
SYSTEMATIC REVIEW

Endoscopic sinus surgery in patients with cystic fibrosis: 

A systematic review and meta-analysis of pulmonary 

function  

SUMMARY 

Introduction: The role of endoscopic sinus surgery (ESS) in patients with cystic fibrosis (CF) is not clearly defined. 

Objective: To perform a systematic review of subjective and objective outcomes of ESS in CF. 

Methods: A systematic review was performed using the keywords ‘sinusitis,’ ‘sinus surgery,’ ‘nasal polyps’ and ‘cystic fibrosis.’ The 

quality of papers was assessed using the NICE scoring scale. Outcomes included safety, subjective symptoms, objective endo-

scopy scores, days spent in hospital, courses of antibiotics, and pulmonary function tests (PFTs). 

Results: Nineteen studies involving 586 patients were included in the review. There were four prospective cohort trials, and three 

were rated as good quality. There were no major complications attributable to ESS.  There was consistent evidence in four cohort 

studies of improved sinonasal symptoms, including nasal obstruction, facial pain, headaches, rhinorrhea and olfaction. Three 

studies reported conflicting results in post-operative endoscopy scores. Three studies showed a decrease in days spent in hospital, 

and two showed a significant decrease in courses of intravenous antibiotics. A recent study, however, did not show a difference in 

either days spent in hospital or courses of antibiotics.  Pulmonary function tests were not improved by ESS in six cohort trials, and 

one small study found significant improvement. A meta-analysis of FEV1 scores confirmed no significant difference.

Conclusion: The most consistent findings of this review were that ESS in patients with CF is safe, produces symptomatic benefit, 

and does not consistently improve PFTs.   There were more conflicting results with regards to endoscopy scores, days spent in hos-

pital, and courses of intravenous antibiotics. Future prospective studies, utilizing validated quality of life, symptom and endoscopy 

scales, are needed to further elucidate the role of ESS in the management of chronic rhinosinusitis in CF patients.
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Introduction

Cystic fibrosis (CF) is the most common lethal autosomal reces-

sive disorder in the Caucasian population (1). It is a multisystem 

disorder mostly of exocrine glands that affects the lungs, 

intestines, pancreas and liver. Pulmonary and sinonasal involve-

ment occur in 90 - 100% of patients, and up to 86% of children 

have nasal polyps at some time in their disease course (2,3). The 

universal airway model has been demonstrated in asthma and 

chronic obstructive pulmonary disease, and may eventually 

prove particularly applicable to CF, especially as lung disease is 

the primary cause of mortality in this population (4-9).

Medical advancements have more than doubled the life 
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expectancy of CF patients in recent years (10). This has lead to 

an increased focus on morbidity, including sinonasal disease. 

Chronic rhinosinusitis (CRS) has been shown to have a negative 

effect on quality of life in both the general population (11-14), and 

in patients with CF (15,16). Although medical treatments such as 

topical corticosteroids and mucolytics have shown benefit (17,18), 

the treatment of CRS in CF patients has not been adequately 

studied. This includes endoscopic sinus surgery (ESS), where the 

role in CF patients is debatable (9). 

The authors performed a systematic review of current medical 

literature of ESS in CF patients in effort to clarify: 1) the quality of 

available evidence for ESS in CF patients, 2) the efficacy of ESS in 

CF patients, as measured by subjective and objective outcomes, 

and 3) the safety of ESS in CF patients.  

Methods

A systematic review was performed using Medline, EMBASE and 

Central databases.  The terms used included ‘sinusitis,’ ‘sinus sur-

gery,’ ‘nasal polyps’ and ‘cystic fibrosis’ (limited to human, clinical 

trials, items with abstracts). The search was updated periodically 

until May 2012. 

Abstracts were then reviewed independently by two of the 

authors (AEM and AG). References were cross-referenced to 

ensure all relevant papers were included. After collaboration, 

relevant abstracts were chosen for full-article review. Inclusion 

criteria were: papers published from 1980 onwards, published 

series of 10 or more patients, and a clear description of outcome 

measures used.

The year of 1980 was chosen because ESS was not popularized 

until well after this time. In addition, many studies before 1980 

had very few patients and poorly reported outcomes. Non-

English papers were excluded. All data from the selected papers 

were extracted independently and were quality assessed by two 

authors.

Given the high variability of subjective and objective outcome 

measures associated with CRS studies, specific outcomes were 

not required for inclusion in our review. In addition, there were 

no adjustments made for differences in postoperative manage-

ment of CRS. The goal was instead to attempt to group and 

analyze studies that employed any subjective and/or objective 

measures.

Papers were graded using the NICE (National Institute for Health 

and Clinical Excellence) scoring scale for case series (Appendix). 

The NICE scale has been previously used in systematic reviews in 

Otolaryngology (19). It is based on eight items, each given a score 

of zero or one. Scores equal to or less than three indicate poor 

quality, four and five fair, and six or greater good quality. Studies 

were also graded on level of evidence according to the Oxford 

Centre for Evidence-Based Medicine 2011 Levels of Evidence (20). 

For pooled analysis we used Review Manager (RevMan, version 

5.1. Copenhagen: The Nordic Cochrane Centre, The Cochrane 

Collaboration, 2011). Given the likelihood of inter-study variabi-

lity, we anticipated heterogeneity in outcome measurement and 

reporting across the studies. A random effect model was used 

to combine results across studies if possible. Heterogeneity was 

assessed by the I2 statistic.

Quantitative analysis was performed for those studies reporting 

similar objective outcome measurements and comparisons pre 

and post-operatively. For pulmonary function tests, the mean 

and standard deviations at 6 months postoperatively, compared 

to preoperative values, were chosen as the summary measures. 

If authors separately reported FEV
1 
and FVC the ratio of both 

parameters was calculated to allow pooling of results for a meta-

analysis. The mean difference and 95% confidence intervals (CIs) 

were calculated to determine the overall effect size. A p-value < 

0.05 was considered significant.

Results

The study selection process is shown in Figure 1. One hundred 

and seventy-three abstracts that described outcomes associated 

with ESS in CF patients were initially reviewed. Using the above 

inclusion and exclusion criteria, 45 of these were chosen for full 

length-article review. Upon further analysis, 26 articles were 

excluded, leaving 19 studies for the final review (7,21-38). 

The majority of studies were excluded because: 1) ESS was 

not the primary intervention; 2) ESS was combined with other 

more prominent intervention(s); 3) outcome measures were not 

reported or were poorly defined; and 4) sample size of less than 

ten patients.

The 19 studies included in the review enrolled a total of 586 

patients. Eight of the studies were published in the 1990’s, six in 

the 2000’s and five after 2010 (Table 1). The numbers of subjects 

ranged from 10 to 82, with mostly paediatric and young adult 

patients. The majority of studies reported at least six months 

follow-up postoperatively.

There were 15 retrospective reviews, three prospective cohort 

studies, and one prospective case-control series (24) (Table 2). 

Using the NICE score as a guide, most were poor or fair quality, 

with three studies qualifying as good quality (NICE score 6) (21,27). 

There were several subjective and objective outcomes meas-

ured (Table 2). For the purpose of this review, these were 

grouped into safety, subjective outcomes (symptoms), objective 

measures (endoscopy scores and rates of revision surgery), and 

extra-sinonasal outcomes, (length of hospital stay, courses of 

IV antibiotics, pulmonary function tests (PFTs), and post-lung 

transplant bacteriology). Table 3 shows major groupings with at 

least two studies, as well as level of evidence and summary of 

overall findings.

The details of endoscopic sinus surgery were described in 

fifteen studies (7,21-23,25-27,31-38). The vast majority of procedures 

described included polypectomy, antrostomy, and ethmoidec-
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tomy. Sphenoidotomy and frontal recess exploration were less 

uniformly performed. Three studies examined the benefit of a 

surgical intervention or procedure in addition to ESS. Shatz et 

al., (32) compared 15 paediatric patients who had a combined 

ESS and Caldwell-Luc procedure to a matched group who had 

ESS alone. The ESS + Caldwell-Luc group showed a significant 

decrease in number of hospital admissions, courses of IV anti-

biotics, and increase in forced expiratory volume in 1 second 

(FEV1) in the six months after surgery compared to the six 

months before surgery (all p < 0.006). Moss et al., (26) performed 

serial antimicrobial lavage in 51 patients for at least 7 days after 

surgery. They reported a significant reduction in the revision sur-

gery rates at 2 years follow-up (p = 0.03). Virgin et al., (36) recently 

performed a modified endoscopic medial maxillectomy (MEMM) 

in 22 patients, and found a significant improvement in sinonasal 

symptoms, endoscopy scores, and hospital admissions due to 

respiratory complications, but not in FEV1 scores.

Safety

Eight of 19 studies commented on complications. Seven studies 

Table 1. Study characteristics and NICE quality score.

*NR: Not reported

7,23,25,29,36,37 

Author Year of publication Subjects Mean Age  ±  SD 

(range)

Follow-up mean ± SD   in 

months (range or minimum)

NICE score (/8)

Kempainen (37) 2012 32 26.3 ± 6.9 12 5

Vital (38) 2012 82 26.8 (25.1-28.5) 12 2

Virgin (36) 2012 22 26.5 (19-43) 16 6

Osborn (7) 2011 41 11.9 (5-18) (12) 4

Rickert (28) 2010 49 10.8 (2-39) 87.6 (15.6-180) 4

Khalid (24) 2009 20 30.2  ± 12.3 (18-58) 13.1 ± 7.9 5

Keck (21) 2007 26 (3-33) 23 (6-74) 6

Shatz (32) 2006 15 13.8 (9-19) 42 (8-84) 2

Jarrett (23) 2004 17 (4-16) (12) 4

Yung (33) 2002 12 9 (5-16) (6) 3

Rosbe (29) 2001 66 17 ± 9.1 (6) 4

Schulte (31) 1998 23 (3-69) (6) 1

Madonna (25) 1997 15 (5-24) NR 4

Triglia (34) 1997 27 12.6 (4-18) 39 (6-132) 4

Rowe-Jones (30) 1996 46 NR* 28 (1-72) 2

Gentile (35) 1996 11 14.9 (6-25) 21 (3-48) 2

Nishioka (27) 1995 21 12.3 (4-25) 34.3 (18-46) 6

Moss (26) 1995 51 NR* (12) 4

Cuyler (22) 1992 10 NR* 24 (30-42) 2
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of 178 patients specifically stated there were no, or few and 

minor, complications due to sinus surgery in the study period 
(22,28,31,32,34,36,37). Minor complications were described in one study 

as mild bleeding intraoperatively (37). Keck et al., (26 patients) 

described two patients that developed intracranial complica-

tions, one with meningitis and another with a frontal abscess, 

in the post-operative period (21). These were discussed in detail. 

Both patients previously had mucopyoceles with extensive 

sinus surgery, and it was felt that the ESS performed in the study 

period did not contribute to these complications. Virgin et al., 

reported on three patients who died from pulmonary compli-

cations, postoperatively (36).  The authors did not believe these 

were related to surgery.

Although not explicitly stated in all studies, there were no 

reported major complications attributed to ESS in any of the 19 

studies comprising 586 patients.

Subjective Outcomes

Major sinonasal symptoms were the most commonly stud-

ied outcomes, reported in ten of the studies (21,24,27,30-36). These 

included nasal obstruction, rhinorrhea, headaches, facial pain, 

and olfaction. However, detailed reporting with symptom scales 

and statistical analysis was performed in four studies, (21,24,27,36) 

whereas many studies simply stated whether patients reported 

improvement or not. For example, Triglia et al., reported that 

of 27 paediatric patients with a mean follow-up of one year, 

nasal obstruction and rhinorrhea decreased in 84% and 68% 

of cases, respectively (34). These four studies were the only ones 

that scored five or six on the NICE scale (all other studies scored 

lower).

A pooled analysis was not possible because no two studies used 

the same questionnaire. Virgin et al., used the 22-item Sinonasal 

Outcome Test (SNOT-22) questionnaire prospectively in 21 pa-

tients up to one year postoperatively (36). Khalid et al., examined 

20 adult patients at six months follow-up with the Rhinosinusitis 

Disability Index (RSDI) and the Chronic Sinusitis Survey (CSS) 
(24). Keck et al., used a non-validated Likert scale to examine 

symptom outcomes in 26 patients, with at least six months of 

follow-up (21), and Nishioka generated a scale in 21 patients with 

at least 18 months of follow-up (27). 

All four studies found a significant decrease in all sinonasal 

symptoms, although Keck et al., did not find a difference in 

olfaction, and Nishioka et al., did not find a difference in head-

aches. Virgin et al., found sustained significant improvements in 

SNOT-22 scores at one year, postoperatively.

The study by Khalid et al., was a prospective case-control trial, 

Figure 1. Literature search algorithm.
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Author Outcomes Measured Resultsa

Kempainen (37) PFTsb

Hospital admissions (pulmonary exacerbations)

IV antibiotics

No significant change

Vital (38) Sinus and lung microbiology, ESS performed post lung 

transplant

Direct correlation between sinus colonization & lung allograft 

infection (p < 0.0001) post lung transplant

Virgin (36) Symptoms: obstruction, facial pain, rhinorrhea, olfaction, 

cough (SNOT-22)

Endoscopy score (Lund-Kennedy)

PFTsb

Hospital admissions (pulmonary exacerbations)

Significant improvement in symptoms, (p < 0.0001) endoscopy 

score (p < 0.0001) and hospital admissions (p < 0.05)

No significant change in PFTs

Osborn (7) PFTsb

Respiratory tract microbial pathogens

No significant change

Rickert (28) Endoscopic polyp score (Malm score)

Need for revision surgery

Preoperative Malm score predicted need for revision surgery (all 

p ≤ 0.04)

Khalid (24) Symptoms: obstruction, rhinorrhea, headaches, facial 

pain, quality of life (RSDI & CSSb)

Endoscopy score (Lund-Kennedy)

Significant improvement in all symptoms (all p ≤ 0.004) except 

medication usage (CSS)

No change in endoscopy score

Keck (21) Symptoms: obstruction, rhinorrhea, headaches, facial 

pain, olfaction (Likert scale)

Polyps (Malm score)

Significant decrease in all (all p < 0.003) except olfaction

Significant decrease (p < 0.01)

Shatz (32) Symptoms: obstruction, rhinorrhea, headaches, facial 

pain

Endoscopy: polyps, conchal hypertrophy

Hospital days and IV antibiotics

PFTsb

Significant decrease # of hospital admissions, PFTs, and courses 

IV antibiotics (all p < 0.006)

Statistical analysis not applied to other outcomes

Jarrett (23) PFTsb No significant change

Yung (33) Symptoms: obstruction, rhinorrhea, olfaction, headache, 

facial pain

Nasal endoscopy

No statistical analysis

Rosbe (29) Hospital days 

Oral & inhaled steroid use

PFTsb

Significant reduction (p < 0.001)

No significant change

No significant change

Schulte (31) Overall symptom recurrence

Rates of revision surgery

No statistical analysis

Madonna (25) PFTsb No significant change

Triglia (34) Symptoms: obstruction, rhinorrhea

Endoscopy (polyps)

PFTsb

Courses IV antibiotics

Significant decrease in the number of courses of antibiotics (all 

p < 0.0001)

Statistical analysis not applied to other outcomes

Rowe-Jones (30) Symptoms: obstruction, rhinorrhea, headache 40/46 improved, no statistical analysis

Gentile (35) Symptoms: obstruction and headache No statistical analysis

Nishioka (27) Symptoms: obstruction, olfaction, rhinorrhea, head-

aches, facial pain, activity level, self-reported sinus 

infections

Significant improvement in all (all p < 0.004) except headaches

Moss (26) Need for revision surgery, compared ESS and serial anti-

microbial lavage (ESSAL) to conventional ESS

Significant reduction in revision surgery in ESSAL group at 2 

years follow-up (p = 0.03)

Cuyler (22) Pre- and post-operative CT findings No significant change

Table 2. Study outcomes.

a p scores are reported as the least significant score for a group of results.

b RSDI: Rhinosinusitis Disability Index; CSS: Chronic Sinusitis Survey; PFTs: Pulmonary function tests; IV: Intravenous; CT: Computed tomography
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comparing ESS in patients with CF to matched controls without 

CF (24). Although, they found worse baseline CT and endoscopy 

scores in their CF population (p < 0.05), the degree of improve-

ment on endoscopy scores and subjective questionnaires was 

similar in both groups (p > 0.07).

Objective Outcomes

Endoscopy Scores. Objective outcomes were reported in twelve 

studies, with statistically analyzed data in seven of the studies. 

Four studies examined endoscopy scores (21,24,28,36). Khalid et al., 

found no difference in Lund-Kennedy scores postoperatively in 

either group of 20 patients with CF and 20 matched controls, 

at six months follow-up (24). This is in contrast to the results by 

Virgin et al., which showed a sustained significant improvement 

in Lund-Kennedy scores up to one year, postoperatively (36). Keck 

et al., found a significant decrease in polyps in 26 patients with 

at least eight months follow-up using the Malm score (21). Rickert 

et al., also used the Malm score to grade polyps preoperatively, 

and found that patients with higher polyp severity were more 

likely to need revision surgery (p ≤ 0.04) (28).

Predictors of Revision Surgery. Factors predictive of revision 

surgery were examined in two studies.  In addition the study 

described above by Rickert et al., Moss and colleagues found the 

need for revision surgery was significantly reduced in patients 

who received serial antimicrobial lavage compared to patients 

who received conventional ESS (26).

Extra-Sinonasal Outcomes

Hospital admissions. Four studies compared pre- and postopera-

tive days spent in hospital. These admissions were usually noted 

to be secondary to pulmonary exacerbations. Two studies found 

a significant decrease in the 6 months after surgery compared 

to the 6 months before surgery (p < 0.006) (29,32), and another 

reported similar findings on 12 month follow-up (36). However, 

a recently published larger retrospective review of 32 patients 

by Kempainen and colleagues found no difference in number 

of days spent in hospital when comparing 6 months pre- and 

post-operatively, as well as between 12 months, pre- and 

post-operatively (37).

Figure 2. Literature search algorithm.

Table 3. Summary of studies using statistical analysis.

a Oxford Centre for Evidence-Based Medicine 

Outcome Study Characteristics Level of Evidencea Findings

Symptoms (obstruction, 

facial pain, headaches, 

rhinorrhea, olfaction)

Two prospective cohorts (27,36)

One prospective case-control series (24)

One retrospective cohort (21)

3 Significant improvement in all studies

Endoscopy Scores Two prospective cohorts (24,36)

One retrospective cohort (21)

3 Two studies showed significant improvement 

(Virgin et al., Keck et al.). One showed no differ-

ence (Khalid et al.)

Hospital admissions One prospective cohort (36)

Three retrospective cohorts (29,32,37)

3 Three studies showed significant improvement 

(Virgen et al. Rosbe et al. Shatz et al.). One showed 

no difference (Kempainen et al.)

Courses of intravenous 

antibiotics

Three retrospective cohorts (32,34,37) 3 Two studies showed significant reduction (Triglia 

et al., Shatz et al.).  One showed no difference 

(Kempainen et al.)

Pulmonary function tests One prospective cohort (36)

Six retrospective cohorts (7,23,25,29,32,37)

3 Forrest plot meta-analysis showed no significant 

difference (p = 0.42)



366

Macdonald et al. 

Courses of Antibiotics. Three studies compared the number of 

courses of intravenous antibiotics prescribed for lung infections, 

pre- and postoperatively. Two found a significant reduction after 

ESS (32,34), whereas the review by Kempainen and colleagues did 

not show a difference (37).

Pulmonary Function Tests. Pulmonary function tests (PFTs) were 

compared pre- and postoperatively in eight studies; seven of 

these used statistical analyses (7,23,25,29,32,36,37). Six studies, all of 

which had relatively high NICE scores of 4 and above, found no 

post-operative change in PFTs in CF patients undergoing ESS 
(7,23,25,29,36,37). These included 193 patients with at least six months 

follow-up, postoperatively. Although Jarrett et al., found signifi-

cant improvement in PFTs at one-month postoperatively, these 

changes were not sustained at six and 12 months, postopera-

tively (23).  

Shatz et al., (NICE score 2) retrospectively examined 15 patients 

and found significant improvements in FEV1 scores at 6 months, 

postoperatively (32). These values tended to decrease at one year 

postoperatively, but there were insufficient patient numbers for 

statistical analysis.

An eighth study enrolled 15 patients and examined PFTs 

preoperatively. The authors similarly did not find significant 

improvement in PFTs postoperatively, but did not report fol-

low-up (25). 

Quantitative analysis was performed grouping 4 retrospective 

and 1 prospective cohort trials that reported the same PFTs 

parameters. Effect estimates for each study as well as combined 

results are shown via Forest plots (Figure 2). 

The pooled mean difference (95% CI) of FEV
1 
% (also reported as 

ratio of FEV
1
/FVC) after ESS in 198 CF patients was -5.08 (95%CI, 

-17.48, 7.31). High heterogeneity was seen across studies (I2: 

76%), leading to a non-statistically significant difference in FEV
1
 

% after ESS (p = 0.42). This wide confidence interval is not sur-

prising as there was great variability in the results pooled from 

the five studies, mainly due to the limited sample sizes. 

Post-lung Transplant Microbiology. Vital et al., described ESS and 

diligent post-operative care in 82 patients who had recently re-

covered from lung transplantation. Their results showed a highly 

significant correlation of sinus colonization and lung allograft 

infection post-ESS (p < 0.0001) (38). ESS resulted in a reduced 

sinonasal bacterial load, which correlated with reduced bacterial 

cultures on bronchoalveolar lavage. The authors theorized that 

routine ESS after lung transplant in CF patients may help pre-

vent pulmonary complications including allograft rejection.

Other outcomes

One study found that ESS did not affect respiratory tract microb-

ial pathogens (7), and another found no difference in oral and 

inhaled steroid usage (29).

Discussion

When CF was first recognized as a specific disease entity in 1938, 

most patients died shortly after diagnosis (39). In 1960, patients 

with CF were not expected to live past childhood (40). In the last 

50 years, the understanding of the natural course of CF has led 

to better treatment of respiratory infections, enhancement of 

mucociliary clearance and improved nutritional status (39). As a 

result, survival in CF patients has progressively improved over 

the last 4 decades, and today carries a median survival into the 

sixth decade. This improvement in survival has translated into a 

focus on decreasing morbidity.

CRS in CF patients deserves special attention for several reasons. 

Symptoms and findings of CRS are almost ubiquitous in CF pa-

tients (22,35). Over 80% have nasal obstruction, one quarter have 

anosmia, and over half experience rhinorrhea and daily head-

aches. Almost all patients have abnormal endoscopic exams 
(41-43). Specific imaging characteristics have been described in 

CF patients, including frontal and sphenoid sinus hypoplasia, 

demineralized uncinate processes, and medial displacement of 

the lateral nasal wall (44). Finally, CF should theoretically provide a 

model example for the unified airway theory. Almost all patients 

have both CRS and decreased lung function, and the underlying 

pathophysiological mechanism in CF helps explain the disease 

manifestations in both systems. However, our findings suggest 

the unified airway model may not be applicable to CRS in CF 

patients, as discussed further below.

This is the first systematic review of ESS in CF patients, summar-

izing findings of 19 studies employing a total of 586 patients. 

As there was a lack of consistent outcomes a meta-analysis was 

just performed only for PFTs. Most trials were retrospective, 

and three were graded as good quality according to the NICE 

scale. Some studies contained only qualitative data. Qualitative 

research is capable of being methodologically sound, and has a 

role for inclusion in systematic reviews (45,46). A strict set of inclu-

sion criteria, for example including only randomized controlled 

trials, would have yielded no studies. The authors felt that the 

inclusion of these 19 studies instead provides a more compre-

hensive picture of the body of literature of ESS in CF patients. 

We however acknowledge the risks of selection bias, outcome 

assessor bias due to lack of blinding as well as attrition bias. The 

small number of studies suitable for meta-analysis did not allow 

us to accurately perform a quantitative assessment of publica-

tion bias (e.g. funnel plot).  

ESS in CF is a safe surgical procedure, which is concordant with 

the safety of ESS in the general population (47). The safety of ESS 

in CF patients has previously been shown to be similar to non-

CF patients (48). 

Several studies are worth discussing further, including the four 
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that examined subjective symptoms and objective endoscopy 

scores, and the seven that compared PFTs.

Four studies examining subjective symptoms showed a signifi-

cant decrease in many of the major symptoms of CRS, including 

nasal obstruction, rhinorrhea, headaches, facial pain, and olfac-

tion (21,24,27,36). These studies comprised 79 patients with at least 6 

months of follow-up, postoperatively. 

Three studies compared pre- and post-operative endoscopic 

disease burden, with conflicting results. Interestingly, the 

prospective case-control study by Khalid et al., did not find a dif-

ference in either the CF patients or the control group of non-CF 

patients (24). With the same scale, Virgin et al., found a sustained 

improvement at one year postoperatively (36). Keck et al., found 

a significant improvement in the Malm score (21). Previous well-

conducted studies have shown endoscopic post-operative 

improvement in CRS patients (49). Future prospective trials using 

validated endoscopy scores (Lund-Kennedy, POSE, Malm) will 

help determine the objective benefit of ESS in CF.

Perhaps the most interesting finding of this review is the six 

studies involving 163 CF patients that did not show a sustained 

benefit in PFTs after ESS. When looking at the overall estimate 

with a meta-analysis, no significant difference was found. This 

is in contrast to CRS in patients with asthma, in which ESS has 

resulted in sustained improvement in PFTs (50,51). 

The findings of this review do not clearly support the unified 

airway theory model. Perhaps the underlying pathophysiologic-

al mechanism of impaired mucociliary function in CF is such 

that pulmonary function is independent of sinonasal disease. 

While discussing their results, Osborn et al., suggested the lack 

of improvement in PFTs may be from the infectious nature of 

lung disease in CF (7). Multicenter case control or cohort studies 

are required to increase sample size and allow a more precise 

estimate of the role of ESS on outcomes in CF.

The lack of randomized controlled trials (RCTs) examining ESS 

in CF patients is not surprising. There are few RCTs of medical 

treatments of CRS in CF patients (17,18,42). In the general CRS popu-

lation, a Cochrane review of ESS efficacy identified only three 

studies involving 212 patients that met inclusion criteria. This 

review excluded studies which enrolled CF patients (47). It is de-

batable whether RCTs involving surgical procedures are possible 

or ethical (47). Despite the variety of outcomes and number of 

lower quality trials, this paper meets the criteria for a systematic 

review (52). 

The quality of research of ESS in CF patients appears to be 

improving. The studies in the last 10 years are of higher quality; 

studies before 2000 had an average NICE score of 3.1, compared 

to 4.1 in studies after 2000. There is a trend towards using valid-

ated subjective and objective scales in assessing outcomes. For 

these reasons along with the improved mortality and awareness 

of ESS in CF patients, we should see more consistent clinical 

trials, potentially amenable to a meta-analysis. Other outcomes 

and variables should be analyzed, including various CF geno-

types and phenotypes, and their response to surgery (53).

There were several articles excluded which did examine the 

efficacy of ESS in CF, and were close to inclusion in this review, 

but were felt to be lacking either in quality of outcomes, or num-

ber of patients. The authors however tried to be generous in 

papers that were accepted in the review, mostly for the reasons 

stated above. For example, Becker and colleagues (54) examined 

81 patients with CF. Sixty-one had ESS, and 41 had pre- and 

post-operative PFTs. The Lund-Mackay score of the preopera-

tive CT scan was significantly predictive of the need for repeat 

surgery. There was no significant difference in PFT values. This 

article was excluded because the demographics of the 61 pa-

tients who had ESS were not separately described, but grouped 

with the initial 81 patients. We could not accurately represent 

this article, although it had meaningful results. The reader is en-

couraged to review several additional articles regarding ESS in 

CF if there is a desire to complete a more exhaustive search (54-60).

Conclusion

This systematic review examining endoscopic sinus surgery in 

patients with cystic fibrosis included 19 studies described and 

586 patients. There were 15 retrospective reviews, three pro-

spective cohort studies, and one prospective case-control series. 

ESS in this population was safe. ESS produces a significant sub-

jective benefit in major CRS symptoms, as shown in four studies. 

Three studies report conflicting results with regards to endo-

scopic improvement, postoperatively. Three studies showed a 

significant decrease in days spent in hospital postoperatively, 

and two found a significant decrease in the number of courses 

of intravenous antibiotics. A more recent study did not show a 

difference in either days spent in hospital or courses of antibiot-

ics. Pulmonary function tests were not improved by ESS in six 

cohort trials, and a meta-analysis confirmed no significant differ-

ence. There is a need for further prospective trials examining the 

role ESS in CF patients, preferably utilizing validated scales.
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