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Introduction

Bronchopleural fistula (BPF) is the most dreaded com-
plication after pulmonary resection for non-small cell
lung carcinoma (NSCLC). The incidence of BPF has
decreased in the past decades with a better understand-
ing of the bronchial healing process, refinements of bron-
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Background:  The incidence of a bronchopleural fistula (BPF) as a major complication
after non-small cell lung carcinoma (NSCLC) surgery has decreased in recent years, due to
new surgical refinements and a better understanding of the bronchial healing process. We
reviewed our most recent experience with BPFs and tried to determine methods which may
effectively reduce its occurrence.
Methods:  Data on 490 patients with lung resections for NSCLC over a period from 1990 to
1999 were retrospectively reviewed. Details regarding surgery and the subsequent treat-
ment were carefully reviewed. Particular attention was paid to factors possibly affecting the
occurrence of BPFs: the technique of the initial bronchial closure, previous radiation and/
or chemotherapy, need for postoperative ventilation and presence of residual carcinoma-
tous tissue at the bronchial suture line. Information about age, sex, clinical diagnosis, asso-
ciated conditions, TNM stage, period between primary operation and rethoracotomy and
postoperative outcome was also recorded.
Results:  The overall BPF incidence was 4.4% (22/490). There were 21 (95.5%) males and 1
(4.5%) female, mean age was 57.8 years. BPFs occurred after pneumonectomy in 12 (54.6%),
after lobectomy in 9 (40.9%) patients and after sleeve resections in 1 (4.5%) patient. Mor-
tality rate was 27.2% (6/22). Right-sided pneumonectomy and postoperative mechanical
ventilation were identified as risk factors for BPFs (p<0.05). Initial chest re-exploration was
performed in 20 (90.9%) patients. After debridement, the bronchial stump was reclosed by
hand suture in 10 (45.4%) patients. All 10 (45.4%) patients with a post-lobectomy- and
sleeve resection BPF necessitated completion surgery. The BPF was additionally covered
with a vascularized flap in 20 (90.9%) patients. In 2 (9%) patients with small BPFs and
poor overall condition the initial treatment was endoscopic. In both the fistula persisted and
the stump had to be surgically resutured.
Conclusions: A BPF remains a major complication in the surgery of NSCLC because of its high
mortality and morbidity rate. A BPF is more common after right-sided pneumonectomy and is
frequently associated with postoperative mechanical ventilation. The management varies ac-
cording to the initial type of surgery, the size of the BPF, the overall patient condition and that of
the remaining lung. Endoscopic treatment is reserved only for small fistulas associated with
poor general condition. (Ann Thorac Cardiovasc Surg 2001; 7: 330–6)
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chial surgical techniques and advances in postoperative
intensive care.1) Despite a widespread understanding of
these surgical principles the latest reported incidence of
BPFs is still high and varies from 1.5% to 11.1%.2,3)

Over the last few years we have noticed an increasing
number of extensive operative procedures for NSCLC.1,2)

Present advances in radio- and chemotherapy make down
staging of advanced NSCLC possible to stages where
surgery can safely be performed.3,4) The risk of postop-
erative major complications in this group of patients is
high because they are older, often present with extended
local disease and/or iatrogenic induced pathology. There-
fore the occurrence of BPFs is still associated with high
mortality rates ranging from 25% to 71.2%, the most
common cause of death being aspiration pneumonia with
subsequent acute respiratory distress syndrome
(ARDS).1,3,5) This might be explained with new factors
interfering in the bronchial stump healing process, fac-
tors not seen previously in the tuberculosis era.3)

From our own case material we sought to review the
experience with this major complication in order to es-
tablish the reasons for and thus find out how such prob-
lems might become avoidable.

Material and Methods

Between January 1990 to June 1999, 565 patients under-
went various lung resections for the surgical therapy of
NSCLC at the University of Göttingen. Only 490 pa-
tients were included in this study. 75 patients where ex-
cluded because of incomplete records and/or follow-up,
surgery for small-cell carcinoma, carcinoid tumor and
exploratory thoracotomy. Of these 490 patients, 165 had
undergone pneumonectomies, 305 bi-lobectomies, 15
sleeve resections, and 5 wedge resections. Mean age was
57.8 years (range 22-86). We reviewed the hospital
records of all these patients. NCSLC was diagnosed his-
tologically and staged according to the New International
Staging System for Lung Cancer and after 1997 re-staged
according to revisions in the International System.6)

Details regarding the type and method of surgery and
the subsequent treatment were carefully reviewed for each
patient. Particular attention was paid to factors possibly
affecting the occurrence of BPFs: technique of initial
bronchial closure, extent of lymphadenectomy, previous
radiation and/or chemotherapy, need for postoperative
ventilation and presence of residual carcinomatous tis-
sue at the bronchial suture line. Information about age,
sex, clinical diagnosis, associated conditions (diabetes

mellitus, corticotherapy, tuberculosis, or liver disease),
preoperative TNM stage, period between primary opera-
tion and rethoracotomy and postoperative outcome was
also recorded.

Surgical technique
The surgical therapy of NCSLC consisted of lobectomy,
pneumonectomy and/or sleeve resection followed by a
systematic extensive hilar and mediastinal lymph node
dissection. Wedge resections with less extensive lym-
phadenectomy were performed only if there were patients
with limited pulmonary reserve and/or clinical conditions
making the standard operation difficult. Primary bron-
chial closure was performed by using both the open-hand
and the closed-stapler technique. Many years ago, Sweet
emphasized the principles of bronchial closure: minimal
bronchial trauma, preservation of blood supply to the cut
end and adequate tissue reinforcement of the bronchial
suture line.7) These principles have been respected in all
patients.

When performing pneumonectomy the main bronchus
was cut oblique. The membranous wall was left longer
in order to reduce the tension on the bronchial suture
line because of its natural tendency to retract due to the
muscular mucosa (Fig. 1a). After a negative bronchial
margin was ensured by frozen-section analysis, hand
suture closure was performed using simple 3-0 Vicryl
sutures (Ethicon Inc. Norderstedt, Germany). First, the
midpoint of the membranous bronchus was carefully
approximated to the cartilaginous wall. Then the remain-
ing left and right stump segments were systematically
closed with simple 3-0 Vicryl sutures (Fig. 1b). Occa-
sionally, the approximation between the cartilaginous
portions with the infolded membranous portion was per-
formed. For mechanical bronchial closure a premium-
type TA 35, parallel-jaw stapler was used. On the right
side the pneumonectomy stump was covered with medi-
astinal pleura and a pericardial fat pad. Primary inter-
costal muscle or pericardial flap was used only in high-
risk cases.

The most characteristic feature of our bronchoplastic
procedures was the use of interrupted 3-0 Vicryl and/or
3-0 PDS sutures for the cartilaginous part of the bron-
chial anastomosis. Detailed technical aspects are de-
scribed elsewhere.8)

Early BPF was defined as fistulae occurring within 12
days after the initial operation. Late BPF was defined as
fistulas occurring after more than 12 days. The manage-
ment of a BPF varied according to the initial type of sur-
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gery, the size of the BPF, the overall patient condition
and that of the remaining lung. Early postpneumonec-
tomy BPFs received immediate chest tube drainage prior
to rethoracotomy in order to prevent aspiration pneumo-
nia of the non-operated side. Re-exploration through the
previous thoracotomy incision was performed immedi-
ately in 10 patients. After debridement and refashioning,
the bronchial stump was reclosed by hand suture using
absorbable 3-0 Vicryl or slowly absorbable 3-0 PDS su-
tures. The remaining chest cavity was then extensively
irrigated with a polyvidon-iod solution (Braunol®) and
closed.

Mortality was defined as one occurring within 30 days
of surgery or beyond that period if the patient had not
left the hospital.

Preoperative adjuvant treatment (down-staging)
In the treatment of NSCLC, various adjuvant modalities
other than surgery have been used at our institution over
the course of several years. In this series 15 patients with
advanced, functionally operable stage IIIB lung cancer
received 4 cycles of doxetaxel (100 mg/m2, day 1) and
carboplatin (AUC 7.5 mg, day 2) with G-CSF support
after cycle 1 as preoperative down staging therapy and
were subsequently evaluated for surgery.4) Postoperatively
these patients were irradiated with 50 Gy (Ro-resection)
or 60 Gy (R1-resection).

For statistical analysis we used the statistical package
Statistica 5-0 designed for Windows. Univariate testing
of data was performed with chi-square or Fischer’s exact

test for discrete variables. A probability value of p<0.05
was considered significant.

Results

A BPF developed postoperatively in 22 patients. The
overall incidence of BPFs after NSCLC surgery was
4.4%. The BPF incidence according to the type of sur-
gery is presented in Table 1. There were 21 (95.5%) males
and 1 (4.5%) female. The histological types were dis-
tributed as follows: 10 (45.5%) squamous cell carcinoma,
followed by 8 (36.3%) adenocarcinoma, 3 (13.6%) large-
cell carcinoma and 1 (4.6%) combined form squamous
cell and adenocarcinoma.

a b

Fig. 1.  a: The open-hand technique. The main bronchus is cut oblique and the membranous wall is left longer in order to reduce the
tension on the bronchial suture line because it has a natural tendency to retract.
b: First, the midpoint of the membranous bronchus is carefully approximated to the cartilaginous wall. Then the remaining left and
right stump segments are systematically closed.

Table 1.  BPF incidence according to the type of surgery

Type of surgery

Lobectomy
    right
    left

Pneumonectomy
    right
    left

Sleeve resection
    right
    left

Wedge resection

Total

No. pts.

295
174
121

175
74

101

15
11

4

5

490

Incidence of BPF

9
7
2

12
10

2

1
1
0

0

22

(%)

(3.0)
(4.0)
(1.6)

(6.8)
(13.5)

(1.9)

(6.6)
(9.0)

(0)

(0)

(4.4)
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Clinical features
The clinical features of all patients with BPFs are pre-
sented in Table 2. Postpneumonectomy stump insuffi-
ciency was the main cause of a BPF in 12 (54.6%) pa-
tients, followed by post-lobectomy BPF in 9 (40.9%)
patients and postoperative bronchial dehiscence after
sleeve resection in 1 (4.5%) patient. Postpneumonectomy
stump dehiscence occurred in 10 patients on the right
and in 2 patients on the left side. Postlobectomy BPF
occurred on both sides after lower lobectomies only, on
the right side in 4 patients after lower lobectomy, in 3
patients after lower bilobectomy and in both cases on
the left side after lower lobectomy.

BPFs occurred early in 15 (68.1%) patients and late
in 7 (31.9%) patients (mean postoperative day 12).
Postpneumonectomy stump insufficiency developed early
in 8 (36.3%) and late in 4 (18.1%) cases. Post-lobec-
tomy BPF occurred early in 7 (31.8%) and late in 3
(13.6%) patients. No BPFs developed later than postop-
erative day 42.

Bronchial closure
Primary manual bronchial suture was performed in 64.7%

(317/490) and stapler suture in 35.3% (173/490) patients.
Postpneumonectomy stump insufficiency developed as
follows: 7.6% (8/105) after manual- and 5.7% (4/70) af-
ter stapler bronchial suture (p=ns). Postlobectomy BFP
occurred after manual suture in 3% (6/197) and stapler
suture in 2.9% (3/103) patients (p=ns).

Mortality
The overall mortality rate for postoperative BPF was
27.2% (6/22). The mortality for postpneumonectomy
BPF was 33.3% (4/12). Aspiration pneumonia with con-
sequent ARDS caused death in 4, empyema with sepsis
and cachexia in 1, and distant tumor recurrence in 1 pa-
tient. The diagnosis was suggested clinically, confirmed
by X-ray studies and bronchoscopy. All patients with a
right bronchial stump insufficiency required prolonged
mechanical ventilation for postoperative respiratory in-
sufficiency.

Risk factors
Risk factors that might contribute to the development of
BPFs such as age, operative side, direct barotrauma due
to postoperative mechanical ventilation, diabetes, ad-

No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

Operation

PN-right
PN-right
PN-right
PN-right
PN-right
PN-right
PN-right
PN-right
PN-left
PN-left
PN-right
PN-right
LL-right
LBi
LL-right
LL-left
LBi
LL-right
LL-left
LL-right
LBi
SL-right

Bronchial suture

Stapler
Manual
Stapler
Manual
Manual
Stapler
Manual
Manual
Manual
Manual
Stapler
Manual
Manual
Manual
Stapler
Manual
Manual
Stapler
Stapler
Manual
Manual
Manual

Intervention

D+R
D+R
D+R
D+R
Endo
D+R
Endo
D+R
D+R
D+R
D+R
D+R
CB
CP
CB
CP
CP
CB
CP
CB
CP
CP

Coverage

PFP
ICM
OF

ICM
OF
PFP
ICM
PFP
ICM
ICM
OF
OF

ICM
ICM
No
No
PFP
ICM
ICM
ICM
PFP
PFP

Postop.

Early
Early
Late
Late
Late
Early
Late
Early
Early
Early
Early
Early
Late
Early
Early
Early
Early
Early
Late
Early
Late
Early

Outcome

Healed
Died

Healed
Died

Healed
Healed
Healed
Died

Healed
Healed
Died

Healed
Healed
Healed
Healed
Healed
Died

Healed
Died

Healed
Healed
Healed

Empyema

Yes

Down staging

DS
DS

Causes of death

ARDS

Sepsis

ARDS

ARDS

ARDS

Metas

day

3
2

27
42
15

3
30
10

2
6
4
8

20
5
3

12
10

7
25
10
19

2

Table 2.  Clinical features of patients with BPF (from 1990 to 1999, n=12)

PN: pneumonectomy; UL: upper lobectomy; LL: lower lobectomy; Lbi: lower bilobectomy; D: debridement; DS: down staging;
R: reclosure; ARDS: acute respiratory distress syndrome; ICM: intercostal muscle, PFP: pericardial fat pad, OF: omental flap;
CP: completion pneumonectomy; CB: completion bilobectomy; SL: sleeve lobectomy; Metas: metastasis.
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vanced surgical stage, preoperative radiotherapy, pre-
existing pleuropulmonary infection, residual carcinoma-
tous tissue at the bronchial stump and other technical
factors such as type of bronchial suture, type of lym-
phadenectomy, were retrospectively evaluated (Table 3).
The incidence of postpneumonectomy BPF in associa-
tion with the aforementioned risk factors was compared
with the incidence in patients who did not have these
risk factors. Right-sided pneumonectomy and postopera-
tive barotrauma due to mechanical ventilation were as-
sociated with a significantly higher risk of stump insuf-
ficiency. Preexisting pleuropulmonary infection and ad-
vanced surgical stage were associated with higher rates
of BPFs, however the differences were not statistically
significant.

In 2 patients with late, small BPFs (φ <5 mm, pinhole
fistula) and poor overall condition the initial treatment
was endoscopic using fibrin sealant and spongy iliacal
bone. In both patients the fistula persisted and the stump
had to be surgically resutured.

BPFs after lobectomy were treated as follows: on the
right side completion bilobectomy was performed in 4

patients, and completion pneumonectomy in 3 patients;
on the left side completion pneumonectomy was per-
formed in both cases. In 1 patient the BPF developed 36
hours after a right upper sleeve resection in the membra-
nous part of the bronchial anastomosis. A new anasto-
mosis was technically impossible after refashioning the
bronchial suture line so that pneumonectomy had to be
performed.

At rethoracotomy the bronchial stump was addition-
ally covered with a pedicled well-vascularized flap in 20
(90.9%) patients (10 intercostal muscle flaps, 6 pericar-
dial fat pad and 4 omental flaps). The mediastinal pleura
was avoided because of its poor blood supply.

Two (9%) patients developed early stump insufficiency
after down staging and right pneumonectomy. After
rethoracotomy and surgical treatment both patients re-
covered. No patients in this subgroup died from fistula-
related causes.

Discussion

Although nowadays there are not many differences in
case selection, mode of operation and background, the
reported incidence of BPFs after pneumonectomy is still
heterogeneous (Table 4). In our series the overall inci-
dence of BPFs of 3.7% and a postpneumonectomy BPF
incidence of 6.8% was acceptable. Postpneumonectomy
stump dehiscence is the main cause of BPFs associated
with a high mortality and morbidity. In the literature the
mortality ranges from 25% to 67%, the most common
cause of death being aspiration pneumonia with subse-
quent ARDS,1,5) Our data confirm these findings.

The right side is associated with a higher postpneu-
monectomy BPF rate.1) In our study the need for pro-
longed postoperative ventilation was correlated with a
higher incidence of BPFs. This is probably due to the

Analyzed risk factor

Postoperative mechanical ventilation
Right pneumonectomy
Diabetes mellitus
Preoperative radiotherapy
Pleuropulmonary infection
Advanced stage III-IV
Extensive systematic lymphadenectomy
Residual carcinomatous stump

No.

40
75
52
19
25
20

121
7

BFP (%)

18.7%
13.5%

8.5%
6.5%
7.9%
2.1%
5.8%
0.5%

p

0.001
0.04
ns
ns

0.06
ns
ns
ns

Table 3. Possible risk factors analyzed in association with
postpneumonectomy stump insufficiency (from 1990
to 1999, n=165)

ns: not significant.

Autor

Hankins 12)

Madsen 19)

Vester 11)

Asamura 3)

Weissberg 10)

Al-Kattan 2)

Wright 1)

Holläus 5)

Sirbu (current report)

Year

1978
1984
1991
1992
1992
1995
1996
1997

No. pat.

148
225
506
464
72

471
256
797
175

Incidence BPF

11
28
23
21
7
7
8

96
12

Mortality (%)

46.6
28.6
nm 
nm 
nm 
28.5
25   
67   
33.3

(%)

(7.4)
(12.5)
(4.5)
(4.5)
(9.7)
(1.5)
(3.1)

(12.2)
(6.8)

nm: not mentioned.

Table 4.  Postpneumonectomy bronchopleural fistula, incidence and mortality in the literature
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larger size and greater tendency of the right main bron-
chus to spring open, facilitated by a prolonged barotrauma
in conjunction with perturbances of the bronchial mi-
crovasculature which lead to stump necrosis.1,9)

The method of bronchial closure used to achieve a low
incidence of BPF remains a controversial topic. Contro-
versy exists regarding the merits of manual versus stapled
bronchial sutures. Many authors are advocating the su-
periority of stapler sutures.3,10,11) Recently endostapler-
type devices have also been used with good results. Be-
cause of both stapling and division simultaneously in only
one firing motion associated with other practical advan-
tages, these devices have also been advocated for open
lung surgery.9) On the other hand manual bronchial su-
ture is the preferred technique in other institutions.2) In
our department, both techniques are routinely used. A
stapling bronchial suture is preferred when there is a
peripheral NSCLC with no evidence of endobronchial
tumor at bronchoscopy. Possible advantages using sta-
plers for surgical bronchial closure are: 1. contamina-
tion of the operative field can be minimized; 2. the time
required for closure can be greatly reduced. Little infor-
mation is currently available concerning the reliability
of endostaplers in pulmonary resections.9) A manual su-
ture of the open bronchus was considered when endo-
bronchial tumor growth was present at endoscopy or
when the tumor was located close to the hilum. In all
cases an intraoperative negative bronchial margin as-
sessed by fresh frozen sections is today’s golden stan-
dard. When the bronchial wall is hard due to calcifica-
tion of the cartilage or when massive hilar adenopathy
co-exist a stapler is difficult to apply.9) In these cases a
proper, oblique bronchial cut with a longer pars
membranaceus and hand suture is to be considered. It is
clear that manual bronchial closure is at least as good as
stapled closure.1,3,11) More important, manual closure can
always be performed in cases when stapled closure should
be avoided.1,11)

After studying possible risk factors for BPFs another
important surgical aspect that arises, is the necessity of
primary stump coverage. Although no prospective ran-
domized trials in humans have been reported, no contro-
versial element regarding stump coverage has been re-
ported. Based on our experience and results from other
studies, it seems prudent to cover at least stumps from
right pneumonectomies and stumps associated with pos-
sible risk factors.1)

Older reports have emphasized that early postpneu-
monectomy stump insufficiency should be treated with

drainage alone rather than immediate bronchial stump
reclosure.12,13) We have not adopted this strategy. Early
drainage is only the first step in the surgical therapy of
BPFs (Fig. 2). It is always indicated to prevent aspira-
tion pneumonia on the non-operated side and empyema.
Further surgical management varies according to the size
of the fistula and the overall condition of the patient.5)

When the overall patient condition permitted, reclosure
was performed immediately after BPF diagnosis (clini-
cal, radiological and bronchoscopic confirmation) regard-
less of time elapsed since pneumonectomy. The bron-
chial stump was debrided, refashioned, reclosed by hand
suture technique and covered with a well-vascularized
flap. Intercostal muscle, pericardial fat pad and/or omen-
tal flap have been used with good results.1,5) Some au-
thors are advocating the use of an omentum flap in the
treatment of postpneumonectomy BPFs. Its unique pro-
prieties of enhancing neovascularity due to an angiogen-
esis factor, providing fibroblasts to promote healing, pro-
viding soft tissue coverage and functioning in the face of
infection make it an ideal tool for the management of
BPFs.14) Extrathoracic muscle flaps with latissimus dorsi
and/or pectoralis major muscle have also been described
as vascularized-flaps that can be used for the surgical
therapy of BPFs.15) The transsternal approach has been
described and used for the surgical treatment of BPFs
associated with empyema.16) In our patient group we have
not used this technique.

A BPF following lobectomies necessitates a comple-
tion bronchial resection.17) In one case we have performed
a completion left sleeve resection with good results.

Fig. 2.  Step-approach in the surgical therapy of BPF.
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In patients with poor general condition and small fis-
tulas, less then 5 mm, BPFs were initially treated endo-
scopically using fibrin sealant (Tissuecol®) and iliacal
spongy bone. No decalcified human spongiosa or calf
bone has been used.5,18) Endoscopic treatment failed in
all patients. Both underwent chest reexploration with
secondary surgical procedures. These cases enforce our
believe that aggressive treatment of postpneumonectomy
BPF provides the best successful long-term results.

Bronchial stump insufficiency remains a major com-
plication in the surgery of NSCLC because of its high
mortality and morbidity rate. In all cases a successful
treatment of BPFs requires early surgery and an indi-
vidualized approach for each patient in order to prevent
life threatening circumstances and to avoid late compli-
cations.
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