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Abstract (247 words)

Background
Although lung volume reduction surgery (LVRS) improves survival in appropriately selected patients with Chronic Obstructive Pulmonary Disease (COPD), few procedures are performed. The National Institute for Clinical and Healthcare Excellence recently recommended a more systematic approach to identifying potential candidates. We investigated LVRS referrals from a UK primary care population and aimed to establish an accurate estimate of eligible patients and determine a strategy for identifying potential candidates systematically.

Methods
Clinical Practice Research Datalink (CPRD) GOLD (a primary care database), linked Hospital Episode Statistics (HES) inpatient and Diagnostic Imaging Dataset (DID) were used. COPD patients who had undergone LVRS, patients who met basic eligibility criteria for further screening for LVRS, and patients meeting a more stringent eligibility criteria were identified from April 2012 to September 2015. Thoracic CT, pulmonary rehabilitation status, referral to respiratory outpatient clinics, and AECOPD requiring hospitalisation were compared between actual LVRS recipients and potentially eligible patients. 

Results
Among 73,697 COPD patients included, 36 (0.05%) received LVRS, 5,984 (8.1%) met basic eligibility criteria, and 159 (0.2%) met more stringent eligibility criteria. LVRS recipients were younger (mean(SD) age: 64(9.2) years) compared to the stringently eligible patients (69(8.9) years) (p=0.01). Few patients meeting stringent eligibility criteria (6.9%) had a CT thorax in the preceding 3 years or been referred for assessment in secondary care. 

Conclusions
A substantial unmet need exists among COPD patients who could potentially benefit from a lung volume reduction procedure but who are not being investigated or referred to consider this possibility.















[bookmark: _Toc516649927]INTRODUCTION

Chronic Obstructive Pulmonary Disease (COPD) is a heterogeneous disease, encompassing chronic bronchitis and emphysema and a range of distinct clinical phenotypes. It causes significant morbidity and mortality; globally, it is the ninth leading contributor to life years lost 1 and the 4th leading contributor in the UK2. National3 and international4 guidelines recommend lung volume reduction surgery (LVRS) in appropriately selected patients with emphysema because it has been shown to improve survival, lung function, dyspnoea, and quality of life5,6. In modern practice, using a unilateral video assisted thoracoscopic approach, LVRS is associated with low mortality and morbidity5,7. As such it remains, with smoking cessation and oxygen therapy, one of the few disease modifying treatments in COPD.  

The final decision to offer LVRS depends on specialist assessment of the patient’s overall condition, detailed lung function test results and the pattern of emphysema on thoracic CT scan. Potential eligibility criteria, which are accessible in primary care, include having clinically stable disease with no major comorbidities that obviously preclude surgery, having a post-bronchodilator forced expiratory volume in 1 second (FEV1) ≤50%, limiting breathlessness and not being a current smoker. These should be assessed once the individual has undergone pulmonary rehabilitation (PR) [8]. It has been estimated that there are approximately 15,000 eligible patients in the UK5, however, referral for LVRS appears to be insufficient as only approximately 100 operations are performed each year 8. Surveys of health professionals suggest that this is due to the lack of clinical pathways, uncertainty  about the indications for treatment combined with an overestimation of the risk associated with procedures8. Patients report that they have had to “fight to get a referral”9.

The 2018 update of the UK National Institute for Clinical and Healthcare Excellence (NICE) COPD guidelines emphasises the need to develop a systematic approach to address this injustice, focussing particularly on people who are still breathless at the end of PR. To help to inform this, we used UK primary care and hospital data to quantify more precisely the potential gap that exists in LVRS referrals. The aims of this study were: i) to identify the number of COPD patients who had LVRS between 2012 to 2015; ii) to establish an accurate estimate of the proportion of COPD patients who met basic eligibility criteria and should be further screened for referral for LVRS and the proportion of COPD patients who met a more stringent eligibility criteria for LVRS; and iii) to compare baseline characteristics of LVRS recipients with patients who met basic eligibility criteria and with patients who met a stringent eligibility criteria. 


Methods 

Study Population 

The Data 

The UK primary care database, Clinical Practice Research Datalink (CPRD) GOLD. This consists of general practice (GP) electronic health records, covers approximately 6.9% of the UK population and is representative of the UK population in relation to age, gender and ethnicity 10. It includes detailed information on clinical events, patient demographics, prescriptions, clinical tests, and referrals. Linked Hospital Episode Statistics (HES) data were used to identify patients who had been admitted to hospital, received LVRS, and who had a CT scan of the thorax (through HES Diagnostic Imaging Data [DID]). Index of Multiple Deprivation (IMD) was used to determine level of deprivation. HES Outpatient data was used to identify outpatient respiratory referrals.

Study population
The study population consisted of patients with a validated diagnosis of COPD who were current or ex-smokers aged 35 or older. A validated diagnosis of COPD required the use of specific COPD diagnostic codes 11. Records were deemed of research quality from 1st January 2004. 

Study design
Patients were followed from the 1st April 2012, date of first COPD diagnosis, date of registration at a current practice, date at which records were deemed to be of research standard, or age at 35 years old, whichever was later. Follow up continued until the 30th September 2015 or before if they died, left the practice, or the last collection date (figure 1).


Variables 
Outcome 
The three categories of interest were first, having undergone LVRS. Second, was meeting basic eligibility criteria. Basic eligibility was defined as having not previously had LVRS and meeting the following criteria: i) COPD diagnosis; ii) FEV1<50% predicted; iii) MRC dyspnoea score≥3; iv) no diagnosis of pulmonary hypertension; and v) ex-smoker. The third category was those meeting a more stringent eligibility criteria, which includes patients more likely to be eligible. This was defined as having not previously had LVRS and meeting the following criteria: i) COPD diagnosis; ii) FEV1<50%; iii) MRC dyspnoea score ≥4; iv) no diagnosis of pulmonary hypertension, v) ex-smokers, vi) had a Charleston Comorbidity index (CCI)≤2; and vii) had been referred for pulmonary rehabilitation. The date of potential LVRS eligibility was the date on which all criteria were satisfied. 

Of note, the MRC dyspnoea score in NICE guidelines ranges 1-5, differing from the modified score (mMRC) used in the BODE index.3 FEV1 percent predicted was calculated using standard formulae.12  

Covariates
Baseline covariates recorded closest to the start of follow-up included age, sex, smoking status (ex/current-smoker), FEV1, and ethnicity. Socioeconomic status in the UK was defined using the Index of Multiple Deprivation (IMD) which ranged from 1 (the most deprived) to 5 (the least deprived). The IMD is a weighted score based on deprivation measures for small areas across England. Baseline body mass index (BMI) was measured 5 years prior to 2 years after the start of follow-up, with the value closest in time taken. Baseline comorbidities, defined as ever having an event, included myocardial infarction (MI), angina, heart failure, ischemic stroke, lung cancer, pulmonary hypertension, bronchiectasis, osteoporosis, and CCI. Baseline comorbidities and symptoms, defined as an event 3 years prior to start of follow-up, included depression, anxiety, gastro-oesophageal reflux disease (GORD), dyspnoea, cough, sputum and wheeze. Asthma was defined as having recorded asthma before two years prior to the start of follow-up 13. The CCI was calculated using comorbidities that occurred before the start of follow-up 14. MRC dyspnoea score was the first recorded MRC during follow-up, with the exception of eligible patients where MRC dyspnoea score was the first MRC score during follow-up that met the inclusion criterion. Chest CT scans and hospitalisation for AECOPD were defined as an event occurring within 3 years of LVRS or eligibility for LVRS, and pulmonary rehabilitation within the last year. 

 Statistical Analyses 
Main analysis 
This descriptive study aimed to compare COPD patients who had undergone LVRS with patients meeting basic eligibility and more stringent eligibility criteria for LVRS. Baseline characteristics, whether a thoracic CT scan had been performed, hospitalisations for AECOPD, and pulmonary rehabilitation referral status, were compared between the three groups of COPD patients using Chi-Square and Wilcoxon rank-sum (Mann-Whitney) tests. Outpatient respiratory referrals were identified in those eligible for LVRS.  Statistical significance was defined as p<0.05. 

Exploratory analyses 
Chest CT-scans and chest x-rays were identified during follow-up in CPRD and HES-DID in order to compare the recording of these tests within each database. Using our initial population of COPD patients, CPRD recorded CT-scans and x-rays that were recorded within 1 month of HES-DID recorded scans, and vice versa, were identified. All scans and x-rays recorded within a patient’s follow-up were identified. We assumed that scans or x-rays recorded within 1 month of each other in HES-DID and CPRD were the same record for a given patient. The total number of chest CT-scans or chest x-rays in CPRD were compared with those recorded in HES-DID to understand how well these scans are recorded within CPRD. 

Ethics
The protocols for this research were approved by the Independent Scientific Advisory Committee (ISAC) for the Medicines & Healthcare Products Regulatory Agency Database Research (protocol numbers: 16_103R2 and 17_279R2). Generic ethical approval for observational research using the CPRD with approval from ISAC was granted by a Health Research Authority Research Ethics Committee (East Midlands- Derby, REC reference number: 05/MRE04/87).


RESULTS
73,697 COPD patients were included in this study (see figure 2). During follow-up 36 (0.05%) of patients received LVRS, 5,984 (8.1%) COPD patients met basic eligibility criteria for further screening for referral of LVRS, and 159 (0.2%) COPD patients met the more stringent eligibility criteria. 

Of those who met basic eligibility criteria for LVRS, 266 (4.5%) had a CT scan, 527 (8.8%) were referred for pulmonary rehabilitation, and 1,703 (28.5%) were referred to a respiratory out clinic (figure 1). Of those meeting more stringent eligibility for LVRS, 11 (6.9%) patients had a CT scan and 55 (34.6%) were referred for a respiratory outpatient clinic (figure 1). 

In terms of referrals made by GPs, 35 (13.2%) of the 266 patients who met basic eligibility and had a CT scan had been referred for it by a GP. The majority of CT scan referrals were by a consultant (79.7%).  In addition, 810 (47.6%) of patients meeting basic eligibility were referred to a respiratory outpatient clinic by a GP. Similar proportions of patients were referred for a CT-scan (data not shown due to CPRD regulations) and to a respiratory outpatient clinic (32(58.2%)) by a GP in the population of COPD patients who met stringent eligibility criteria for LVRS. 

Baseline characteristics of the whole COPD patient population, the LVRS patient population and the LVRS eligibility groups are summarised in Table 1.  LVRS recipients were younger, with a lower Charlson index than the untreated potentially eligible populations, although these groups did not differ by recorded symptoms, or exacerbation frequency. 

A significantly lower proportion of patients who met basic eligibility criteria or the more stringent eligibility criteria had CT scans in the last 3 years before their eligibility date compared with the proportion of LVRS patients who had a CT scan documented before their LVRS date (4.5% versus 30.6% and 6.9% versus 30.6%respectively; p<0.001) (Table 2).

1,703 patients out of 5,984 patients meeting basic eligibility criteria and 55 out of 159 patients meeting more stringent eligibility criteria were referred to a respiratory outpatient clinic at least once during study period.  More patients were referred to a respiratory outpatient clinic if they had a chest CT-scan, hospitalised AECOPD, or previous pulmonary rehabilitation (table 3).  In addition, 303 out of 322 (94%) patients meeting basic eligibility criteria and had been referred to a respiratory outpatient clinic had a referral after they had a chest CT-scan and/or pulmonary rehabilitation. 316 (98%) patients meeting basic eligibility criteria and who were referred to a respiratory outpatient clinic were referred before they had a chest CT-scan and/or pulmonary rehabilitation, of which there is overlap with patients referred after these referrals (as patients could have had more than one outpatient referral). Similarly, 48 out of 55 (87%)  patients who met stringent eligibility (i.e. had pulmonary rehabilitation) and had been referred to a respiratory outpatient had their referral after they had pulmonary rehabilitation, 21 (69%) had a referral to a respiratory outpatient clinic before pulmonary rehabilitation, of which there is overlap with patients referred to a respiratory outpatient clinic after pulmonary rehabilitation. 


Exploratory analysis
Concordance of chest CT scans and x-rays in CPRD and HES-DID
We compared the concordance of CT thorax scans recorded in HES DID with those recorded in CPRD. Out of the 73,697 COPD patients included in our study, we observed that during follow-up, 3,225 CT scans were recorded in HES DID and 1,222 CT scans were recorded in CPRD. In total, only 185 CT scans were recorded in both CPRD and HES DID. The sensitivity of identifying CT thorax scans in CPRD compared with HES DID was 5.74%


DISCUSSION

Main findings
We found, in a large, representative primary care population, that many more COPD patients met basic and more stringent eligibility criteria, to be considered for LVRS, compared to the number who had actually undergone LVRS. Of those meeting a more stringent eligibility criteria for LVRS, very few had a CT-scan, or were referred to a respiratory outpatient clinic, and only a handful of patients received all necessary steps. Patients who had undergone LVRS were younger, had a lower BMI, and were more likely to have had a CT scan within 3 years of LVRS compared to the potentially eligible populations who had not undergone the procedure. Referral for pulmonary rehabilitation combined with thoracic CT-scanning are key steps on the pathway towards addressing population unmet need for LVRS.


Why are so few potentially eligible patients investigated or referred for LVRS?
Only a few treatments, including smoking cessation, long-term oxygen therapy (LTOT), and LVRS improve prognosis in COPD patients6,8.The low number of patients who received LVRS, in our study, and within the whole of the UK, suggests that significant numbers of patients are missing out on an effective treatment which has been demonstrated to improve survival and quality of life and has a grade A evidence base 5,6. 

A previous estimate, based on 2012 data, suggested that there were approximately 15,000 patients COPD patients in the UK (1.36% of the total) likely to benefit from LVRS5. In the present study, 8.1% of COPD patients met our basic eligibility criteria to consider whether LVRS might be appropriate. 0.2% of the COPD population included in our study met the stringent eligibility criteria, which required them to have undergone pulmonary rehabilitation, have limited co-morbidities and a greater degree of breathlessness. Even following this conservative estimate, this equates to 2,804 out of 1.3 million COPD patients in the UK who could benefit from LVRS.  At least hundred fold more than procedures that are currently undertaken 5.  

Assessment for suitability and the pathway to a lung volume reduction procedure involve a stepwise process 5,15. In order to refer patients for LVRS patients need to complete pulmonary rehabilitation. The difference in the number of patients meeting basic and more stringent eligibility criteria demonstrate that referral rates for pulmonary rehabilitation are also worryingly low given its strong evidence base and extremely  favourable cost per quality adjusted life year 15. To some extent, low referral rates for lung volume reduction are thus an epiphenomenon of the generally poor implementation of this more widely applicable evidence based intervention for patients with COPD. More systematic and proactive approaches to breathlessness in COPD need to be developed16.

The true number of eligible individuals with COPD is unclear. Technical suitability depends on CT scan results and detailed lung function variables which are not accessible via this primary care dataset even if they have been performed.  A proportion of those meeting basic criteria will be ineligible because of comorbidity or frailty. However, even taking an extremely conservative approach applying a more stringent eligibility criteria (excluding all individuals with a CCI greater than 2 and including patients who had PR) the data still show that while 27 patients with a CCI less than 2 had undergone LVRS (approximately 0.02% of the COPD population), 159 potential LVRS candidates had not been assessed (approximately 0.2% of the COPD population) (table 1).

An additional barrier is that  only certain patterns of lung function – hyperinflation with a plethysmographic residual volume above 170% predicted and a carbon monoxide transfer factor (TLco) >20% predicted - are suitable. This requires testing in a lung function laboratory and typically is not accessible from primary care.  

A CT thorax is needed to establish that there is an appropriate pattern of emphysema as well as to exclude features that mean LVRS is less likely to be appropriate, in particular lung fibrosis or extensive bronchiectasis. Data from a US study suggest roughly 15% of patients with an FEV1<50% will have favourable CT appearances for LVRS 17. 

A further contributor to low rates of LVRS may be a lack of understanding among physicians regarding the indications for LVRS, perceived difficulties in the referral pathway, and over-estimation of associated morbidity and mortality post-LVRS 5 despite LVRS in modern practice having a low mortality. Low rates of referral may be due to the lack of standardised care pathways, specifically the involvement of a multidisciplinary team (MDT) approach that exists in other diseases such as cancer 5. In a survey of British Thoracic Society members, 70% of respondents reported that they did not have access to an MDT to discuss possible LVRS cases within their hospital 8. 

Implications for clinical practice
The present data support the NICE COPD guideline recommendations to improve patient access to LVR procedures. NICE call for a stepwise, systematic approach to identifying potential candidates for LVRS 3: “Offer a respiratory review to assess whether a lung volume reduction procedure is a possibility for people with COPD when they complete pulmonary rehabilitation and at other subsequent reviews, if all of the following apply: they have severe COPD, with FEV1 less than 50% and breathlessness that affects their quality of life despite optimal medical treatment; they do not smoke; they can complete a 6-minute walk distance of at least 140 m (if limited by breathlessness).” For patients meeting these eligibility criteria, who do not have an obvious contraindication, this respiratory review should include detailed lung function and a CT thorax and lead to a decision as to whether referral on to formal discussion in a COPD lung volume reduction MDT is likely to be of benefit.
“At the respiratory review, refer the person with COPD to a lung volume reduction multidisciplinary team to assess whether lung volume reduction surgery or endobronchial valves are suitable if they have: hyperinflation, assessed by lung function testing with body plethysmography and emphysema on unenhanced CT chest scan and optimised treatment for other comorbidities.”

The finding that patients who actually received LVRS are younger than the populations of potentially eligible patients, may point to a bias in terms of patients currently being referred for LVRS or indeed to hospital follow up. Physicians should be aware that eligibility is based on MRC dyspnoea score, FEV1 %predicted, and the absence of current smoking and pulmonary hypertension, with no age criteria. 

We observed that there was insufficient referral for CT scanning of the thorax in eligible patients compared with patients who received LVRS. This may be due to a lack of agreement as to which COPD patients should have a CT scan to evaluate them for LVRS 8. In patients who meet the stringent eligibility criteria, LVRS assessment should include a CT scan in order to determine whether patients have upper lobe-predominant emphysema 5,6,8. An important context here is the expansion of CT scanning for lung cancer screening which is likely to include many patients with COPD. The presence and pattern of emphysema identified in scans carried out in screening programs should be reported to clinicians and available to GPs so that the information can be reviewed then or at a later date. This applies also to CTs done for other reasons, e.g. acute hospital presentations with chest pain. The recent NICE COPD guideline update specifically recommends that “incidental” findings of emphysema on CT scan should trigger a clinical review3.

Methodological issues
This is the first study to investigate COPD patients eligible for LVRS in a large UK primary care setting. The CPRD is generalizable to the UK population in terms of age, sex, and ethnicity 10. Linkage to HES-DID allowed us to more accurately understand the distribution of CT scans performed, rather than relying on CT scan data recorded in CPRD alone. We were able to validate the use of HES DID as a key linkage dataset in enhancing the breadth and accuracy of data available 10.

Despite this, utilisation of HES-DID only allowed us to identify whether CT-scans had been performed and not the image results. In addition, HES outpatient data is poorly coded and therefore respiratory outpatient numbers may be underrepresented. 

We acknowledge that any estimate of the actual number of patients who are suitable for LVRS will be approximate as the selection depends on a large number of factors. Patients are commonly referred for LVRS if they have hyperinflation and emphysema. Lung volume data and results from CT-scans would be needed in order to identify such patients. These factors are not available in CPRD or HES and therefore our estimates of eligible patients may be higher that patients who are truly “technically” eligible for LVRS.  Whilst it is important to note that comorbidities do not necessarily restrict patient eligibility, we identified large numbers of potentially eligible patients who had not been investigated or referred who had no or few comorbidities. 


CONCLUSION
We have shown that many COPD patients in primary care meet a basic and more stringent eligibility criteria for LVRS but are not being investigated or referred to pursue this possibility. These patients are not receiving pulmonary rehabilitation, chest CT scans, or referral to respiratory outpatient clinics in order to further determine their eligibility for LVRS. This is particularly important now that additional bronchoscopic lung volume reduction procedures have become available. The criteria for endobronchial valve placement 15,18,19, which is now recommended by NICE for appropriately selected COPD patients, closely match those for LVRS3,20. Improved knowledge amongst clinicians combined with a systematic approach specific to LVRS as set out in the recent NICE guidelines, is important to improve referral and allow patients to benefit from effective treatments they are currently being denied. 
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Table 1: Baseline characteristics for included COPD population, LVRS population, patients meeting basic eligibility and stringent eligibility (undergone pulmonary rehabilitation and lower comorbidity score) criteria for further screening for LVRS. Values are n (%) or median (IQR). 

	Patient characteristic
	Whole COPD patient population 
n= 73,697
	LVRS recipients 
n= 36 
	COPD Basic eligibility for LVRS 
n= 5,984 
	COPD Stringent eligibility crtieria for LVRS
N=159
	P-value for difference between: 

	
	
	
	
	
	LVRS recipients and patients with basic eligibility for further screening
	LVRS recipients  patients with stringent eligibility for further screening

	Age (years)
	70 (62-78)
	66 (58-72)
	73 (66 – 80)
	69 (63 – 76)
	<0.001
	0.01

	Male sex
	39,110 (53.1)
	22 (61.1)
	3,650 (61.0)
	92 (57.9)
	0.98
	0.72

	Smoking status
	
	
	
	
159 (100)
≤5 (**)
	
n/a
	
n/a

	   Ex-smokers
   Current smokers
	39,520 (53.6)
34,177 (46.4)
	27 (75.0)
<10 (25.0)
	5,984 (100)
≤5 (**)
	
	
	

	Index of Multiple Deprivation (IMD) (N=73, 659)
	

	

	


	


31 (19.5)
40 (25.2)
19 (12.0)
37 (23.3)
32 (20.1)
	


0.65
	


0.14

	   1
   2
   3
   4
   5
	10,975 (14.9)
14,628 (19.9)
14,458 (19.6)
16,746 (22.7)
16,852 (22.9)
	≤5  (**)
8 (22.2)
10 (27.8)
9 (25.0)
≤5  (**)
	907 (15.2)
1,328 (22.2)
1,157 (19.3)
1,306 (21.8)
1,281 (21.4)
	
	
	

	Ethnicity (white) (N=40,529)
	39,864 (54.1)
	29 (80.6)
	3,533 (98.3)
	98 (99.0)
	0.48
	0.59

	BMI (N=70,091)

	26.7 (23.1-30.8)
	23.8
(20.4-26.8)
	26.7
 (22.9 – 31.0)
	25.8 
(21.9 – 30.2)
	0.001
	0.04

	Follow up (years)
	2.2 (1.1-3.5)
	3.2 
(1.8-3.5)
	3.0
(1.9 – 3.5)
	3.5
(3.0 – 3.5)
	0.92
	0.03

	FEV1 (L) (N=57,432)
	1.6 (1.2 -2.2)
	1.0
(0.7 – 1.6)
	1.1
(1.4 – 3.8)
	1.0
(0.8 – 1.4)
	0.66
	0.83

	MRC dyspnoea score 
(N=54,365)
	

	

	
	

≤5  (**)
≤5  (**)
3,297 (55.1)
2,204 (36.8)
483 (8.1)
	

<0.001
	

<0.001

	[bookmark: _GoBack]   1
   2
   3
   4
   5
	9,243 (17.0)
20,551 (37.8)
13,931 (25.6)
8,558 (15.7)
2,082 (3.8)
	≤5  (**)
≤5  (**)
9 (30.0)
13 (43.3)
≤5  (**)
	≤5  (**)
≤5  (**)
≤5  (**)
134 (84.3)
25 (15.7)
	
	
	

	History of comorbidities 
	

	   MI

	5,750 (7.8)
	≤5 (**)
	542 (9.1)
	≤5 (**)
	0.19
	0.91

	   Angina
	8,892 (12.1)
	≤5 (**)
	820 (13.7)
	9 (5.7)
	0.06
	0.48

	   Heart failure
	4,533 (6.2)
	≤5 (**)
	536 (9.0)
	≤5 (**)
	0.20
	0.25

	   Ischemic stroke
	1,411 (1.9)
	≤5 (**)
	147 (2.5)
	≤5 (**)
	0.34
	0.63

	   Lung cancer
	1,154 (1.6)
	≤5 (**)
	124 (2.1)
	≤5 (**)
	0.38
	n/a

	   Bronchiectasis
	2,712 (3.7)
	≤5 (**)
	313 (5.2)
	7 (4.4)
	0.41
	0.33

	   Osteoporosis
	6,126 (8.3)
	≤5 (**)
	621 (10.4)
	11 (6.9)
	0.89
	0.39

	   Asthma
	29,512 (40.1)
	11  (30.6)
	1,700 (28.4)
	51 (32.1)
	0.78
	0.86

	   Depression
	5,257 (7.1)
	≤5 (**)
	340 (5.7)
	6 (3.8)
	0.16
	0.07

	   Anxiety
	5,297 (7.2)
	≤5 (**)
	383 (6.4)
	7 (4.4)
	0.25
	0.12

	   GORD
	4, 196 (5.7)
	≤5 (**)
	347 (5.8)
	12 (11.1)
	0.18
	0.48

	Charlson Comorbidity Index
1
2
3
4
≥5
	

17,391 (23.6)
21,591 (29.3)
13,486 (18.3)
9,649 (13.1)
11,576 (15.7)
	

16 (44.4)
11 (30.6)
≤5 (**)
≤5 (**)
≤5 (**)
	

1,228 (20.5)
1,610 (26.9)
1,159 (19.4)
934 (15.6)
1,052 (17.6)
	

75 (47.2)
84 (52.8)
≤5 (**)
≤5 (**)
≤5 (**)
	

0.003
	

<0.001

	History of symptoms
	

	   Cough
	42, 685 (57.9)
	19 (52.8)
	3,561 (59.5)
	88 (55.4)
	0.41
	0.78

	   Sputum
	13,520 (18.4)
	12 (33.3)
	1,303 (21.8)
	38 (23.9)
	0.09
	0.24

	   Wheeze
	6,140 (8.3)
	7 (19.4)
	549 (9.2)
	20 (12.6)
	0.03
	0.28

	AECOPD frequency in first year of follow-up 
0
1
2
≥3
 
	


30,449 (41.3)
17,726 (24.1)
10,251 (13.9)
15,271 (20.7)
	


<10 (**)
<10 (**)
<10 (**)
18 (50.0)
	


1,537 (25.7)
1,358 (22.7)
1,034 (17.3)
2,055 (34.3)
	


31 (19.5)
44 (27.7)
27 (17.0)
57 (35.9)
	


0.10
	


0.15


**Numbers are too small to be reported. 














Table 2: Healthcare episodes 3 years prior to LVRS in LVRS population and LVRS eligibility date in patients meeting basic eligibility and stringent eligibility criteria (undergone pulmonary rehabilitation and lower comorbidity score) for further screening. Values are n (%). 

	Healthcare episode
	LVRS recipients 
n= 36 
	Patients with basic eligibility for further screening 
n=5,984
	Patients with stringent eligibity for further screening 
n=159
	P-value for difference between LVRS and basic eligibility 
	P-value for difference between LVRS with stringent eligibility

	Pulmonary rehabilitation 
	<10 (13.8)
	527 (8.8)
	n/a
	0.28
	n/a

	Hospitalised AECOPD
	<10 (8.3)
	828 (13.8)

	33 (20.8)
	0.34	
	0.08

	Chest CT-scan 
	11 (30.6)
	266 (4.5)
	11 (6.9)
	<0.001
	<0.001






















Table 3: Respiratory outpatient referrals by healthcare episodes in patients with basic eligibility for LVRS (N=5,984) and in patients with stringent eligibility (undergone pulmonary rehabilitation and lower comorbidity score) for further screening (N=159). Values are n (%) 
	
	Healthcare episode

	
	Chest CT-scan
	Hospitalised AECOPD
	Pulmonary rehabilitation 

	
	Y (n=266)
	N (n=5,718)
	Y (n=828)
	N (n=5,156)
	Y (n=527)
	N (n=5,457)

	Respiratory outpatient referrals in patients with basic eligibility
n=5,984
	164 (61.7)
	1,539 (26.9)
	404 (48.8)
	1,299 (25.2)
	177 (68.9)
	1,526 (28.0)

	
	Healthcare episode

	
	Chest CT-scan
	Hospitalised AECOPD
	Pulmonary rehabilitation

	
	Y (n=11)
	N (n=148)
	Y (n=33)
	N (n=126)
	Y (n=159)
	N (n=0)

	Respiratory outpatient referrals with stringent eligibility
N=159
	8 (72.7)
	47 (31.8)
	17 (51.5)
	38 (30.2)
	55 (34.6)
	n/a





















Figure legends 
Figure 1: Study design 
Figure 2: Flow chart of patients who received LVRS, patients who met basic eligibility criteria for further screening for referral for LVRS,  patients who met a more stringent eligibility criteria for further screening for referral for LVRS, and the proportion of patients who had a CT-scan, pulmonary rehabilitation and who were referred to respiratory outpatient clinic after date of eligibility. 
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