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Introduction
Chronic rhinosinusitis is a common disease of childhood that can significantly impact quality of life1. The prevalence of pediatric rhinosinusitis is difficult
to determine as children oftentimes have nonspecific upper respiratory symptoms. They can have up to 8 viral upper respiratory tract infections in a year
and only 0.5% to 5% progress to acute rhinosinusitis2. An even smaller percentage of these cases go on to become chronic rhinosinusitis. Special considerations
must be taken into account when managing chronic rhinosinusitis in children.
The treatment paradigms used for adults do not necessarily apply to children.
The objective of this paper is to review current trends in the surgical treatment of
pediatric chronic rhinosinusitis.
Diagnosis
The diagnosis of chronic rhinosinusitis is based on the presence of symptoms
and clinical signs persisting for more than 12 weeks3. At least 2 symptoms such
as nasal congestion, nasal discharge (anterior or posterior), facial pressure or pain,
and cough should be present. Children are less likely to complain about headache
although parents may report irritability or behavior problems. Symptoms of chronic rhinosinusitis should be accompanied by clinical signs on endoscopy such as
nasal polyps, mucosal edema, or mucopurulent discharge or radiographic findings
such as mucosal thickening and sinus opacification4. Differentiation from other
common childhood nasal diseases such as allergic rhinitis, chronic adenoiditis,
adenoid hypertrophy, and viral upper respiratory tract infections can be difficult
due to the overlap of symptoms.
Plain film radiography such as Waters’ view and/or Caldwell-Luc view
may be helpful in diagnosing chronic rhinosinusitis but the findings can be very
nonspecific5,6. Although computed tomography (CT) is the diagnostic modality
of choice, it should be reserved for situations where sinus surgery is imminent,
complications of sinusitis are suspected, or in atypical presentations7. Care should
be taken to reduce radiation exposure and minimize the number of CT scans used
in children. The decision to proceed with CT imaging should not be taken lightly
as recent studies have demonstrated a link between childhood exposure to CT
scan radiation and increased risk of developing malignancies such as leukemia
and brain cancer8,9.
Additionally, incidental findings of abnormalities are often present on imaging in the absence of disease. Common anatomic abnormalities such as concha
bullosa, paradoxic middle turbinate, and Haller cells do not necessarily correlate
with sinusitis on a CT scan10. A mean Lund score of 2.81 in pediatric patients
without evidence of chronic rhinosinusitis has been reported in the literature11.
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A follow-up study by Bhattacharyya et al. recommended adopting a Lund score
cutoff of 5 to represent true disease with a sensitivity and specificity of 86% and
85%12. CT imaging can be useful for surgical planning and diagnosis but should be
used judiciously in the pediatric population.
Surgical Management
Medical management is the primary treatment modality for pediatric chronic
rhinosinusitis. Surgery is reserved for refractory cases that have failed maximal medical therapy. However, the concept of maximal medical therapy is not
well defined and there are variations amongst practitioners. Medical therapy regimens typically include a combination of any of the following: oral antibiotic,
oral steroid, nasal steroid spray, oral antihistamine, and nasal saline irrigations.
Antibiotic therapy should be directed at the most common organisms such as alpha-hemolytic streptococci, S. aureus, S. pneumoniae, H. influenza, and M. catarrhalis13-15. If symptoms persist after 3-6 weeks of medical management, surgical
options should be considered16.
Adenoidectomy
Adenoidectomy is an effective first-line surgical option for chronic rhinosinusitis in children17. A meta-analysis by Brietzke and Brigger concluded that
adenoidectomy led to significant improvement in 69.3% of patients18. A more recent prospective interventional study by Bettadahalli and Chakravarti reported improvement in sinus and nasal quality of life in 88.3% of children ages 4 to 12 years
old after adenoidectomy for refractory chronic rhinosinusitis19.
Several lines of evidence suggest that bacterial biofilms on the adenoids
are associated with chronic rhinosinusitis in children. Electron microscopy
studies of adenoid specimens obtained from children with chronic rhinosinusitis
demonstrated near complete coverage of mucosal surfaces by dense bacterial biofilms. In contrast, adenoid specimens from children with sleep apnea demonstrated
on average 1.9% surface coverage by biofilms20. Adenoid core cultures can be
used to predict middle meatal culture results21. Bacterial isolation rates from the
adenoids increased significantly with sinusitis grade on Waters’ view X-ray22. Finally, the severity of sinusitis on CT imaging does not correlate with adenoid size
suggesting that the contribution of the adenoids to chronic rhinosinusitis is less
likely an issue with mechanical obstruction23,24.
Sinonasal Lavage
The addition of sinonasal lavage at the time of adenoidectomy may also
improve outcomes. Lavage helps remove inspissated secretions and infection
from the sinus as well as provide culture specimens for directed antibiotic therapy16. Two early studies investigated the use of long-term intravenous antibiotic therapy after sinus lavage with adenoidectomy. They demonstrated treatment
success rates of greater than 89% but there were several reported complications
associated with long-term intravenous antibiotic therapy such as thrombophlebitis,
serum sickness, and drug fevers25,26. A study by Ramadan and Cost in 2008 compared the efficacy of adenoidectomy with and without maxillary sinus washout
and found that success rates in children with more severe sinus disease on CT had
a higher rate of success with maxillary sinus washout27.
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Balloon Catheter Dilation
Balloon catheter dilation may be considered as a potential minimally invasive surgical technique for managing pediatric chronic rhinosinusitis. This
technique could be used as an adjunct treatment with adenoidectomy. Ramadan
reported successful dilation of 51 out of 56 sinuses without any reported complications or side effects in children28. Sinuses that were not amenable to dilation
were 4 hypoplastic maxillary sinuses and 1 frontal sinus. A follow up study by
the same author reported that balloon dilation with adenoidectomy was more effective than adenoidectomy alone29. Wang et al. published a prospective case control study demonstrating significantly decreased SN-5 and Visual Analog Scale
scores in patients who underwent balloon dilation 1 year after the procedure30.
A prospective, single arm study by Soler et al. reported moderate to significant
improvement in SN-5 and QOL scores in 92% of children treated with balloon
dilation. No serious adverse events related to device use were reported and 100%
of sinuses targeted were successfully dilated31. In cases where adenoidectomy has
failed, balloon dilation successfully treated 81% of children with persistent symptoms as measured by a post-operative reduction in SN-5 scores32.
However, there are limitations to this technique. Dilation cannot address the
uncinate process, an accessory sinus ostium, a concha bullosa, or a Haller cell28.
Additionally, hypoplastic maxillary sinuses cannot be effectively treated with this
technique. There are also concerns about radiation exposure in children from fluoroscopy during the procedure. The introduction of new balloon catheters with
lighted guidewires may obviate the need for fluoroscopy.
Functional Endoscopic Sinus Surgery
Functional endoscopic sinus surgery has been shown to be an effective
and safe treatment option for children with chronic rhinosinusitis. A meta-analysis by Hebert and Bent in 1998 reported a favorable outcome in at least
88% of patients with a mean follow up of 3.7 years and a low complication of
0.6%33. A retrospective chart review of 115 children undergoing functional endoscopic sinus surgery for chronic rhinosinusitis by Siedek et al. demonstrated
an improvement in quality of life in 71% of patients and a reduction of symptoms
in 76% of patients34. A subsequent literature review by Makary and Ramadan in
2013 reported an overall success rate of children undergoing functional endoscopic sinus surgery for chronic rhinosinusitis of 82% to 100%.
Many believe that a conservative approach in children undergoing
functional endoscopic sinus surgery for chronic rhinosinusitis is more appropriate35. A limited approach would include removal of obvious anatomical obstructions, polypectomy, anterior ethmoidectomy (ethmoid bullectomy),
and/or maxillary sinus antrostomy. Chang et al. demonstrated that, using this
approach, the majority of patients reported improved sinonasal symptoms and
86% were satisfied with their surgery36. Pre-operative administration of systemic steroids in patients with nasal polyposis can potentially reduce intraoperative
bleeding and improve visualization37,38. Concerns regarding the impact on the
developing facial skeleton have been allayed by long-term studies on the effect
of sinus surgery on facial growth39,40. Reasons for treatment failure after sinus
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surgery have not been well studied in pediatrics. Ramadan reported that adhesions and maxillary sinus ostia stenosis were the most common findings at the
time revision of surgery41.
The role of second-look sinus endoscopy is controversial42. Young children
are unlikely to tolerate nasal debridement in the clinic. Previously, second-look
sinonasal endoscopy in the pediatric population was recommended to improve
post-operative outcomes43. However, more recent studies have demonstrated that
this belief is not necessarily true44,45. Second-look endoscopy can be considered
in young children who are unable to clear their nose themselves or in children
with risk factors for severe, persistent disease such as cystic fibrosis, ciliary
dyskinesia, and allergic fungal sinusitis42,46. Overall, endoscopic sinus surgery
is a very effective treatment for pediatric chronic rhinosinusitis with low rates
of complications.
Special populations
Certain co-morbid conditions are associated with refractory chronic rhinosinusitis and surgery is more likely to play a much larger role in treatment in these
children.
Cystic Fibrosis
Cystic fibrosis occurs in approximately 1 in 3500 births and is mediated by
an autosomal-recessive mutation in the CFTR gene. Disruption of cAMP-mediated chloride secretion in epithelial cells and exocrine glands leads to increased
viscosity of secretions. Inspissated secretions, impaired mucociliary transport, and
chronic bacterial infections may increase the risk of chronic rhinosinusitis. The
prevalence of chronic rhinosinusitis in this population is up to 90% and polyps
occur in at least one-third of cases47-50. Additionally, the presence of nasal polyps in
a child is highly unusual and the diagnosis of cystic fibrosis should be considered
until proven otherwise. Causative microorganisms are different in cystic fibrosis as Pseudomonas aeruginosa and Methicillin Resistant Staphylococcus aureus
(MRSA) are common bacterial isolates51,52.
There are no established indications for endoscopic sinus surgery in children
with cystic fibrosis associated chronic rhinosinusitis. It is safe and well tolerated
in children with cystic fibrosis53. Wide opening in sinus ostia may help with drug
delivery such as antibiotic irrigations. Surgical intervention can potentially reduce
symptoms of nasal obstruction and discharge and improve quality of life54. However, the impact on pulmonary function test values is equivocal55-58. It may also
benefit patients with refractory CRS after lung transplantation59. After surgery, the
use of nasally inhaled dornase alfa, a recombinant human deoxyribonuclease I that
hydrolyzes DNA polymers in the mucous of cystic fibrosis patients, may improve
post-operative outcomes60-62. Ultimately, the decision to proceed with surgical intervention in a child with cystic fibrosis should involve a multidisplinary approach
that includes the input from the patient’s pulmonologist.
Primary Ciliary Dyskinesia
Primary ciliary dyskinesia (PCD) is an autosomal recessive disease that affects approximately 1:15000 individuals63. It should be suspected in children who
have a history of neonatal respiratory distress, chronic nasal congestion, constant
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wet cough, chronic ear disease, bronchiectasis, and situs inversus or ambiguous64.
The detection of reduced nasal nitric oxide levels can be used as an initial screening test65-67. The diagnosis can then be confirmed by evaluating nasal or tracheal
biopsies under videomicroscopy or transmission electron microscopy68-70.
Chronic rhinosinusitis affects 100% of patients with PCD and up to 30% will
have nasal polyps71,72. Effective management of sinonasal disease may improve
pulmonary function73. Overall, there is a paucity of data regarding the surgical
management of children with PCD and most treatment paradigms are derived from
experiences with cystic fibrosis7.
Allergic Fungal Rhinosinusitis
Allergic fungal rhinosinusitis is a subtype of eosinophilic chronic rhinosinusitis. It is thought to be the caused by an abnormally intense allergic reaction towards
colonizing fungi and the pathophysiology is believed to be very similar to that of allergic bronchopulmonary aspergillosis74,75. It is frequently unilateral, more aggressive, and more likely to present with facial deformity in children76-78. The Bent and
Kuhn criteria for diagnosing allergic fungal sinusitis is most widely used79. Major
criteria include: 1. Type I hypersensitivity to fungi, 2. Nasal polyposis, 3. Histologic
evidence of eosinophilic mucus without evidence of fungal invasion, 4. Positive
fungal stain of sinus contents, 5. Characteristic computed tomography findings.
Typical CT findings (Figure 1) include multiple opacified sinuses, centrally hyperdense material with a peripheral rim of hypodense mucosa, expansion of affected
sinuses, remodeling and thinning of bone, erosion of sinus walls80,81.

Figure 1. Allergic fungal sinusitis. A fifteen year-old male presented to ENT clinic with a oneyear history of right-sided nasal congestion and obstruction. A right nasal polyp was identified
during clinical examination. CT sinus without contrast was obtained. Bony and soft tissue windows are shown above. There is unilateral opacification of the paranasal sinuses by centrally
hyperdense material along with expansion, remodeling, and thinning of the sinus walls.

Almost all cases of allergic fungal sinusitis will require treatment with functional endoscopic sinus surgery. Careful review of pre-operative imaging and use
of image guidance are essential as the disease process can alter anatomy through
osseous expansion and erosion82. Removal of polyps and mechanical obstruction,
reduction of fungal antigen burden, clearance of eosinophilic mucin, and widely
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opening the sinuses (for ventilation, access, and topical therapy) are key goals in
the surgical management of allergic fungal sinusitis. Postoperatively, patients must
continue to use medical therapies that reduce eosinophilic inflammation such as
topical glucocorticosteroids and nasal irrigations83.
Aspirin Exacerbated Respiratory Disease (AERD)
Aspirin exacerbated respiratory disease, also known as Samter’s Triad, is
characterized by chronic rhinosinusitis with nasal polyposis, asthma, and hypersensitivity to COX-1 inhibitors such as aspirin. Oral aspirin challenge is the gold
standard for diagnosis84. Management of AERD should incoroporate a multi-disciplinary approach. Medical management should include nasal saline irrigation, topical nasal steroid therapy, leukotriene modifying agents, avoidance of
non-steroidal anti-inflammatory agents, and aspirin densensitization therapy85-89.
Functional endoscopic sinus surgery to reduce disease burden has been recommended as a potential adjunctive therapy prior to aspirin desensitization90,91. Additionally, comprehensive surgery rather than “targeted” surgery may lead to
better post-operative outcomes92,93.
Conclusion
Many factors must be taken into account when treating pediatric chronic rhinosinusitis. Diagnosis of the disease can be difficult to discern from many common
pediatric conditions such as upper respiratory tract infections, gastroesophageal
reflux, and allergic rhinitis. Imaging can be helpful with diagnosis and surgical
planning but should be ordered judiciously due to the risk radiation exposure.
Several surgical treatment options can be used in children when maximal
medical treatment has failed. Surgical options such as adenoidectomy, sinonasal lavage, balloon sinuplasty, and endoscopic sinus surgery have all been
shown to be safe and effective in children. The choice of treatment should be
tailored to the disease process and the child in question. For most children, a
staged surgical approach starting with adenoidectomy with or without sinonasal lavage and balloon sinuplasty before endoscopic sinus surgery is appropriate. Children with cystic fibrosis, AERD, PCD, and immunodeficiency tend to
present with severe disease refractive to medical management. They often require
endoscopic sinus surgery for the treatment of their sinus disease.
The majority of the current literature on treating chronic rhinosinusitis pertains to the adult population. As such, treatments in the pediatric population are
often extrapolated from the adult literature. More studies are needed to help establish guidelines for the effective management of pediatric chronic rhinosinusitis.
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