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Abstract 
Introduction: Prolonged air leak (PAL) is a common complication following pul-
monary resection. It is associated with pneumonia, empyema, increased length of 
hospital stay and health-care costs. Intraoperative techniques have been developed to 
mitigate the risk of developing a PAL, but for their use to be efficient, identification 
of patients at risk for PAL is necessary. Aim: To determine the incidence of PAL fol-
lowing lobectomy and lesser pulmonary resections, risk factors for development of 
PALs, and the impact of PAL on hospital stay and readmission rates. Methods: The 
following variables were analyzed as PAL risk factors: patient characteristics of age, 
sex, body mass index (BMI), forced minute expiratory volume and capacity ratio 
(FEV1 and FEV1/FVC), diffusion capacity (DCLO), and transplant recipient status. 
Validated scoring systems included the Charlson Comorbidity Index (CCI), Medical 
Research Council (MRC) dyspnea score, and Eastern Cooperative Oncology Group 
(EGOC) score. Surgical factors included surgical technique, unplanned conversion 
from video-assisted thoracoscopic surgery (VATS) to thoracotomy, location and ex-
tent of resection, presence of adhesions, completeness of fissures, and method of fis-
sure completion. Length of hospital stay and readmission rates were analyzed. Statis-
tical tests performed on the data include univariate and multivariate logistic regres-
sion analyses. Results: Over the 9-month study duration there were 269 lung resec-
tions, of which 31 (11.52%) had an air leak lasting longer than 5 days. Mean length of 
stay in hospital was significantly longer in patients with PAL compared to the control 
group (13 vs 5 days, P < 0.001). Significant risk factors for PAL from multivariate 
analysis include normal BMI (P = 0.009), right upper lobectomy (P = 0.001), and un-
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planned conversion from video-assisted thoracoscopic surgery (VATS) to thoracot-
omy (P = 0.023). Conclusion: The incidence of PAL in our study population is simi-
lar to that found in previous studies. PAL prolongs hospital length of stay. Normal 
BMI, right upper lobectomy, and unplanned conversion from VATS to thoracotomy 
are risk factors for PAL. 
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1. Introduction 

Air leak following pulmonary resection is a common problem and in most cases is due 
to an alveolar-pleural fistula [1]. The definition of a prolonged air leak (PAL) varies in 
the literature, but the currently accepted definition is an air leak lasting 5 or more days 
postoperatively [2] which is the average length of stay (LOS) in hospital following lo-
bectomy [3]. In previous studies, PAL has been found to occur in up to 26% of patients 
following lobectomy and lesser pulmonary resections [4] [5] [6] [7] [8]. 

The most consistent risk factors for PAL in the literature are related to reduced pul-
monary function due to chronic obstructive pulmonary disease [5] [8] [9] [10] [11] 
[12]. Additional risk factors that have been described include reduced diffusing capaci-
ty [9] [12], upper resections or bilobectomy [5], pleural adhesions [5] [12], relatively 
lower BMI [13] [14], increased dyspnea score [14], concurrent pneumothorax [9] [10], 
lobectomy [10] [14], preoperative inhaled or systemic steroid use [10] [15], radiologic 
findings of severe emphysema [8], and histopathologic findings of emphysema [8]. 

In most cases PAL is self-limited [10], but it is associated with increased postopera-
tive morbidity through increased rates of pulmonary and pleural complications such as 
empyema, pneumonia, and atelectasis [5] [8] [9]. Furthermore, the impact on the health- 
care system is significant as it prolongs hospital stay by 4 to 13 days [8] [9] [16] and as a 
result increases health-care costs [17]. 

Due to the clinical implications of PAL, intraoperative methods have been developed 
to mitigate this risk and include pleural tenting, pneumoperitoneum, staple-line but-
tressing, and surgical sealants [18]. These techniques are not recommended to be per-
formed routinely as not all patients are expected to benefit from their use [19]. Addi-
tionally, they are more time consuming and costly [19]. In order to identify patients at 
increased risk of PAL who may benefit from the use of intraoperative preventative 
techniques, several studies have identified risk factors for PAL and devised scoring sys-
tems to risk stratify patients [12] [13] [14]. 

The aim of this retrospective cohort study is to investigate the incidence of PAL fol-
lowing pulmonary resection and the most common risk factors for PAL in this group of 
patients. Risk factor categories include patient characteristics, validated scoring me-
thods, and surgical factors. The Charlson Comorbidity Index (CCI) was developed as a 
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weighted index of comorbid disease [20] and has been found to be a strong predictor of 
major complications following surgery for patients with non-small cell lung cancer 
[21]. We plan to investigate whether the CCI can be used as a predictor for PAL fol-
lowing resection. 

2. Materials and Methods 

All lobectomies and lesser resections performed at Vancouver General Hospital from 
October 2015 to July 2016 were included in the study. Inclusion criteria includes inpa-
tients on the thoracic surgery ward, aged 18 and older, who have undergone pulmonary 
resection for benign or malignant causes. Patients who underwent pneumonectomy 
were excluded. Ethics approval was provided by the UBC Clinical Research Ethics 
Board. 

Prospectively collected patient information was retrospectively obtained from the 
electronic medical record and hospital chart, and consisted of a patient’s history and 
physical examination, MRC dyspnea score [22], ECOG score [23], pulmonary function 
tests, operation report, and pathology report. 

Patient information collected included sex, age, BMI, Charlson Comorbidities, smok- 
ing status, alcoholism, FEV and FVC volumes and percent predicted, FEV/FVC ratio, 
diffusing capacity (DLCO), location and type of resection, presence of adhesions, com-
pleteness of fissures, method of completion for incomplete fissures, histology, TNM 
staging for non-small cell lung cancers, and primary diagnosis. The CCI is calculated as 
a weighted sum of 19 retrospectively collected patient comorbid conditions [20]. There 
were no patients with hemiplegia, moderate to severe liver disease, or AIDS, so these 
categories were not included in the analysis. 

Pulmonary resections were performed by one of three thoracic surgeons at Vancou-
ver General Hospital by video-assisted thoracoscopic surgery (VATS), thoracotomy, or 
midline sternotomy. Incomplete fissures were mainly completed with a stapler, al-
though in a minority of cases electrocautery or a combination of electrocautery and 
staples were used. 

One or two chest tubes were inserted and connected to a Pleur-Evac (Teleflex Medi-
cal, Wayne, PA) or Topaz (Medela, Baar, Switzerland) digital drainage device. The de-
finition used for PAL was an air leak lasting 5 or more days. 

Statistical analysis was performed using Stata 12 statistical software. Categorical va-
riables were analyzed using the chi square test or Fisher exact test, whereas, continuous 
variables were analyzed using the two-tailed t-test. Univariate and multivariate analyses 
were performed. A P-value of <0.05 was considered significant. 

3. Results 
3.1. Patient Characteristics 

Over the 9-month duration of the study there were 269 lung resections that met inclu-
sion criteria. There were 135 men (50.2%) and 134 (49.8%) women with a mean age of 
61.35 years, as is shown in Table 1. 
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Table 1. Indications for pulmonary resection of 269 consecutive pulmonary resections, October 
1st 2015 to June 30th 2016, by prolonged air leak status. 

Primary diagnosis 
Total 

n = 269 
(No., %) 

Control group 
air leak < 5 days 
n = 238 (No., %) 

Air leak ≥ 5 days 
n = 31 (No., %) 

P-value* 

Lung cancer 165 (61.34) 141 (59.24) 24 (77.42) 

0.056 

Lung metastases 31 (11.52) 31 (13.03) 0 

Recurrent pneumothorax 25 (9.29) 22 (9.24) 3 (9.68) 

ILD 18 (6.69) 18 (7.56) 0 

Other (Benign lung lesions, infection) 30 (11.15) 26 (10.92) 4 (12.90) 

*Chi square test of association for categorical variables; *Two tail T-test of association for continuous variables. 
 

PAL occurred in 31 patients (11.52%) and was most frequently observed in patients 
undergoing resection for primary lung cancer, followed by other causes and pneumo-
thorax, as is shown in Table 2. 

Patients with a normal BMI were more likely to have PAL compared to those with an 
overweight BMI (P = 0.007) on univariate analysis. For those with PAL there was a 
trend for increased age (P = 0.132). The proportion of PAL was highest in the 70 - 79 
years age group (n = 12), but this did not reach statistical significance (P = 0.32). There 
is a trend for association of PAL with age ≥ 70 years (P = 0.105). Non-significant pa-
tient characteristics include mean age (P = 0.13), sex (P = 0.83), FEV1% predicted (P = 
0.89), FEV1/FVC% (P = 0.38), DLCO% (P = 0.38). 

3.2. Validated Scoring Methods 

When ECOG status is grouped into two categories: 0 - 1 and ≥2, there is very weak evi-
dence of association of ECOG ≥ 2 with PAL (P = 0.099). Statistically insignificant vali-
dated scores include mean CCI (P = 0.38) and MRC dyspnea score (P = 0.55), as is 
shown in Table 3. 

3.3. Current Habits and Charlson Comorbidities 

Cerebrovascular disease was found to be associated with PAL (P = 0.030) and there was 
a trend for association of uncomplicated diabetes with PAL (P = 0.145). All remaining 
comorbidities were not found to be significantly associated with PAL, as is shown in 
Table 4. 

3.4. Length of Stay and Readmission Outcomes 

LOS was significantly longer for patients in the air leak group with a mean length of 
stay of 12.61 days compared to 4.95 days in the control group (P < 0.001). PAL was not 
significantly associated with increased readmission rates. Readmission at 30 days was 
3.2% (n = 1) in the PAL group and 0.42% (n = 1) in the control group (P = 0.22). 
Readmission at 90 days was 3.2% (n = 1) in the PAL group and 2.1% (n = 5) in the con-
trol group (P = 0.5). Frequency of readmission at 30 and 90 days was small and similar 
between groups. There were 2 deaths in the study, both in the control group, and due to  
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Table 2. Univariate analysis of patient characteristics for 269 consecutive pulmonary resections, 
October 1st 2015 to June 30th 2016, by prolonged air leak status. 

Variable 
Total 

(No., %) 

Control group 
air leak < 5 days 

(No., %) 

Air leak ≥ 5 days 
(No., %) 

P-value* 

All pulmonary resections 269 (100) 238 (88.48) 31 (11.52) - 

Age 

Age: Mean (SD) 61.35 (15.8, 59.5 - 63.3) 60.83 (16.1) 65.39 (12.49) 0.132 

Age category (years):     

<50 
51 - 59 
60 - 69 
70 - 79 
>80 

43 (15.99) 
59 (21.93) 
80 (29.74) 
65 (24.16) 
22 (8.18) 

39 (16.39) 
52 (21.85) 
74 (31.09) 
53 (22.27) 
20 (8.40) 

4 (12.90) 
7 (22.58) 
6 (19.35) 
12 (38.71) 
2 (6.45) 

0.322 

Age ≥ 70 years 87 (32.34) 73 (30.67) 14 (45.16) 0.105 

Sex:     

Male 
Female 

135 (50.19) 
134 (49.81) 

120 (50.42) 
118 (49.58) 

15 (48.39) 
16 (51.61) 

0.831 

BMI 

BMI: (n = 243)     

Mean (SD) 25.59 (5.86) 25.77 (6.05) 25.59 (3.95) 0.1733 

BMI category: (n = 243)     

Underweight (<18.5) 
Normal (18.5 - 25) 
Overweight (>25) 

18 (7.41) 
110 (45.27) 
115 (47.33) 

18 (8.41) 
89 (41.59) 
107 (50.00) 

0 (0) 
21 (72.41) 
8 (27.59) 

0.007 
(Fisher exact) 

Pulmonary function testing 

FEV1%: (n = 210)     

Mean (SD) 86.27 (8.46) 86.33 (18.50) 85.8 (18.56) 0.8923 

FEV1 category (n = 210)     

<60% 
60% - 80% 
>80% 

15 (7.14) 
66 (31.43) 
129 (61.43) 

12 (6.49) 
60 (32.43) 
113 (61.08) 

3 (12.00) 
6 (24.00) 
16 (64.00) 

0.480 

FEV1 < 80% 81 (38.57) 72 (38.92) 9 (36.00) 0.778 

FEV1 < 60% 15 (7.14) 12 (6.49) 3 (12.00) 0.397 

FEV1/FVC% (n = 206)     

Mean (SD) 72.80 (11.89) 73.08 (11.73) 70.90 (13.0) 0.3843 

FEV1/FVC% category     

<60% 
60% - 80% 
>80% 

23 (11.17) 
130 (63.11) 
53 (25.73) 

20 (11.11) 
112 (62.22) 
48 (26.67) 

3 (11.54) 
18 (69.23) 
5 (19.23) 

0.716 

DLCO% (n = 202)     

Mean (SD) 76.05 (18.31) 76.45 (18.23) 72.91 (19.03) 0.3841 

DLCO% category     

<60% 
60% - 80% 
>80% 

36 (17.82) 
79 (39.11) 
79 (43.07) 

30 (16.76) 
69 (38.55) 
80 (44.69) 

6 (26.09) 
10 (43.48) 
7 (30.43) 

0.353 
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Table 3. Validated scoring tools for study population of 269 consecutive pulmonary resections, 
October 1st 2015 to June 30th 2016, by prolonged air leak status. 

Variable 
Total 

(No., %) 

Control group 
air leak < 5 days 

(No., %) 

Air leak ≥ 5 days 
(No., %) 

P-value* 

CC Index (n = 269)     
Mean (SD) 1.6 (1.7) 1.6 (1.7) 1.5 (1.3) 0.3786 
CC index category: (n = 269)     

0 
1 - 2 
3 - 4 
≥5 

86 (31.97) 
126 (46.84) 
37 (13.75) 
20 (7.43) 

77 (2.35) 
110 (46.22) 
31 (13.03) 
20 (8.40) 

9 (29.03) 
16 (51.61) 
6 (19.35) 

0 

0.300 

ECOG performance status 
(n = 266) category: 

    

ECOG 0 
ECOG 1 
ECOG 2 
ECOG 3 

165 (62.03) 
84 (31.58) 
12 (4.51) 
5 (1.88) 

148 (62.71) 
75 (31.78) 
9 (3.81) 
4 (1.69) 

17 (56.67) 
9 (30.0) 
3 (10.0) 
1 (1.88) 

0.420 

ECOG grouping: (n = 266)     
ECOG 0 - 1 
ECOG ≥2 

249 (93.61) 
17 (6.39) 

223 (94.49) 
13 (5.51) 

26 (86.67) 
4 (13.33) 

0.099 

MRC dyspnea scores (n = 266)     
1 
2 
3 
4 

172 (64.66) 
73 (27.44) 
15 (5.64) 
6 (2.26) 

154 (65.25) 
64 (27.12) 
12 (5.08) 
6 (2.54) 

18 (60.00) 
9 (30.00) 
3 (10.00) 

0 

0.552 

 
Table 4. Current habits and Charlston comorbidities for study population of 269 consecutive 
pulmonary resections, October 1st 2015 to June 30th 2016, by prolonged air leak status. 

Variable 
Total 

(No., %) 

Control group 
air leak < 5 days 
n = 238 (No., %) 

Air leak ≥ 5 days 
n = 31 (No., %) 

P-value* 

Current habit 
Smoker 32 (11.90) 27 (11.34) 5 (16.13) 0.389 
Alcoholism 7 (2.60) 6 (2.52) 1 (3.23) 0.580 

Comorbid disease 
CAD 28 (10.41) 25 (10.50) 3 (9.68) 0.887 
CHF 7 (2.60) 2 (6.45) 5 (2.10) 0.187 
PVD 11 (4.09) 2 (6.45) 9 (3.78) 0.369 
Cerebrovascular disease 24 (8.92) 18 (7.56) 6 (19.35) 0.030 
Chronic lung disease 96 (35.69) 13 (41.94) 83 (34.87) 0.434 
Chronic cognitive deficit 1 (0.37) 1 (0.42) 0 0.718 
Connective tissue disease 15 (5.58) 12 (5.04) 3 (9.68) 0.393 
PUD 6 (2.23) 6 (2.52) 0 0.371 
DM uncomplicated 32 (11.90) 31 (13.03) 1 (3.23) 0.145 
DM complicated 3 (1.12) 3 (1.26) 0 0.530 
CKD moderate to severe 6 (2.23) 5 (2.10) 1 (3.23) 0.524 
Leukemia 3 (1.12) 3 (1.26) 0 0.530 
Lymphoma 5 (1.86) 4 (1.68) 1 (3.23) 0.460 
Solid tumour no mets 45 39 (16.39) 6 (19.35) 0.617 
Solid tumour with mets 11 (4.09) 11 (4.62) 0 0.622 
Liver disease mild 7 (2.60) 7 (2.94) 0 0.333 
HIV/AIDS 1 (0.37) 1 (0.42) 0 0.718 
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cardiac arrest (n = 1) and acute respiratory distress syndrome (ARDS) (n = 1), as is 
shown in Table 5. 

3.5. Surgical Factors 

The majority of surgeries (93.3%) were performed using video-assisted thoracoscopic 
surgery (VATS). Surgical factors that are statistically significant risk factor for PAL in-
clude VATS that involved an unplanned conversion to thoracotomy (P = 0.011) and 
RUL lobectomy (P = 0.001). Any upper lobectomy, defined as right upper lobectomy, 
left upper lobectomy, or left apical trisegmentectomy, was significantly associated with 
PAL (P = 0.014), as well as any upper lobectomy or bilobectomy (P = 0.012). Also sig-
nificantly associated with PAL was the presence of adhesions (P < 0.001), as is shown in 
Table 6. 

3.6. Multivariate Analysis 

The results following multivariate regression analysis are shown in Table 7 and Table 
8. Significant predictors of PAL following multivariate regression include unplanned 
conversion from VATS to thoracotomy (P = 0.023), right upper lobectomy (P = 0.001), 
and normal BMI compared to an overweight BMI (P = 0.009). 

4. Discussion 

The aim of this retrospective cohort study was to investigate the incidence of PAL fol-
lowing pulmonary resection and the most common risk factors for PAL in this group of 
patients. We defined a prolonged air leak as an air leak lasting 5 or more days post- 
operatively. In previous studies, PAL has been found to occur in up to 26% of patients 
following lobectomy and lesser pulmonary resections [4] [5] [6] [7] [8] and is asso-
ciated with increased postoperative morbidity through increased rates of pulmonary 
and pleural complications such as empyema, pneumonia, and atelectasis [5] [8] [9]. In 
this study the incidence of prolonged air leak was 11.52% which is similar to the inci-
dence found in previous studies. 

Previous studies have found that the impact of PAL on the healthcare system is sig-
nificant as it prolongs hospital stay by 4 to 13 days [8] [9] [16] and as a result increases  
 
Table 5. Length of stay, mortality, and readmission univariable analysis for study population of 
269 consecutive pulmonary resections, October 1st 2015 to June 30th 2016, by prolonged air leak 
status. 

Variable 
Total 

(No., %) 

Control group 
air leak < 5 days 
n = 238 (No., %) 

Air leak ≥ 5 days 
n = 31 (No., %) 

P-value* 

LOS (days) n = 269 Mean (SD) 5.83 (5.47) 4.95 (4.65) 12.61 (6.54) <0.001 

All cause 30 day mortality 2 (0.74) 2 (0.84) 0 0.608 

30 day readmit 2 (0.74) 1 (0.42) 1 (3.23) 0.218 

90 day readmit 6 (2.23) 5 (2.10) 1 (3.23) 0.524 
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Table 6. Surgical risk factors for study population of 269 consecutive pulmonary resections, Oc-
tober 1st 2015 to June 30th 2016, by prolonged air leak status. 

Variable 
Total 

n = 269 
(No., %) 

Control group 
air leak < 5 days 
n = 238 (No., %) 

Air leak ≥ 5 days 
n = 31 (No., %) 

P-value* 

Planned incision     

VATS 
Thoracotomy 
Sternotomy 

251 (93.31) 
16 (5.95) 
2 (0.74) 

220 (92.44) 
16 (6.72) 

2 () 

31 (100) 
0 
0 

0.285 

Unplanned conversion 
VATS to thoracotomy 

    

Yes 
No 

248 (92.19) 
21 (7.81) 

15 (6.30) 
223 (93.70) 

6 (19.35) 
25 (80.65) 

0.011 

Lobectomy     

Yes 
No 

134 (49.81) 
135 (50.19) 

115 (48.32) 
123 (51.68) 

19 (61.29) 
12 (38.71) 

0.174 

Lobectomy location     

RUL 
RML 
RLL 
LUL 
LLL 

42 (15.61) 
10 (3.72) 
27 (10.04) 
33 (12.27) 
21 (7.81) 

31 (13.03) 
10 (4.20) 
23 (9.66) 
30 (12.61) 
20 (8.40) 

11 (35.48) 
0 

4 (12.90) 
3 (9.68) 
1 (3.23) 

0.001 
0.611 
0.530 
0.778 
0.485 

Bilobectomy 9 (3.35) 8 (3.36) 1 (3.23) 0.969 

Location bilobectomy     

RUL/RML 
RML/RLL 

4 (44.44) 
5 (55.56) 

3 (37.50) 
5 (62.50) 

1 (100) 
0 

0.444 

Segmentectomy 17 (6.32) 15 (6.30) 2 (6.45) 0.974 

Location segmentectomy     

LUL apical trisegment 
LUL lingula 
LLL sup seg 
RLL sup seg 

9 (52.94) 
2 (11.76) 
2 (11.76) 
4 (23.53) 

7 (46.67) 
2 (13.33) 
2 (13.33) 
4 (26.67) 

2 (100) 
0 
0 
0 

0.569 

Any upper lobectomy 85 (31.60) 69 (28.99) 16 (51.61) 0.014 

Any upper lobectomy or bilobectomy 93 (4.57) 76 (31.93) 17 (54.84) 0.012 

Wedge resection 115 (42.75) 103 (43.28) 12 (38.71) 0.629 

Adhesions > 30% pleural surface 56 (20.97) 40 (16.88) 16 (53.33) <0.001 

Incomplete major fissure 140 (92.72) 119 (91.54) 21 (100) 0.384 

Fissure division     

Stapler 
Cautery 
Combination 

103 (72.54) 
6 (4.23) 

33 (23.24) 

86 (71.07) 
6 (4.96) 

29 (23.97) 

17 (80.95) 
0 

4 (10.05) 
0.744 

Intraoperative transfusion 3 (1.12) 3 (1.26) 0 0.530 
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Table 7. Logistic regression and multivariable regression analysis of surigical factors for study 
population of 269 consecutive pulmonary resections, October 1st 2015 to June 30th 2016. 

Variable Univariable analysis Multivariable analysis 

 Odds ratio (95%CI) P-value* Odds ratio (95%CI) P-value* 

Unplanned conversion 
VATS to thoracotomy 

3.57 (1.3 - 10.0) 0.016 3.37 (1.2 - 9.6) 0.023 

Lobectomy 0.99 (0.8 - 1.3) 0.951 1.78 (0.8 - 4.0) 0.170 

Lobectomy location     

RUL 
RML 
RLL 
LUL 
LLL 

3.67 (1.6 - 8.4) 
- 

1.38 (0.4 - 4.3) 
0.74 (0.2 - 2.6) 
0.36 (0.04 - 2.8) 

0.002 
- 

0.574 
0.641 
0.332 

4.16 (1.7 - 10) 
- 

1.27 (0.4 - 4.1) 
0.72 (0.2 - 2.6) 
0.37 (0.04 - 2.9) 

0.001 
- 

0.692 
0.607 
0.349 

Bilobectomy 0.96 (0.12 - 7.9) 0.969 0.88 (0.1 - 7.4) 0.904 

Segmentectomy 1.02 (0.2 - 4.7) 0.974 1.04 (0.2 - 4.8) 0.962 

Wedge resection 0.82 (0.4 - 1.8) 0.629 0.81 (0.4 - 1.9) 0.632 

Adhesions >30% 
pleural surface 

1.56 (0.9 - 2.6) 0.092 1.53 (0.91 - 2.6) 0.106 

Fissure division     

Stapler 
Cautery 
Combination 

- 
1.43 (0.4 - 4.6) 

- 

- 
0.546 

- 

- 
1.53 (0.5 - 5.1) 

- 

- 
0.487 

- 

 
health-care costs [17]. The mean LOS for patients with PAL in our study was signifi-
cantly longer at 12.6 days compared to 5.0 days for patients in the control group (P < 
0.0001). There was no association found between PAL and readmission rates at 30 and 
90 days, or increased mortality. 

Preoperative patient characteristics, validated scoring methods, and surgical factors 
were analyzed as possible risk factors. Normal BMI, compared to an overweight BMI, 
was a significant predictor of PAL. A relatively lower BMI has been found to be a risk 
factor in other studies [13] [14]. Brunelli et al. [13] developed a scoring system based 
assigning points based on individual risk factors, with a maximum score of 5.5, and in-
cludes 2 points for BMI < 25.5. From the total score they assigned four risk categories 
which demonstrated increasing PAL incidence in their validation set. Rivera et al. [14] 
developed an Index of PAL (IPAL), in which BMI < 24 increases IPAL, which is asso-
ciated with increased risk of PAL. Patients with an overweight BMI have increased in-
tra-abdominal pressure which forces the diaphragm cephalad helping to reduce the re-
sidual space following resection. There was a trend for age > 70 to be associated with 
PAL which may be due to a more fragile lung parenchyma and reduced healing capaci-
ty in this population. There was also a trend for association of FEV1 > 80% and 
DLCO > 80% with decreased odds of PAL on multivariate analysis. This aligns with 
previous studies which have consistently found reduced pulmonary function due to  
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Table 8. Logistic regression and multivariable regression analysis of patient characteristics for 
study population of 269 consecutive pulmonary resections, October 1st 2015 to June 30th 2016. 

Variable Univariable analysis Multivariable analysis 

 Odds ratio (95%CI) P-value* Odds ratio (95%CI) P-value* 

Age (years) (n = 269) 

41 - 50 1.00 (Reference) - 1.00 (Reference) - 

51 - 60 1.31 (0.4 - 4.8) 0.681 1.22 (0.3 - 4.5) 0.766 

61 - 70 0.79 (0.2 - 3.0) 0.728 0.74 (0.2 - 2.8) 0.662 

71 - 80 2.21 (0.7 - 7.4) 0.198 1.92 (0.6 - 6.6) 0.300 

>80 0.98 (0.2 - 5.8) 0.978 0.89 (0.1 - 5.4) 0.899 

Age >70 years 1.86 (0.9 - 4.0) 0.109 1.71 (0.8 - 3.7) 0.178 

Sex (n = 269) 

Female 1.00 (Reference) - 1.00 (Reference) - 

Male 1.08 (0.5 - 2.3) 0.831 1.30 (0.6 - 2.9) 0.509 

Charlson co-morbidity score (n = 269) 

0 1.00 (Reference) - 1.00 (Reference) - 

1 - 2 1.24 (0.5 - 2.9) 0.621 1.05 (0.4 - 2.6) 0.922 

3 - 4 1.65 (0.5 - 5.0) 0.375 1.26 (0.4 - 4.2) 0.705 

≥ 5 - - - - 

BMI category: (n = 243) 

Underweight (<18.5) 1.00 (Reference) - 1.00 (Reference) - 

Normal (18.5 - 25) 3.16 (1.3 - 7.5) 0.009 3.28 (1.3 - 8.0) 0.009 

Overweight (>25) - - - - 

FEV1 category (n = 210) 

<60% 1.00 (Reference) - 1.00 (Reference) - 

60 - 80% 0.40 (0.1 - 1.8) 0.237 0.34 0.176 

>80% 0.57 (0.1 - 2.2) 0.416 0.38 0.210 

FVC/FEV1% category (n = 206) 

<60% 1.00 (Reference) - 1.00 (Reference) - 

60 - 80% 1.07 (0.3 - 4.0) 0.918 0.79 (0.2 - 3.1) 0.739 

>80% 0.69 (0.2 - 3.2) 0.639 0.48 (0.1 - 2.4) 0.377 

DLCO% category (n = 202) 

<60% 1.00 (Reference) - 1.00 (Reference) - 

60 - 80% 0.72 (0.2 - 2.2) 0.566 0.65 (0.2 - 2.0) 0.452 

>80% 0.44 (0.1 - 1.4) 0.166 0.35 (0.1 - 1.3) 0.107 
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Continued 

ECOG performance status category: (n = 266) 

ECOG 0 1.00 (Reference) - 1.00 (Reference) - 

ECOG 1 1.04 (0.4 - 2.5) 0.920 1.18 (0.5 - 2.9) 0.725 

ECOG 2 2.90 (0.7 - 11.8) 0.136 3.59 (0.8 - 16.0) 0.094 

ECOG 3 2.18 (0.2 - 20.6) 0.498 2.51 (0.3 - 24.3) 0.428 

ECOG grouping: (n = 266) 

ECOG 0-1 1.00 (Reference) - 1.00 (Reference) - 

ECOG ≥2 2.64 (0.8 - 8.7) 0.111 3.00 (0.9 - 10.4) 0.083 

MRC dyspnea scores (n = 266) 

1 1.00 (Reference) - 1.00 (Reference) - 

2 1.20 0.670 0.66 (0.2 - 2.3) 0.512 

3 2.14 0.272 1.01 (0.2 - 6.0) 0.993 

4 - - - - 

MRC dyspnea score grouping (n = 266) 

1 1.00 (Reference) - 1.00 (Reference) - 

≥2 1.25 (0.6 - 2.7) 0.571 0.81 (0.2 - 2.6) 0.729 

 
chronic obstructive pulmonary disease as a risk factor [5] [8] [9] [10] [11] [12]. There 
was also a trend for risk of air leak to differ based on primary diagnosis, however, due 
to the small sample size, we were unable to perform multivariate analysis. 

The CCI was developed in 1987 by Charlson and colleagues in a cohort study of 559 
medical patients as a weighted sum of patient comorbid conditions [20]. It was subse-
quently tested in a population of patients undergoing treatment for breast cancer, and 
when patients were grouped into CCI categories of 0, 1 - 2, 3 - 4, and ≥5, there was a 
stepwise increase in mortality with increasing CCI. Birim et al. [21] investigated using 
the CCI to predict surgical risk in patients operated on for non-small cell lung cancer, 
and found that the CCI was a strong predictor of major complications, but not minor 
complications which included air leak >5 days [21]. CCI grouped into the categories 
mentioned above was not found to be a predictor of PAL, however from univariate 
analysis of the individual Charlson comorbidities there was an association between ce-
rebrovascular disease (CVD) and PAL, which may be due to smoking as a risk factor 
for CVD. For this study we investigated whether current smoking was a risk factor for 
PAL, and it is a limitation of this study that we did not take into consideration pack- 
year smoking history. There was also a trend for association of uncomplicated diabetes 
mellitus with PAL which may be due to reduced healing capacity in diabetic patients. 
There is weak evidence of an association of ECOG ≥ 2 with PAL and MRC dyspnea 
score did not have a significant association with PAL. 

Surgical factors that had a statistically significant association with PAL include an 
unplanned conversion from VATS to thoracotomy, presence of adhesions, and right 



C. Drewbrook et al. 
 

44 

upper lobectomy. Conversion from VATS to thoracotomy occurred with operations in 
which it was difficult to access and resect necessary structures which resulted in in-
creased lung manipulation. Some of the conversions from VATS to thoracotomy were 
performed due to the presence of dense adhesions. Previous studies have found adhe-
sions to be a risk factor for PAL [5] [12] as their presence may cause tears in the lung 
parenchyma with manipulation of the lung, contributing to PAL. Right upper lobecto-
my involves both the major and minor fissures. There was a trend for association of lo-
bectomy and upper lobectomy with PAL. Lobectomies involve resection of more lung 
parenchyma compared to sublobar resections, and combined with the effects of gravity, 
a larger residual apical space may prevent visceral and parietal pleural apposition for 
upper lobectomies. 

Limitations include that this a single-centre study with a small sample size. Further-
more, as a retrospective observational study, the patient data collected and operation 
reports were not intended to be used for this purpose, and therefore there is bias intro-
duced through the interpretation of these data sources. 

5. Conclusion 

In conclusion, unplanned conversion, adhesions, and right upper lobectomy were the 
most significant surgical factors associated with PAL in our study. We observed several 
trends consistent with previously described predictors in the literature; however, our 
study was limited by small sample size. 
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