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Original 
Article Preoperative Hypoalbuminemia is a Risk Factor for 

Late Bronchopleural Fistula after Pneumonectomy 

Katsunari Matsuoka, MD,1 Noriyuki Misaki, MD,2 and Shinichi Sumitomo, MD3

Background:  Pneumonectomy is still a high-risk surgical procedure. Postpneumonectomy 
bronchopleural fistula is an especially severe complication with a high mortality rate. 
Although several reports have discussed risk factors for early bronchopleural fistula after 
pneumonectomy, only a few have reported them for late bronchopleural fistula. We reviewed 
cases of late bronchopleural fistula after pneumonectomy and investigated its risk factors. 
Methods:  Sixty-four patients with nonsmall cell lung cancer underwent pneumonectomy at our 
institution from June 1999 to December 2004. Among them, 5 who developed bronchopleural 
fistula were investigated. 
Results:  All of the 5 patients were male; 3 had undergone right pneumonectomy and 2 left 
pneumonectomy. The period between surgery and the appearance of bronchopleural fistula 
ranged from 36 to 164 days. We found that the preoperative serum albumin level was significantly 
lower in the patients with late bronchopleural fistula. Induction therapy, surgical side, age, 
anemia, arterial blood oxygen, and respiratory function did not affect the occurrence of 
bronchopleural fistula after pneumonectomy.
Conclusions:  A preoperative low-serum albumin level, indicative of poor nutritional status, is 
a risk factor for late bronchopleural fistula after pneumonectomy for nonsmall cell lung cancer. 
(Ann Thorac Cardiovasc Surg 2010; 16: 401–405)
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Introduction

Although advances in perioperative management have 
improved the surgical outcome after pulmonary resection, 
pneumonectomy is still a high-risk surgical procedure 
and continues to be associated with higher mortality in 
comparison with lobectomy.1,2) Many postpneumonectomy 

complications have been reported, such as pneumonia, 
empyema, acute respiratory distress syndrome, and cir-
culatory failure.1–3) Bronchopleural fistula is especially 
one of the most serious complications of pneumonectomy and 
has been identified by several authors as an independent 
predictor of mortality in this situation.1,4–6) Although several 
reports have discussed risk factors for early bronchopleural 
fistula after pneumonectomy, only a few have reported 
them for late bronchopleural fistula. Therefore we 
reviewed cases of postpneumonectomy bronchial fistula 
retrospectively and investigated risk factors for late bron-
chopleural fistula after pneumonectomy in patients with 
nonsmall cell lung cancer. 

Patients and Methods

Sixty-four patients with histologically diagnosed nonsmall 
cell lung carcinoma (59 males, 5 females, mean age 64.4 
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years) underwent pneumonectomy and mediastinal lymph 
node dissection at the Department of Thoracic Surgery, 
Japanese Red Cross Society, Wakayama Medical Center, 
from June 1999 to December 2004. Among these 
patients, 5 developed bronchopleural fistula during the 
postoperative follow-up period. We investigated all 64 
patients retrospectively and analyzed the risk factors for 
postsurgical bronchopleural fistula. Those who underwent 
completion, sleeve, or extrapleural pneumonectomy were 
excluded. Bronchopleural fistula was confirmed by chest 
X-ray, chest computed tomography (CT), and bronchofi-
berscopy in all cases. 

The data, obtained from the clinical records, included 
age, sex, medical comorbidities, smoking habits, preoper-
ative pulmonary function, preoperative arterial gas 
parameters, preoperative biochemical parameters, induc-
tion chemoradiotherapy, intraoperative bleeding, blood 
transfusion, and histological staging. Surgical reports 
were reviewed in detail to determine the extent of lymph 
node dissection, hand-sewn versus ligation closure, and 
what tissue, if any, was used to reinforce the bronchial 
closure. These data were collected in June 2007.

Counts were compared using the chi-square test. Con-
tinuous data were compared using the Mann-Whitney U test. 

A multivariate analysis of risk factors was performed using 
the Cox proportional hazards model. Differences at P < 
0.05 were considered to be significant. Statistical analysis 
was performed using the StatView 5.0 software package 
(SAS Institute Inc., Cary, NC, USA).

The need for subsequent individual consent of patients 
whose records were evaluated was waived because indi-
viduals were not identified in this study.

Results 

Among the 64 patients, 27 underwent right pneumonec-
tomy and 37 left pneumonectomy. Pathological staging 
was 0 in 3 cases, IIA in 5, IIB in 21, IIIA in 16, IIIB in 
14, and IV in 5. Fifty-two patients underwent complete 
resection, and 12 had a macroscopically or microscopi-
cally residual tumor. Thirty-three patients received 
preoperative chemoradiotherapy consisting of an average 
of two courses of platinum-based chemotherapy plus 50 
Gy radiation. The surgical procedure for bronchial stump 
closure was manual suturing using absorbable thread in 
47 patients, mechanical suturing in 1, and simple ligation 
using silk thread in 17. Bronchial reinforcement was done 
in 37 patients. A pedicled pericardial fat pad and intercostal 

Table 1.  Cases of postpneumonectomy bronchopleural fistula

case 1 2 3 4 5

age 79 61 61 63 67
sex male male male male male
side left left right right right
histology Sq Sq Sq Sq Adeno
P-stage IV IIIB IIIB IIIA IIB
bulky N2 (-) (-) (+) (+) (-)
induction therapy (-) chemo+RT chemo+RT (-) (-)
closure methods of 
bronchial stump 

ligation ligation manual suture manual suture manual suture

extended resection (-) (-) lt. atrium (-) (-)
bronchial  (-) (-) pericardial  intercostal  intercostal 
reinforcement   fat pad muscle muscle
residual tumor R0 R0 R2 R2 R0
comorbidity (-) diabetes  (-) (-) gastric ulcer
postoperative 
complication pneumonia (-) (-) (-) pneumonia

adjuvant therapy (-) UFT chemo+RT chemo+RT (-)
recurrence (-) (-)   (-)
disease-free days 64 64 146 67 36
resurgery (-) direct suture omentopexy omentopexy (-)
outcome 7.9 m 43.1 m 6.0 m 26.5 m 1.8 m
 death alive death alive death
cause of death pneumonia  cancer  pneumonia

Sq, squamous cell carcinoma; Adeno, adenocarcinoma; Chemo, chemotherapy; RT, radiation therapy.
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muscle flaps were used in most cases. 
Among the 64 patients who underwent pneumonectomy, 

5 developed bronchopleural fistula during the postoperative 
follow-up period (Table 1). The patients with bronchial 
fistula were all male; 3 underwent right pneumonectomy 
and 2 left pneumonectomy.  The histological diagnosis 
was squamous cell carcinoma in 4 patients and adenocar-
cinoma in 1. Pathological staging was stage IIB in 1 patient, 
stage IIIA in 1, stage IIIB in 2, and stage VI in 1. Patients 
with stage IIIB and stage VI had tumor invasion of the 
left atrium or intrapulmonary metastasis. Two patients 
underwent preoperative chemoradiotherapy; one received 
2 courses of platinum-based chemotherapy and 60 Gy 
radiation, and the other received 3 courses and 40 Gy 
radiation. The surgical procedure for bronchial stump 
closure was manual suturing with absorbable thread in 3 
patients and simple ligation with silk thread in 2. Bron-
chial reinforcement was done in 3 patients; a pedicled 
pericardial fat pad was used in 1 patient and intercostal 
muscle flaps in the other 2. Three patients underwent 
complete resection, but 2 had a macroscopically residual 
tumor. Two patients with residual tumor received adjuvant 
chemoradiotherapy consisting of platinum-based chemo-
therapy and 20–50 Gy radiation. One patient with complete 
resection received UFT administration after surgery. 
Three patients who underwent complete resection had no 
tumor recurrence during the follow-up period. The 
period between surgery and the development of bron-
chopleural fistula ranged from 36 to 164 days. Three 
patients underwent reoperation and recovered. However, 
the general condition of the other 2 was severe, preclud-
ing reoperation, and they died in the hospital. 

We compared the preoperative and intraoperative 
variables between patients with bronchopleural fistula 
(n = 5) and those without (n = 59); we found that the pre-
operative serum albumin level was significantly lower in 
the former than in the latter (Tables 2 and 3). The preop-
erative serum cholinesterase level was lower in the former 
group than in the latter, but not to a significant degree. 
Induction therapy including preoperative radiotherapy, 
surgical side, age, anemia, arterial blood oxygen, and 
respiratory function did not affect the development of 
bronchopleural fistula after pneumonectomy. In multivari-
ate analysis, preoperative serum albumin level was an 
independent risk factor for late bronchopleural fistula after 
pneumonectomy (Table 4).

Comment

Bronchopleural fistula remains one of the most serious 
complications after pneumonectomy, and several patient-
related factors as well as factors related to the operative 
technique have been reported. For example, anatomical 
side, low forced ventilation capacity, suturing technique 
(manual or mechanical suturing), extended lymph node 
dissection, residual tumor at the bronchial stump, induc-
tion therapy, diabetes mellitus, and postoperative mechanical 
ventilation have been reported to be risk factors for post-
pneumonectomy bronchopleural fistula.1,4,7–9) Although 
several reports discussed risk factors for bronchopleural 
fistula after pneumonectomy, only a few reported them 
for late (more than 30 days after surgery) bronchopleural 
fistula. Therefore we reviewed cases of postpneumonectomy 
bronchial fistula retrospectively and investigated its risk 
factors for late bronchopleural fistula after pneumonectomy 
in patients with nonsmall cell lung cancer. 

Previous reports have indicated that most cases of 
bronchopleural fistula occurred within 30 days after sur-
gery.4–9) However, in our series all bronchopleural fistulas 
occurred more than 30 days after surgery. Although early 
bronchopleural fistula might be the results of local infec-
tion, local ischemia, and technical problems, such as the 
cutting of bronchial cartilage and loosening of suture 
knots, late bronchopleural fistula might be attributable to 
other causes. In this study, we found that the preoperative 
serum albumin level was significantly lower in the late 
bronchopleural fistula group. Other factors, such as ana-
tomical side, low forced ventilation capacity, extended 
lymph node dissection, residual tumor at the bronchial 
stump, and induction therapy did not differ significantly 
between the two groups. Preoperative hypoalbuminemia 
might be indicative of a malnutrition state and low 
wound-healing ability leading to a possible development 
of bronchopleural fistula. 

Covering the bronchial stump has been reported effective 
for the prevention of bronchopleural fistula.7–12) Many 
materials for covering the bronchial stump have been 
reported, including pericardial fat pads, omentum, pericar-
dium, and pleura. However, Wright and colleagues reported 
eight cases of bronchopleural fistula covered by pleura, 
omentum, pericardial fat pad, and intercostal muscle. 
That provides evidence that none of the autologous tissues 
can offer complete protection against the development of 
bronchopleural fistula.9) In our study, bronchial reinforcement 
did not affect the occurrence rate of bronchopleural fistula.

Among our 5 patients with bronchopleural fistula, 2 



404

Matsuoka et al.

Ann Thorac Cardiovasc Surg Vol. 16, No. 6 (2010)

Table 2.  Univariate analysis of clinical factors for postpneumonectomy bron-
chopleural fistula

 BF (+)  BF (-) 
P

  (n = 5) (n = 59)

age 66.2 ± 7.6 64.2 ± 8.6 0.7736
% FVC 79.7 ± 7.9 89.9 ± 18.7 0.2326
FEV 1.0% 77.2 ± 7.3 72.8 ±11.6 0.4164
pO2 (mmHg) 90.6 ± 3.8 86.4 ±12.7 0.4688
hemoglobin (g/dl) 11.2 ± 2.4 11.3 ± 1.9 0.9071
total protein (g/dl) 6.44 ± 0.70 6.83 ± 0.74 0.2596
albumin (g/dl) 3.02 ± 0.30 3.65 ± 0.56 0.0164
cholinesterase (IU/L) 172.2 ± 69.3 223.4 ± 60.0 0.0748

BF, bronchopleural fistula; FVC, forced vital capacity; FEV1.0, forced 
expiratory volume in 1 second.
FEV1.0% = FEV1.0 / FVC 

Table 3.  Univariate analysis of clinical factors for postpneumonectomy bron-
chopleural fistula

  BF (+)  BF (-) 
P

   (n = 5) (n = 59)

side right 3 24 0.4009
 left 2 35
P stage 0 / I / II 1 28 0.2363
 III / IV 4 31
induction therapy + 2 31 0.5900
 - 3 28
residual disease R0 (-) 3 49 0.2048
 R1 / R2(+) 2 10
blood transfusion + 4 28 0.1623
 - 1 31
bronchial reinforcement + 3 34 0.9178
 - 2 25
bronchial stump ligation 2 15 0.7558
 suture  3 44

BF, bronchopleural fistula.

Table 4.  Multivariate analysis of clinical factors for postpneumonectomy 
  bronchopleural fistula

 HR 95% P

residual disease (R0) 0.356 0.049–2.587 0.3072
blood transfusion (+) 1.050 0.083–13.257 0.9700
preop. % FVC 0.991 0.940–1.044 0.7281
preop. ablumin 0.148 0.023–0.940 0.0428

HR, hazard ratio; CI, confidence interval; FVC, forced vital capacity.

had bulky N2 disease and incomplete resection. Espe-
cially, 2 of 3 patients with right bronchopleural fistula 
had bulky N2 disease, requiring more extensive dissection 
around the main bronchus with potential devascularization 
of the bronchial stump. Although the percentages of 
patients with bulky N2 disease and those who underwent 

extensive lymph node dissection in this series were 
unknown, local ischemia following extensive lymph node 
dissection might be one of the causes of wound-healing 
failure at the bronchial stump leading to the development 
of bronchopleural fistula. 

Induction therapy, including chemotherapy and radio-
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therapy, is reported to be a risk factor for bronchopleural 
fistula.5,12,13) In our series, however, induction chemotherapy 
and radiotherapy did not affect the occurrence rate of 
bronchopleural fistula. Induction therapy, especially radi-
ation therapy, decreases the blood flow in the radiation 
field and weakens wound healing ability. In our series, 
because the central side of the main bronchus might not 
be included in the radiation field in patients without 
bulky N2 disease, preoperative induction radiotherapy 
might not affect the development of bronchopleural fistula. 
In any event, induction chemotherapy was not correlated 
with postoperative bronchopleural fistula.

We usually closed the bronchial stump after pneumo-
nectomy by manual suturing, using absorbable threads 
such as Vicryl (polyglactin) or PDS-II (polydioxanone). 
Especially when the left main bronchus was small and soft, 
we closed the bronchial stump by simple ligation using 
silk threads. The simple ligation method is often used for 
lobectomy in Japan and is reportedly safe with a low 
associated incidence of bronchopleural fistula.14,15) In this 
series, 17 patients were treated by the simple ligation 
method, and all underwent left pneumonectomy. When 
the simple ligation method was used at lobectomy and 
bilobectomy, the occurrence rate of bronchopleural fistula 
was lower than that for manual suturing. However, 2 of 
these 17 (11.8%) suffered bronchopleural fistula. Although 
the reason is unknown, a simple ligation method may not 
be suited for closure of the main bronchus.

In conclusion, a preoperative low serum albumin level, 
indicative of poor nutritional status, is a risk factor for 
bronchopleural fistula after pneumonectomy for nonsmall 
cell lung cancer.
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