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Abstract
Background: Endoscopic sinus surgery (ESS) is an established surgical option for cystic fibrosis (CF) patients with chronic rhinosinusitis that is 

refractory to conventional medical management. Objective and subjective evidence of benefit of ESS in this cohort of patients is currently con-

flicting in the literature.

Methodology: A single center retrospective study was undertaken of all CF patients (transplanted and non-transplanted) over the age of 16 who 

underwent an ESS over a six-year period from 2015 to 2021. Patients on triple-therapy CFTR modulators were excluded. Data was collected on 

demographics, clinical management, and outcome measures. The objective outcome measures were lung function (%predicted FEV1), pulmonary 

exacerbations (total number of days of IV antibiotics- both ambulatory and in hospital). The subjective outcome measure was SNOT-22 scores pre- 

and 6 months post-operatively. A minimally clinical important difference (MCID) in SNOT-22 scores of 9 points was used.

Results: 55 patients were included in our study, with a median age of 31 and 53% females. Median Lund-Mackay scores for the cohort was 13 (3-

24). There was a significant improvement in lung function at 1-year post-surgery, and a significant MCID reduction in SNOT-22 scores at 6 months 

post-surgery across the cohort. Sub-group analysis revealed a sustained MCID reduction in SNOT-22 scores in both lung-transplanted and native 

lung groups, and in patients with primary ESS or previous ESS. However, there was no post-operative pulmonary function improvement in lung 

transplanted patients and patients with previous ESS. There was no impact on the rate of pulmonary exacerbations across the cohort. 2 patients in 

the cohort died secondary to pulmonary disease. 

Conclusions: There was a demonstrated clinical and symptomatic benefit of ESS in CF patients in this study. Stricter guidelines for indications for 

ESS need to be established with regards to CF patients who will undergo ESS in the future. 
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Introduction
Cystic fibrosis (CF) is a life shortening autosomal recessive 

condition that leads to progressive multi-organ damage. Its inci-

dence and prevalence vary greatly by ethnicity and geography. 

It is most common amongst the Caucasian population with a 

birth prevalence of approximately 1 in 3000 (1). It is caused by 

mutations in the Cystic Fibrosis Transmembrane Conductance 

Regulator (CFTR) gene resulting in dysregulation of sodium and 

chloride ions across epithelial membranes, resulting in impaired 

mucociliary clearance, chronic airway infection, pancreatic insuf-

ficiency, and digestive disorders (2, 3). Airway and lung disease 

primarily results in premature death, with a median predicted 

survival in the UK of 53.1 years in males and 47.0 years in fema-

les (4). 

Chronic rhinosinusitis (CRS) is a commonly reported feature of 

CF and can symptomatically affect up to half of all patients (5);

some studies have reported up to 100% of patients having 

radiological evidence of sinus opacification (6). Obstruction of 

the paranasal sinuses from the hyperviscosity of mucus and 

impaired clearance can lead to repeated pulmonary exacerbati-

ons. The sinuses are thought to be a bacterial reservoir, respon-

sible for the transmission of infections from the upper to lower 

airway. Management of CRS is therefore a priority to ensure 

improved outcomes of CF patients.

Current management of CF-related CRS is an evolving topic and 

is currently variable (7). There remains a lack of high-quality ran-

domised controlled trials to strongly support certain evidence-

based treatment regimes in these patients (8). Existing cohort 

studies have investigated the use of conservative management 

as first line management, but thus far none have been suppor-

ted by high-level recommendations (2). These include nasal saline 

lavage, nasal decongestants, intranasal corticosteroids, and 

antibiotics. Conventional medical therapy has proven difficult in 

managing long-term CRS-related symptoms in CF patients. New 

studies exploring the use of intranasal dornase alfa (a muco-

active therapy), topical tobramycin and colistin, CFTR-targeted 

therapies such as ivacaftor, and elexacaftor-tezacaftor-ivacaftor 

are now considered transformative therapies and have now 

demonstrated both symptomatic benefits and improved pulmo-

nary function in these patients (2, 9, 10, 11).

Endoscopic Sinus Surgery (ESS) is currently the first line surgical 

option for refractory CF-related CRS. The objective and sub-

jective benefit of endoscopic sinus surgery in CF patients in 

the literature is currently conflicting. Despite this, it has been 

reported that up to 60% of CF patients undergo ESS (12). As the 

life expectancy of CF patients increase, it is necessary to esta-

blish strict indications for surgery and establish which cohort of 

patients will gain the most clinical and symptomatic benefit.

The aim of the current study is to present our single-centre ex-

perience of managing chronic rhinosinusitis in CF patients with 

endoscopic sinus surgery (ESS). Both objective and subjective 

clinical outcome measures were recorded for our cohort of pa-

tients, specifically lung function, pulmonary exacerbations, and 

SNOT-22 scores.

Materials and methods
Patients

All consecutive cystic fibrosis patients over the age of 16 who 

underwent functional endoscopic surgery at our centre over a 

six-year period from 2015 to 2021 were retrospectively included 

in this study. All patients were under the joint care of the adult 

CF team at the Royal Brompton Hospital and ENT surgeons at 

Charing Cross Hospital, Imperial College Healthcare Trust. All 

patients on triple-therapy CFTR modulators were excluded from 

our study.

Ethical statement

This retrospective chart review study involving human parti-

cipants was in accordance with the ethical standards of the 

institutional and national research committee and with the 1964 

Helsinki Declaration and its later amendments or comparable 

ethical standards.

Data collection

Data were collected on demographics, clinical management and 

outcome measures using electronic and paper records. Lund-

Mackay and Nair scores for the cohort were calculated from their 

pre-operative radiological images. Insufficient numbers of the 

cohort had post-operative imaging to be able to calculate post-

operative Lund-Mackay and Nair scores.  

Objective clinical outcome measures were collected for this co-

hort. Pulmonary function was evaluated using % predicted FEV1 

(forced expiratory volume in one second). The best percentage 

in the year pre- and post-surgery were collected. Pre-operative 

lung optimisation % predicted FEV1s and % predicted FEV1s 

during an exacerbation were excluded. All post-operative % pre-

dicted FEV1 were collected at least three months after surgery. 

The total number of days requiring IV antibiotics was collected 

(both in hospital and at home) in the immediately preceding 

year pre-operatively and year post-operatively were collected for 

each patient. IV antibiotics days for optimisation prior to surgery 

was not included. 

Subjective clinical outcome measures were collected. All pa-

tients completed a standardised SNOT-22 questionnaire both 

pre-surgery and 6 months post-op. We evaluated the minimal 

clinically important difference (MCID) of 9 points in the SNOT-22 
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after endoscopic sinus surgery (ESS) (13). 

Statistical analysis

SPSS (version 21, IBM®) was used to perform statistical analysis. 

Clinicodemographical data was analysed using chi-squared 

testing. Paired pre- and post-operative non-parametric clinical 

outcome measures for the cohort were analysed using Wilcoxon 

Signed-Rank test. A p<0.05 was deemed clinically significant. 

Surgical approach

Indications for sinus surgery in this cohort included:

1. Patients with severe refractory symptoms of CRS after   

maximal medical therapy

2. Patients symptomatic with lung transplants

3. Recurrent severe respiratory infections with significant 

sinus disease.

Our surgical practice involved: bilateral uncinectomies, wide 

middle meatal antrostomies, complete anterior and posterior 

ethmoidectomies, sphenoidotomies, frontal sinusotomies accor-

ding to anatomy (some CF patients had no frontal sinuses) and 

disease severity, usually Draf I or Draf IIa, however some cases 

required a Draf III (endoscopic modified Lothrop procedure) (23).

All patients received a stat dose of intravenous antibitoics at 

induction, unless contra-indicated. Some patients required 

perioperative antibiotics, but this was dictated by the severity 

of their lung disease not their sinus disease and was directed by 

our respiratory physicians.

 

Results
55 patients with CF who underwent ESS were included in this 

study. The median age was 31, and 53% of the cohort was 

female. Table 1 displays the clinicodemographic data of the 

patient cohort. 38% of the cohort had undergone a previous 

ESS, either at our hospital trust or another site. The most com-

mon organisms to colonise the paranasal sinuses pre-operati-

vely were Pseudomonas aeruginosa (40%) and Staphylococcus 

aureus (22%), whilst sputum pre- and post-operatively were 

colonised with Pseudomonas aeruginosa (45%), Staphylococcus 

aureus (17%) and Achromobacter species (10%). There was no 

significant difference in in the number of patients positive with 

Pseudomonas pre-operatively versus post-operatively.

Median Lund-Mackay scores were 13/24. Although there was 

a difference in Lund-Mackay scores between transplanted and 

non-transplanted patients, this was not statistically significant. 

Two patients died from the cohort, both directly due to CF 

pulmonary disease.

Table 2 compares the pre-operative and post-operative clinical 

outcome measures: Lung function (FEV1%), SNOT-22 score, 

unplanned days in hospital for pulmonary exacerbation. There 

was a statistically significant increase in lung function post-ope-

ratively (p<0.05). Subjectively, patients reported a significantly 

decreased SNOT-22 score post-operatively greater than MCID 

(p<0.05). 84% of our cohort achieved a reduction in SNOT-22 

scores above the MCID of 9 points. There was no statistically 

significant difference in just the rhinological domain of SNOT-22 

after surgery. There was a reduction in the total number of un-

planned days spent in hospital due to pulmonary exacerbations, 

but this was not statistically significant.

Table 3 displays a subgroup analysis of the clinical outcome 

measures: Lung transplant vs no lung transplant, and previous 

ESS vs primary ESS. Lung function did not improve post-ope-

ratively in the transplanted group and the previously operated 

group but remained significantly increased post-op in the non-

transplanted and primary operated groups. All groups reported 

a subjective MCID improvement in SNOT-22 scores of greater 

than 9 points (p<0.05). Furthermore, there were no significant 

differences in the number of unplanned days due to pulmonary 

exacerbations between any group.

Table 1. Clinicodemographic data of the cohort.

Number of patients (%)

TOTAL 55

Gender
Male
Female

26 (47%)
29 (53%)

Median Age
Total
Male
Female

31 (16-60)
29 (19-60)
33 (16-48)

Mutation
DeltaF508

Homo DeltaF508
Hetero DeltaF508

3849+10kbC->T
Others

42 (76%)
26 (47%)
16 (29%)

2 (4%)
11 (20%)

Previous ESS 21 (38%)

Nasal polyposis 42 (76%)

CFTR Modulators 24 (44%)*

Lung Transplant 19 (35%)

Lund-Mackay Score
Male
Female
Lung transplant
No lung transplant

Nair Score

13 (3-24)
13
15
18
13

16 (2-24)

Post-operative complications* 4 (7%)

Mortality 2 (4%)

*This refers to single or double CFTR modulators only. *post-operative 

complications included 2 post-operative sinus infections requiring oral 

antibitoics, and 2 re-presentations for pain.
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Discussion
Indications for ESS in CF patients

The pathological and impaired function of the CFTR gene leads 

to hyperviscous mucous and impaired mucociliary clearance 

throughout the airway. This extends to the paranasal sinuses 

manifesting as chronic rhinosinusitis, impacting significantly on 

clinical symptoms and quality of life.

The reported prevalence of CRS in CF patients varies from 50-

100% (3,4). First line therapy for CRS in CF patients involves maxi-

mising medical treatment: topical nasal therapy and systemic 

medication (14). Current recommendations for surgical therapy 

follow national guidelines for non-CF patients. The prevalence 

of severe and refractory CRS in CF patients is higher than the 

average population, with between 20-60% of CF patients with 

clinical CRS proceeding to sinus surgery (12).

In refractory CRS, the role of endoscopic sinus surgery in CF is 

twofold: to relieve sinonasal symptoms and eradicate bacteria. 

ESS aims to improve symptoms by opening the sinuses widely 

to enable douching and allow medication to treat the mucosa. 

Secondly, CRS and associated post-nasal drip can increase the 

risk of chronic pathological bacterial pulmonary colonisation 

and subsequent infection. Kang et al. (15) comment on the similar 

profile of pathogens in the sinuses and lower respiratory tract, 

particularly Pseudomonas aeruginosa. The maxillary sinuses 

are considered the main reservoir of pathological bacteria 

within the upper respiratory tract (12). Effective clearance in the 

paranasal sinuses can help to preserve lung function and reduce 

pulmonary infective exacerbations (15).

Clinical outcome measures

A primary consideration of ESS in CF patients is the impro-

vement in quality of life (QOL). SNOT-22 score is a subjective 

tool to measure the impact of CRS symptoms on patient QOL 

perioperatively (16). They were evaluated as a clinical outcome 

measure with a minimally clinically important difference of 9 

points, as established by the literature (13). Our study importantly 

revealed that the significant improvement in SNOT-22 scores 

post-operatively was clinically important for patients, and thus 

advocates for a role of sinus surgery both as revision surgery 

and in lung transplanted patients. 

CF patients complete regular spirometry to monitor pulmonary 

health. We utilised this to determine if there was a significant 

improvement in pulmonary function after ESS. Evidence is 

conflicting in the literature: Dadgostar et al. (6) found that FEV1 

did not improve in 40 CF patients at 1- or 2-years post-ESS. With 

a larger patient cohort and regular spirometry, we found a statis-

tically significant improvement in FEV1 within a year post-opera-

tively. This improvement in lung function is likely multifactorial: 

improved quality of life can lead to increased activity and nutri-

tion leading to better pulmonary outcomes; reduced inflamma-

tory burden of sinuses and the upper airways can be propaga-

ted to the lower airways. Additionally, other studies have found 

a much greater improvement in lung function post-ESS in CF 

patients with severe and moderate disease compared to mild 

disease (17) and sustained improved lung infection status(18).

Radiological extent of CRS can be assessed with Lund-Mackay 

and Nair scores. We did not use either as outcome measures as 

radiological disease does not necessarily correlate with clinical 

symptoms (19,20), and most of our patients did not have scans 

post-operatively. In fact, it has been suggested that CT scans of 

the paranasal sinuses is not a valid indicator for sinus surgery in 

CF patients (21). Other single-centre studies using only Lund-

Mackay scores as a clinical outcome measure for CF patients did 

not find any statistically significant improvement in radiological 

disease post-ESS.

Lung transplant, CF and ESS

Table 2. Clinical pre-operative and post-operative outcome measures for 

the group.

Pre-operative Post-operative P-value

Lung Function- FEV1 % 68 72 0.009*

SNOT-22 score 47 32 0.000*

IV antibiotic days 10 6 0.134

* implies comparison is significant

Table 3. Sub-group comparison of clinical pre- and post-operative out-

come measures in lung transplant patients and patients with previous 

ESS.

Pre-operative Post-operative P-value

Lung Function- FEV1 %
Lung Transplant
No lung transplant

Previous ESS
Primary ESS

75
63
72
62

76
70
76
66

0.340
0.001*
0.097

0.043*

SNOT-22 score
Lung Transplant
No lung transplant

Previous ESS
Primary ESS

44
50
52
47

26
34
37
34

0.003*
0.000*
0.009*
0.000*

IV antibiotic days
Lung Transplant
No lung transplant 

Previous ESS
Primary ESS

4
13
4

12

3
9
6
7

0.878
0.181
0.853
0.293

* implies comparison is significant
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The role of ESS in CF patients post-lung transplant is considered 

good practice to eradicate bacterial colonisation in the parana-

sal sinuses thus decreasing the likelihood of transplant infec-

tion and ultimately improving survival (22). The leading cause 

of morbidity in CF patients post-transplant is Pseudomonas 

aeruginosa-associated lung infection (15). There is suggestion that 

decolonisation of the paranasal sinuses post-ESS correlates with 

decreased incidence of infection on bronchoalveolar lavage (15), 

decreased recurrent pulmonary infections and improved 5-year 

survival (9). Although SNOT-22 scores decreased post-ESS in the 

transplant cohort, there was no statistically significant improve-

ment in lung function (FEV1). This is possible as the transplant 

cohort are less likely to have chronic recurrent pulmonary 

infections.

Surgical approach and revision rates

The purpose of endoscopic sinus surgery was primarily to era-

dicate disease and create a wide surgical cavity that allows ef-

fective long-term care with topical medications and sinus rinse. 

Most experts recommend extensive surgery to ensure that the 

maxillary, frontal, sphenoid, and ethmoid sinuses are all widely 

opened with smoothing of bony overhangs to prevent mucus 

retention and bacterial recolonization coupled with postopera-

tive meticulous daily nasal irrigations (7).

In CF, a 19-28% revision rate is reported in the literature (18,24), 

higher than the reported revision rate of 4-15% for CRS (25,26). Our 

revision rate is similar at 36%. Although our revision-ESS cohort 

didn’t have a significant improvement in lung function, they did 

note a significant subjective improvement in symptoms and 

SNOT-22 scores.

Limitations of the study

Multiple studies suggest that symptom management with 

ESS may be temporary, and the symptom profile may recur or 

exceed the pre-operative baseline (15, 27). The length of follow up 

in this patient cohort varies from one to six years, and it is es-

sential to monitor the patients over a longer period to establish 

maintained improvement in QOL and FEV1. Often patients with 

CRS and CF require multiple sinus surgeries due to symptom 

recurrence. Additionally, the relatively small numbers within the 

subgroups raises the possibility of type 2 errors.

Our trust is a tertiary referral centre for adult patients only: no 

paediatric patients are in this study. The safety and efficacy of 

ESS for children with CF has previously been reported as equal 

to non-CF patients (28).

We should consider that other concurrent CF therapies and 

interventions could have had an impact. Triple-therapy CFTR 

modulators (elexacaftor/tezacaftor/ivacaftor) treat up to 90% of 

CF patients with statistically significant improvements in FEV1 

and pulmonary exacerbations (9, 29) and lower sinus bacterial co-

lonisation (30). CFTR modulators can improve FEV1 in CF patients 

with mild, moderate and severe pulmonary disease (31). A recent 

CRS prospective triple-CFTR study reported significant improve-

ments in both SNOT-22 and CF-related quality of life scores (32). 

Patient on triple-therapy CFTR modulators, licensed in the UK 

since 2020, were excluded from our study. The long-term effects 

of this medication on the CRS symptom profile and maintained 

improvement in SNOT-22 scores and spirometry needs to be 

evaluated. As the long-term outcomes of these patients is yet 

undetermined, and the increasing lifespan of CF patients, it is 

recognised that further investigation is needed to establish 

the optimum treatment with CFTR modulators and surgery for 

CRS-CF (9).

Conclusion
CF patients are a complex subgroup of CRS patients to treat. 

With an increasing life expectancy, current management for 

chronic conditions such as CRS in CF is rapidly evolving. Endo-

scopic sinus surgery remains a viable treatment option with 

established symptomatic and clinical benefit for these patients. 

Stricter guidelines need to be established with regards to the 

increasing number of CF patients who will undergo ESS in the 

future.

Authorship contribution
YD: acquisition, analysis, interpretation of data, writing draft; 

RT: acquisition, writing draft; JM: acquisition, analysis, interpre-

tation of data; HS: supervision, final approval; CR- supervision, 

revisions, final approval.

Conflict of interest
No conflict of interest to declare.

Funding
N/A

References 
1. Donnelley M, Parsons DW. Gene therapy 

for cystic fibrosis lung disease: overcoming 
the barriers to translation to the clinic. Front 
Pharmacol. 2018;9:1381.

2. Krajewska J, Zub K, Słowikowski A, Zatoński 

T. Chronic rhinosinusitis in cystic fibrosis: 
a review of therapeutic options. Eur Arch 
Otorhinolaryngol. 2022 Jan;279(1):1-24.

3. Lazio MS, Luparello P, Mannelli G, Santoro 
GP, Bresci S, Braggion C, et al. Quality of life 
and impact of endoscopic sinus surgery 

in adult patients with cystic fibrosis. Am J 
Rhinol Allergy. 2019;33(4):413-9.

4. Trust CF. UK Cystic Fibrosis Registry - 2020 
Annual Data Report. 2020.

5. Mainz JG, Koitschev A. Management of 
chronic rhinosinusitis in CF. J Cyst Fibros. 

Corrected Proof



6

Devabalan et al. 

2009 Jun:8 Suppl 1:S10-4.
6. Dadgostar A, Nassiri S, Quon BS, Manji J, 

Alsalihi S, Javer A. Effect of endoscopic sinus 
surgery on clinical outcomes in DeltaF508 
cystic fibrosis patients. Clin Otolaryngol. 
2021 Sep;46(5):941-947.

7. Fokkens WJ, Lund VJ, Hopkins C, et al. 
European Position Paper on Rhinosinusitis 
and Nasal  Polyps 2020.  Rhinology. 
2020;58(Suppl S29):1-464.

8. Karanth TK, Karanth V, Ward BK, Woodworth 
BA, Karanth L. Medical interventions for 
chronic rhinosinusitis in cystic fibro-
s i s .  Co c h r a n e  D a t a b a s e  S y s t  R e v. 
2019;10(10):Cd012979.

9. Johnson BJ, Choby GW, O'Brien EK. Chronic 
rhinosinusitis in patients with cystic fibro-
sis-Current management and new treat-
ments. Laryngoscope Investig Otolaryngol. 
2020;5(3):368-74.

10. McCormick J, Cho DY, Lampkin B, et al. 
Ivacaftor improves rhinologic, psychologic, 
and sleep-related quality of life in G551D 
cystic fibrosis patients. Int Forum Allergy 
Rhinol. 2019;9(3):292-7.

11. Sawicki GS, McKone EF, Pasta DJ, , et al. 
Sustained Benefit from ivacaftor demon-
strated by combining clinical trial and cystic 
fibrosis patient registry data. Am J Respir 
Crit Care Med. 2015;192(7):836-42.

12. Tipirneni KE, Woodworth BA. Medical and 
surgical advancements in the management 
of cystic fibrosis chronic rhinosinusitis. Curr 
Otorhinolaryngol Rep. 2017;5(1):24-34.

13. Chowdhury NI, Mace JC, Bodner TE, et al. 
Investigating the minimal clinically impor-
tant difference for SNOT-22 symptom 
domains in surgically managed chronic 
rhinosinusitis. Int Forum Allergy Rhinol. 
2017;7(12):1149-55.

14. Mainz JG, Gerber A, Arnold C, Baumann J, 
Baumann I, Koitschev A. [Rhinosinusitis in 
cystic fibrosis]. HNO. 2015;63(11):809-20.

15. Kang SH, Dalcin Pde T,  Pi ltcher OB, 
Migliavacca Rde O. Chronic rhinosinusi-
tis and nasal polyposis in cystic fibrosis: 
update on diagnosis and treatment. J Bras 
Pneumol. 2015;41(1):65-76.

16. Riedl D, Dejaco D, Steinbichler TB, et al. 

Assessment of health-related quality-of-life 
in patients with chronic rhinosinusitis - vali-
dation of the German Sino-Nasal Outcome 
Test-22 (German-SNOT-22). J Psychosom 
Res. 2021;140:110316.

17. Kawai K, Dombrowski N, Sawicki GS, Adil 
EA. Improvement of pulmonary func-
tion in cystic fibrosis patients following 
endoscopic sinus surgery. Laryngoscope. 
2021;131(9):1930-8.

18. Alanin MC, Aanaes K, Høiby N, et al. Sinus 
surgery postpones chronic Gram-negative 
lung infection: cohort study of 106 patients 
with cystic fibrosis.  Rhinology. 2016; 
54(3):206-13.

19. Ferril GR, Nick JA, Getz AE, et al. Comparison 
of radiographic and clinical characteris-
tics of low-risk and high-risk cystic fibro-
sis genotypes. Int Forum Allergy Rhinol. 
2014;4(11):915-20.

20. Halderman AA, Lee S, London NR, et al. 
Impact of high- versus low-risk genotype 
on sinonasal radiographic disease in cystic 
fibrosis. Laryngoscope. 2019;129(4):788-93.

21. Rasmussen J, Aanæs K, Norling R, Nielsen 
KG, Johansen HK, von Buchwald C. CT of 
the paranasal sinuses is not a valid indica-
tor for sinus surgery in CF patients. J Cyst 
Fibros. 2012;11(2):93-9

22. Hughes A, Adil EA. Is Endoscopic sinus 
surgery beneficial post lung transplant 
in cystic fibrosis patients? Laryngoscope. 
2021;131(7):1446-7.

23. Jaberoo MC, Pulido MA, Saleh HA. Modified 
Lothrop procedure in cystic f ibrosis 
patients: does it have a role? J Laryngol 
Otol. 2013;127(7):666-9.

24. Smith KA, Gill AS, Beswick DM, et al. 
Cystic fibrosis increases long-term revi-
s ion rates of endoscopic sinus sur-
gery in patients with comorbid chron-
ic rhinosinusitis. Am J Rhinol Allergy. 
2021;0(0):19458924211046719.

25. Miglani A, Divekar RD, Azar A, Rank MA, Lal 
D. Revision endoscopic sinus surgery rates 
by chronic rhinosinusitis subtype. Int Forum 
Allergy Rhinol. 2018;8(9):1047-51.

26. Smith KA, Orlandi RR, Oakley G, Meeks H, 
Curtin K, Alt JA. Long-term revision rates for 

endoscopic sinus surgery. Int Forum Allergy 
Rhinol. 2019;9(4):402-8.

27. Yung MW, Gould J, Upton GJG. Nasal poly-
posis in children with cystic fibrosis: a long-
term follow-up study. Ann Otol, Rhinol 
Laryngol. 2002;111(12):1081-6.

28. Tumin D, Hayes D, Jr., Kirkby SE, Tobias JD, 
McKee C. Safety of endoscopic sinus sur-
gery in children with cystic fibrosis. Int J 
Pediatr Otorhinolaryngol. 2017;98:25-8.

29. Beswick DM, Humphries SM, Balkissoon CD, 
et al. Impact of cystic fibrosis transmem-
brane conductance regulator therapy on 
chronic rhinosinusitis and health status: 
deep learning CT analysis and patient-
reported outcomes. Ann Am Thorac Soc. 
2022;19(1):12-19.

30. Uyttebroek S, Dupont L, Jorissen M, Van 
Gerven L. Upper airway disease in adults 
with cystic fibrosis in the era of CFTR modu-
lators. Laryngoscope. 2023;3(13).

31. Shteinberg M, Taylor-Cousar JL. Impact of 
CFTR modulator use on outcomes in peo-
ple with severe cystic fibrosis lung disease. 
Eur Resp Rev. 2020;29(155):190112.

32. DiMango E, Overdevest J, Keating C, Francis 
SF, Dansky D, Gudis D. Effect of highly effec-
tive modulator treatment on sinonasal 
symptoms in cystic fibrosis. J Cyst Fibros. 
2021;20(3):460-3.

Mr Yadsan Devabalan

Department of Otolaryngology

Head and Neck Surgery

Charing Cross Hospital

Imperial College Healthcare NHS 

Trust

Fulham Palace Rd

Hammersmith

London W6 8RF

United Kingdom

E-mail: yadsan.devabalan@nhs.net

Yadsan Devabalan1, Rebecca Towning1, Jennifer Magill1,2, Hesham Saleh1,2, 
Catherine Rennie1,2

1 Department of Otolaryngology, Charing Cross Hospital, Imperial College Healthcare NHS Trust, London, UK

2 The Royal Brompton Hospital, Royal Brompton and Harefield NHS Foundation Trust, London, UK

Rhinology 62: 4, 0 - 0, 2024

https://doi.org/10.4193/Rhin23.057

*Received for publication:

February 6, 2023

Accepted: March 2, 2024

Corrected Proof




