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Sinus surgery postpones chronic Gram-negative lung infection: cohort study of 106 patients with cystic fibrosis.   
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Running title
Sinus surgery in CF

Summary 
Background
In patients with cystic fibrosis (CF) the sinuses are a bacterial reservoir for Gram-negative bacteria (GNB) including Pseudomonas aeruginosa. In the sinuses, the GNB can adapt to the airways and repeatedly migrate into the lungs. In a one-year follow-up study, endoscopic sinus surgery (ESS) with adjuvant therapy reduced the frequency of pulmonary samples positive for GNB. We investigated whether the effect is sustained. 
Methodology
We report the effect of ESS and adjuvant therapy three years postoperatively in a CF cohort participating in this prospective clinical follow-up study. Adjuvant therapy included two weeks of intravenous antibiotics, twice daily nasal irrigation with saline and antibiotics, topical nasal steroids, and rhinologic follow-up. The primary endpoint was the lung infection status defined by the Leeds criteria. 
Results
One hundred and six CF patients underwent ESS; 27 had improved lung infection status after three years. The prevalence of patients free of lung colonization with GNB significantly increased from 16/106 patients (15%) preoperatively to 35/106 patients (33%) after three years. The total cohort had decreasing lung function during follow-up; however, in the 27 patients with improved lung infection status we observed stable lung function. Revision surgery was performed in 31 patients (28%). 
Conclusion
ESS with adjuvant therapy significantly improves the lung infection status for at least three years in our cohort of patients with CF and may postpone chronic lung infection with GNB and thus stabilize lung function.  









Introduction 
In patients with cystic fibrosis (CF) the mucociliary escalator is compromised due to a defect in chloride ion transport leading to depletion of the periciliary liquid layer (1) and impaired mucus detachment (2). The result is viscous mucus and decreased mucociliary clearance (3). 
Morbidity and mortality in CF are significantly influenced by pulmonary colonization and infections with particularly Gram-negative bacteria (GNB) such as Pseudomonas aeruginosa, Achromobacter xylosoxidans, and Burkholderia spp.; thus intensive antibiotic treatment is mandatory (4). Patients are usually intermittently lung colonized in childhood, but despite intensive antibiotic therapy chronic infection is rarely prevented – only postponed. Approximately 32% of all Danish CF patients are chronically infected in early adulthood (5). The bacteria in the lungs are initially susceptible to antibiotics (6) and can usually be eradicated in intermittently colonized patients. Nevertheless, a patient is often re-colonized with the identical genotype (7;8). The source of this re-colonization can be the paranasal sinuses, which may act as a bacterial reservoir (7;9-12), where the GNB can adapt and repeatedly migrate to and colonize the lungs (13). Similar source of re-colonization applies in lung transplanted CF patients causing lung allograft infections (14;15).
Chronic rhinosinusitis (CRS) with or without nasal polyposis is common in patients with CF (16;17), and has a substantial negative impact on quality of life (18). No international guidelines for standardised therapeutic strategy in CRS management or management of sinus infections in CF currently exist and systemic antibiotic treatment may only have a limited effect on upper airway bacterial infections in CF encouraging surgical management (19). 
We have previously demonstrated a significant one year postoperative effect on the frequency of pulmonary samples positive for GNB, sinus symptoms measured by Sino nasal outcome test 22 (SNOT-22) (20), and a general improved health related quality of life (HR-QoL) (21) in 106 patients with CF (22). In the present study we have extended the follow-up period with additional two years in this well characterized cohort. 
The primary aim was to investigate longer-term impacts of ESS on CF outcomes, and specifically to understand if ESS with adjuvant therapy affects the lung infection status, and the lung function decline in CF patients intermittently lung colonized with P. aeruginosa. 




Materials and Methods 
Patients
We undertook a prospective, uncontrolled, observational study of 106 CF patients followed at the CF Centre Copenhagen, and who had ESS in the period from September 2007 to January 2012. Consequently, all patients had a minimum of three years follow-up in January 2015 with outcome data on lower airway samples, antibody response against GNB in serum samples, body weight, lung function tests, and quality of life-questionnaires. Post ESS data were compared with preoperative data extracted from our CF database. 
CF patients affiliated with the outpatient clinic of the CF Centre Copenhagen are seen on a monthly basis for clinical examination, lung function measurement, and collection of sputum sample for microbiological culture. Blood samples are obtained every third month for analyses. 
Besides ESS with adjuvant therapy the daily treatment protocol was unchanged during the period studied (23). The CF diagnosis, demographic data, the indication for ESS and the results one year after ESS have been reported previously (22). In brief, the three main indications for ESS are: 
· Search for an infectious focus in CF patients intermittently lung colonized with GNB and/or increase in precipitating antibodies 
· Patients with recent (with-in one year) lung transplantation
· Patients with severe symptoms of CRS according to the European position paper on rhinosinusitis and nasal polyps (EPOS) criteria (24) with unsatisfactory effect of conservative treatment.

Endoscopic sinus surgery and adjuvant therapy
ESS was performed with a navigation system based on a preoperative computed tomography scan with at least 1 mm slice thickness and included uncinectomy, anterior anthrostomy with creation of large openings comprising more than half the medial maxillary wall, ethmoidectomi, and frontal- and sphenoid sinus anthrostomies. Multiple samples for culture were obtained. Postoperative adjuvant therapy include two weeks of intravenous antibiotics according to susceptibility testing of the cultured GNB, twice daily nasal irrigations with saline and local antibiotics adjusted after susceptibility testing for six months, topical nasal steroids for at least three months, and rhinologic follow-up after 14 days, three, six and 12 months (22). 

Lung infection status
Leeds criteria (25) were used to define GNB infection status:  
· chronic infection, when >50% of the preceding 12 months´ sputum cultures were positive 
· intermittent infection, when ≤50% of the preceding 12 months´ sputum cultures were positive
· free from infection, no growth of bacteria in the lungs within the previous 12 months
We compared the GNB lung infection status two and three years after ESS with the status prior to ESS.  

Lower airway cultures
The percentage of positive lower airway samples with CF pathogens 365 days preceding ESS were compared with cultures obtained 365—1095 days following ESS. We did not discriminate between outcomes of the methods used to obtain the sample: expectorated sputum, endolaryngeal suction or bronchoalveolar lavage (BAL). However, using microscopy on all samples it was ensured that lower airways were represented.
Only the most frequently cultured GNB was evaluated. Our main interest was the frequency of positive bacterial samples with the dominant pathogen from the lower airways before and after ESS. If patients were colonized with a new CF pathogen after initial eradication it was recorded and reported. Sinus and lower airway samples were cultured as previously described (26).   

Lung function tests 
Spirometry was performed at every visit before ESS and at every visit during follow-up. We report the average of all measurements as percent of predicted values and as trend slopes the year before surgery, and two and three years after as described previously (22). We hypothesized, that ESS with adjuvant therapy would reduce the decline in lung function in patients intermittently colonized with P. aeruginosa, and assessed the effect of ESS on the mean %FEV1 trajectory over time. The methods are described in (27). 

Body Mass Index
Height and weight were recorded and body mass index (BMI z-scores) calculated at every visit. The mean BMI prior to surgery was compared with postoperative values.  

Sino nasal outcome test 22 (SNOT-22) and Health-related quality of life (HRQoL) 
SNOT-22 is a validated health related quality of life instrument. It highlights the impact of chronic rhinosinusitis on quality of life, and can also be used to estimate the effect of ESS (20). The Cystic Fibrosis Questionnaire health-related quality of life (HRQOL) is a validated disease-specific instrument that measures health-related quality of life that can be utilized in clinical trials to assess the effects of new therapies (21).  
Questionnaires collected at least three years postoperatively were compared with pre-operative scores from patients who had been evaluated previously (22). Two age-related HRQoL questionnaires exist: one designed for patients below 14 years, and one for patients above 14 years of age. Patients completed the same age-related questionnaire as before surgery independent of their postoperative age for comparison. 

Serum GNB specific antibodies    
Precipitins against relevant CF GNB using crossed immunoelectrophoresis are measured annually in CF patients. Normal values are 0 and 1. Two or more precipitins against P. aeruginosa are considered as chronic infection (28;29). 

Pulsed-field gel electrophoresis (PFGE)
Stored P. aeruginosa isolates from patients with 1) intermittent lung colonization at the time of surgery, 2) a positive per operative sinus culture, and 3) intermittent recolonization with P. aeruginosa after ESS were genotyped using PFGE as described previously (26). The PFGE bands were evaluated visually according to the guidelines of Tenover et al. (30). Isolates with differences in two or less bands were considered identical. We assessed the relatedness between isolates obtained during ESS with the recolonizing isolate.  

Statistics 
Statistical Software Analysis (SAS), version 9.3 was used for statistical analysis comparing pre- and postoperative measurements. A paired t-test was used to compare the measured data. McNemar´s test was used to compare the change in lung infection status. 

Ethics 
[bookmark: sagsnr]The study was approved by the Danish Data Protection Agency (2014-41-3497). 


Results 
Patients 
ESS was performed in 106 patients with CF, (mean age 19 years, range 6—50 years). Double LTX had been performed in 15 patients (14%) prior to surgery. Six patients (6%) died (without relation to ESS) during follow-up but all later than three years postoperatively allowing clinical follow-up data. However, data from questionnaires were not available for all patients. Revision ESS was performed in 31 patients (29%) within three years and three patients had revision surgery twice. The median time to revision surgery was 22 months (range 8—35 months). The indication for revision surgery was severe symptoms of CRS in 20 patients and search for an infectious focus and subsequent eradication attempt in 11 patients.  

Lung infection status 
The number of non-colonized patients (CF-) more than doubled from 16 (15%) at the time of surgery to 35 (33%) three years after sinus surgery. The number of intermittently colonized patients (CF+ (i)) decreased over three years period from 61 (58%) to 34 (32%) and the number of chronically infected patients (CF+ (c)) increased from 29 (27%) to 37 (35%). Overall 27 patients improved in lung infection status, Figure 1 and the groups differed significantly before and after ESS, p<0.001 (Figure 2). 
In total 13 out of 106 patients (12%) became chronically infected during the three year follow-up. Noticeable, six of the 13 patients (46%) had elevated precipitins against the dominant GNB before ESS. Changes in lung infection status during the three-year follow-up are illustrated in Figure 3. Temporarily or persistent change in lung infection status in relation to the status before ESS with adjuvant therapy was observed in six out of 16 (38%) patients free of infection, in 47 out of 61 (77%) intermittently colonized patients and in five out of 29 (17%) patients with chronic infection.    

Lower airway cultures
The mean percentages of pre- and postoperative lower airway cultures with growth of CF GNB are presented in Table 1. The total cohort had a tendency towards fewer culture positive samples. In subgroup analyses there was a statistically significant reduction in positive lower respiratory tract cultures in patients non- or intermittently colonized (CF- and CF+ (i), n=76), P=0.002 (Table 2a).  

Lung function tests and longitudinal analysis of FEV1 trajectory
We observed decreasing lung function during follow-up, Table 2. The FEV1% and FVC% predicted value decline was statistically significant but without difference in lung function slopes pre- and postoperatively. In patients intermittently colonized with P. aeruginosa we performed longitudinal analyses comparing the lung function trajectory with CF patients from the Copenhagen cohort not undergoing ESS. 
The longitudinal dataset included 21,658 lung function measurements on 178 patients measured between 1984 and 2014 at the CF Centre Copenhagen. Seventy-four patients underwent ESS. Date of surgery was not associated with a significant change in the rate of decline in %FEV1 after adjustment for demographic, genetic and clinical factors. In the 27 patients with improved lung infection status after three years we observed stable lung function, mean FEV1% was 96 before surgery with adjuvant therapy and 95 after, p=0.5. 
The results from body mass index (BMI) and, precipitins are shown in Table 1, and the results from lung function before and after ESS are presented in Table 2.  

Questionnaires 
Pre-operative scores in SNOT 22 and HRQoL were completed by 86 (87%) and 67 (78%) patients respectively. Six patients (6%) died during follow-up therefore questionnaires could not be obtained. 

SNOT 22
We observed a decrease (an improvement) on sinonasal symptoms following ESS after a median follow-up of 52 months; however, the decrease was not significant, Table 3. 

Health-related quality of life (HRQOL)
An significant decrease (a worsening) was observed in adult patients after a median of 52 months follow-up, p=0.04. No change was observed in children, Table 3.  

Pulsed-field gel electrophoresis (PFGE)
We genotyped isolates of P. aeruginosa from 31 patients who had a combination of intermittent lung colonization with P. aeruginosa, peroperatively positive sinus culture with P. aeruginosa, and recolonization after ESS with P. aeruginosa. Ten out of 31 patients (32%) were recolonized with a new clone type and in the remaining 68% patients were recolonized with the same identical clone type. 

Change in dominant lung pathogen 
A shift in the dominant lung pathogen after ESS with adjuvant therapy was observed in six patients (6%); three patients, intermittently colonized with P. aeruginosa preoperatively, changed to A. xylosoxidans and one patient eventually became chronically infected. One patient changed to chronic infection with Burkholderia multivorans. The mean period until change was 600 days. The reverse infection pattern (from A. xylosoxidans to intermittent P. aeruginosa infection) was true in two patients after a mean of 726 days. 




















Discussion
This study comprises the largest prospective study with the longest follow-up assessing the effect of ESS in CF patients. It was conducted to determine the long-term effects of combined ESS, adjuvant therapy and continuously active management of the upper airways on microbial pathogens, lung function trajectory and self-reported sinus symptoms and HRQoL in patients with CF. The significant short-term (one year follow-up) results on the identical cohort are reported previously (22). 
Despite the natural disease progression seen in CF patients, our results demonstrate that our newly introduced treatment regime, consisting of ESS with adjuvant therapy, improves lung infection status, reduces the frequency of pulmonary samples positive for GNB for a period of at least three years, and hence may postpone chronic lung infection especially in CF patients with intermittent lung colonization with GNB, where a change in lung infection status is most frequently observed (77%). Most importantly, our results demonstrate that when this treatment regime successfully eradicates upper and lower airway pathogens and postpones chronic lung infection status on the long-term, lung function can be stabilized for at least three years.  
Furthermore, a change in the dominant lung GNB after ESS was uncommon. We encourage close multidisciplinary collaboration between clinical microbiologists, paediatric pulmonologists and otorhinolaryngologists for optimal management of these patients.  

CRS has a negative impact on QoL both in the general population (24) and in patients with CF (18). Our previous results (22) demonstrated that CF patients benefit significantly from ESS with regard to sinus symptoms and HRQoL on the short-term, which is in agreement with the study by Taylor et al. (31). However, the effect did not last three to four years in spite of revision surgery in approximately one third of the patients. A possible explanation may be that CF patients tend to underreport their sinus symptoms (10;32) before ESS but when symptoms of CRS eventually recur the patients may be more aware of these and may find them more severe causing a greater impact of sinus symptom score than previously. Nevertheless, ESS has proved to be effective on the long-term in children, including CF children, with CRS with nasal polyps (33).    
Also in non-CF patients with CRS with polyposis revision surgery is common. Until better treatment modalities are found, we believe that several CF patients are in need of revision surgery. ESS is a safe procedure (24) and it should be the recurrence of severe symptoms of CRS that sets the date for revision, regardless if the timespan is months or years. 

The indications for ESS varied within the cohort: Search for an infectious focus or severe symptoms of CRS. An interesting subgroup is patients intermittently lung colonized with P. aeruginosa where the surgical indication is search for an infectious focus and subsequent eradication attempt. The majority of these patients were on the border of having chronic lung infection with elevated antibodies against GNB, which is associated with a rapid declining lung function and poor prognosis (34). We hypothesized that combined ESS and adjuvant therapy positively affects the lung function trajectory. However, ESS was not associated with a reduction in lung function decline, which is in agreement with previous prospective studies (35;36). The fact that this specific cohort had a good preoperative lung function with a mean FEV1 of 85% in all patients not chronically infected and that 12 patients (11%) had a preoperative FEV1 above 100% also suggest that it is indeed hard to improve lung function from such a starting point. 
The strength of the longitudinal lung function analysis is the high frequency follow-up in this unique Danish dataset that has allowed us to fit a more sophisticated model, which we believe leads to more efficient estimation of the rate of lung function decline in the CF Center, Copenhagen (27). 
Our study has limitations. First, we did not perform a randomized controlled study initially. However, we may now consider such a study of ethical controversy since eradication of GNB from the sinuses and lungs have been successful and long-lasting (>3 years) in several cases. Further, the presented results may underestimate the effect of ESS with adjuvant therapy: in 32% of cases patients were recolonized with a new clone type after ESS indicating that the primary eradication attempt was successful, which would only strengthen our results and conclusions. Further, a number of the intermittently lung colonized patients may have progressed to chronic lung infection shortly before ESS. We would have identified six of these if we had combined the Leeds criteria for assessing the lung infection status (25) with the results of serum precipitating antibodies (28). Eradication is very rare in chronically lung infected patients (8) and they have a steeper annual decline in lung function (34). However, serum precipitating antibodies were not used in the present study to classify patients, which was intentionally to make it more comparable to other studies and centers. In addition, even though microscopy was used on all respiratory samples to verify lower airway representation, contamination from the upper airway may have occurred, which may represent a limitation. 
Other studies, mainly retrospective and only including few patients have assessed the effect of sinus surgery in CF with inconsistent results, and to date there is no standardised therapeutic strategy for CRS management or management of sinus infections in CF (10). However, our experience supported by other prospective studies using a protocolled postoperative regimen (15;35;37) indicate that combined ESS and adjuvant therapy promotes the best outcome both concerning CRS management and in reducing airway colonization with GNB; however, revision surgeries may be required. 
The observation that combined ESS and adjuvant therapy may postpone chronic lung infection in intermittently colonized patients encourages the development of methods to identify early lung infections or preferably patients with GNB in the sinuses (22). We encourage ESS and adjuvant therapy as soon as possible after initial colonization with GNB. Precipitating antibodies and measurements of anti-pseudomonal secretory immunoglobulin A (IgA) in nasal secretions or saliva may prove to be effective to identify these patients (38). 

The findings from this study have a number of clinical applications that can recommend ESS with adjuvant therapy in CF since it can postpone the chronic lung infection status in patients intermittently colonized on the long-term (at least three years) and improve sinus symptoms in CF patients on the short-term.  
The conclusion from the present study may be inspirable and transferable to other patients with diseases affecting the mucociliary apparatus such as patients with primary ciliary dyskinesia. In these patients simultaneous sinus and lung infections with identical pathogens have been reported (39). However, large scale randomised studies with standardised methods are needed to determine the exact role of ESS in CF, which are currently being planned.  
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Legends for illustrations
Figure 1. Infection status before, one year after 22, and three years after endoscopic sinus surgery (ESS)
Non-colonized patients (CF-). Intermittently colonized patients (CF+ (i)). Chronically infected patients (CF+ (c)). The number of non-colonized patients more than doubled from 16 (15%) to 35 (33%) three years after combined endoscopic sinus surgery (ESS) and adjuvant therapy including  continuously active management of the upper airways. The number of chronically infected patients increased from 29 (27%) to 37 (35%) and the number of intermittently colonized patients decreased from 61 (58%) to 34 (32%). Overall, the groups differed significantly before and three years after ESS, p<0.001. Details about the results one year after ESS is reported previously 22. 


Figure 2: Illustration of the lung infection status before and three years after ESS in a cohort of 106 patients with cystic fibrosis. 
The groups differed significantly before and after endoscopic sinus surgery, p<0.001. 


Figure 3: Flow-chart illustrating the change in lung infection during the three-year follow-up in the 61 patients with intermittent lung colonization
Before endoscopic sinus surgery with adjuvant therapy 61 patients were intermittently lung colonized with Gram-negative bacteria (GNB) where a change in lung infection status was most frequently observed during follow-up. Patients were classified according to the Leeds criteria.. Temporarily or persistent change in lung infection status was observed in 47 out of 61 (77%) patients. The course of infection is displayed with arrows. 













Legends for tables 

Table 1. Pre- and post ESS clinical data from 106 CF patients two and three years after surgery *p<0.05. Pairwise comparison (t-test) with preoperative clinical data. 


Table 2. Pre- and post ESS lung function data from 106 CF patients two and three years after surgery 

*p<0.05. Pairwise comparison (t-test) with preoperative clinical data. 


Table 3. Results of the questionnaires before and at least three years after ESS 
*p<0.05. Pairwise comparison (t-test) with preoperative clinical data. 				


Tables
Table 1. Pre- and post ESS clinical data from 106 CF patients two and three years after surgery 
	CF patients (n)
_______________
One year prior to ESS /
two years after ESS / three years after ESS
	Intermittently colonized with Gram-negative bacteria
(61)
	Non-infected + intermittently
colonized (16+61=77)
	Chronically infected
(29)
	Total
(106)

	Mean number of lung function tests and z-BMI
	13/11/10
	12/11/10
	10/10/10
	12/10/10

	Mean% positive airway cultures
	24/23/31

	18/16/14 *
	87/95/74*
	38/37/38


	Mean z-BMI

	-0.1/-0.2/-0.2
	-0.2/ -0.3/-0.3
	-0.5/-0.6/-0.7
	-0.3/-0.4*/-0.4*

	Mean Precipitins against GNB
	2.4/3.5*/4.7*
	2.2/3.2*/4.2*
	10.7/13.5*/14.5*
	3.0/5.8*/6.9*
















Table 2. Pre- and post ESS lung function data from 106 CF patients two and three years after surgery 

	CF patients (n)
_______________
One year prior to ESS /
two years after ESS / three years after ESS
	Intermittently colonized with Gram-negative bacteria
(61)
	Non-infected + intermittently
colonized (16+61=77)
	Chronically infected
(29)
	Total
(106)

	Mean FEV1% 
	85/80*/79*
	85/81*/79*
	69/65/63

	81/77*/75*

	Mean FEV1 slope 
	-1.8/-3.8/-4.2
	-3.1/-4.0/-4.9
	1.6/-2 /-1.9

	-1.9/- 3.4/- 4.2

	Mean FVC%

	95/90*/90*
	95/92/91*
	83/82/80
	92/90*/88*

	Mean FVC slope
	-0.7/-2.2/-3.3
	-1.4/-2.2/-3.9
	0.4/-2.2/-1.7
	-1.0/-2.2/- 3.4















Table 3. Results of the questionnaires before and at least three years after ESS

	
	Pre-operatively
	>3 years

	Number of patients who completed SNOT-22, (response rate),
[median time after surgery]  
	86
	75 (87%), 
[53 months]  

	Mean SNOT-22
(range)
	17 (0-76)
	14.5 (0-84)

	Number of patients who completed CFQ-R, (response rate),
[median time after surgery]  
	67
	52 (78%), 
[52 months]  

	Mean (CFQ-R)
6-13 years
>13 years
	
143 (113-170)
160 (101-188)
	
143 (111-168)
154 * (112-191)


(range)


Figure 1. Infection status before, one year after 21, and three years after endoscopic sinus surgery (ESS)
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Figure 2. Illustration of the lung infection status before and three years after ESS in a cohort of 106 patients with cystic fibrosis. 
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Figure 3. Flow-chart illustrating the change in lung infection during the three-year follow-up in the 61 patients with intermittent lung colonization
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