoma
Epithelioid

hemangioendothelioma
Others

Vascular Malformations

Simple vascular malformations

Capillary
malformations

Lymphatic
malformations Venous malformations

Arteriovenous
malformations Arteriovenous fistula

-Cutaneous and/or
mucosal

-Telangiectasia
-Cutis marmorata

telangiectatica
congenital

-Nevus simplex
-Others

-Common
-Generalized lymphatic

anomaly
-Gorham-Stout disease
-Channel type
-Primary lymphedema
-Others

-Common
-Familial

cutaneo-mucosal
-Blue rubber bleb nevus

syndrome
-Glomuvenous
-Cerebral cavernous

malformation
-Others

-Sporadic
-In hereditary hemorrhagic

telangiectasia
-In capillary malformation

– arterio-venous
malformation syndrome

-Sporadic
-In hereditary hemorrhagic

telangiectasia
-In capillary malformation

– arterio-venous
malformation syndrome

Combined vascular malformations

Anomalies of major named vessels

Vascular malformations associated with other anomalies

macrocystic, microcystic, or mixed. The typical location is pos-
terior to the SCM muscle. However, microcystic lesions tend to
occur above the mylohyoid level in the oral and perioral struc-
tures and submandibular spaces and may involve the parotid
gland. Lymphatic malformations have a tendency to infiltrate
across various cervical spaces or extend into the mediastinum
and adjacent anatomic structures are encircled/wrapped rather
than displaced. Typical imaging characteristics include the
trans-spatial extension including engulfment and encasement
of neurovascular structures as well as fluid-fluid levels in a
multilocular cystic structure with macrocystic and/or micro-
cystic elements. On US, echogenic appearance of parts of the
lesion is due to clusters of small abnormal lymphatic channels.
The content of the cystic elements varies from homogenous
to heterogeneous due to prior hemorrhage or infection.1,3,35

The hemorrhagic component or debris from previous infection
layering in the dependent portion of the cystic elements causes
the fluid-fluid levels. Postcontrast MR imaging sequences and
multiphasic time-resolved dynamic cMRA typically show no
contrast enhancement but may demonstrate enhancement
of the walls and septa of the cystic elements, particularly in
case of concomitant (prior) infection (Fig 12).7 The presence
of a lymphatic malformation in the posterior cervical triangle
may be associated with Turner syndrome and trisomy 21, 18,
and 13.3,12

Venous Malformation

Venous malformations are the most common low-flow vascular
malformations and the second most common vascular lesions of
the head and neck region (after hemangiomas). In the neck re-
gion, the lesions manifest at birth or in early infancy (although
they may stay dormant till adulthood) as a painless soft blue
or purplish mass or may be symptomatic depending on po-
tential accompanying local inflammatory changes. Local pain,
bleeding, and cosmetic concerns are the leading symptoms at
the time of presentation. Venous malformations are develop-
mental anomalies composed of dysmorphic venous channels
lined by flattened endothelium. They are characteristically lo-
cated in the skeletal muscles of the neck, including the mas-
seter, pterygoid, trapezius, and SCM muscles, or may involve
the mandibular region. The presence of phleboliths is a key
imaging feature of venous malformations. US demonstrates a
compressible, hypoechoic heterogeneous lesion with detectible
flow on Doppler in about 40% of the cases.35 The phleboliths
appear as hyperechoic foci and show posterior acoustic shad-
owing. On MR imaging studies, trans-spatial extension of the
venous malformation may be identified. The lesion is typically
T1- isointense and T2-hyperintense to normal muscle, with het-
erogeneous contrast enhancement. Distinct areas of T2 hyper-
intense signal may represent venous lakes. Fluid-fluid levels
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Fig 12. Axial fat-suppressed T1-weighted (A), fat-suppressed T2-weighted (B), and contrast enhanced fat-suppressed T1-weighted (C) MR
images of a child with a lymphatic malformation. The axial images show a large, well-defined macrocystic cystic structure in the left posterior
cervical triangle. The cyst demonstrates fluid-fluid levels and enhancement of the peripheral cyst wall and septa (C). Multiphasic dynamic
contrast–enhanced MRA images (D-F) reveal no arterial or venous enhancement of the lesion. Note the displacement of the external jugular
vein due to mass effect (E, F).

Fig 13. Axial T1-weighted (A), fat-suppressed T2-weighted (B), and contrast enhanced fat-suppressed T1-weighted (C) MR images of
a child with a venous malformation. The T2-weighted images (B) show a hyperintense mass in the right masticator space with trans-spatial
infiltrative extension. Hypointense phleboliths are present in the mass. Multiphasic dynamic contrast enhanced MRA images (D-F) demonstrate
progressive enhancement during the early (E) and late (F) venous phase (arrows).

can appear in the lesion, and although this finding is more typ-
ical for lymphatic malformations, all slow-flow vascular mal-
formations have the potential to show fluid-fluid levels. Phle-
boliths are best depicted on susceptibility weighted sequences.
Intralesional fluid-fluid levels are rarely present and this may
be used as a differentiating feature to distinguish venous
malformations from lymphatic malformations. Involvement of

the adjacent osseous structures includes osteal defects, deminer-
alization, hypoplasia, and cortical thickening. Multiphasic time-
resolved dynamic cMRA imaging demonstrates a slow flow pat-
tern revealing typical slow gradual venous enhancement with
variable degree of contrast enhancement on delayed images
(Fig 13).7,8,35,36 Venous malformations are occasionally seen in
blue rubber bleb nevus, Proteus and Maffucci syndromes.37
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Fig 14. Axial T1-weighted (A), fat-suppressed T2-weighted (B), and contrast enhanced fat-suppressed T1-weighted (C) MR images of a
child with an arteriovenous malformation. The T2-weighted images (B) show dark, serpiginous flow voids infiltrating the subcutaneous fat of
the right cheek. The contrast-enhanced image (C) reveals an additional soft tissue infiltrating component of the lesion. Multiphasic dynamic
contrast–enhanced MRA images (D-F) reveal early arterial enhancement of the lesion with feeders identified from the external carotid artery.
Note the intralesional nidus formed by the tangle of vessels (E, F).

Arteriovenous Malformation

AVM of the neck presents later in childhood or in the adoles-
cent age group as skin discoloration with or without underlying
compressible (pulsatile) mass. The lesion consists of enlarged
feeding arteries draining into veins without an intervening capil-
lary network. On Doppler US and multiphasic dynamic cMRA
imaging studies, the lesions show a high-flow pattern as impor-
tant differentiating feature from other vascular malformations.
Furthermore, multiphasic time-resolved dynamic cMRA imag-
ing studies may identify dilated feeding arteries and draining
veins, early enhancement of the feeding arteries, and an in-
tralesional nidus with shunting to draining veins and therefore
early venous drainage.7,8,37 Anatomic MR imaging sequences
demonstrate no well-defined mass, but rather enlarged serpigi-
nous flow voids with an additional soft tissue infiltrating compo-
nent (Fig 14). Evaluation of extension of the lesion and poten-
tial adjacent soft tissue and osseous involvement is important to
determine.35,36

Mixed-type Vascular Malformation

Mixed-type vascular malformations are less common than
solid-type lesion and mainly comprise mixed veno-lymphatic
malformations; however, other mixed-type lesions may be iden-
tified. These lesions demonstrate clinical features and imaging
characteristics of the involved vascular malformations.

Vascular Tumors

Vascular tumors, particularly infantile hemangiomas, are com-
mon in the pediatric population. These are neoplastic lesions
manifesting with a high endothelial cell turnover. The growth
of these lesions is independent of body size. Various vascular
tumors are encountered in the head and neck region, including

infantile hemangioma, carotid body tumors, glomus jugulare tu-
mors, and juvenile nasopharyngeal angiofibromas (Table 2).35

As only hemangiomas potentially present as a neck mass in the
pediatric age group, this entity is discussed in greater detail in
this review.

Infantile hemangiomas represent one of the most common
tumors of infancy with most lesions occurring in the head and
neck (60%). The lesion initially presents as a red superficial skin
lesion in the first couple weeks of life that was not visible at the
time of birth. There is a female predilection with a female to
male ratio of 3:1.35 Infantile hemangiomas are benign vascular
neoplasms. Several specific stages have been identified in the
natural course of this entity. In the postnatal time period, the
lesion starts to proliferate and enlarge rapidly and consists of
hyperplastic proliferating endothelial cells (proliferative phase).
At approximately 10 months of age, the hemangioma typically
will gradually start to involute and shows progressive perivas-
cular deposition of fibrofatty tissue (involution phase). About
50% of the lesions are completely resolved by the age of 5
years (involuted phase).36,37 Favorable locations in the cervical
region include subcutaneous lesions, subglottic lesions, and less
common deep-seated lesions and lesions extending over mul-
tiple tissue planes. Additional infantile hemangiomas may be
identified in approximately 20% of the affected children.35,36

Imaging reveals the exact anatomic location of the lesion, the
extent of the lesion, and the relation to adjacent structures
(Fig 15). On US, the hemangioma manifests as a well-defined
lobulated heterogeneous lesion with high vascular flow on
Doppler interrogation in the proliferative phase and fibrofatty
features in the involuting phase. The most characteristic MR
imaging feature of a proliferating infantile hemangioma is a
well-defined solid mass that shows avid enhancement in the
arterial phase. Additional multiphasic dynamic time-resolved
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Fig 15. Axial T1-weighted (A), fat-suppressed T2-weighted (B), and contrast-enhanced fat-suppressed T1-weighted (C) MR images of a child
with an infantile hemangioma. The T2-weighted image (B) shows a well-defined hyperintense mass in the left carotid space with transspatial
infiltrative extension. Flow voids are present in the mass. Multiphasic dynamic contrast–enhanced MRA images (D-F) demonstrate avid
enhancement in the arterial phase (D). The arterial feeders and venous drainage of the mass lesion can easily be identified (D, F).

cMRA imaging studies may show prominent arterial feeders
and draining veins of these solid tumors. The lesion shows an
isointense to slight hyperintense T1 signal and hyperintense T2
signal. In the involuting, phase elements of the lesion may be
replaced by fatty tissue.7,8,35

Acquired Cystic Masses
Ranula

Ranulas are not common in the pediatric age group. The peak
frequency is in the second decade. Incidentally, congenital mu-
coceles and ranulas have been reported.38 There is a slight fe-
male predilection for oral ranulas and a predilection for males
for cervical ranulas.39 A ranula is a mucous retention cyst (mu-
cocele) or pseudocyst arising from salivary extravasation from
a sublingual gland or minor salivary gland into the surrounding
soft tissues of the oral cavity or neck. The extravasation is in

the vast majority the consequence of infection, inflammation,
or trauma to the involved gland causing an occluded gland
duct. Ranulas are categorized into simple (oral) ranulas with a
peripheral epithelial layer or plunging/diving (cervical)
ranulas.40,41 A plunging ranula is the consequence of a ruptured
simple ranula and therefore lacks an epithelial lining (pseudo-
cyst). The lesion manifests as a swelling in, respectively, the
floor of the mouth or the submandibular space. The location of
both simple and plunging ranulas is typically off midline. Sim-
ple ranulas appear in the sublingual space in or superficial to the
mylohyoid sling. US demonstrates a thin-walled ovoid or lobu-
lated cyst with or without debris deep to the mylohyoid muscle.
MR imaging features consist of a T2 hyperintense cystic lesion
in the sublingual space with variable T1 intensity depending
on the amount of protein in the cyst (Fig 16). Plunging (rup-
tured) ranulas tend to extend posteriorly from the sublingual
space into the submandibular space. Less commonly, the lesion

Fig 16. Axial T2-weighted (A), coronal T2-weighted (B), and sagittal fat-suppressed T2-weighted (B) MR images of a child with a large
plunging ranula. The axial image (A) demonstrates a large thin-walled cystic structure in the floor of the mouth. The coronal image (B) shows
posterior extension of the cystic structure from the sublingual space into the left submandibular space. The maximal volume of the plunging
ranula is localized in the submandibular space. Note the layering debris due to protein-rich material in the cyst on the sagittal image (C).
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extends into the anterior submandibular space through a defect
in the mylohyoid musculature.41 On MR imaging, the maximal
volume of the cystic lesion is localized in the submandibular
space (Fig 16). A narrow T2 hyperintense tail originating from
the floor of the mouth can typically be identified, but is not
necessary to suggest the diagnosis. The cystic component of
a plunging ranula shows a more irregular shape than simple
ranulas. In incidental cases, a giant ranula may extend postero-
superiorly into the parapharyngeal space. Identification of the
narrow tail connecting to the sublingual space on MR imag-
ing may be an important diagnostic clue.40,41 Plunging ranulas
have to potential to demonstrate trans-spatial extension, similar
to vascular malformations.

Laryngeal Anomalies

Laryngeal anomalies are uncommonly congenital, rarely
present during childhood, and are more commonly acquired
of the adult age. Laryngeal anomalies are described in detail in
the paragraph on congenital cystic lesions.

Acquired Solid Masses
Fibromatosis colli

Fibromatosis colli, also called sternomastoid tumor of infancy
or congenital torticollis, has a reported prevalence of 0.4% of
live births.43 In the majority of affected infants, there is a his-
tory of birth trauma, difficult delivery, or breech delivery. The
etiology is not clearly understood and in general terms, it is
caused by a reaction to trauma at or around birth. In addi-
tion, a genetic component is suspected due to positive family
history in affected infants.1,43 Fibromatosis colli is almost exclu-
sively encountered in the SCM muscle, although some cases
of involvement of the trapezius muscle have been reported. In
the 2002 WHO classification of soft-tissue tumors, the lesion
is categorized as a benign fibroblastic proliferation.43 The le-
sion manifests as an enlarging unilateral neck mass or swelling
10–14 days after birth and may result in torticollis with ro-
tation of the head toward the side of the lesion. There is a
predilection for the right side. Because of the characteristic his-
tory and distinct features in physical exam of these lesions,
imaging is not always required. US may be useful to confirm
the diagnosis, demonstrating fusiform thickening in the caudal
two-third part of the SCM muscle with homogeneous or hetero-
geneous echogenicity of the affected muscle. A rim of normal
peripheral muscle can be encountered. On US, synchronously

movement of the mass and the SCM muscle is a characteris-
tic imaging feature.1,43,44 No further imaging is usually neces-
sary. If MR imaging is obtained, it may show mild increased
T2 signal and contrast enhancement as well as mass effect on
adjacent structures (Fig 17). Features suggestive of more aggres-
sive lesions (eg, soft-tissue sarcomas), for instance, involvement
of surrounding structures, vascular encasement, bone involve-
ment, or lymphadenopathy, can be excluded on MR imaging
studies. Fibromatosis colli typically regress spontaneously over a
period of 4–8 months.4,43,44

Thyroid Mass

Thyroid masses are uncommon in the young age group, al-
though older teens and genetically predisposed children can
develop thyroid cancer. Diffuse enlargement is demonstrated
in association with thyrotoxicosis or Hashimoto thyroiditis. On
US, an abnormal echogenicity of the thyroid gland differen-
tiates Hashimoto thyroiditis from the preserved thyroid gland
echogenicity in thyrotoxicosis. In the pediatric population, focal
solid thyroid masses are rare and include adenomas, carcino-
mas, and lymphomas. Thyroid nodules in children are mainly
benign. There are no distinctive US, CT, or MR imaging fea-
tures to further characterize these solid lesion. On US, a well-
delineated diffuse anechoic or slight hypoechoic nodule with
or without a vascular rim favors a benign lesion.45 An isotope
thyroid scan can identify “cold” nodules as an indication for
fine needle aspiration or biopsy.1

Adenomas are the most common thyroid nodules in the pe-
diatric population. US demonstrates a hypoechoic mass relative
to the normal thyroid gland tissue, although cases of hypere-
choic and isoechoic adenomas are reported.46 A hypoechoic
rim is hypothesized to represent pericapsular inflammatory in-
filtrate, compressed thyroid parenchyma or fibrous capsule.
Calcifications, cysts, and heterogeneous areas are due to hem-
orrhage or necrosis.45

Multinodular goiter is rare in the pediatric age group. The
condition can result from congenital defects of thyroid hor-
mone synthesis, dietary iodine insufficiencies, or thyrotropic
medications. Imaging demonstrates an enlarged thyroid gland
with heterogeneous echogenicity and multiple scattered hyper-
echoic areas on US.45,46

Thyroid carcinoma is very rare in children and comprises 1–
1.5% of all pediatric malignancies.47 There is predilection for fe-
males in the age group from 7 to 12 years. Papillary thyroid car-
cinoma is the most common subtype in the pediatric age group

Fig 17. Sagittal US image (A), axial fat-suppressed T2-weighted (B), and coronal contrast-enhanced fat-suppressed T1-weighted (C) MR
images of a child with Fibromatosis colli. The ultrasound image (A) demonstrates heterogeneous hyperechoic fusiform enlargement of the
caudal part of the sternocleidomastoid muscle. A rim of normal peripheral muscle is shown. The axial MR image (B) reveals mild increased
T2 signal intensity of the sternocleidomastoid muscle as well as mass effect on adjacent structures. The sagittal MR image (C) demonstrates
contrast enhancement of the sternocleidomastoid muscle.
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(70–90%), followed by follicular thyroid carcinoma (10–20%)
and medullary thyroid carcinoma (1–10%). The medullary car-
cinoma subtype is associated with multiple endocrine neoplasia
syndromes types 2a and 2b.45 Thyroid carcinoma in children
tends to present at more advanced disease stages compared to
adults, with lymphatic, pulmonary, and/or osseous metastasis.
However, the prognosis is more favorable.47 Suspicious imag-
ing finding on US include a pronounced hypoechoic thyroid
mass, a predominantly solid nature, disrupted eggshell calcifi-
cations, an irregular border, and “taller than wide” in shape.48

Intralesional punctate echogenic foci of calcification and intra-
nodular vascularity may be detected.45,47 In case of a suspicious
thyroid nodule, ultrasound-guided biopsy is an important diag-
nostic tool.45–49

Sialadenitis

Sialadenitis or inflammation of the salivary gland is a poten-
tial consequence of either viral or bacterial infections or results
from inflammatory etiology. US is the first-line imaging modal-
ity of choice in the evaluation of sialadenitis in the pediatric
population. MRI is hardly ever indicated and only used as
problem-solving tool.

Acute parotitis is in the majority of cases caused by a viral in-
fection (eg, mumps virus, paromyxovirus). Acute viral parotitis
may be bilateral. The imaging characteristics are nondistinc-
tive with diffuse enlargement of the involved gland. On US, the
enlarged gland has a heterogeneous texture and is relatively hy-
poechoic. There is no ductal dilation. Bacterial infection lead-
ing to acute parotitis is more common in children younger than
1 year of age (eg, infections of the oral cavity or dental sepsis due
to Staphylococcus aureus). US imaging demonstrates unilateral in-
volvement of the parotid gland with anechoic or hypoechoic
foci due to suppuration. Enlarged intraparotid lymph nodes
may be encountered.1,50

Chronic recurrent parotitis of childhood or juvenile recur-
rent parotitis is a noninflammatory process of the parotid gland
of unknown etiology associated with nonobstructive sialectasis.
It is the second most common cause of pediatric salivary gland
swelling after mumps. This entity results in recurrent episodes
of painful unilateral or bilateral swelling of the parotid gland
potentially with subsequent fever and general malaise. There
is a variable symptom-free interval between the episodes. The
peak age of onset of the first episode is reported to be 3–6 years
(ranging from infant to puberty). Chronic recurrent parotitis of
childhood is a self-limiting disease over a time period of 5–
10 years and in the majority of cases, there is resolution of
symptoms after puberty. US imaging is used to differentiate
recurrent parotitis of childhood from other causes of parotid
swelling (eg, sialolithiasis).51,52 US imaging demonstrates diffuse
heterogeneous enlargement of the parotid gland with multiple
hypoechogenic foci representing sialectasis or lymphocytic in-
filtration. The texture of the involved gland remains abnormal
during the symptom-free periods. The potential value of MRI
may be to identify acute versus chronic inflammation patterns.
In case of acute inflammation, the gland appears T2 hyperin-
tense and T1 hypointense with concomitant contrast enhance-
ment, whereas chronic inflammation shows a T2 and T1 hy-
pointense parotid gland without contrast enhancement.53 The
radiological differential diagnosis includes benign lymphoepithe-
lial cyst, juvenile Sjögren syndrome, systemic lupus erythemato-

sus, and acute paramyxovirus parotitis. These conditions can
be identified by detection of antibodies or based on serology.51

Human Immunodeficiency virus (HIV) can cause diffuse
swelling of the parotid gland in the pediatric population. The
parotid enlargement is typically bilateral and not painful. On
US, different imaging patterns are identified. Demonstration of
multiple scattered hypoechogenic foci in the gland parenchyma
is related to lymphoid infiltration of the gland. On the other
hand, large cystic lesions replacing the gland parenchyma can
be identified on US, representing benign lymphoepithelial cysts.50

Disease involvement of the lungs is often seen in the setting of
this entity.

Salivary Gland Mass

Sialolithiasis is a frequent cause of salivary gland masses in the
adolescent population. The mass is caused by ductal obstruction
due to calculi. The calculi can be identified on US as well as
glandular sialectasis and swelling of the salivary gland.

Salivary gland neoplasms are rare in the pediatric age group
and comprise 1% of all pediatric neoplasms.54 The majority
of solid salivary gland tumors in the pediatric age group are
benign lesions. The only benign lesion of salivary gland tis-
sue origin is the pleomorphic adenoma, comprising 11.6% of
all solid tumors. Imaging features include a well-defined soli-
tary mass with a capsule. On US, the echogenicity is variable.
On CT and MR imaging, the degree of enhancement is not
a consistent feature. Large pleomorphic adenomas may show
cystic changes, necrosis, and hemorrhage.54 Reparative granu-
lomas are the second most common solid tumors of the salivary
gland (9.3%) followed by reactive lymph nodes and granular cell
tumors (both 7%).55 Furthermore, nontuberculous mycobacte-
rial adenitis can involve the intraparotid lymph nodes and the
lymph nodes adjacent to the submandibular gland.

Malignant tumors of the salivary gland are extremely rare
in children. The most frequent malignant lesions are low-grade
mucoepidermoid carcinomas. Imaging features of malignancy
are ill-defined borders and focal areas of necrosis. On MR imag-
ing, malignant salivary gland tumors typically show iso- to hy-
perintense T2 signal and restricted diffusion.56 Rhabdomyosar-
comas, liposarcomas, and aggressive fibromatosis are also
reported in the salivary gland.55

An important note is that many presumed salivary gland
masses in the pediatric age group are, in fact, branchial cyst
anomalies or vascular (lymphatic) malformations. The major-
ity of vascular lesions in the salivary gland are hemangiomas
followed by lymphangiomas.55

Lipoma

Lipomas are rare in the pediatric age group. In the neck, the
posterior cervical triangle is the most frequent location. These
benign tumors of fat have characteristic imaging features of a
homogenous mass with signal intensity similar to subcutaneous
fat on all MR imaging sequences and do not show enhancement.
Fat-suppressed MR sequences confirm diagnosis (Fig 18). Lipo-
mas displace or compress adjacent anatomical structures rather
than demonstrating infiltrative extension.1,57

Neuroblastic Tumors

Neuroblastic tumors are frequently encountered in the adrenal
region; however, 1–5% of primary neuroblastic tumors will oc-
cur in the cervical region. Metastatic neuroblastoma lesions
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Fig 18. Axial T1-weighted (A), coronal fat-suppressed T2-weighted (B), and axial fat-suppressed postcontrast T1-weighted (B) MR images
of a child with a large lipoma. The axial image (A) shows a homogenous mass in the left periclavicular region with signal intensity similar to
subcutaneous fat. The postcontrast image (C) demonstrates no enhancement after contrast administration. The fat suppressed images (B, C)
confirm the diagnosis of lipoma by homogenous suppression of the lesion in comparison with the conventional T1-weighted image (A).

of the cervical region are more common.5 The lesion often
presents in young childhood, before the age of 5 years, as
an asymptomatic mass or with symptoms due to compres-
sion of adjacent structures (eg, dysphagia, airway obstruction,
Horner’s syndrome). Primary cervical neuroblastic tumors have
a more favorable outcome compared to lesions of adrenal
origin.1,5 Neuroblastomas, ganglioneuroblastomas, and gan-
glioneuromas are tumors of varying maturity derived from pri-
mordial neural crest cells destined for sympathetic differentia-
tion and may arise anywhere along the sympathetic ganglia.
Neuroblastomas are primarily composed of undifferentiated
neuroblasts, ganglioneuromas consist of mature ganglion cells
and other mature tissue, and ganglioneuroblastomas have both
immature and mature cell types. As a consequence, neurob-
lastomas and ganglioneuroblastomas are potential malignant
lesions and ganglioneuromas are considered benign.58 Imag-
ing features consist of an echogenic posterior cervical mass on
US and a T2 hyperintense mass with contrast enhancement on
MR imaging. The overall aspect of the mass may vary from
homogeneous to heterogeneous with necrosis and hemorrhage
based on the degree of maturation and aggressiveness of the
lesion. Meta-iodobenzylguanidine (mIBG) scintigraphy shows
vigorous radiotracer uptake in neuroblastic tumors and aids in
differentiating these tumors from other posterior cervical mass
lesions.59 Furthermore, catecholamines in the urine are in most
cases elevated.

Lymphadenitis

Enlarged cervical lymph nodes are the most common palpa-
ble neck masses in the pediatric population as 80–90% of the
children between 4 and 8 years have palpable cervical lymph
nodes.60

The most frequent etiology in cervical lymphadenitis is a
viral infection of the upper respiratory tract. The bilateral sub-
mandibular and upper internal jugular lymph nodes are typi-
cally involved. In case of bacterial infection, unilateral lymph
node involvement is frequently noted.6,60 US is the imaging
method of choice to identify reactive lymphadenopathy and
possible complications including suppurative inflammation or
abscess formation. Reactive lymph nodes are enlarged (>1 cm
short axis), ovoid, and rounded in shape and may be hyper-
vascular on Doppler US. The vascular hilum is preserved and
the vessels fan out from the hilum. Inflammatory lymph nodes

are enlarged and may appear as confluent lesions. Liquefac-
tion and suppuration causes the central part of the lymph node
to become hypoechoic on US or hypodens on CT (Fig 19).
Necrotic lesions may have areas of decreased vascularity.6,61

Infected cystic anomalies of the head and neck region
(eg, thyroglossal duct cysts, branchial cleft cysts, and thymopha-
ryngeal duct cysts) can mimic suppurative lymphadenitis on US
and CT.

Nontuberculous mycobacteria (NTM) is an increasing rec-
ognized cause of infection in the pediatric population. The most
common causative organisms are Mycobacterium avium or My-
cobacterium intracellulare. Typically, this entity manifests as per-
sistent, and sometimes gradually enlarging, unilateral cervical
lymphadenitis in immunocompetent children. There is a prefer-
ence for submandibular, parotid, or preauricular lymph nodes.
Signs of acute inflammation, tenderness, fever, or other systemic
signs of infection are frequently lacking. The peak age of inci-
dence is between 2 and 4 years.62,63 Because nontuberculous
mycobacterial lymphadenitis is unresponsive to conventional
antibiotics, as opposed to suppurative bacterial lymphadenitis,
early recognition of this specific type of adenitis leads to ap-
propriate therapy (surgical excision) early in the course of the
disease. The CT or MR imaging findings include asymmet-
ric enlarged cervical lymph nodes and extranodal extension
as contiguous necrotic ring-enhancing mass lesions involving
the subcutaneous fat and skin. Inflammatory stranding of the
subcutaneous fat is typically minimal or absent (unlike bacte-
rial abscesses).62 Bacterial lymphadenitis and cat-scratch disease
in general cause painful enlarging lymph nodes. Tuberculosis
demonstrates bilateral lymphadenitis in the posterior cervical
triangle and is usually painless.

Abscesses are hypoechoic or anechoic lesions on US imag-
ing with a variable thick rim of solid tissue and they may show
septations. Gentle pressure applied with the US probe typically
causes swirling of the contents of the abscess.61 CT as well as
MRI are useful in the evaluation in children suspected of having
a deep neck abscess (Fig 19). The ACR Appropriateness Crite-
ria prefer CT over MRI because of the short examination time
and lack of need for anesthesia. The use of intravenous contrast
administration is essential for detecting neck abscesses, in par-
ticular intramuscular abscesses and retropharyngeal abscesses.9

The use of diffusion-weighted MRI sequences in the evaluation
of a suspected neck abscess is of great value because of the char-
acteristic demonstration of restricted diffusion of the content of
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Fig 19. Axial (A, B) and coronal (C) contrast-enhanced CT images in soft tissue window of a child with cervical lymphadenitis as a consequence
of a bacterial infection of the upper respiratory tract. Multiple enlarged reactive lymph nodes are demonstrated in the right upper cervical region
(A). Some of the involved lymph nodes appear as confluent lesions (A). Liquefaction and suppuration causes the central part of the lymph
node to become hypodens (B, C). Subsequent abscess formation is shown by extranodal extension (B, C). Note the unilateral lymph node
involvement as frequently occurs in case of bacterial infection.

the abscess due to reduced water mobility within the pus.2 Ad-
ditional MRA and MRV imaging sequences may be of great
value to exclude associated vascular complications, eg, venous
thrombosis or development of Lemierre’s syndrome.

Lymphoma

Lymphoma is the most common malignancy arising from the
head and neck region in the pediatric population (55% of head
and neck tumors in children). In general, lymphomas account
for 10–15% of all childhood malignancies.1,5 The lesion typi-
cally presents as a painless posterior neck mass or supraclavic-
ular mass, often in association with lymph node enlargement
in other cervical regions. The vast majority of cervical lymph
node enlargement in children is the result of viral or bacterial
upper respiratory tract infection. Persistent nodal enlargement
(for more than 6 weeks) requires further evaluation.5 On US
(including color Doppler), features differentiating nodal malig-
nancies from benign reactive lymph nodes include increased
size (>3 cm in longest diameter), round shape, decrease in
internal echogenicity, loss of normal echogenic hilum, detec-
tion of peripheral subcapsular vessels, and focal areas of absent
perfusion.1,5 Currently, disease staging of lymphoma is prefer-
ably performed with CT of the neck, chest, abdomen, and
pelvis. Lymph nodes demonstrating a short axis >2 cm are con-
sidered to be involved in the disease process. For intermediate-
sized lymph nodes (10-20 mm), radiotracer uptake on positron
emission tomography (PET) indicates involvement.5 MR imag-
ing is typically used for evaluation of central nervous sys-
tem involvement. However, diffusion-weighted MR imaging
sequences may also play a role in differentiating involved from
noninvolved lymph nodes by calculating the mean apparent
diffusion coefficient (ADC) value. The ADC value of involved
lymph nodes is significantly lower compared to noninvolved
lymph nodes due to the high cellularity in lymphoma.2 The
future role for PET MR imaging in the staging of this disease is
promising.

Hodgkin lymphoma is more common in adolescents. The
classical appearance of Hodgkin lymphoma is involvement of
contiguous lymph node groups. Coexistent mediastinal lymph
node involvement is common. The disease is often confined
to the neck and chest region (Fig 20). Staging of disease
is performed according to the Cotswold modification of the
Ann Arbor staging system.5,64 The staging system differentiates

single from multiple lymph node group involvement and takes
into account if the lymph node groups are located on the same
side or on both sides of the diaphragm, bulk size, extranodal
sites of disease, and presence of clinical symptoms (B-symptoms
including night sweating, weight loss, and malaise).

Non-Hodgkin lymphoma is more common than Hodgkin
lymphoma in children younger than 10 years of age. Four
subtypes are differentiated in the World Health Organiza-
tion (WHO) classification: Burkitt lymphoma, diffuse large
B-cell lymphoma, anaplastic large cell lymphoma, and lym-
phoblastic lymphoma. Cervical non-Hodgkin lymphoma is of-
ten accompanied by disseminated disease. Furthermore, non-
Hodgkin lymphoma may involve extranodal lymphatic sites
(eg, Waldeyer ring) or other extranodal sites (eg, jaw) in the
cervical region. In the pediatric age group, cervical extranodal
disease in non-Hodgkin lymphoma is less common than in
other body parts.5 In 2015, a new staging system for the pedi-
atric age group has been introduced based on identification of
new pathologic entities, improvements in cytogenetic, molec-
ular, and immunophenotypic characterizations of disease and
major advances in imaging applicable to childhood and ado-
lescent non-Hodgkin lymphoma. The revised International Pe-
diatric Non-Hodgkin Lymphoma Staging System (IPNHLSS)
maintains the general structure of the St. Jude staging system
and introduces some modifications and more explicit indica-
tions on peculiar sites of disease.65 The staging system basically
assesses tumor load and differentiates limited disease form ex-
tensive disease.

Rhabdomyosarcoma

Rhabdomyosarcoma is the most common soft tissue sarcoma in
children younger than 5 years of age. Forty percent of the rhab-
domyosarcomas are located in the head and neck region.1,5,66

The lesion generally manifests in the first decade of life and
demonstrates a slight male predominance. There are three prin-
cipal histologic subtypes acknowledged, the embryonal, alveo-
lar, and pleomorphic type. The embryonal subtype has in gen-
eral a better prognosis, whereas alveolar rhabdomyosarcomas
belong to the most aggressive types. Tumors of the embryonal
subtype account for 60% of the rhabdomyosarcomas, and there-
fore site of origin of the tumor in the head and neck region
is associated with favorable outcome. Head and neck rhab-
domyosarcomas are categorized into orbital, parameningeal
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Fig 20. Axial T1-weighted (A), coronal fat-suppressed T2-weighted (B), and axial contrast-enhanced fat-suppressed T1-weighted (C) MR
images of a child with a lymphoma. The images show a large mass in the right posterior cervical triangle. Multiple contiguous enlarged
lymph nodes are demonstrated and show trans-spatial extension (A, C) and caudal extension of involved lymph nodes in continuum (B).
The postcontrast images (C) reveal peripheral enhancement of the enlarged lymph nodes with central focal areas of absent enhancement
(necrosis).

Fig 21. Axial fat-suppressed T2-weighted (A), sagittal fat-suppressed T2-weighted (B), and sagittal contrast-enhanced fat-suppressed T1-
weighted (C) MR images of a child with a rhabdomyosarcoma. The axial image (A) shows a large T2 hyperintense mass primary arising from
the oropharynx. The surrounding cervical spaces are predominantly displaced by the mass. The sagittal T2-weighted image (B) demonstrates
the extension into the nasopharynx and ethmoid sinus. Bony involvement is seen. On the contrast-enhanced image (C), relative homogenous
enhancement of the lesion with some areas of focal necrosis is seen.

(nasal cavity, paranasal sinuses, nasopharynx, pterygoid fossa,
middle ear), and nonparameningeal tumor site.4,5,67 The ex-
tension of disease is evaluated preoperatively as well as post-
operatively and the staging system includes tumor size, nodal
status, site of primary tumor, and extent of residual disease. MR
imaging is the preferred imaging modality to assess the volume
of the lesion, the site of origin, and the relationship of the mass
to adjacent anatomical structures as well as potential intracra-
nial extension. The lesion demonstrates T2 hyperintense and
T1 isointense to slight hyperintense signal intensity compared
to skeletal muscle. Heterogeneity of the lesion can be due to
focal necrosis. There is moderate to intense enhancement on
postcontrast imaging sequences (Fig 21). On diffusion-weighted
MR imaging sequences, low intralesional ADC values correlate
with the malignant nature of the lesion. CT may be helpful to
evaluate bone involvement or destruction. The imaging stag-
ing requires chest CT, abdominal US, and bone scintigraphy to
search for distant metastatic disease.1,5,67

Conclusion
Congenital and acquired neck masses in the pediatric popula-
tion comprise a variety of diverse conditions. By definition, con-
genital anomalies are present at birth. Lymphadenitis accounts
for the majority of acquired cervical masses in the pediatric age
group, and therefore the bulk of acquired neck masses are be-
nign lesions. Imaging plays a key role in establishing diagnosis

and is essential for precise localization and characterization of
the lesions. US allows an efficient assessment of neck masses in
young children and is the initial imaging technique of choice.
MRI provides better detailed information of the anatomic rela-
tionship and extension of these masses and can better depict the
nature of solid lesions. CT scans should be used conservatively
for selected, specific indications, in order to minimize ionizing
radiation exposures. By taking the patient’s age and clinical
history into consideration, as well as the involved anatomical
cervical region, the extent of the lesion, and the characteristic
imaging features, accurate definite diagnosis of neck masses can
be provided.
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Abstract

Objectives. Fine-needle aspiration biopsy (FNAB) has a well-
established role in the evaluation of an adult head and neck
mass (HNM) but remains underused in children. The objec-
tives of this study were to assess the diagnostic accuracy,
safety profile, use of anesthesia, and influence on surgical deci-
sion making of FNAB of HNM in the pediatric population.

Study Design. Case series with chart review.

Setting. Tertiary care children’s hospital.

Subjects and Methods. In total, 257 consecutive patients with
HNM who underwent 338 FNABs from July 2007 to July
2014 were reviewed. Patients ranged in age from 0 to 21
years (mean, 9.3 years); lesions ranged in size from 0.3 to
12.5 cm (mean, 2.4cm). Fine-needle aspiration biopsies were
performed in the interventional radiology suite, operating
room, clinic, or ward.

Results. The most common patient final diagnoses included
reactive lymphadenopathy (n = 99, 38.5%), benign thyroid
colloid nodule (n = 31, 12.1%), malignancies (n = 21, 8.2%),
and atypical mycobacterial infection (n = 15, 5.8%). On sur-
gical histopathologic and clinical follow-up, overall sensitivity
of FNAB was 94.6% and specificity was 97.7%. The compli-
cation rate was 2.1%, and general anesthesia or sedation
was used for 73% of FNAB. Surgery occurred only 9 times
following the 191 patients with negative FNAB results, indi-
cating that 95.3% of unnecessary surgeries were avoided
with the assistance of the FNAB result.

Conclusions. Fine-needle aspiration biopsy is an accurate and
safe diagnostic tool for guiding management of persistent
lymphadenopathy, thyroid nodules, and other HNM in pedia-
tric patients. Negative FNABs can often obviate the need
for surgical intervention.

Keywords

fine-needle aspiration biopsy, head and neck mass, thyroid
nodule, pediatrics, sensitivity and specificity
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F
ine-needle aspiration biopsy (FNAB) dates back as

far as 1857 and has been established in the diagnosis

of head and neck masses (HNMs) since the late

1920s.1 In the adult population, FNAB is widely used and

accurate for diagnosis of both benign and malignant lesions

throughout the head and neck region.2,3 For example, FNAB

has been used with great success as the primary screening

test for thyroid nodules in adults,4 but such a structured

approach has lagged in the evaluation of pediatric thyroid

nodules.5,6

This diagnostic modality has gradually become more

accepted in the pediatric population but remains underused.

The first studies examining pediatric FNAB were published

in the 1980s,7-9 and the first report dedicated to pediatric

HNM FNAB was published in 1991 by Mobley et al.10

Since that time, several publications have related the safety,

accuracy, and feasibility of FNAB in pediatric HNM11-16

but have been limited by case numbers or restricted ana-

tomic subsites.

The potential avoidance of surgery with associated scar-

ring, complications, general anesthetic risk, recovery time,

and expense have all been heralded as benefits of FNAB,

especially given the high prevalence of nonneoplastic pediatric

HNM. The objectives of this study were to assess the diagnos-

tic accuracy and safety profile of FNAB in a large number of

thyroid and nonthyroid pediatric HNMs. In addition, we exam-

ined the clinical application of FNAB, including the use of
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general anesthesia and the influence of FNAB on surgical

decision making.

Methods

Institutional review board approval was obtained from the

University of Pittsburgh. Patients aged 0 to 21 years were

retrospectively identified in a cytopathology database for

having undergone FNAB of a HNM. Consecutive subjects

from July 2007 to July 2014 were included, and there were

no exclusion criteria. All patients were seen in the pediatric

otolaryngology or endocrinology departments where the

need for FNAB was determined and consent was obtained

for the procedure.

The decision to proceed with nonthyroid FNAB was

typically based on persistence of a neck mass beyond 4

weeks despite treatment with antibiotics. Cases atypical for

benign lymphadenopathy were referred for FNAB sooner

(eg, unusual location, rapid enlargement, weight loss, night

sweats, skin changes, fixed/immobile mass). All nonthyr-

oid FNABs were performed because the patient was con-

sidered a potential surgical candidate, the mass was

atypical, and/or the family or medical team desired a

pathologic diagnosis. Given the high rate of malignancy in

pediatric thyroid nodules, patients with lesions greater than

1 cm or smaller with concerning ultrasonographic features

(hypoechogenicity, irregular margins, or increased vascu-

larity) were offered FNAB.

Fine-needle aspiration biopsies were subsequently per-

formed in the otolaryngology clinic or inpatient ward by the

cytopathologist, the interventional radiology suite (IR) by a

radiologist, or the operating room (OR) by the surgeon or

cytopathologist. Topical (4% lidocaine cream), general, or

topical plus sedative anesthesia was used. As a standard

practice at our institution, all biopsies performed in the IR

suite used image guidance, and all others were performed

by palpation. Most thyroid nodules were biopsied with ultra-

sound guidance, consistent with current recommendations.6

A 25- to 27-gauge needle was used, and approximately 3

to 5 passes were performed for each targeted site, represent-

ing a single FNAB. Patients with multiple FNABs therefore

had more than 1 targeted HNM, multiple encounters, or

both. Aspirated material was used for smear preparation,

including air-dried slides stained with Diff-Quik and

alcohol-fixed slides stained with the Papanicolaou stain.

Residual material was submitted for ThinPrep (Hologic Inc,

Marlborough, Massachusetts) processing, microbial cultures,

molecular studies, flow cytometry, and/or cell block pre-

paration, depending on the immediate interpretation. Cell

block sections were stained with hematoxylin and eosin

stain, and additional levels were used for immunostains,

special stains, or other ancillary testing. The FNABs were

interpreted by 1 of 9 cytopathologists, although most (88%)

were interpreted by 1 of 2 cytopathologists with pediatric

expertise. Nonthyroid cases received diagnoses with an ade-

quacy interpretation (unsatisfactory, less than optimal, or

satisfactory), a primary interpretation (nondiagnostic, nega-

tive for malignant cells, atypical cells present, suspicious

for malignant cells, or positive for malignant cells), and a

free text explanatory diagnosis. Thyroid cases received an

adequacy interpretation, a primary interpretation using The

Bethesda System for Reporting Thyroid Cytopathology

(TBSRTC),4 and a free text explanatory diagnosis.

The determination of a nonsurgical (negative) vs surgical

(positive) FNAB result was made for each patient. Final out-

comes were then established either through correlation to sur-

gical histopathology or clinical follow-up. Histopathology

based on surgical biopsy (incisional or excisional) is consid-

ered the reference standard in the diagnosis of an HNM.

Clinical follow-up is included as a secondary reference given

that most pediatric HNMs are benign and do not undergo sur-

gery and therefore histopathologic evaluation.

True positives were cytopathologic results that warranted

surgical treatment and were confirmed as such histopatholo-

gically. True negatives were cytopathologic results that did

not indicate a need for surgery and were confirmed histo-

pathologically as such. Clinical true negatives were cyto-

pathologically negative conditions that resolved or did not

progress without surgical intervention. False positives were

cytopathologic results that indicated a need for surgical

treatment but histopathology demonstrated a nonsurgical

condition. False negatives were cytopathologic results that

did not indicate a need for surgery but were histopathologi-

cally proven to be conditions where surgery was indicated.

Pathologists interpreting surgical histopathology were dis-

tinct from our cytopathologists and neither was blinded to

clinical information or pathology results.

Certain conditions, such as atypical mycobacterial infec-

tion, cervicofacial abscess, lymphovenous malformations,

and lymphoma, may warrant surgical diagnosis or treatment

but may also appropriately proceed directly to medically

therapy. These cases were all considered positive on the

basis that surgery could be indicated. If surgery was pursued

and histopathology confirmed the cytopathologic result, the

case was a true positive. If the appropriate medical therapy

was initiated and was effective, the result was a clinical true

positive.

Individual diagnoses and demographic data such as age

at first encounter and sex are presented on a patient level.

Features unique to each encounter such as complications,

FNAB venue, and level of anesthesia are presented on an

encounter level. Specificity, sensitivity, and nondiagnostic

results are presented on an FNAB level.

SPSS version 21 (SPSS, Inc, an IBM Company, Chicago,

Illinois) was used to analyze the data. Sensitivity, specifi-

city, and positive and negative predictive values were calcu-

lated using the definitions as detailed above. Nondiagnostic

results were not included in these statistics, and no missing

data were encountered. A P value \.05 was considered sig-

nificant. Age at first encounter was compared between the

high and low level of anesthesia and thyroid/nonthyroid

groups using an independent sample t test. Age was com-

pared between the thyroid/nonthyroid groups using

Pearson’s x
2 test. Generalized estimating equations were

used to compare the number of nondiagnostic results
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between the level of anesthesia groups. This method was

used to account for the dependency of FNAB across

encounters within patients.17 The 2015 Standards for

Reporting of Diagnostic Accuracy (STARD) guideline for

reporting diagnostic accuracy studies was used.18

Results

Over the 7-year study period, 257 patients who underwent

at least 1 FNAB were identified. By having multiple

FNABs at 1 or multiple visits, there were 338 total FNABs,

with 284 specific encounters (Figure 1). Baseline charac-

teristics of the patients are shown in Table 1. The 169

patients in the nonthyroid group were younger (mean age,

7.1 vs 13.6 years, P \ .001) and had a lower percentage of

females (38.5% vs 77.3%, P \ .001) than the 88 patients in

the thyroid group. The mean (SD) size of the 189 masses

with prebiopsy imaging was 2.4 (1.73) cm (range, 0.3-12.5

cm). The average time between FNAB and surgery was 73

days (range, 0-1183 days). The volume of FNABs per-

formed per month steadily increased from 3.2 in 2007 to 7.2

in 2014 with no seasonal variation.

Diagnostic Accuracy

The overall pathologically confirmed sensitivity and specifi-

city were 93.5% and 64.3%, respectively (Table 2). If clini-

cally and pathologically confirmed results are combined,

sensitivity was 94.6% and specificity was 97.7% (Table 2).

When rapid on-site interpretation yielded a preliminary

diagnosis, it correlated with final cytopathology 99.1% of

the time (n = 106) and final surgical histopathology 93.3%

of the time (n = 30). The false positives and false negatives

are presented in Table 3.

The clinical nonthyroid HNM sensitivity and specificity

were 98.2% and 97.7%, respectively, representing 190 total

FNABs (Table 2). There were an additional 20 nondiagnos-

tic specimens (9.5%). Table 4 presents the final diagnoses,

the most common of which was benign reactive lymphade-

nopathy (BLN), present in 99 patients. Malignancy was

detected in 6 of the 169 patients (3.6%), including a meta-

static medullary thyroid carcinoma that was not confirmed

by thyroid FNAB prior to thyroidectomy.

There were 118 thyroid FNABs, with a clinical sensitiv-

ity of 88.6% and specificity of 97.6% (Table 2). There

were 10 nondiagnostic results (7.8%). The most common

diagnosis was benign colloid nodule, found in 31 children.

Fifteen malignancies were detected in the 88 patients under-

going thyroid FNABs (17.0%), most commonly papillary

thyroid carcinoma. The rates of malignancy by are pre-

sented TBSRTC4 category in Table 5 with comparisons to

a large pediatric thyroid FNAB series.19

The overall FNAB nondiagnostic rate was 8.9% (n = 30).

All 10 of the thyroid nondiagnostic results were performed

with image guidance and under general anesthesia (GA) or

sedation. Of the 20 nonthyroid nondiagnostic results, there

Poten�ally eligible par�cipants (n = 257) 

Eligible par�cipants (n = 257) 

Excluded (n = 0) 

No FNAB (n = 0)

Non-thyroid FNAB
posi�ve (n = 57) 

Non-thyroid FNAB
nega�ve (n = 133) 

Non-thyroid FNAB 
non-diagnos�c 

(n = 20) 

Thyroid FNAB 
posi�ve (n = 35) 

Thyroid FNAB 
nega�ve (n = 83) 

Thyroid FNAB non-
diagnos�c (n = 10) 

FNAB (n = 338) 

Histopathology (n = 43) Histopathology (n = 8) Histopathology (n = 34) Histopathology (n = 6) Histopathology (n = 5) Histopathology (n = 1) 

HP posi�ve: 40 

HP nega�ve: 3 

HP posi�ve: 1 

HP nega�ve: 7 

HP posi�ve: 2 

HP nega�ve: 4 

HP posi�ve: 32 

HP nega�ve: 2 

HP posi�ve: 4 

HP nega�ve: 2  

HP posi�ve: 0 

HP nega�ve: 1 

No Histopathology (n = 1) 
Lymphoma (n = 1) 

No Histopathology (n = 14)
ATB (n = 8)
LVM (n = 4)

Neck abscess (n =2)

 
 
 

 

Figure 1. STARD flowchart of enrolled patients and FNAB. ATB, atypical tuberculosis; FNAB, fine-needle aspiration biopsy; HP, histo-
pathology; LVM, lymphovenous malformation.
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was no difference in the number of nondiagnostic results by

anesthesia group (8 in topical/no-anesthesia group vs 12 in

GA/sedation, P = .416), but only 5 of these 20 used image

guidance.

Safety Profile

The overall complication rate was 2.1%. All 6 of the com-

plications occurred in nonthyroid HNM patients undergoing

FNAB in the clinic with topical anesthesia only. Vasovagal

response was seen in 2 patients after successful FNAB.

Both patients were discharged home in good condition from

the otolaryngology clinic. Two patients (aged 5 and 9 years)

could not have all FNAB passes completed due to discom-

fort. One procedure was terminated due to equipment fail-

ure. One lesion was too small to be successfully targeted

and has been followed clinically. Mild FNAB site ecchymo-

sis was not considered a complication but rather an expected

occurrence. In comparison, there was a 9.1% complication

rate in the 77 surgeries performed, including hypertrophic

scar/alopecia, neck abscess, neck seroma, incomplete resec-

tion, inadvertent pharyngotomy, and Horner’s syndrome.

General Anesthesia

Of the FNABs, 73% were performed with GA or sedation.

Overall, there was no statistically significant difference in

the age of those requiring GA vs topical anesthesia alone

(9.3 6 5.5 vs 9.5 6 5.6 years old, P = .410), but this find-

ing is skewed by the use of GA for all but 3 thyroid

FNABs. Excluding the thyroid and concurrent thyroid-

lymph node FNAB, 66 (39%) FNAB encounters were

performed with topical or no anesthesia and 105 (61%) with

GA or sedation, and a younger average age was found in

the heightened GA/sedation group (6.3 6 4.8 vs 8.5 6 5.4

years, P = .006).

Surgical Decision Making

Seventy-seven patients (27.0%) underwent surgery after an

FNAB encounter, with 11.7% (n = 9) of these procedures

following negative FNAB results. When combined with the

nonsurgical cases, 9 of the 191 patients (4.7%) had a surgi-

cal intervention following FNAB results that did not indi-

cate a need for surgery. Therefore, FNAB results assisted in

the decision making to avoid surgery in 95.3% of patients in

whom it was not considered appropriate.

Discussion

Pediatric HNMs are a commonly encountered finding with a

broad differential diagnosis confronting pediatricians and

otolaryngologists alike. The diagnostic challenge is distinct

from the adult HNM in that only 4% to 11% of pediatric

neck masses are found to be malignant, whereas in adults,

this figure is over 60%.20-24 Our overall incidence of malig-

nancy in nonthyroid FNAB was 3.6%. This does, however,

likely represent an overestimate of the true incidence of

pediatric nonthyroid HNM malignancy, as typically only

persistent or otherwise worrisome masses undergo FNAB or

surgical excision, especially at a tertiary referral hospital.

Furthermore, congenital lesions such as branchial cleft

anomalies and lymphatic malformations tend to not undergo

FNAB given characteristic physical exam and imaging

findings.

The opposite scenario is seen in pediatric thyroid nodules—

namely, they are far less common than in adults but more

commonly malignant. Recent studies suggest that 16% to 26%

(17% in this study) of pediatric thyroid nodules are malignant,

which compares to 5% in adults.6,25-27 Therefore, to ensure

adequate sampling as well as increase patient comfort while

undergoing a deeper FNAB, virtually all thyroid FNABs at

our institution are performed under GA in the IR suite with

ultrasound guidance.

Diagnostic Accuracy

Sensitivity reported in our study and others is dependent on

surgical histopathologic results to validate true positives and

false negatives. The overall sensitivity in this study (93.5%)

is similar to previous studies, which have shown rates of

93.3% to 100%, indicating reliability in both small and

large series as well as all head and neck locations.10,14,15

Specificity, however, is more limited by the fact that most

‘‘benign’’ or negative FNAB results will not undergo sur-

gery. Our pathologically confirmed specificity was 64.3%

but represents only 14 cases. Working under the assumption

that patients who have clinical resolution or nonprogression

of disease confirms a negative FNAB, our specificity was

97.7%. Slightly higher overall sensitivity and specificity

were seen in nonthyroid FNABs (Table 2), which is also

seen in the adult population.3

Table 1. Characteristic of Patients and FNABs.

Characteristic No. (%)

Sex by patient (n = 257)

Male 124 (48)

Female 133 (52)

Age (y) of patient at first encounter (n = 257)

0-4 70 (27.2)

5-8 47 (18.3)

9-12 42 (16.3)

13-16 72 (28)

17-21 26 (10.1)

Location by encounter (n = 284)

Clinic 66 (23.2)

OR 80 (28.2)

IR (US guided) 132 (46.5)

Ward 6 (2.1)

Anatomic site by FNAB (n = 338)

Neck 136 (40.2)

Thyroid 128 (37.9)

Preauricular/parotid 36 (10.7)

Postauricular 32 (9.5)

Abbreviations: FNAB, fine-needle aspiration biopsy; IR, interventional radi-

ology; OR, operating room; US, ultrasound.
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The overall sensitivity and specificity of the thyroid

FNAB was 88.6% and 97.6%, respectively, which is consis-

tent with reports within both the general and pediatric popu-

lations.19,28-30 The applicability of The Bethesda System

(TBSRTC) to the pediatric population has been previously

examined in the literature and is a recommendation of the

2015 American Thyroid Association (ATA) Guidelines for

Pediatric Thyroid Nodules and Cancer.6,19 We found the 128

thyroid FNABs to have excellent concordance with the rates

of malignancy as described by TBSRTC4 (Table 5). Similar

to Lale et al,19 there was an increased rate of malignancies in

the indeterminate TBSRTC categories (III, IV, and V).

Table 3. False-Positive and False-Negative FNAB with Final Histopathologic Result, Explanation of Error, and/or Patient Outcome.

Error FNAB Histopathology Outcome

False negative BCN (32) Encapsulated follicular PTC Sampling error (6.8 cm)31; surgery

without delay, no complications

False negative BCN Follicular adenoma 1 papillary

hyperplasia

Resolved with surgery, no

complications

False negative BLN Hyaline variant of

Castleman’s disease

39 months between initial

FNAB and surgery; resolved with

surgery, no complications

False negative Suspicious for PTC FTC Both are TBSRTC suspicious for

malignancy4; surgery

without delay, no complications

False positive Suspicious for PTC Nodular hyperplasia

with 2 dominant nodules

Resolved with surgery, no

complications

False positive Heterogeneous lymphoid

population with atypia

BLN Resolved with surgery, no

complications

False positive Suspicious for

lymphoproliferative disorder

Reactive primary

follicular hyperplasia

Resolved with surgery, no

complications

False positive Follicular lesion or neoplasm Hyperplastic colloid nodule 70%-85% of SFONs are

expected to be benign4; resolved

with surgery, no complications

False positive Low-grade mucoepidermoid

carcinoma

Kuttner tumor Resolved with surgery, no

complications

Abbreviations: BCN, benign colloid nodule; BLN, benign lymphadenopathy; FNAB, fine-needle aspiration biopsy; FTC, follicular thyroid carcinoma; PTC, papil-

lary thyroid carcinoma; SFON, follicular neoplasm or suspicious for follicular neoplasm; TBSRTC, The Bethesda System for Reporting Thyroid Cytopathology.

Table 2. Sensitivity, Specificity, and Positive and Negative Predictive Values.

Characteristic HP1, No. HP–, No. PPV/NPV, % Sensitivity/Specificity, %

All, histopathologically proven only 93.5/64.3 93.5/64.3

FNAB positive 72 5

FNAB negative 5 9

Characteristic

HP and Clinically

Positive, No.

HP and Clinically

Negative, No.

PPV/NPV,

%

Sensitivity/

Specificity, %

All, histopathological plus clinical follow-up 94.6/97.7 94.6/97.7

FNAB positive 87 5

FNAB negative 5 211

Nonthyroid 94.9/99.2 98.2/97.7

FNAB positive 56 3

FNAB negative 1 130

Thyroid 93.9/95.3 88.6/97.6

FNAB positive 31 2

FNAB negative 4 81

Abbreviations: FNAB, fine-needle aspiration biopsy; HP, histopathologically; NPV, negative predictive value; PPV, positive predictive value.
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In addition to being highly accurate, FNAB offers the

potential for a more rapid diagnosis when the cytopathologist

can make an on-site judgment. Our study found that in the 106

instances when an initial diagnosis was offered, it correlated

with final cytopathology 99.1% of the time—an improve-

ment from 92% in the predecessor study from our institu-

tion.14 Rapid on-site diagnosis correlated with 93.3% of

histopathologic results. The ability to offer an accurate

on-site diagnosis is not only helpful in treatment planning

but also in alleviating patient and family anxiety.

The rate of nondiagnostic FNAB results is seemingly

high (n = 30, 8.9%) but was found to be lower than in a

large meta-analysis of adult HNM.3 Current management of

such a result consists of clinical follow-up with possible

repeat FNAB or surgical excision. With these and all other

results, it is critical to remember that neither the sensitivity

nor the specificity of FNAB is 100%, and FNAB results

must be taken in the context of clinical factors.

General Anesthesia

General anesthesia or sedation was used in a significant por-

tion of the children in this study, thus nullifying one of

main benefits of FNAB. Most of these cases were thyroid

evaluations, where GA is employed routinely by policy at

our institution. While a younger average age was seen in

the nonthyroid patients undergoing FNAB with sedation or

Table 4. Partial List of Patient Final Diagnoses.

Nonthyroid (169 Patients, 210 FNABs) Thyroid (88 Patients, 128 FNABs)

Malignant Neoplasms T-cell lymphoblastic lymphoma Papillary thyroid carcinoma (13)

Diffuse large B-cell lymphoma Medullary thyroid carcinoma

Ganglioneuroblastoma Follicular thyroid carcinoma

Ewing’s sarcoma Burkitt’s lymphoma

Low-grade mucoepidermoid carcinoma (parotid)

Benign Neoplasms Pleomorphic adenoma (3) Oncocytic adenoma (1)

Lipoma (2) Follicular adenoma (4)

Lymphatic malformations (6)

Myofibroma

Pilomatrixoma

Desmoplastic fibroma

Benign Lesions Benign reactive lymphadenopathy (99) Benign colloid nodule (31)

Atypical tuberculosis (15) Chronic lymphocytic thyroiditis (11)

Branchial cleft cyst Hyperplastic nodule (8)

Cat scratch disease Thyroid cyst (9)

Castleman’s disease Multinodular goiter (2)

Cervicofacial actinomyces

Kuttner tumor

Langerhans histiocytosis

Thymic cyst (2)

Abbreviation: FNAB, fine-needle aspiration biopsy.

Table 5. Risk of Thyroid Malignancy as cited by TBSRTC,4 Lale et al,19 and This Study.a

This Study Lale et al.19

TBSRTC Category TBSRTC Risk of Malignancy, % Rate of Malignancy, % FNAB, No. Rate of Malignancy, % FNAB, No.

Nondiagnostic 1-4 0.0 9 0-25 59

Benign 0-3 2.6 77 0 136

FLUS 5-15 15.8 19 50 6

Follicular neoplasm 15-30 41.7 12 47.36 40

Suspicious for malignancy 60-75 80.0 5 100 6

Malignant 97-99 100.0 6 100 35

Abbreviations: FLUS, follicular lesion of undetermined significance; FNAB, fine-needle aspiration; TBSRTC, The Bethesda System for Reporting Thyroid

Cytopathology.
aRate of thyroid malignancy and number of FNABs are presented for each Bethesda System category. Rates according to TBSRTC and Lale et al19 are pre-

sented for reference.
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GA (6.3 vs 8.5 years, P = .006), our experience was that

many children of all ages were able to successfully undergo

FNAB in the clinic with topical anesthesia alone. We there-

fore feel that general anesthesia is unnecessarily overused

and that there is even the opportunity to perform thyroid

FNAB with ultrasound guidance in an awake child or ado-

lescent, as is common practice in adults. Nevertheless, par-

ental preference, coordination with other procedures, or a

perceived inability to tolerate an awake FNAB can drive the

desire for a higher level of anesthesia in the OR or IR suite.

Surgical Decision Making

If the fundamental goal of FNAB is to provide a diagnosis

that will influence management, there is a significant gain

to be made in avoiding unnecessary surgery and associated

complications in children with benign or nonsurgical condi-

tions. Over the course of the 7-year study, surgery occurred

only 9 times following the 191 negative FNAB results.

Stated alternatively, negative FNAB results assisted in

avoiding unnecessary surgery in 95.3% of patients in whom

it was not indicated. In these 9 cases, the decision to pro-

ceed with surgery was guided by parental concern or the

clinical judgment of the treating physician. Final histo-

pathology concurred with the initial FNAB cytopathology in

all 9 of these cases. Six of the cases occurred in the first 4

years of the study, whereas only 3 were in the last 3 years,

indicating a possible increased clinician (and conceivably

parental) confidence in FNAB results.

Aside from the avoided morbidity and mortality of sur-

gery, the cost savings are potentially significant. For exam-

ple, our institution charges $320.00 for an FNAB and

$1203.00 for a simple excisional lymph node biopsy,

excluding the cost of anesthesia ($550.00/hour), OR time

($740/hour), and a hospital room ($1017.10/day). The cost

differences are obviously more pronounced when the sur-

gery being considered is a total thyroidectomy or superficial

parotidectomy.

Limitations

This study has several limitations that are inherent in its retro-

spective nature. First, the lack of standardization of the enrolled

patients is reflective of both the diversity of pediatric HNM and

the variable diagnostic and treatment approaches by different

physicians. For example, in the routine lateral neck mass consis-

tent with BLN, there was significant variation in the use, dura-

tion, and timing of antibiotic treatment, making uniform

indications for FNAB challenging in the retrospective study. In

these instances, FNAB was only offered once the child was

deemed a potential surgical candidate, had an atypical presenta-

tion, or had an unclear diagnosis. Another limitation to this

study is the lack of universal follow-up. All patients with nega-

tive FNAB results are instructed to follow up if the HNM per-

sists or concerns remain. If no follow-up in our system was

pursued, the child was assumed to have resolution and was

counted as a clinical true negative. Even still, if these cases are

excluded from the analysis, the overall specificity of FNAB is

96.2%. Despite these limitations, this study was able to

demonstrate that FNAB in children is highly accurate and safe

in a wide range of head and neck anatomic locations, diagnoses,

and ages.

Conclusion

Fine-needle aspiration biopsy is a safe, well-tolerated, and

accurate means of diagnosing pediatric HNM of thyroid and

nonthyroid origin. Given that few nonthyroid pediatric

HNMs are malignant, FNAB plays an important role in pro-

viding reassurance to obviate the need for unnecessary sur-

gery in benign HNM. Pediatric thyroid malignancies, on the

other hand, are not infrequent, and TBSRTC should be

applied to the pediatric population with the caveat that a

higher degree of suspicion should be present when FNAB

result is indeterminate. When this triage or stratification of

pediatric HNM is employed, it potentially reduces both sur-

gical morbidity and the burden on health care resources.
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Background

Oral propranolol has been used to treat complicated infantile hemangiomas, al-
though data from randomized, controlled trials to inform its use are limited.

Methods

We performed a multicenter, randomized, double-blind, adaptive, phase 2–3 trial 
assessing the efficacy and safety of a pediatric-specific oral propranolol solution in 
infants 1 to 5 months of age with proliferating infantile hemangioma requiring 
systemic therapy. Infants were randomly assigned to receive placebo or one of four 
propranolol regimens (1 or 3 mg of propranolol base per kilogram of body weight 
per day for 3 or 6 months). A preplanned interim analysis was conducted to iden-
tify the regimen to study for the final efficacy analysis. The primary end point was 
success (complete or nearly complete resolution of the target hemangioma) or fail-
ure of trial treatment at week 24, as assessed by independent, centralized, blinded 
evaluations of standardized photographs.

Results

Of 460 infants who underwent randomization, 456 received treatment. On the basis 
of an interim analysis of the first 188 patients who completed 24 weeks of trial 
treatment, the regimen of 3 mg of propranolol per kilogram per day for 6 months 
was selected for the final efficacy analysis. The frequency of successful treatment 
was higher with this regimen than with placebo (60% vs. 4%, P<0.001). A total of 
88% of patients who received the selected propranolol regimen showed improve-
ment by week 5, versus 5% of patients who received placebo. A total of 10% of pa-
tients in whom treatment with propranolol was successful required systemic re-
treatment during follow-up. Known adverse events associated with propranolol 
(hypoglycemia, hypotension, bradycardia, and bronchospasm) occurred infrequent-
ly, with no significant difference in frequency between the placebo group and the 
groups receiving propranolol.

Conclusions

This trial showed that propranolol was effective at a dose of 3 mg per kilogram per 
day for 6 months in the treatment of infantile hemangioma. (Funded by Pierre 
Fabre Dermatologie; ClinicalTrials.gov number, NCT01056341.)

Reprinted by permission of N Engl J Med.  2015; 372(8):735-746.
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Infantile hemangiomas are the most 
common soft-tissue tumors of childhood, oc-
curring in 3 to 10% of infants.1-4 Lesions are 

usually not developed at birth and are generally 
diagnosed during the first 4 to 6 weeks of life, 
with most growth during the first 5 months.5 
The characteristic evolution of nearly all infantile 
hemangiomas is proliferation, stabilization, and 
slow, spontaneous involution. Although most le-
sions follow an uncomplicated clinical course, 
approximately 12% result in complications re-
quiring referral to a specialist.6,7 Many infantile 
hemangiomas leave permanent sequelae, with 
potential psychological effects in the children 
and their parents.8,9

Historically, systemic glucocorticoids were the 
mainstay of treatment for complicated infantile 
hemangiomas,10 with interferon alfa and vincris-
tine used for lesions refractory to glucocorticoid 
therapy. The efficacy of these treatments is vari-
able, and all have associated safety concerns.9,11-14

In 2008, several of the current authors report-
ed cases of hemangioma regression in infants 
treated with oral propranolol, a nonselective 
β-adrenergic receptor–blocking agent.15 Numer-
ous retrospective studies and case reports16-19 
and two small, placebo-controlled trials20,21 
have subsequently supported the efficacy of this 
treatment (generally at a dose of 2 mg per kilo-
gram of body weight per day). Propranolol is 
now widely considered to be first-line therapy 
for infantile hemangiomas, despite the paucity 
of randomized, controlled clinical trials and 
the previous lack of a pediatric formulation.22 
Here we report on a large, randomized, placebo-
controlled trial involving patients treated for up 
to 24 weeks with a pediatric oral propranolol 
solution.

Me thods

Participants

Eligible patients were 35 to 150 days of age, with 
a proliferating infantile hemangioma requiring 
systemic therapy (i.e., an evaluated lesion with a 
minimal diameter of 1.5 cm). Patients with life-
threatening, function-threatening, or severely ul-
cerated hemangiomas were excluded for ethical 
reasons owing to the inclusion in the trial of a 
placebo control. Detailed eligibility criteria are 
presented in the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org.

Trial Oversight

The trial was performed in accordance with 
Good Clinical Practice guidelines. The study pro-
tocol was approved by the local ethics committee 
at each participating center and is available with 
the statistical analysis plan at NEJM.org. Parents 
or guardians gave written informed consent ac-
cording to national regulations.

The sponsor (Pierre Fabre Dermatologie) was 
involved in the study design in collaboration with 
three of the academic authors and was respon-
sible for trial management, analysis and inter-
pretation of data, and the decision to submit the 
manuscript for publication. A data confidentiality 
agreement existed between the sponsor and the 
investigators during the trial. The first, penulti-
mate, and last authors vouch for the integrity and 
completeness of the data and analyses and for the 
fidelity of this report to the protocol.

Trial Design

This randomized, placebo-controlled, double-
blind, phase 2–3 trial had a two-stage adaptive 
design, with selection of the propranolol regi-
men (dose and duration) at the end of stage 1 
(interim analysis) and further evaluation of the 
selected regimen in stage 2.23,24 Prespecified 
possible adaptations to be made after the interim 
analysis, as outlined in the protocol and statisti-
cal analysis plan, were selection of one or two 
regimens, sample-size reassessment, and non-
binding stopping for futility. The aim was to 
show superiority of propranolol over placebo and 
to document long-term efficacy and safety; 56 
centers in 16 countries worldwide participated 
(see the Supplementary Appendix).

In stage 1, patients received either placebo 
twice daily for 6 months or one of four pro-
pranolol regimens (1 or 3 mg of propranolol 
base per kilogram per day, divided into two daily 
doses, for 3 or 6 months). Patients were assigned 
to treatment through an interactive voice-response 
system, with the use of block randomization 
stratified according to age group (35 to 90 days 
vs. 91 to 150 days) and hemangioma location 
(facial vs. nonfacial) and applied in a 2:2:2:2:1 
ratio (propranolol at 1 mg per kilogram per day 
for 3 months, propranolol at 1 mg per kilogram 
per day for 6 months, propranolol at 3 mg per 
kilogram per day for 3 months, propranolol at 
3 mg per kilogram per day for 6 months, and 
placebo, respectively).
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Different concentrations of propranolol were 
used (1.25, 2.50, or 3.75 mg per milliliter) in 
order to administer the same volume to each 
patient and thereby maintain blinding; patients 
assigned to 3-month propranolol regimens re-
ceived placebo for the second 3 months. Pro-
pranolol was administered in the morning and 
late afternoon, immediately before, during, or 
immediately after feeding. For patients assigned 
to a regimen of 3 mg of propranolol per kilogram 
per day, the doses of propranolol were adjusted 
as follows: 1 mg per kilogram per day on day 0, 
2 mg per kilogram per day on day 7, and 3 mg 
per kilogram per day on day 14. Propranolol 
doses (1 and 3 mg per kilogram per day, span-
ning the range used in off-label practice) and 
durations (3 and 6 months) were determined in 
discussions with the regulatory agencies.

In stage 2, patients were to receive either the 
propranolol regimen selected after the interim 
analysis or placebo (in a 2:1 ratio). After the 
6-month treatment period (or the premature end 
of treatment), patients were followed for 72 weeks 
(to week 96) and could receive another treatment 
for infantile hemangioma, at the investigators’ 
discretion.

Efficacy and Safety Assessments

Participation involved the following 15 visits: at 
screening; baseline (day 0); days 7, 14, and 21; 
and weeks 5, 8, 12, 16, 20, 24, 36, 48, 72, and 96. 
Primary efficacy was assessed by centralized 
evaluation of standardized digital photographs 
(taken by investigators at each visit) by two inde-
pendent, trained, validated readers who were un-
aware of the study-group assignments, with ad-
judication for discrepancies; interreader and 
intrareader reliability were assessed (see the 
Supplementary Appendix for details of assess-
ment). Complete or nearly complete resolution of 
the target hemangioma (with nearly complete 
resolution defined as a minimal degree of telan-
giectasis, erythema, skin thickening, soft-tissue 
swelling, and distortion of anatomical land-
marks), hemangioma evolution (improvement, 
stabilization, or worsening), and change in hem-
angioma size and color were assessed centrally. 
At each visit, investigators assessed hemangioma 
evolution since the previous visit, complete reso-
lution and complete or nearly complete resolu-
tion versus baseline, presence and extent of se-
quelae (e.g., telangiectasis) if complete resolution 

occurred, complications, and hemangioma ap-
pearance. Parents or guardians also assessed 
hemangioma evolution since the previous visit. 
Use of any other treatment for hemangioma was 
recorded through week 96.

Safety was assessed by analysis of adverse 
events (i.e., any adverse change in condition be-
tween the time of informed consent and the end 
of the trial or 5 days after the last trial treat-
ment); laboratory investigations, including mea-
surement of glucose levels from finger-prick 
blood samples; physical examination, including 
pulmonary auscultation, liver palpation, assess-
ment of vital signs, and assessment of neurode-
velopment (normal or abnormal); and electrocar-
diography (with findings assessed independently). 
All assessors were unaware of the study-group 
assignments. Patients were closely monitored for 
known important risks associated with proprano-
lol therapy (hypoglycemia, hypotension, bradycar-
dia, and bronchospasm) during the 4 hours after 
dose administration at initiation and at visits in-
volving dosage increases; parents or guardians 
were informed of precautionary measures and 
warning signs (see the Supplementary Appendix).

Outcome Measures

The primary outcome was success (complete or 
nearly complete resolution of the target hemangi-
oma) or failure of trial treatment at week 24 versus 
baseline according to centralized evaluation. Pa-
tients who were withdrawn from trial treatment 
or who used other hemangioma treatment before 
week 24 were considered to have had a failure of 
treatment. The key secondary outcome was suc-
cess or failure of trial treatment according to on-
site assessments by the investigator at week 48 
versus baseline. Other prespecified secondary out-
comes that were based on centralized, investiga-
tor, and parent or guardian assessments are pre-
sented in the Supplementary Appendix.

Statistical Analysis

The sample size was calculated on the basis of 
conservative estimated success rates of 10% (pla-
cebo),25,26 20% (1 mg of propranolol per kilo-
gram per day for 3 months), 30% (1 mg per kilo-
gram per day for 6 months), 40% (3 mg per 
kilogram per day for 3 months), and 55% (3 mg 
per kilogram per day for 6 months) (see the Sup-
plementary Appendix).24 The planned sample 
size was 450 randomly assigned patients.
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After the first 188 patients (stage 1) had com-
pleted 24 weeks of trial therapy (or had been 
withdrawn prematurely from trial therapy), an 
independent data and safety monitoring com-
mittee conducted the interim analysis. By this 
time, recruitment targets had been exceeded and 
the necessary sample size had been reached (460 
patients). However, the sponsor decided, before 
unblinding, to maintain the interim analysis and 
the adaptive nature of the trial so that recruit-
ment could continue if sample-size reassessment 
became necessary (this was important, since 
minimal data were available to estimate the suc-
cess rates). Therefore, the prespecified week 24 
analysis was maintained, and outcome data were 
collected for all regimens.

The superiority of the selected regimen versus 
placebo was tested with the use of the closed 
testing procedure and combination tests for all 
intersection hypotheses, with application of the 
Simes adjustment24,27 (see the Supplementary 
Appendix). This testing method guaranteed that 
the familywise type I error rate was below the 
nominal and stringent one-sided significance 
level of 0.005. The week 24 analysis was per-
formed, as planned, on the intention-to-treat 
population: all patients in stage 1 (regardless of 
regimen) plus patients in stage 2 who were ran-
domly assigned to placebo or the selected pro-
pranolol regimen and who had received at least 
one dose of trial therapy. Sensitivity analyses 
with a broader definition of treatment failure 
were performed on the per-protocol population. 
Prespecified analyses of the primary end point 
with adjustment for stratification factors (age 
group and hemangioma location) and the ran-
domization ratio (changed to aid recruitment) 
used an extension of the combination test for 
logistic regression.24 Combination tests were 
used for an adaptive design in analyses of sec-
ondary end points. Unless otherwise specified, 
P values in the efficacy analyses are one-sided, 
as is common in adaptive-design methods.23,24,28

R esult s

Patients

Between February 2010 and November 2011, a 
total of 460 patients underwent randomization. 
Of those, 456 patients received treatment, 323 
completed 24 weeks of trial treatment, 391 en-

tered follow-up, and 343 completed follow-up to 
week 96 (last visit, November 2013) (Fig. 1). De-
mographic and baseline disease characteristics 
were similar across the study groups (Table 1).

A total of 133 patients (29%) discontinued 
treatment prematurely, most frequently those 
receiving the 6-month placebo regimen (65%), 
with lower rates among those receiving the 
3-month propranolol regimens (36% of patients 
receiving 1 mg per kilogram per day, and 35% of 
those receiving 3 mg per kilogram per day, 
mostly after the week-12 switch to placebo) and 
the lowest rates among those receiving the 
6-month propranolol regimens (14% of patients 
receiving 1 mg per kilogram per day, and 13% 
of those receiving 3 mg per kilogram per day). 
Treatment inefficacy was the most frequent rea-
son for discontinuation (Fig. S1 and Table S2 in 
the Supplementary Appendix).

Efficacy

At the time of the interim analysis (January 
2012), 2 of 25 patients (8%) receiving placebo 
had successful treatment at week 24, as com-
pared with 4 of 41 patients (10%) receiving 1 mg 
of propranolol per kilogram per day for 3 months, 
3 of 39 patients (8%) receiving 3 mg per kilogram 
per day for 3 months, 15 of 40 patients (38%) 
receiving 1 mg per kilogram per day for 6 months 
(P = 0.004 for the comparison with placebo), and 
27 of 43 patients (63%) receiving 3 mg per kilo-
gram per day for 6 months (P<0.001 for the com-
parison with placebo) (Fig. 2A). The independent 
data and safety monitoring committee deter-
mined that the propranolol regimen with the 
highest benefit-to-risk ratio was 3 mg per kilo-
gram per day for 6 months; the committee did 
not recommend adjusting the planned sample 
size. According to the prespecified plan, the 
week 24 efficacy analysis was conducted to test 
the superiority of the selected propranolol regi-
men over placebo.

Overall, 61 of 101 patients (60%) assigned to 
the selected propranolol regimen and 2 of 55 
patients (4%) assigned to placebo had successful 
treatment at week 24 (P<0.001) (Fig. 2B). Results 
were consistent between trial stages, similar in 
the per-protocol population, and supported by 
sensitivity analysis (Tables S4 and S5 in the 
Supplementary Appendix).

The selected propranolol regimen remained 

201

http://nejm.org/


Or al Propr anolol in Infantile Hemangioma

n engl j med 372;8 nejm.org february 19, 2015

460 Underwent randomization

510 Had parent or guardian who
 provided written informed consent

50 Were excluded
12 Were withdrawn by parent or guardian
26 Did not meet inclusion criteria or met exclusion 

criteria
13 Had other reason

512 Patients were screened

2 Had parent or guardian who 
did not provide written consent

99 Were assigned to
receive propranolol,

1 mg/kg/day for 3 mo

55 Were assigned to
receive placebo

19 Completed treatment
36 Discontinued treat-

ment
32 Had inadequate 

response
2 Had safety issue not

linked to treatment
7 Were withdrawn by

parent or guardian
1 Had other reason

63 Completed treatment
35 Discontinued treat-

ment
2 Had adverse event

30 Had inadequate 
response

1 Had safety issue not
linked to treatment

9 Were withdrawn by
parent or guardian

4 Had other reason
1 Was not treated

88 Completed treatment
14 Discontinued treat-

ment
7 Had inadequate 

response
1 Had safety issue not

linked to treatment
5 Were withdrawn by

parent or guardian
2 Had other reason

1 Was not treated

65 Completed treatment
35 Discontinued treat-

ment
2 Had adverse event

25 Had inadequate 
response

3 Had safety issue not
linked to treatment

12 Were withdrawn by
parent or guardian

4 Had other reason
1 Was not treated

88 Completed treatment
13 Discontinued treat-

ment
9 Had inadequate 

response
1 Had safety issue not

linked to treatment
4 Were withdrawn by

parent or guardian
1 Had other reason

1 Was not treated

103 Were assigned to
receive propranolol,

1 mg/kg/day for 6 mo

102 Were assigned to
receive propranolol,

3 mg/kg/day for 6 mo

101 Were assigned to
receive propranolol,

3 mg/kg/day for 3 mo

75 Completed follow-up
10 Discontinued follow-up

28 Completed follow-up
5 Discontinued follow-up

82 Completed follow-up
9 Discontinued follow-up

80 Completed follow-up
15 Discontinued follow-up

78 Completed follow-up
9 Discontinued follow-up

Safety
Efficacy Stage 1 + Stage 2 — without

Overrun (wk 24 analysis)
Intention-to-Treat Population
Per-Protocol Population

55

55
53

98

41
38

102

40
38

100

39
37

101

101
93

456

276
259

Placebo
no. of patients

1 mg/kg/day
for 3 Mo

1 mg/kg/day
for 6 Mo

3 mg/kg/day
for 3 Mo

3 mg/kg/day
for 6 Mo Total

To Wk 24

To Wk 96

Figure 1. Screening, Randomization, Treatment, and Follow-up of the Patients.

The safety population included all randomly assigned patients who received at least one dose of trial treatment. The intention-to-treat 
population included all randomly assigned patients in stage 1 (the phase 2 part of the trial, comparing each of the four propranolol regi-
mens with placebo) plus all patients in stage 2 (the phase 3 part of the trial, comparing the selected regimen of propranolol [3 mg per 
kilogram per day for 6 months] with placebo) who received at least one dose of trial treatment. The per-protocol population included all 
patients in the intention-to-treat population with no major protocol deviation, except for prohibited treatments to treat infantile heman-
giomas. “Overrun” indicates the subgroup of patients in stage 2 who were assigned to a regimen other than the selected regimen of 
propranolol or placebo. Patients could have more than one reason for study exclusion and for discontinuation of trial treatment. Shaded 
boxes indicate the week 24 efficacy analysis that was conducted to test the superiority of the selected propranolol regimen over placebo.
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superior to placebo in analyses adjusting for age 
group, hemangioma location, and randomiza-
tion ratio (Table S6 in the Supplementary Ap-
pendix). Improvement between baseline and 
week 5 (according to centralized assessment) 
occurred in 88% of patients assigned to the se-
lected regimen and 5% of patients assigned to 
placebo (P<0.001); sustained improvement 
(maintained at each subsequent visit until week 
24) occurred from week 5 in 73% and 5% of
patients, respectively. A significantly greater 
mean reduction in hemangioma surface area 

and color intensity was achieved with the se-
lected propranolol regimen than with placebo 
(Table S8 in the Supplementary Appendix). Re-
sults of an exploratory analysis of the primary 
end point for all regimens are shown in Table 2 
(and Table S7 in the Supplementary Appendix).

On-site investigators’ assessments of com-
plete resolution (Table S9 in the Supplementary 
Appendix) and complete or nearly complete res-
olution (Table S8 in the Supplementary Appen-
dix) of the target hemangioma differed from 
centralized assessments; 40% of the cases 

Table 1. Baseline Characteristics of Study Patients and Hemangiomas.*

Characteristic Placebo (N = 55) Propranolol (N = 401) Total (N = 456)

1 mg/kg/day  
for 3 mo
(N = 98)

1 mg/kg/day  
for 6 mo
(N = 102)

3 mg/kg/day  
for 3 mo
(N = 100)

3 mg/kg/day  
for 6 mo
(N = 101)

Patients

Sex — no. (%)

Male 17 (31) 30 (31) 32 (31) 21 (21) 31 (31) 131 (29)

Female 38 (69) 68 (69) 70 (69) 79 (79) 70 (69) 325 (71)

Age at inclusion

Days 103.9±31.1 103.6±33.1 102.6±30.1 107.5±30.1 101.6±31.0 103.8±31.0

35–90 days — no. (%) 20 (36) 36 (37) 38 (37) 36 (36) 37 (37) 167 (37)

>90 days — no. (%) 35 (64) 62 (63) 64 (63) 64 (64) 64 (63) 289 (63)

Hemangiomas

Location — no. of patients (%)

Facial 40 (73) 71 (72) 72 (71) 64 (64) 71 (70) 318 (70)

Nonfacial 15 (27) 27 (28) 30 (29) 36 (36) 30 (30) 138 (30)

Morphologic classification —  
no. of patients (%)

Segmental 2 (4) 4 (4) 7 (7) 7 (7) 5 (5) 25 (5)

Localized 48 (87) 89 (91) 90 (88) 88 (88) 91 (90) 406 (89)

Indeterminate 5 (9) 5 (5) 5 (5) 5 (5) 5 (5) 25 (5)

Superficial component —  
no. of patients (%)

Flat 4 (7) 9 (9) 6 (6) 9 (9) 9 (9) 37 (8)

Elevated

Slightly 19 (35) 22 (22) 22 (22) 29 (29) 22 (22) 114 (25)

Moderately 15 (27) 35 (36) 43 (42) 24 (24) 31 (31) 148 (32)

Markedly 17 (31) 32 (33) 31 (30) 38 (38) 39 (39) 157 (34)

Deep component — no. of 
 patients (%)†

35 (64) 74 (76) 66 (65) 79 (79)‡ 72 (71) 326 (71)

* Plus–minus values are means ±SD. There were no significant differences among the study groups unless otherwise indicated.
† Values are for a possible or a definite deep component.
‡ P = 0.04 for the comparison with placebo.
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judged centrally as having been treated success-
fully were assessed by local investigators as 
showing complete or nearly complete resolution 
(Table S10 in the Supplementary Appendix; see 
also examples of discrepancies and discussion). 
However, the rate of investigator-assessed sus-
tained improvement from week 5 to week 24 
(71%) (Table S8 in the Supplementary Appendix) 
was similar to the rate determined by central-
ized assessments.

Successful treatment at week 24 was sus-
tained to week 96 in 35 of 54 patients assigned 
to the selected propranolol regimen (65%) and in 

2 of 2 patients assigned to placebo, without any 
additional hemangioma treatment. Only 6 pa-
tients assigned to the selected propranolol regi-
men (10%) required reintroduction of systemic 
hemangioma treatment from week 24 to week 
96 (7 patients [11%] required any additional 
hemangioma treatment).

Safety

Corresponding to rates of premature discontinu-
ation of trial treatment, mean exposure was low-
est for placebo (83 days), higher for 3-month pro-
pranolol treatment (143 days for 1 mg per 
kilogram per day and 147 days for 3 mg per kilo-
gram per day), and highest for 6-month propran-
olol treatment (157 days for 1 mg per kilogram 
per day and 161 days for 3 mg per kilogram per 
day). During treatment, 33 serious adverse events 
occurred in 26 patients, with no significant dif-
ference overall or according to individual events 
between the placebo group and the group receiv-
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Figure 2. Interim Analysis and Week 24 Efficacy Analysis 
of Complete or Nearly Complete Resolution of the Target 
Hemangioma at Week 24 versus Baseline.

Nearly complete resolution was defined as a minimal 
degree of telangiectasis, erythema, skin thickening, 
soft-tissue swelling, and distortion of anatomical land-
marks. In the interim analysis (Panel A), differences in 
complete or nearly complete resolution between pa-
tients receiving propranolol and those receiving placebo 
were significant only for the 6-month regimens (1 mg 
per kilogram per day for 3 months, P = 0.40; 3 mg per 
kilogram per day for 3 months, P = 0.52; 1 mg per kilo-
gram per day for 6 months, P = 0.004; and 3 mg per 
 kilogram per day for 6 months, P<0.001). In accordance 
with the protocol and the statistical analysis plan, the 
interim analysis involved the first 188 patients assigned 
to any of the five treatment regimens (corresponding 
to the patients in stage 1) who received at least one 
dose of trial treatment and who either had completed 
the week 24 visit or had been withdrawn prematurely 
from the trial treatment (i.e., the intention-to-treat 
population in stage 1). For the primary efficacy end 
point of complete or nearly complete resolution of the 
target hemangioma at week 24 according to centralized 
assessment, the P values for the four propranolol regi-
mens (vs. placebo) were calculated with the use of a 
one-sided z-test for proportions with pooled variance 
estimates. In the week 24 efficacy analysis (Panel B), 
the difference in complete or nearly complete resolu-
tion between patients receiving propranolol at a dose 
of 3 mg per kilogram per day for 6 months and those 
receiving placebo was significant (P<0.001). This analy-
sis involved the intention-to-treat population for the 
selected regimens at an interim analysis (i.e., all patients 
in stage 1 [regardless of regimen] and patients in stage 2 
who were assigned to either placebo or the selected 
regimen of propranolol and who received at least one 
dose of trial treatment). The objective was to test the 
superiority of the selected regimen (H0,sel:θsel ≤0 
against the alternative H1,sel:θsel >0) with the use of 
the method described by Heritier et al.,24 for an adap-
tive confirmatory design with a single selection at an 
interim analysis, guaranteeing that the familywise type I 
error rate was maintained at the nominal level of 0.005.
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ing the selected propranolol regimen (Table 3, 
and Tables S11 and S12 in the Supplementary 
Appendix).

The overall incidence of adverse events was 
higher among patients receiving the propranolol 
regimens (90% with 1 mg per kilogram per day 
for 6 months to 96% with 3 mg per kilogram per 
day for 6 months) than among patients receiving 
placebo (76%) (Table 3). The most common 
events were either expected in the infant popula-
tion (e.g., nasopharyngitis, pyrexia, and teeth-
ing) (Table S13 in the Supplementary Appendix) 
or known side effects of propranolol (e.g., diar-
rhea, sleep disorders, events potentially related 
to bronchial hyperreactivity, and cold hands and 
feet) (Table 3). Most events were classified as 
mild or moderate in severity, with onset within 
3 months after treatment initiation. When events 
occurring only during propranolol treatment 
were considered (i.e., excluding events that oc-
curred during the placebo phase of the 3-month 
propranolol regimens), infants receiving the 
3-mg dose (vs. the 1-mg dose) appeared to have 
a higher incidence of diarrhea (22% vs. 14%) and 
of events potentially related to bronchial hyper-
reactivity (9% vs. 6%). Bronchospasm occurred 
in four patients (two receiving propranolol and 
two receiving placebo, including one who had 
previously received the regimen of 3 mg of pro-
pranolol per kilogram per day for 3 months), 
leading to temporary discontinuation of treat-
ment in two patients (one receiving placebo).

In all propranolol groups during the 4 hours 
after the initial dose and after subsequent dose 

adjustments, the mean heart rate and mean sys-
tolic blood pressure decreased (by approximately 
7 beats per minute and approximately 3 mm Hg 
across groups) and the PR interval increased, 
without appreciable differences between doses 
(Fig. S2, S4, and S5 in the Supplementary Appen-
dix). Heart-rate decreases occurred within 1 hour 
after dose administration, with minimal changes 
thereafter. Overall differences observed in these 
variables as compared with placebo decreased 
between week 5 and week 8 and had disappeared 
by week 24. Bradycardia was reported in two pa-
tients assigned to propranolol during the dose-
adjustment phase (one patient had a serious ad-
verse event in the context of enterocolitis, and the 
other had no visible symptoms). One serious ad-
verse event, second-degree atrioventricular block 
(with preexisting cardiac conditions later docu-
mented; see Tables S11 and S12 in the Supple-
mentary Appendix), occurred after dose adminis-
tration on day 0 (treatment was discontinued).

Hypotension (without apparent associated 
manifestations) occurred in seven patients (six 
of whom were receiving propranolol, four during 
the dose-adjustment phase). Mild hypoglycemia 
without visible manifestations occurred in two 
patients (both receiving propranolol during the 
dose-adjustment phase). No events of hypoten-
sion or hypoglycemia led to treatment discon-
tinuation. During follow-up (Tables S14 and S15 
in the Supplementary Appendix), no appreciable 
differences were noted between the propranolol 
groups and the placebo group in growth, neuro-
development, or cardiovascular variables.

Table 2. Exploratory Analysis of the Primary Efficacy Outcome in the Intention-to-Treat Population with Overrun.*

Variable Placebo (N = 55) Propranolol (N = 401)

1 mg/kg/day 
for 3 mo
(N = 98)

1 mg/kg/day 
for 6 mo
(N = 102)

3 mg/kg/day 
for 3 mo
(N = 100)

3 mg/kg/day 
for 6 mo
(N = 101)

Complete or nearly complete resolution of tar- 
get hemangioma at wk 24 — no. (%)†

Yes 2 (4) 8 (8) 50 (49) 12 (12) 61 (60)

No 53 (96) 90 (92) 52 (51) 88 (88) 40 (40)

P value‡ 0.14 <0.001 0.04 <0.001

* “Overrun” indicates patients in stage 2 of the trial who were assigned to a regimen other than the selected regimen of
propranolol or placebo.

† Nearly complete resolution was defined as a minimal degree of telangiectasis, erythema, skin thickening, soft-tissue 
swelling, and distortion of anatomical landmarks.

‡ P values for the four propranolol regimens (vs. placebo) were calculated with the use of a one-sided z-test for propor-
tions with pooled variance estimates.
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Discussion

This large-scale, randomized, placebo-controlled 
trial showed that propranolol is effective in treat-
ing infantile hemangioma, with a favorable risk–

benefit profile. Our adaptive design, involving an 
initial comparison of four propranolol regimens 
with placebo, allowed selection of a more effec-
tive dose (3 mg rather than 1 mg per kilogram 
per day) and treatment duration (6 months rather 

Table 3. Adverse and Serious Adverse Events with Propranolol or Placebo to Week 24 (Safety Population).*

Variable Placebo (N = 55) Propranolol (N = 401)

1 mg/kg/day  
for 3 mo 
(N = 98)

1 mg/kg/day  
for 6 mo 
(N = 102)

3 mg/kg/day  
for 3 mo 
(N = 100)

3 mg/kg/day  
for 6 mo 
(N = 101)

number of patients (percent)

Adverse-event summary†

≥1 Serious adverse event 3 (5) 5 (5) 3 (3) 9 (9) 6 (6)

≥1 Adverse event that occurred during 
treatment

42 (76) 89 (91) 92 (90) 92 (92) 97 (96)

≥1 Adverse event that occurred during 
treatment, leading to definitive 
treatment discontinuation

6 (11) 4 (4) 2 (2) 6 (6) 3 (3)

Adverse events 

Known important risks associated  
with propranolol therapy

Hypotension 1 (2) 2 (2) 1 (1) 3 (3) 0

Bronchospasm 1 (2) 0 0 2 (2)‡ 1 (1)

Bradycardia 0 0 1 (1) 1 (1) 0

Hypoglycemia 0 0 1 (1) 0 1 (1)

Other risks associated with propranolol 
therapy§

Diarrhea 4 (7) 16 (16) 14 (14) 17 (17) 28 (28)

Sleep disorder¶ 7 (13) 28 (29) 14 (14) 19 (19) 22 (22)

Bronchitis 1 (2) 5 (5) 8 (8) 11 (11) 17 (17)

Vomiting 3 (5) 16 (16) 13 (13) 10 (10) 13 (13)

Bronchiolitis 3 (5) 6 (6) 7 (7) 6 (6) 10 (10)

Cold hands and feet 1 (2) 8 (8) 10 (10) 1 (1) 10 (10)

Agitation‖ 6 (11) 12 (12) 18 (18) 8 (8) 7 (7)

Constipation 1 (2) 9 (9) 6 (6) 9 (9) 4 (4)

Decreased appetite 1 (2) 5 (5) 3 (3) 5 (5) 1 (1)

Somnolence 1 (2) 6 (6) 4 (4) 1 (1) 1 (1)

* The safety population included all randomly assigned patients who received at least one dose of trial therapy during
stage 1 or 2. Adverse events were any events that occurred or worsened during trial treatment or up to 5 days after the
last day of trial treatment; they were tabulated for each study group according to the preferred terms from the Medical 
Dictionary for Regulatory Activities (MedDRA).

† With regard to the 3-month propranolol regimens, the week 24 analysis did not separate events observed during the 
first 3 months (active-treatment phase) from those observed during the second 3 months (placebo phase).

‡ One event of bronchospasm occurred during the placebo phase, after the active-treatment phase had ended.
§ Shown are events observed in at least 5% of patients in any propranolol group, listed by decreasing order of incidence

among patients who received 3 mg of propranolol per kilogram per day for 6 months.
¶ The term “sleep disorder” includes the following MedDRA preferred terms: sleep disorder, middle insomnia, hypersom-

nia, insomnia, poor quality sleep, initial insomnia, terminal insomnia, and nightmare.
‖ The term “agitation” includes the following MedDRA preferred terms: restlessness, agitation, anxiety, psychomotor hyper-

activity, nervousness, stress, and irritability.
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than 3 months). Treatment with propranolol at a 
dose of 3 mg per kilogram per day for 6 months 
resulted in a significantly higher success rate 
(primary outcome) as compared with placebo 
(60% vs. 4%). Results were supported by a per-
protocol analysis and a sensitivity analysis 
 involving a broader definition of treatment 
 failure.

The observed divergence between centralized 
and investigator evaluations of complete or nearly 
complete resolution of the target hemangioma 
after treatment with propranolol may be ex-
plained by limited investigator training and the 
lack of validation or monitoring (for logistic 
reasons) as compared with the training and 
validation of central readers. A review of the 
discrepant cases (see examples in the Supple-
mentary Appendix) suggests that investigators 
applied a more stringent threshold for nearly 
complete resolution, especially regarding the 
presence of residual telangiectasis. Investigators’ 
assessments of sustained improvement from 
week 5 to week 24 were highly concordant with 
the centralized assessments (both >70%).

Adverse events were more frequent among the 
patients who received propranolol than among 
those who received placebo; for some events, the 
greater frequency may be partly explained by the 
longer duration of treatment with propranolol 
than with placebo, largely owing to more fre-
quent discontinuations for lack of efficacy in the 
placebo group. Important risks anticipated with 
the use of propranolol,6 including broncho-
spasm, bradycardia, hypotension, and hypogly-
cemia, were infrequent but occurred more often 
in the propranolol groups than in the placebo 
group. With regard to these four risks, only one 
patient who received propranolol had a serious 
adverse event (bradycardia in the context of 
enterocolitis). Heart-rate decreases typically oc-
curred within 1 hour after dose administration. 

The risk of hypoglycemia may be minimized 
with proper education of parents or guardians 
about the importance of administering pro-
pranolol as prescribed (i.e., during or right after 
feeding).

The current trial confirms and builds on the 
results of previous case series16,18,19 and smaller 
placebo-controlled trials.20,21 For example, one 
placebo-controlled trial involving 39 patients 
showed that the administration of propranolol 
(2 mg per kilogram per day) was associated with 
a 60.0% decrease in hemangioma volume at 
week 24, as compared with a 14.1% decrease 
with placebo.20 In our study, only 10% of suc-
cessfully treated hemangiomas required systemic 
retreatment within 72 weeks after the end of 
trial treatment. This finding is consistent with 
that of a prior report, in which 12% of the pa-
tients who had a response had relapses requiring 
retreatment.29

Limitations of this trial include the lack of a 
validated assessment for the evolution of infan-
tile hemangiomas. However, assessment of our 
outcome involved standardized photographic pro-
cedures and independent, centralized, blinded, 
and validated reading. We did not include a 
group treated with 2 mg of propranolol per kilo-
gram per day, a dose frequently used in practice, 
but the doses we studied (1 mg and 3 mg per 
kilogram per day) span the range used empiri-
cally in practice. Although patients with high-risk 
hemangiomas were excluded owing to the pla-
cebo control, other case series support the effi-
cacy of oral propranolol in high-risk cases.30-37 

In conclusion, this trial shows that oral pro-
pranolol at a dose of 3 mg per kilogram per day 
for 6 months is effective in the treatment of in-
fantile hemangioma.

Supported by Pierre Fabre Dermatologie.
Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.
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