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Summary
Introduction. Cystic fibrosis (CF) is an autosomal recessive disease affecting the epithelial lining of the respiratory tract and 
exocrine glands (1-5). Many children suffering from CF are often diagnosed and treated for various co-morbidities, including 
chronic rhinosinusitis (CRS) and nasal polyposis (NP) (3, 4, 6, 7), which will remain the focus of this article.
Aim. The aim of this study was to examine the characteristic of patients with cystic fibrosis (CF) admitted to the Pediatric 
Otolaryngology Department due to coexisting chronic rhinosinusitis (CRS) or nasal polyposis (NP). The study focused on the 
demographics, symptoms and management of children with CF with coexisting CRS and/or NP. The data was then compared to 
the results that had been presented in the literature. 
Material and methods. A retrospective study of 26 pediatric patients previously diagnosed with CF that were admitted to the 
Department of Pediatric Otolaryngology of the Medical University of Warsaw between 2010 and 2015 was conducted. Patients’ 
medical histories were carefully reviewed. Data on patients’ age, gender, symptoms and CF comorbidities were collected. The 
number and type of procedures performed on each patient were documented. Further assessment of the localization of polyps 
was performed in all NP-positive patients. 
Results. The study included 26 patients (15 males and 11 females). Mean age was 9 years. CRS and NP was present in 100% and 
88.5% of the patients, respectively. 23 children underwent a total of 35 sinus surgeries due to CRS and/or NP. 6 patients required 
one or more revision surgeries, with a total revision rate of 54.1%. Adenoidectomy (AT) and/or adenotonsillectomy (ATT) was 
performed in 10 patients. 5 children were disqualified from the surgery, due to various reasons. The most common localization 
of NP was maxillary sinus, followed by ethmoid sinus, sphenoid sinus, frontal sinus, and nasal cavity. 
Conclusions. Due to a wide range of clinical findings in many organs and high variability of symptoms in individual cases, there 
is currently no standardized treatment regimen for pediatric CF patients with CRS or NP. Early intervention and a multidisci-
plinary approach are highly recommended, due to a positive correlation between the increase in patient’s age and the number of 
admissions and reoperations. Endoscopic sinus surgery should be considered in CF patients with refractory, chronic or severe 
acute CRS or NP. 
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INTRODUCTION

Cystic fibrosis  (CF) is an autosomal recessive dis-
ease, in which the function of the cystic fibrosis trans-
port regulator (CFTR) gene located on chromosome 7, 
responsible for chloride ion transport, is compromised. 
This results in a dysfunction of the epithelial cells lin-
ing the respiratory tract, as well as of the exocrine 
glands  (1-5). The organs that are most severely af-
fected are airways, pancreatic ductal system, hepato-
biliary system, and male ductus deferens (1, 3). Clini-
cal symptoms may occur as early as after birth or in 
early childhood, and commonly include pancreatic in-
sufficiency, seen in 90% of infants with cystic fibrosis, 
vitamin malabsorption, impaired growth and develop-
ment, and respiratory manifestations, such as recur-

rent infections, sinusitis, bronchiectasis, and sinonasal 
polyposis (3, 4, 6, 7). It is important to note that respi-
ratory tract and sinonasal complications due to CFTR 
malfunction are the most common cause of premature 
death in CF patients (3). The respiratory symptoms and 
complications appear to be caused mainly by defective 
mucociliary drainage, followed by subsequent bacte-
rial colonization – with most common pathogens be-
ing Staphylococcus aureus and Pseudomonas aerugi-
nosa  (1, 2, 6, 8). The direct pathogenic action of the 
bacteria, along with the consequent local inflammation 
and chronic nasal obstruction, play a central role in air-
way destruction, respiratory failure, and early death in 
CF patients (1, 3, 8). Two comorbidities that are com-
monly encountered in CF patients include chronic 
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patients (1, 2, 18). A recent review conducted by Mainz 
and Koitschev  (1) summarized several conservative 
treatment options, including topical application of nasal 
sprays and drops, lavages and inhalations, nasal saline 
irrigations, topical decongestants, steroids, antibiotics, 
immunomodulators, antimycotics, mucolytics, bacterial 
lysates, antihistamines and monoclonal antibodies. No 
specific topical or systemic conservative therapies were 
proven to have significant curative outcomes on NP in 
CF. Therefore, surgical intervention is the treatment of 
choice once conservative measures are no longer ben-
eficial for an individual, or in instances of chronic and 
recurrent disease (1, 4, 13, 18). 

Surgical intervention is always preceded by imag-
ing of the nasal cavity and paranasal sinuses, in order 
to confirm the anatomy and localization of the lesions 
and to design a specific surgical approach for the re-
moval (1). In addition, the severity of sinonasal symp-
toms and the grade of the coexisting pulmonary dys-
function are the factors favoring surgery (1). Presently, 
the most widely used surgical intervention is functional 
endoscopic sinus surgery  (FESS), which is minimally 
invasive and is associated with enhanced recovery 
from sinus-related symptoms and an improved sub-
sequent quality of life  (18). Two definitive indications 
for conducting FESS are NP and CRS unresponsive to 
conservative therapy (19, 20). FESS in children is per-
formed under general anesthesia, whereas in adults, 
it may be performed under sedation with topical and 
local anesthesia  (21). FESS procedures are highly 
personalized and dependent on the severity and ex-
tent of the changes (20, 21). Many types of FESS may 
be performed, from the isolated infundibulotomy or 
the resection of the uncinate process, to a  complete 
sphenoeithmoidectomy, which is, however, very rarely 
performed (19, 21). Contraindications to FESS include 
the presence of obstructions or stenoses, which may 
severely reduce the operative field, as well as any 
signs of meningitis, other intracranial lesions, severe 
sinus infections, osteomyelitis of the frontal bone, or 
orbital cellulitis with visual field defects  (20, 21). The 
aim of sinus surgery in CF patients consisting of en-
larging the sinus ostia is to allow improved drainage of 
the sinuses, eliminate mucosal inflammatory changes 
such as NP, remove any infected tissue, and permit 
proper healing and epithelialization of the surgically 
enlarged ostiomeatal complex (14, 22). The procedure 
is generally focused on the anterior ethmoidal cells 
and ostiomeatal complex, since these areas are highly 
associated with the proper functioning of the remaining 
sinuses  (20). Other more rarely performed extensive 
surgeries include ethmoidectomy, septoplasty, or the 
now historic Caldwell-Luc procedure (2, 21). In severe 
and complicated cases of NP presenting with exten-
sive obstruction, more aggressive and extensive surgi-
cal approaches are considered (11, 12). 

rhinosinusitis  (CRS) and nasal polyposis  (NP), which 
were the focus of the study.

Due to the accumulation of a thick mucus within the 
sinonasal area, a great number of CF patients conse-
quently develop CRS. CRS is defined as a sinus infec-
tion lasting for more than 12 weeks with low-grade signs 
and symptoms (2, 5, 9-11). The main reasons for the de-
velopment of CRS are decreased mucociliary clearance, 
infections, coexisting allergies, edema of the mucosa, 
and, less commonly, anatomic abnormalities of the si-
nonasal area (2, 12). 

Due to the early onset and subsequent adaptation 
of the patient to the symptoms of CRS, no more than 
10% of the CF patients report that they perceive their 
symptoms as severe (1, 13, 14). The most commonly 
reported symptoms include: nasal obstruction and 
discharge, which lead to mouth breathing, post-nasal 
drip, headache, and localized facial pain or feeling 
of pressure (1, 9, 12, 15). Adenoid hypertrophy or in-
flammation may also be present (14). Although a high 
number of CRS cases in CF patients are of idiopathic 
origin, other noteworthy non-CF causative factors of 
CRS include allergy, aspirin sensitivity, and immuno-
deficiency (13). 

Nasal polyposis (NP) can have multiple causes, how-
ever, chronic neutrophil-dominant inflammation, com-
monly present in CF patients, is believed to be one of 
the major ones (1, 3, 7, 16). The prevalence of NP in CF 
patients has been increasing over the years (1). Primary 
appearance of NP in children may be seen in children as 
young as kindergartners (1, 14). Nasal polyps are pres-
ent in approximately 86% of CF patients, however, the 
prevalence has been shown to be highly variable be-
tween individual study populations (2, 6, 14). During the 
first appearance of nasal polyps, it is recommended to 
refer the patient to an ENT surgeon for further examina-
tion (10). If not previously diagnosed with CF, children 
presenting with nasal polyps should always undergo 
further testing for CF (10). 

Endoscopic examination, as well as radiological im-
aging, play a central role in diagnostics and staging of 
CRS and NP in CF patients  (1). Although endoscopic 
examination in CF patients is consistently abnormal, it 
is essential in determining the presence of nasal pol-
yps (14). Several radiologic imaging techniques for di-
agnosing CRS and NP have been discussed in the lit-
erature, including spiral multislice CT, digital volume CT, 
and MRI; MRI is the preferred modality in children (1, 2). 
MRI offers a sensitive and superior visualization of the 
mucosa, polyps and other intracranial soft tissue abnor-
malities (1, 17). 

Up to date, there has been no standardized treat-
ment for NP in CF patients due to the high variability 
of the stage of the disease between individual patients 
and the lack of strong evidence supporting a treatment 
that would be successful in a  large percentage of the 
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examination and studies revealed deviated nasal sep-
tum in 7 patients, secretory otitis media in 2 patients, 
allergies in 2 patients, and von Willebrand disease type 
1 in 1 patient. 2 out of 7 patients  (28.6%) with a  de-
viated nasal septum underwent septoplasty, whereas 
both cases (100%) of secretory otitis media were treat-
ed with tympanocentesis. Both patients  (100%) with 
coexisting allergies underwent maxillary antrostomy. 
A  total of 54 procedures were performed. The most 
common procedure was FESS, which was performed 
35 times  (64.8%), followed by adenoidectomy  (AT), 
performed 11 times (20.3%), maxillary antrostomy, per-
formed 3 times  (5.6%), tympanocentesis, performed 
2 times (3.7%), septoplasty, performed 2 times (3.7%), 
and sinus puncture, performed once  (1.9%). 35 total 
of FESS procedures were performed on 23 children 
diagnosed with NP. Among these 23 patients, 17 pa-
tients (73.9%) underwent only 1 surgery, whereas 3 pa-
tients underwent 2 surgeries, 1 underwent 3 surgeries, 
1 underwent 4 surgeries, and 1 underwent 5 surgeries. 
The overall revision rate for FESS was 51.4%. 84.3% 
of the polyps were located in the paranasal sinuses, 
13.3% in the nasal cavity, and 2.4% were antrochoanal 
polyps. In the paranasal sinuses, the most commonly 
affected sinus was the maxillary sinus (31.4%), followed 
by ethmoid sinus  (25.7%), sphenoid sinus  (22.8%), 
and frontal sinus  (20.0%). A  total of 11 adenoidecto-
mies (AT) and/or adenotonsillectomies (ATT) were per-
formed on 10 patients, and one patient required a revi-
sion AT procedure. 3 patients (30%) underwent AT/ATT 
prior to sinus surgery, compared to 7 patients (70%) in 
which AT/ATT was performed during the FESS. The re-
vision procedure was undertaken following a primary 
peri-operative AT. 

DISCUSSION

Cystic fibrosis (CF) is an autosomal recessive disease 
caused by mutations in the CFTR gene  (1-5). Though 
CF may manifest through a wide range of clinical find-
ings many organs, the aim of this study was to focus on 
patients admitted due to CRS or NP, who were in need 
of otolaryngologic consultation or treatment. There is 
no standard treatment algorithm, as the severity of the 

MATERIAL AND METHODS

A  retrospective study on 26 pediatric patients pre-
viously diagnosed with CF who had been admitted to 
the Pediatric Otolaryngology Department at the Medical 
University of Warsaw between the years 2010 and 2015 
was conducted. Patients’ medical histories were care-
fully reviewed. Symptoms of sinonasal disease were 
gathered from the interviews with the patient and/or par-
ents, depending on the patient’s age. All available pre-
operative endoscopic examinations and imaging stud-
ies were analyzed. All 26 patients were admitted to the 
Department due to clinical symptoms of a various de-
gree.  The data on patients’ age, gender and comorbidi-
ties were collected. The number and type of procedures 
performed on each patient were documented. Further 
assessment of the exact localization of polyps in all NP 
positive patients was performed. 

RESULTS 

The mean age of the patients was 9 years (with the 
youngest patient being 3 and the oldest 16 years). 
There were 11 male patients (42.3%) and 15 female pa-
tients (57.7%). The patients were divided into groups ac-
cording to age, with 7 patients (26.9%) aged less than 
6, 12 patients  (46.2%) aged 7 to 12 years, and 7  pa-
tients  (26.9%) aged 13 to 18 years. Patients were ad-
mitted to our Department after the referral from primary 
specialist care or a different hospital department. With 
a total number of 45 admissions for 26 patients, 17 pa-
tients  (65.4%) were admitted once, 4 patients  (15.5%) 
were admitted twice, 3 patients (11.5%) were admitted 
3  times, 1 patient  (3.8%) was admitted 5 times, and 
1 patient  (3.8%) was admitted 6 times. An increase in 
the frequency of admissions and the number of surger-
ies correlated with an increase in patient’s age, as repre-
sented in figures 1 and 2. 

Symptoms at the time of admission included nasal 
congestion and secretion, nasal obstruction, post-nasal 
drip, headache, and adenoid hypertrophy. All the pa-
tients were positive for CRS, whereas 23 out of 26 pa-
tients (88.5%) additionally presented with NP. Clinical 

Fig. 1. Average number of admissions by age of the patient

Fig. 2. Average number of operations by age
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associated with a  poor outcome in CF, however, the 
patients experience a  higher incidence of acute exac-
erbations and hospitalizations  (1, 24, 25). In pediatric 
CF population, more NP cases are observed in older 
children (1). Nonetheless, primary appearances of NP 
in children may be seen in patients as young as kinder-
gartners  (1, 5, 14). Increasing prevalence of NP occur 
in adolescence, ranging from 6% up to 44.8% of the CF 
patients (1, 5, 26). In our study, 23 out of all 26 CF pa-
tients were positive for NP, with overall prevalence rate 
of 88.5%, which is comparable to 86%, seen in previ-
ous publications (6). The youngest and oldest patients 
presenting with NP were 4 and 16 years, respectively. In 
a study conducted by Schraven et al.  (16) information 
on 81 CF patients was collected over a 10-year period. 
Sinus surgery was performed on 19.6% (16 out of 81) 
CF patients with chronic polypoid sinusitis (CPS). Preva-
lence of CPS in CF patients aged less than 6 years, 7 
to 12 years, and adolescents (13 to 18 years old), was 
calculated, and accounted 19, 38 and 45%, respective-
ly  (16). When categorized into the same age groups, 
the prevalence of NP in our patients was 26.1, 47.8 and 
26.1%, respectively, with children aged 7 to 12 having 
the highest prevalence of NP. This, however, could be 
due to the high number of children in this age group, 
being close to half of the all patients included in our 
study. 

After a careful review of patient records and operative 
notes, the specific location of polyps in children with NP 
was documented and divided into groups by location: 
polyps in the paranasal sinuses,  (further divided into 
maxillary, sphenoid, ethmoid and frontal sinuses), in the 
nasal cavity, and antrochoanal polyps. 84.3% of polyps 
were located in the paranasal sinuses, 13.3% in the na-
sal cavity, and 2.4% were antrochoanal polyps. In the 
paranasal sinuses, the most commonly affected sinuses 
were the maxillary sinus (31.4%), ethmoid sinus (25.7%), 
sphenoid sinus (22.8%), and frontal sinus (20.0%). The 
number of surgeries that individual patient had under-
gone depended on the age of the patient and the loca-
tion of the polyp. However, independently of patient’s 
age or number of operations, paranasal sinuses were 
consistently the most common area in which polyps 
were found, followed by the nasal cavity and antro-
choanal polyps. Furthermore, in the paranasal sinuses, 
polyps were most frequently observed in the maxillary 
sinus, followed by ethmoid, sphenoid and frontal sinus, 
in all the age groups of the patients. 

There has been limited data in previous literature 
pertaining to the location of polyps in CF patients that 
undergo endoscopic sinus surgery. Stankiewicz  (23) 
reported the effects of endoscopic sinus surgery per-
formed on 83 patients, 5 of which were CF patients (28 
male, 55 female, aged from 1 to 18 years). Pansinusitis 
was present in 51 patients (61.5%) (bilateral in 40 pa-
tients and unilateral in 11), and the disease was pres-

disease is different for every patient, therefore, the treat-
ment of each patient is considered individually (1, 2, 18). 

Several diagnostic imaging techniques for CRS and 
NP in CF patients are used, the most important being 
endoscopy, CT, and MRI. Some authors have sug-
gested that CT study is unable to reliably assess the 
severity of disease; therefore, the decision on surgical 
treatment should not be based solely on the results of 
the imaging studies (14). Patient’s medical history, their 
complaints, and the quality of life are also important fac-
tors that must be taken into account, considering the 
high individual variability of the severity of the disease in 
CF patients (1, 18). Only upon gathering both subjective 
and objective data can a proper treatment modality be 
considered (1). Prompt involvement of an interdisciplin-
ary team including otolaryngologists, microbiologists 
and CF specialists is the key to early diagnosis and ef-
fective treatment (16). 

Due to a high number of causative factors, CRS is ex-
tremely common in CF patients, with prevalence reach-
ing close to 100% in some study groups (2, 6, 16). All 
26 pediatric patients (100%) admitted to our Department 
suffered from CRS. Allergy, among others, has been 
found to be a contributing factor to the development of 
CRS (13). 2 patients in our study were diagnosed with 
allergy, one of which required 3 revision surgeries; it can 
be hypothesized that this was due to an increased aller-
gy-induced recurrence of sinonasal symptoms. A study 
on 126 CF patients aged from 4 to 28 years with coex-
isting CRS was conducted by Babinski and Trawinska- 
-Bartnicka  (5). CRS among these patients was classi-
fied into one of the four types  (listed from the highest 
to the lowest prevalence): infectious chronic, infectious 
acute, allergic chronic and non-allergic with eosinophil-
ia (5). Nasal polyps were present in 18.3% of patients, 
and were found to correlate with the type of mutation in 
the CFTR gene (5). The average age at the diagnosis of 
CRS ranged from 2.2 to 13.5 years (5).

Previously, 74% of CF patients were found to have 
a bilateral medial displacement of the lateral nasal wall 
and bilateral uncinate process demineralization (2, 14), 
however, only 7 out of 26 patients (26.9%) in our study 
presented with a deviated nasal septum and no cases of 
uncinate process demineralization were observed. Sep-
toplasty was performed in 2 out of the 7 patients (28.6%) 
who presented with severe septal deviation and re-
quired surgical intervention. Overall, septoplasty was 
performed in 2 out of 23 patients (8.7%) that underwent 
FESS. A study of 77 patients that received endoscop-
ic sinus surgery completed by Stankiewicz showed 
a slightly higher rate of septoplasty (15.6%) among their 
patients (23).

The frequency of NP in CF patients has high variabil-
ity among studies and is reported to be about 86% (6). 
Despite the obstructive nature of NP, a recent review by 
Feuillet-Fieux et al. (25) concluded that NP is not clearly 
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at least 1 revision operation (18). Among the patients in 
our study, the overall revision rate for FESS was 51.4%. 

The need for reoperation is predominantly due to 
the chronic nature of CF  (2). 44% of re-operated chil-
dren require revision surgery due to poor post-operative 
cleansing of the nasal cavity  (23). The reoperations of 
recurrent NP in CF patients are mainly due to extensive-
ly thickened mucus with subsequent crusting, chronic 
bacterial infections, and impeded or defective healing of 
the mucosa post-operatively (12, 13, 17). These factors 
collectively may stimulate the growth of granulation tis-
sue, clinically resembling recurrent NP (17). A median 
time of 4 years was observed between sinus surgeries 
for CRS in CF patients in a small study conducted by 
Yung et al. (31). 

A systematic literature review conducted by Vlastara-
kos et al. (18) included 13 research papers, with a total 
of 1301 pediatric patients, who underwent FESS due to 
CRS. Although between 71% and 100% of children had 
positive outcome of the procedure, the authors con-
cluded that pediatric FESS shows a lower therapeutic 
benefit in the presence of an underlying systemic dis-
ease, such as CF (13). 8 out of the 13 research groups 
concerned pediatric CF patients. The quality of life and 
symptoms, such as nasal congestion and discharge, 
improved in CF patients, however, the improvement 
lasted for a  shorter period and the recurrence rate 
was higher than in otherwise healthy children  (18). 
Endoscopic sinus surgery has not been shown to sig-
nificantly improve pulmonary function tests in the long 
term, measured by forced vital capacity  (FVC) and 
forced expiratory volume (FEV1), nor does it affect mi-
crobial colonization in CF patients (4, 6, 30). There is 
high variability in long-term outcomes of sinus surgery 
in CF patients, suggesting that more data is needed 
to aid in evaluation and selection of the patients who 
would benefit from this procedure (14). 

The overall incidence of major complications af-
ter pediatric FESS surgery is 0.6%  (18). This includes 
bleeding, CSF leak, and meningitis (none was reported 
to be fatal or to have irreversible consequences) (18). 
Reported minor complications, with a  incidence lower 
than 2%, included minor bleeding, lamina papyracea 
breach, periorbital ecchymosis or surgical emphysema, 
and meatal scarring/adhesions/synechiae (18). Caution 
should be taken to avoid nasolacrimal duct injury as 
well (23).

Comparison of patient data, including gender, age, 
number of total surgeries, number of sinus surgeries, 
and average age at time of operation, is presented in 
table 1. It is comparable to patient demographics de-
scribed in previous studies (4, 6, 7, 12, 30).

Sinusitis may be accompanied by purulent ad-
enoiditis or adenoid hypertrophy, which may further 
exacerbate symptoms through nasal obstruction and 
accumulation of nasal secretion (23). Performing an 

ent in the maxillary sinus, ethmoid sinus, sphenoid si-
nus, fontal sinus in 8, 8, 6, and 4 patients, respectively, 
which complies to the location of polyps we have ob-
served in our study. 

Antrochoanal polyps are relatively rare and there-
fore, they will be treated on separately. Arising from 
the maxillary antrum, antrochoanal polyps  (ACPs) ex-
tend through the ostium and protrude posteriorly to the 
choana and nasopharynx  (27). These polyps are usu-
ally present unilaterally and occur in younger patients 
than other nasal polyps, which tend to manifest bilater-
ally and occur in older patients  (28). ACPs are one of 
the most common nasal polyps seen in non-CF children 
and young adults. An effective treatment for ACP is en-
doscopic wide middle meatalantrostomy  (27, 29). Lee 
and Huang (29) described 26 pediatric patients who un-
derwent sinus surgery for ACPs, 12 of which (46%) were 
male and 14 (56%) were female. The average age was 
8.7 years (from 5 to 15 years). Depending on the location 
of the ACP, 13 patients were operated with a transnasal 
endoscopic approach and 13 were operated with a com-
bined endoscopic and transcanine approach, with suc-
cess rates reaching 76.9% and 100%, respectively (29). 
ACPs were present in 2 out of 26 CF patients (7.7%) in 
our study. The average age in our study was 6.5 years, 
which is slightly lower than 8.7 years described by Lee 
and Huang (29). Both our patients did not require ad-
ditional revision surgeries, therefore, the success rate 
was 100%. To maximize the effectiveness of surgical 
treatment for both ACPs and NP, it is crucial to properly 
recognize and remove both the origin and the main bulk 
of the polyp (29). 

In 2007, the British Society for Allergy and Clinical 
Immunology (BSACI) guidelines for the management of 
rhinosinusitis and nasal polyposis were published (10). 
Surgery was recommended to be reserved for patients 
with severe acute or persistent chronic symptoms, 
or those resistant to previous medical therapy  (10).  
20-25% of the CF patients will require surgery due to 
CRS after medical management has failed (2). It is be-
lieved that this value will grow due to an increasing sur-
vival rate for CF over the years, the median life expec-
tancy being 40 years of age now (2, 3, 16). The mean 
age at the pediatric FESS surgery in CF patients suf-
fering from CRS varies between centers, ranging from 
2.6 to 14.5 years (15, 18). In our study group, the mean 
age was 9 years. There are concerns that FESS on pe-
diatric patients may have influence on facial growth and 
symmetry, however, there has been a substantial lack of 
confirming evidence (30). 

The use of endoscopy in postoperative management 
follow-up helps in the early recognition of recurrence, 
thanks to the high quality of illumination and visualiza-
tion of the operated area  (20). Previous publications 
have reported 50-100% recurrence rates of nasal polyps 
in CF patients post FESS, with 83% of children requiring 
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FESS. Due to the chronicity of CF, it is important to 
keep in mind that CF patients with CRS and NP may 
require revision surgery. 
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