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Abstract

Objective: The incidence of late postpneumonectomy broncho-
pleural fistula (PBPF) is very small after the 3rd postoperative
week due to the existence of fibrothorax providing an effective
natural protection against fistula formation. However, the devel-
opment of late PBPF is a serious complication characterized by
high morbidity and mortality. We present our modest experience
in treating 11 patients with late PBPF using the transsternal
transpericardial approach. Material: Between 1996 and 1999, 11
male patients with a mean age of 61 years were treated in our
department for late PBPF (diameter >5 mm). The interval be-
tween pneumonectomy and fistula creation ranged from 1 to 10
years. The initial operation was right pneumonectomy in all
cases due to lung cancer. pTNM stage was either II or IIIA. Bron-
choscopically no recurrence was observed and empyema was
present in all cases. Results: The initial treatment consisted of

tube thoracostomy. We proceeded to direct bronchial stump re-
pair transpericardially with omental flap coverage and finally
open window thoracostomy. Neither deaths nor major complica-
tions occurred perioperatively. The ICU and hospital stay ranged
from 5 to 10 and 30 to 45 days, respectively. During a follow-up
of 10 to 28 months no recurrence was observed. Conclusions: 1.
The management of late large PBPF can be only surgical. 2. Fibro-
thorax and empyema makes the approach through thoracotomy
impossible and dangerous for dissection and repair. 3. Bronchial
stump repair through the transpericardial approach by median
sternotomy is very effective in late PBPF cases where the pa-
tient’s general condition is good, allowing a major intervention.

Key words
Pneumonectomy - bronchopleural fistula - transsternal transperi-
cardial repair

Introduction

The development of late postpneumonectomy bronchopleural
fistula (PBPF) is a rare but serious complication complicating be-
tween 2% and 13% of such procedures [1-4]. In late PBPF, access
to the bronchial stump through the pleural space can be very dif-
ficult due to the existing fibrothorax and dissection of pulmo-
nary vessels may be dangerous. The transsternal transpericardial

approach, a method first introduced in North America by Padhi
and Lynn [5] in 1960 and performed later by Anderson and Li
[6] through anterior parasternal thoracotomy, represents an al-
ternative method for dealing with PBPF with many advantages.
One year later Abruzzini [7] in Italy described the transsternal
approach, which has been extensively used in the former Soviet
Union by Perelman [2] and was later modernized by Baldwin and
Mark in 1985 [8].
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We present our experience in treating 11 patients with late PBPF
using the transsternal transpericardial approach.

Material and Method

From 1996 through 1999 out of 752 lung resections for NSCLC,
206 pneumonectomies (27.4%) were performed in our depart-
ment. Surgical access was gained through a posterolateral or lim-
ited muscle-sparing thoracotomy under antibiotic prophylaxis.
After complete lymphadenectomy depending on the surgeons’
personal preference the bronchial stump was closed with a me-
chanical stapling device with no routine coverage of the stump.

In this period 11 male patients with a mean age of 61 years were
treated in our department for late PBPF. Patients presented with
fever, cough, putrid or hemorrhagic expectoration in combina-
tion with a rise of WBC and CRP. They were evaluated with chest
roentgenography, bronchoscopy, spirometry and computed to-
mography. A complete workup was undertaken to find extra-
thoracic metastatic sites.

The initial operation was right pneumonectomy in all cases, due
to squamous carcinoma in 6, adenocarcinoma in 4 and a mixed
type carcinoma in one case. TNM stage was either II or IlIA. The
interval between pneumonectomy and fistula creation ranged
from 1 to 10 years (Table 1). The residual main bronchial stump
was tested by bronchoscopy. All fistulas were considered large
(>5 mm), while the bronchial stump was long (about 2 cm) in 9
cases and short (less than 1.5 cm) in 2 cases. The mean time be-
tween fistula symptoms and PBPF closure was 2.3 months.

Initially, all patients were managed by chest tube drainage of the
cavity and the final treatment consisted of transsternal, trans-
pericardial direct bronchial stump repair with omental flap cov-
erage and open window thoracostomy (Table 2).

Results

Operative technique

Either a double-lumen endotracheal tube or a long endobron-
chial tube allowing selective ventilation was used. A midsternot-
omy was performed and the anterior pericardium was opened.
The identification of the structures turned to be difficult due to
the shift of the mediastinum. In 2 cases the pulmonary artery
had to be reamputated in order to get a better exposure. The
main carina was then exposed in full by opening the posterior
pericardium and the affected bronchus was dissected (Fig.1). If
dissection was impossible due to dense adhesions the bronchus
was transected. Well vascularized omental flaps were transposed
in order to reinforce the stump in every case.

Carinal resection was performed only in the 2 cases with short
stump and dense adhesions. A window thoracostomy according
to standard techniques was performed in 6 cases immediately
after the transsternal bronchial stump repair, while in the re-
maining cases it was done in a second-stage operation. In 7 cases
the thoracostomy was closed 8 - 10 weeks postoperatively.

_________________________________________________________|
Table 1 Interval between pneumonectomy and fistula diagnosis

Postoperative interval n
Within 12 months 2
Within 26 -37 months 8
Within 120 months 1

Table 2 Surgical treatment of late postpneumonectomy broncho-
pleural fistula

Treatment n
Initial Tube thoracostomy 11
Definite 1. Transsternal, transpericardial direct bronchial 11

stump repair with omental flap coverage
2. Synchronous open window thoracostomy

3. Late open window thoracostomy

emresyy,

e =

Fig.1 Transpericardial bronchial stump repair.

Morbidity - mortality

Neither deaths nor major complications occurred periopera-
tively. Reversible complications included mild respiratory insuf-
ficiency necessitating prolonged ventilation in 5 patients (45.4%)
and a temporary tracheostomy in 4 of them. Atrial fibrillation oc-
curred in 6 patients (54.5%) and was treated medically by using
calcium channel or B-blockers. No sternal infections were ob-
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served. The ICU and hospital stay ranged from 5 to 10 and 30 to
45 days, respectively.

Follow-up
Follow-up was complete for all our patients for a period of 10 to
28 months and no recurrence was observed.

Discussion

Pneumonectomy has the highest complication and mortality
rate of all elective pulmonary resections [1-4]. The incidence of
postpneumonectomy empyema occurs in approximately 5% of
pneumonectomy patients and BPF appears in 80% of cases. The
mortality of empyema with a BPF has been reported to be 11%
to 13%[9,10].

Local and systemic factors have been implicated in the develop-
ment of empyema and BPF such as carcinoma at the bronchial
margin, a long bronchial stump, disrupted bronchial blood sup-
ply, closure technique, presence of empyema, and preoperative
radiation or chemotherapy, and finally diabetes and nutritional
status [1,11 -13]. Intraoperatively, the bronchial stump must be
managed with meticulous care, avoiding devascularization and
excessive length [12-16]. Our preference is to reinforce the
bronchial stump in order to reduce dehiscence only if the medi-
astinum has been previously irradiated.

Once the fistula occurs, one has to deal with this difficult prob-
lem. The numerous therapeutic methods proposed to achieve
definite closure of the fistula indicate the difficulty and complex-
ity of the treatment. A non-surgical approach such as the appli-
cation of fibrin glue or sclerosing agents or even cauterisation
[17] should only be considered in small fistulas, which normally
may heal spontaneously.

Should early dehiscence of the bronchial fistula occur during the
first few postoperative days, treatment consists of repeat thora-
cotomy and suturing of the bronchial stump and covering it with
transposition of muscular or omental flap.

In cases of late dehiscence of bronchial stump (months or even
years after the procedure), where fibrothorax develops there is
no risk of fatal aspiration pneumonia [1], since it represents a
natural protection and the patients have already regained their
coughing and muscular capability and this allows them to re-
move small amounts of aspirated fluid more easily. The definite
closure of this late bronchopleural fistula is performed via an ex-
trapleural route transpericardially, especially if a concomitant
carinal resection is required [18,19].

This method has the advantage of accessing the area through
clean tissues, free from chronic inflammation or fibrosis. This
aseptic, undisturbed operative field with a well-defined anatomy
is of great importance for the surgeon, since the dissection of
great vessels turns to be less risky. The distal stump should be
excised, but this is not always possible and an alternative is to
destroy the distal bronchial mucosa with laser or cautery either
at bronchoscopy before the procedure or by suturing the stump
intraoperatively and leaving it in situ [13,19]. The preference of

tissue used as flap coverage for the bronchial stump ranges from
the pericardium, thymus, sternohyoid muscle and the omentum
[3,6,13]. The authors used omental flap in all cases, since the
well vascularized omental tissue has the advantage of producing
angiogenic factors and an anti-inflammatory effect and mini-
mizes the possibilities of dehiscence, while transposition is not
difficult and time-consuming.

Generally, the transpericardial approach is reported to be a tech-
nically demanding operation associated with high morbidity and
mortality [3,4]. In our series, there was no recorded mortality,
although the authors have to admit that hospital stay was long
perioperatively.

There are some points the surgeon has to consider, such as care-
ful dissection of the main structures which might be difficult and
time-consuming due to the shift of the mediastinum, but once
the carina is exposed the closure of the fistula can be easily ac-
complished, especially on the right side. The biggest disadvan-
tage is that the empyema cavity is left intact and the surgeon
has to continue with a window thoracostomy. Pleural irrigation
through a thoracic drainage was not performed in our series,
since all our cases were chronic ones. There was a well-estab-
lished fibrothorax with a thick and tenacious effusion associated
with woody pleura. A window thoracostomy was performed
since debridement of the necrotic tissue seemed necessary.

Some authors [13,14,20-22] use this method only for recalci-
trant cases or for short stumps where a carinal resection is need-
ed. Nowadays, there are series [23] where the closure of a PBPF is
performed successfully by using minimal invasive techniques via
a transcervical approach in order to avoid a sternotomy.

In conclusion we would like to stress that:

1. The incidence of a late PBPF is very small after the 3rd postop-
erative week due to the existence of fibrothorax providing an
effective natural protection in fistula formation and life-
threatening aspiration.

2. The bronchial stump repair through the transpericardial ap-
proach by median sternotomy is considered the treatment of
choice in late PBPF cases where the patient’s general condi-
tion is good, allowing a major intervention, since the fibro-
thorax makes the approach via thoracotomy very difficult
and dangerous for dissection and repair.
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Abstract

Background: Late postpneumonectomy bronchopleural
fistula (LBPF) is a serious complication. Surgical repair of the
bronchial stump through a lateral thoracotomy is a danger-
ous attempt due to mediastinal fibrothorax and the risk of
pulmonary artery stump damage. Objectives: The goal of
this study was to estimate the effectiveness of the trans-
sternal, transpericardial approach for bronchial stump repair
in case of LBPF. Methods: From 1996 to 2002, 1,294 lung re-
sections for non-small cell lung cancer were performed at
our department. Out of 412 pneumonectomies, 16 patients
(3.8%) presented with LBPF after right pneumonectomy for
non-small cell lung cancer. Thirteen of these patients were
subjected to transsternal, transpericardial bronchial stump
repair. They were followed postoperatively, and morbidity
and mortality rates were recorded. Results: The interval be-
tween pneumonectomy and fistula diagnosis lasted from 12
to 85 months. The estimated sizes of the fistulae ranged from
5 to 21 mm, and the length of the bronchial stump was
>1 cmonlyin 2 patients (15.3%). Due to persistent empyema,
open-window thoracostomy was performed for definite
treatment immediately after the operation for bronchial

stump reamputation in 6 cases (46.1%). One patient (7.6%)
died 3 months postoperatively due to bronchopleuralfistula
recurrence. This was also the only case of fistula recurrence.
Conclusion: LBPF usually needs definite management to
save the patient’s life. The transsternal, transpericardial ap-
proach is a safe and effective method.

Copyright © 2006 S. Karger AG, Basel

Introduction

Despite the advances in surgical techniques, periop-
erative management and surgical materials, the broncho-
pleural fistula (BPF) remains one of the most serious
complications of pneumonectomy. In recent years, the in-
cidence of BPF ranged from 0.8 to 15% [1, 2].

BPF after pneumonectomy is a rare (2.1-12%) but seri-
ous complication [3, 4]. For early fistulas (<30 days), it is
possible (when indicated) to perform an immediate reop-
eration for direct resuturing of the bronchial stump
through the empty hemithorax, along with suture line
reinforcement.

When BPF occurs late (weeks to years postoperative-
ly), direct reclosure of the bronchial stump is a demand-
ing procedure. The associated empyema and the ensuing
fibrothorax render the lateral thoracic approach impos-
sible because of many technical dangers and usually poor
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surgical results. On the other hand, the transsternal,
transpericardial route enables a clean and favorable ap-
proach to the bronchial stump.

Since only one published study concentrating on the
surgical management of LBPF has been found in the lit-
erature [5], we present our experience in treating 11 pa-
tients with LBPF using the transsternal, transpericardial
approach, first described by Padhi and Lynn [6], Abruz-
zini [7], and Perelman and Ambatjello [8].

Patients and Methods

From January 1996 to December 2002, 1,294 patients were
treated with lung resection for bronchogenic carcinoma. Inoper-
able cases were excluded (stage c/pIIIB and c/pIV). There were
1,152 men (89%) and 142 women (11%), whose age ranged from
44 to 78 years (mean: 64 years). Pneumonectomies were per-
formed in 412 patients (31.9%) and lobectomies in 882 (68.1%).
The patients were preoperatively staged by different means of
chest imaging (radiograph, computed tomography and magnetic
resonance imaging) and invasive procedures (e.g. mediastinos-
copy and anterior mediastinotomy). Eight hundred eighty pa-
tients (68%) were subjected to systematic mediastinal lymph node
dissection and 414 patients (32%) to mediastinal lymph node
sampling.

The total incidence of BPF was 7% (29 cases). LBPF was re-
corded in 16 patients (3.8%). Thirteen of them (3.1%) were sub-
jected to transsternal, transpericardial bronchial stump closure
because of chronic/late BPF. The indications for transsternal,
transpericardial repair of the dehiscenced bronchial stump were
(a) a large-sized fistula with massive air leak, (b) serious respira-
tory failure and (c) uncontrolled sepsis due to persistent infection
in the postpneumonectomy space. The remainder (3 patients)
were managed with open-chest tube drainage since these 3 cases
did not fulfill the indications for transsternal, transpericardial
bronchial stump closure.

The initial management consisted of chest tube thoracostomy
connected to a closed bottle system to follow up the amount of air
leak and manage the concomitant empyema of the postpneumo-
nectomy space. No pleural irrigation was commenced for fear of
aspiration to the remaining lung. All patients received open
drainage. Fibrin glue application was not attempted due to the size
of the BPF. All patients were fully screened for possible malignant
recurrence or metastases. No patient had tumor recurrence at the
bronchial stump, which was preoperatively confirmed with bron-
choscopy. Postoperatively, the excised segments were pathologi-
cally examined.

The operative technique has already been described in detail
in previous reports [5]. The full median sternotomy approach was
employed. The anterior pericardium was incised. The superior
vena cava and the ascending aorta were mobilized and retracted
(the former to the right and the latter to the left). The stump of the
right main pulmonary artery was retracted downwards and in 1
case it was reamputated. Due to the postpneumonectomy altera-
tions in the mediastinum, a substantial shift away from the mid-
line should be expected for the great vessels and trachea towards

526 Respiration 2006;73:525-528

the operated side. After opening the posterior pericardium, the
bronchial stump was dissected, reamputated close to the carina
or at a tangent excision of the carina and closed with a stapling
device. The remaining distal stump was cauterized, and in two
occasions excised. The suture line was reinforced in all cases with
a long well-vascularized omental flap, which was prepared
through a separate upper midline abdominal incision and was
transferred through the anterior mediastinum. All the patients
were extubated in the operating room and were transferred to the
surgical intensive care unit. In all patients the infected postpneu-
monectomy space was not closed but drained with a chest tube.

The age, side of pneumonectomy, histology, interval between
pneumonectomy and fistula diagnosis, postoperative morbidity
and mortality were recorded.

Results

The mean age of the patients was 61 years (range, 54—
71 years); all patients were male, and all were submitted
to right pneumonectomy for lung cancer. The histologic
types of the resected tumors were: 7 squamous carcino-
mas (53.8%), 5 adenocarcinomas (38.5%) and 1 of mixed
type (7.7%). The interval between pneumonectomy and
fistula diagnosis postoperatively ranged from 12 to 85
months (mean: 32.2 months). In 24 patients, fistulae were
diagnosed in the 1st postoperative year, in 8 patients 26—
37 months postoperatively and 1 patient 7 years postop-
eratively. Symptoms suggestive of a fistula were the onset
of cough and sputum production and progressive dys-
pnea. The diagnosis was confirmed by bronchoscopy.
The estimated size of the fistula range from 5 to 21 mm,
and the length of the bronchial stump was >1 cm only in
2 patients (15.4%). The time elapsed between diagnosis
and surgical repair varied from 2 to 7 months (mean 2.8
months). For definite treatment of persistent empyema,
in 6 cases (46.1%) open-window thoracostomy was per-
formed immediately after the operation for bronchial
stump reamputation.

Mortality

Within 30 days after operation no deaths occurred. Of
the 13 patients with LBPF, 1 patient (7.6%) died 3 months
postoperatively due to bronchopleural fistula recurrence.
The dehiscence of the suture line was complete, and se-
vere respiratory failure occurred. The patient was intu-
bated and died 8 days later.

Morbidity

No major complications occurred intraoperatively.
During the postoperative period, mild respiratory insuf-
ficiency not requiring mechanical ventilation was noted
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in 5 patients (38.4%). All of them had an excellent course
treated with diuretics and aggressive chest physiotherapy,
but in 2 (15.4%) of them temporary tracheostomy facili-
tated better bronchial toilet. Cardiac arrhythmias were
noted in 7 patients (53.8%): atrial fibrillation in 6 (46.1%)
and paroxysmal atrial tachycardia in 1 patient (7.6%). Pa-
tients stayed from 5 to 10 days (mean 7 days) in the surgi-
cal intensive care unit, and hospitalization was from 30
to 45 days (mean 39 days).

Follow-Up

Patients were followed up for 14-40 months postop-
eratively, and 1 case (7.6%) of recurrence was observed
during the follow-up. The follow-up included clinical ex-
amination and radiography every month and bronchos-
copy every 4 months for the 1st postoperative year con-
comitant with the routine oncologic follow-up. In 2 pa-
tients distant metastases occurred 17 and 25 months after
initial lung resection, and 5 and 8 months after the trans-
pericardial LBPF repair, respectively.

Comment

Although BPF is not a common complication after
pneumonectomy, it is a serious, often lethal complication.
BPF development has been attributed to local and sys-
temic factors [9]. Possible risk factors for BPF (2, 10, 11]
are the long bronchial stump, extensive peribronchial
dissection, preoperative radiation therapy [12], previous
thoracotomy [13], hematoma at the suture line, prolonged
postoperative mechanical ventilation [14], right main
bronchus stump [15], inflammatory disease [16] and re-
sidual tumor at bronchial stump margins.

The first step in BPF management is drainage of the
postpneumonectomy space [9, 17]. This intervention pro-
tects the patient from contralateral lung aspiration. An
early fistula without empyema can usually be repaired
with immediate, bronchial stump suturing via thoracot-
omy. In the presence of an empyema, the empyema should
be treated first before any attempt at BPF repair is initi-
ated, followed by direct reclosure of the stump with vas-
cularized flap coverage for early BPF [18].

However, bronchial stump repair in the management
of delayed BPF remains controversial. The ensuing fibro-
thorax in the postpneumonectomy space renders trans-
thoracic bronchial stump repair difficult. First, the em-
pyemic environment precludes successful resuturing of
the bronchial stump. Second, the fibrothorax makes hilar
structures closely adherent to each other. Dissection is

Repair of Late Postpneumonectomy
Bronchopleural Fistula

almost impossible under these circumstances, with the
risk of exsanguinating hemorrhage due to pulmonary ar-
tery stump injury. In case of LBPF, transsternal, trans-
pericardial repair or thoracotomy with muscle coverage
of the fistula along with partial thoracoplasty are two
ways for BPF management. Open-window thoracostomy
is reserved for debilitated patients. Our previous experi-
ence in postpneumonectomy space myoplasty for the
management of chronic postpneumonectomy fistula and
empyema was disappointing. However, this method is
suitable for early fistulae. The muscular flap should di-
rectly cover the dehiscent stump. Otherwise the recur-
rence rate of air leakage is high. The postpneumonecto-
my space is usually heavily fibrotic with the site of dehis-
cence located deep within fibrous tissue covering the
mediastinum. Any attempt to dissect the bronchial stump
may lead to injury of the pulmonary artery stump. This
isalethal complication under these circumstances. More-
over, we believe that debridement of the postpneumonec-
tomy space is never radical enough to perform myoplasty
in a clean environment. All these reasons led us to at-
tempt transsternal, transpericardial bronchial stump re-
pair with fairly good results.

The usefulness of an omental flap is deduced from the
fact that BPF recurrence is the most important determi-
nant of outcome [19]. Other authors have presented its
adjuvant role, too [20, 21].

The transsternal, transpericardial approach is an al-
ternative approach to the bronchial stump through an
aseptic space for bronchial stump dissection [5, 19, 20].
In our opinion, this approach is not technically demand-
ing since no interference with the developed fibrothorax
occurred. Moreover, the altered anatomy due to the fixed
mediastinal shift was not a problem. The only disadvan-
tage was that the empyema was left intact. Our group
chose to create an open-window thoracostomy for defi-
nite treatment of empyema since late occurrence has cre-
ated this effusion not amenable to irrigation treatment
[22]. Open-window thoracostomy, as described in previ-
ous reports [23, 24], was used to manage infection of the
postpneumonectomy space. For smaller fistulae that
treatment strategy would be sufficient to induce bron-
chial healing in the majority of cases. On the contrary, for
late, large, complicated BPF it was used as an established,
successful method to treat postpneumonectomy empy-
ema in order to exclude a serious, negative effect on the
postoperative outcome. The authors were not in favor of
pleural irrigation [22, 25] since chronic postpneumonec-
tomy empyema with tenacious, thick effusions associated
with a fibrothorax [26] is not amenable to elimination by
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simple drainage or closed irrigation. After postpneumo-
nectomy empyema treatment, space obliteration was not

required.
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In our opinion, it is not necessary to proceed to carinal
resection, perplexing the postoperative course, although
carinal resection has been proposed by others [27], even
in short stump cases. In our experience, tracheal tissue
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2. ZUSAMMENFASSUNG

Die Entwicklung einer spiten Bronchusstumpfinsuffizienz nach Pneumonektomie ist eine
zwar seltene, jedoch immer noch lebensbedrohliche Komplikation. Die Haufigkeit wird heute

1,234

mit 2-13% angegeben . Dabei betrégt die Inzidenz eines Empyems nach Pneumonektomie
etwa 5%. In 80% dieser Fille entsteht dabei eine bronchopleurale Fistel. Die Mortalitét eines
Empyems mit bronchopleuraler Fistel erreicht 11% bis 13% .

Zahlreiche lokale sowie systemische Verdnderungen wurden als Risikofaktoren fiir die
Entwicklung eines Pleuraempyems identifiziert. Dazu gehdren das Vorhandensein eines
Karzinoms im Bereich der Absetzungsstelle, ein langer Bronchialstumpf, dessen
unterbrochene  Bluversorgung aufgrund des operativen Traumas, die operative
Verschlusstechnik, prédoperative Faktoren, wie zum Beispiel Radiatio und Chemotherapie
sowie allgemeine Grunderkrakungen, wie Diabetes oder Unterernahrung'"*”.

Die letzten Jahren zeichnete sich eine Verdnderung des Patientengutes in der Thoraxchirurgie
ab, die sich in einer deutlichen Zunahme an radikalen Operationen mit ausgedehnter
Lymphknotendissektion nach Einflihrung von neuen onkologischen Konzepten wie
Downstaging mittels Radio- und Chemotherapie, sowie auch an Eingriffen an é&lteren
Patienten niederschlug. Dieses Patientengut zeichnet sich durch sein Risikoprofil durch eine
erhohte postoperative Komplikationsrate aus.

Intraoperativ (bei der Priméroperation) ist die sorgfiltige Versorgung des Bronchialstumpfes
von entscheidender Bedeutung. Eine Devaskularisation sowie eine iibermdfige Linge des

.. . 8-12
Stumpfes miissen vermieden werden

. Wurde der Patient einer mediastinalen Bestrahlung
zugefiihrt, so  bevorzugen wir als operative Technik eine isolierte Verstirkung des
Bronchialstumpfes. Die zahlreichen operativen, zum Teil sehr unterschiedlichen Methoden
zum Verschluss einer Bronchusstumpfinsuffizienz zeigen die Schwierigkeiten und die
Komplexitét einer derartigen Behandlung.

Die Wahl der Therapie der bronchopleuralen Fistel nach Pneumonektomie hingt von Grofe,
Zeitpunkt des Auftretens der Fistel, Koexistenz eines Empyems und Allgemeinzustand des
Patienten ab. Bei kleinen friih aufgetretenen bronchopleuralen Fisteln (<5mm) ist der
endoskopische ~ VerschluB mit gleichzeitigem Drainieren der Pleurahdhle der
Pneumonektomie mittels einer Thoraxdrainage zu empfehlen. Weniger invasive Methoden,

wie die Verwendung von Fibrinkleber, Sklerosierungsmitteln, sowie eine isolierte

Elektrokauterisierung'” sollten nur bei kleinen Fisteln durchgefiihrt werden. Diese haben



allerdings normalerweise eine gute Spontanheilungsrate. Bei frith auftretender
Bronchusstumpfinsuffizienz (innerhalb der ersten sieben postoperativen Tage), die
bronchoskopisch mit einer GroBBe von mehr als Smm beschrieben wird, sollte die Versorgung
mittels einer Rethorakotomie, einer Nachresektion des Bronchusstumpfes im Gesunden und
einem erneutem Verschluss erfolgen. Dabei sollte eine Abdeckung des Stumpfes mit einem
gut vaskularisierten Lappen (Interkostalmuskel, Omentum u.a.) durchgefiihrt werden.

Diese technische Methode verbietet sich bei spiten Bronchusstumpfinsuffizienzen. In diesen
Fillen besteht entweder ein bereits ausgebildeter Fibrothorax mit einem erheblichen Risiko
der Verletzung der Pulmonalgefi3e bei der Préparation iiber einen lateralen Zugang oder ein
Spatempyem der Pneumektomiehohle. In beiden Féllen ist die extrapleurale Versorgung des
Bronchusstumpfes vorzuziehen.

Der transsternale, transperikardiale Zugang wurde erstmals von Padhi and Lynn'* 1960 in
Nord-Amerika beschrieben. Ein Jahr spiter wurde die Methode von Abruzzini'® in Italien
durchgefiihrt.

In unserem Krankengut war die initiale Operation eine rechte Pneumonektomie aufgrund
eines Bronchialkarzinoms Stadiums II bzw. IIIA. Die bronchopleurale Fistel hatte sich
innerhalb von einem bis 10 Jahren postoperativ entwickelt.

In allen Féllen wurde der Stumpf bronchoskopisch kontrolliert. Dabei wurden zwei Faktoren,
die GroBe der Fistel und die Lénge des Stumpfes beurteilt, die wesentlich fiir die Auswahl der
Therapie sind. In unseren Fillen handelte es sich um grofe Fisteln (>5mm). Die
Bronchusstumpflinge betrug in 9 Féllen mehr als 2cm und in zwei Féllen weniger als 1,5cm.
Die Anlage einer Thoraxdrainage in die Kavitdt der Pneumonektomie bat den Patienten keine
Losung an, da man dadurch die Pleurahdhle nicht addquat drainieren konnte. Die endgiiltige

Losung bestand schlieBlich in der Anlage eines Thorakostomas.

Operationstechnik

Nach kompletter medianer Sternotomie wird das préakardiale Gewebe abprédpariert. Nach
Einsetzen des Retraktors prapariert man zundchst die Vena brachiocephalica sinistra frei, die
allerdings nur selten durchtrennt werden muss. Daraufthin wird die Pleura mediastinalis nach
lateral zur Seite der gesunden Lunge abprépariert. Hierbei ist bei Patienten mit Zustand nach
Pneumektomie die  verdnderte Anatomie mit einer zum Teil erheblichen
Mediastinalverlagerung zur Seite der Pneumektomie zu beachten. Das freiliegende Perikard
wird breit von mediokaudal bis zur Aorta ascendens derart erdoffnet, dass das aortokavale

Fenster gut erreichbar wird. Eine groBziigige Spaltung und Mobilisation der angrenzenden



Gefile im aortokavalen Fenster ist wesentlich, um einen ausreichenden Zugang zur
Bifurkation zu erhalten. Die Vena Cava und die Aorta ascendens werden durch stumpfe
Dissektion mobilisiert und die Aorta ascendens wird angeschlungen und nach links lateral
retrahiert. Gleichzeitig wird die Vena cava mit Hilfe von 2 Haken nach rechts retrahiert,
wobei hier besonders auf die senkrecht nach dorsal einmiindende Vena azygos zu achten ist.
In der Tiefe stellt sich die vom hinterem Perikard bedeckte rechte Pulmonalarterie dar. Eine
Nachresektion und Absetzung der rechten Pulmonalarterie an der Nidhe des Hauptstammes ist
zu empfehlen. Technisch bietet sich hier die Absetzung mittels eines Klammernahtgerédtes an.
Im Anschluss an die Nachresektion der rechten Pulmonalarterie findet sich nun die
Tracheabifurkation unmittelbar dorsal des Operationsfeldes hinter der aszendierenden Aorta
etwa 2cm kaudal der hinteren Perikardumschlagsfalte. Die topographischen Verhéltnisse
konnen in Féllen von Tumoren oder von fritheren Pneumonektomien sehr unterschiedlich sein
und dadurch das Auffinden der Bifurkation erschweren. Aufgrund dieser Tatsache orientiert
man sich am Verlauf der Trachea nach kaudal mit Offnung der pritrachealen Faszie und
Freilegung der Bifurkation und der angrenzenden Hauptbronchien. Der rechte Hauptbronchus
wird umgefahren und kurz vor der Carina abgesetzt.

Eine Bronchusstumpfdeckung ist obligatorisch. Durch Erweiterung der medianen Sternotomie
nach kaudal wird das Peritoneum erdffnet und das Omentum majus mobilisiert, welches im
Anschluss daran problemlos zur Deckung des Operationsgebietes verwendet werden kann.
Der transperikardiale Zugang gewinnt bei Patienten mit spdt entwickelter
Bronchusstumpfinsuffizienz bei Pneumonektomie zunehmend an Bedeutung, da man auf
diese Weise in einer aseptischen Umgebung arbeiten kann. Zudem ist in den Féllen, bei denen
ein extrem kurzer Bronchusstumpf besteht oder dieser durch ein Tumorrezidiv infiltriert ist,
durch einen derartigen Zugang eine Resektion der Carina moglich. In unserem Krankengut
war aufgrund schwerster Adhésionen eine Resektion der Bifurkation nur in 2 Fillen notig.

Ein Thorakostoma wurde in 6 Féllen in iiblicher Technik direkt im Anschluss an den
transternalen Brunchusstumpfverschluss durchgefiihrt, wahrend in den restlichen Féllen ein
Thorakostoma im Rahmen einer Zweitoperation angelegt wurde. In 7 Fillen wurde diese acht
bis zehn Wochen nach der Primérversorgung verschlossen.

Tod oder groBere Komplikationen traten in der perioperativen Phase bei keinem der Patienten
auf. Reversible Komplikationen beinhalteten eine respiratorische Insuffizienz bei fiinf
Patienten (45,4%) mit der Notwendigkeit einer verlingerten postoperativen Beatmung. Bei
vier dieser Patienten wurde eine Tracheostomie durchgefiihrt. Tachykardes Vorhofflimmern

trat bei sechs Patienten auf und wurde medikamentds mit Hilfe von kardioselektiven



Calciumantagonisten oder Betablockern behandelt. Sternale Dehiszenzen oder Infektionen
traten nicht auf. Die Intensivliegezeit betrug finf bis zehn Tage, die
Krankenhausaufenthaltsdauer schwankte zwischen 30 und 45 Tagen.

Der Nachsorge-Zeitraum der zu 100% erfassten Patienten betrug zwischen zehn und 28
Monaten. Eine erneute Hospitalisierung der Patienten aufgrund von operationsbedingten

Komplikationen war nicht erforderlich.

Bei einer innerhalb der ersten postoperativen Tage auftretenden Bronchusfistel besteht die
Therapie der Wahl in einer Rethorakotomie mit erneutem Verschluss des Bronchialstumpfes
und Deckung mittels Muskellappen oder Omentumplastik.

In den Fillen einer spiten Bronchusstumpfinsuffizienz, bei denen sich bereits ein Fibrothorax
entwickelt hat, besteht in der Regel keine Gefahr einer todlichen Aspirationspneumonie’, da
die Patienten aufgrund der postoperativen Rekonvaleszenz bereits wieder eine ausreichende
Muskelkraft und einen ausreichenden Hustenreflex besitzen, um kleine Mengen aspirierter
Fliissigkeiten zu mobiliseren und abzuhusten. In diesen Féllen sollte die Versorgung des
Bronchustumpfes {iber einen extrapleuralen transperikardialen Zugang erfolgen, besonders
dann, wenn eine gleichzeitige Carinaresektion notwendig wird'®'”.

Der Vorteil der Methode besteht darin, dass kein Kontakt mit dem infizierten Gebiet zustande
kommt. Des Weiteren besteht aufgrund des nicht voroperierten Gebietes in der Regel eine gut
definierte Anatomie, welche die Priparation der Gefidle und Trachealbifurkation erleichtert.
Dadurch reduziert sich die intraoperative Komplikationswahrscheinlichkeit. Eine Resektion
des distalen Bronchialstumpfes ist in jedem Fall notwendig. Ist dies technisch nicht moglich,
besteht die Alternative, die Mukosa prioperativ via Bronchoskopie mittels Laser oder
Elektrokoagulation zu zerstoren und den distalen Teil in situ zu belassen”'’. Die
intraoperative Uberniihung ist nicht immer technisch méglich bei Patienten, die mittels
Radiatio vorbehandelt sind und einen ausgepridgten fibrotischen Umbau des
Operationsgebietes aufweisen. Der Bronchusstumpf sollte ldnger als lem sein, um eine
sichere Absetzung des isolierten Stumpfes zu ermoglichen. Ist dies nicht zu gewihrleisten,
sollte die Absetzung direkt an der Carina mit Hilfe einer Plastik erfolgen.

Die plastische Deckung des versorgten Bronchialstumpfes kann mit Hilfe verschiedener
Materialien erfolgen. Dazu gehoren autologes Perikard, Thymusfettgewebe, die

sternohyoidale Muskulatur oder das Omentum majus™”'®

. Die Versorgung der Patienten in
unserer Kohorte erfolgte ausschlieBlich mittels Omentumplastik aufgrund folgender aus

unserer Sicht positiver Aspekte: Das groBe Netz ist gut durchblutet, produziert



angiogenetische Faktoren, besitzt aufgrund eines dichten Netzes an lymphatischen Zellen eine
gute infektionshemmende Wirkung, minimiert dadurch die Moglichkeit einer erneuten
Bronchialdehiszenz und ist technisch einfach und risikoarm zu mobilisieren.

Die transperikardiale Versorgung einer Bronchusstumpfinsuffizienz wird in der Literatur als
technisch duflerst herausfordernde Operation mit einer hohen Mortalitdts- und Morbiditdtsrate
beschrieben®”. In unserer Serie trat dagegen keine Friihsterblichkeit auf. Auffallend ist
allerdings der deutlich verlingerte post-operativer Verlauf mit Krankenhausaufenthaltszeiten
bis zu 45 Tagen.

Zu beachten ist bei dieser Form der operativen Versorgung vor allem die vorsichtige und
sorgfiltige Praparation der relevanten Strukturen im Mediastinum. Dies kann besonders bei
ausgepriagten Mediastinalverlagerungen nach Pneumektomie technisch schwierig und zeitlich
aufwendig sein. Lassen sich die anatomischen Strukturen schlielich erfolgreich freilegen, ist
eine Versorgung des Bronchialstumpfes in der Regel leicht zu bewerkstelligen. Dies trifft vor
allem auf Dehiszenzen im Bereich des rechten Hauptbronchus zu.

Der groffte Nachteil des transsternalen, transperikardialen Zugangs ist lediglich die
Notwendigkeit der Durchfiihrung eines Thorakostomas in zweiter Sitzung oder nach
Umlagern des Patienten. In unserer Serie wurde eine Versorgung des Pleuraempyems mittels
Thoraxdrainage nicht durchgefiihrt, da es sich in allen Féllen um chronische Erkrankungen
handelte.

Einige Autoren”®'*?**' fijhrten die Methode der transsternalen, transperikardialen
Bronchusstumpfversorgung nur in ausgewdhlten Féllen durch, oder bei Fillen, in denen eine
Carina-Resektion notwendig wurde. Inzwischen wurden Serien”* publiziert, in denen
persistierende bronchopleurale Fisteln mittels minimalinvasiver Technik {iber einen
zervikalen Operationsweg erfolgreich verschlossen werden konnten, um dadurch eine

Sternotomie zu vermeiden.

Zusammenfassend mochten wir folgende Aspekte hervorheben:

1. Die Inzidenz einer spéten persistierenden bronchopleuralen Fistel (PBPF) nach der
dritten postoperativen Woche ist extrem gering. Dies ist vor allem bedingt durch die
zunehmende Ausbildung eines Fibrothorax, weclher die Wahrscheinlichkeit der
Ausbildung einer Fistel, sowie fiir eine lebensbedrohliche nachfolgende Aspiration
stark reduziert.

2. Die operative Versorgung einer Bronchusstumpfinsuffizienz {iber einen transsternalen,

transperikardialen Zugang ist die Therapie der Wahl bei einer spiten PBPF, wenn der



allgemeine korperliche Zustand und die Nebenerkrankungen des Patienten einen
groBeren operativen Eingriff rechtfertigen, da der sich ausbildenden Fibrothorax den
Zugangsweg lber eine laterale Thorakotomie technisch erheblich erschwert und die
Wahrscheinlichkeit fiir intraoperative Komplikationen bei der Prdparation des

Mediastinums deutlich erhoht.
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