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Background: Pleural empyema after pneumonectomy still poses a serious post-
operative complication. A broncho-pleural fistula is often detected. Despite vari-
ous therapeutic options developed over the last five decades it remains a major 
surgical challenge.
Materials and methods: A literature search in MEDLINE database was carried out 
(accessed through PubMed), by using a combination of the following key-words 
and MeSH terms: pneumonectomy, postoperative, complications, broncho-pleu-
ral fistula, empyema, prevention. The following areas of intervention were identi-
fied: epidemiology, etiology, prevention.
Results: Pleural empyema in a post-pneumonectomy cavity occurs in up to 16% 
of patients with a mortality of more than 10%. It is associated with broncho-pleu-
ral fistula in up to 80% of them, usually in the early postoperative months. Opera-
tive mortality could reach 50% in case of broncho-pleural fistula. Unfavourable 
prognostic factors are: benign disease, COPD, right-sided surgery, neoadjuvant 
and adjuvant therapy, time of chest tube removal, long bronchial stump and me-
chanical ventilation. Bronchial stump protection with vascularised flaps is of ut-
most importance in the prevention of complications.
Conclusion: Postpneumonectomy pleural empyema is a common complication 
with high mortality. The existing evidence confirms the role of bronchopleural 
fistula prevention in the prevention of life-threatening complications.

INTRODUCTION

Postoperative pleural empyema is the second most 
frequent form of empyema, accounting for up to 
20% of all pleural empyemas. It occurs usually after 
surgery of the lungs, esophagus or mediastinum, but 
it may occur after abdominal, urologic, and pelvic 
operations as well.1 The incidence is 1% to 3% after 
lobectomy and 2% to 12% after pneumonectomy.

Despite various therapeutic options developed 
during the last five decades, postpneumonectomy 
pleural empyema (PPE) is still associated with 10%-
20% mortality rate, reaching up to 50% in case of 
broncho-pleural fistula (BPF), with high morbidity 
and prolonged hospitalization.2-5

The aim of this review is to summarize the epi-
demiology, etiology and prophylaxis data in PPE. 
The treatment is discussed elsewhere.

MATERIALS AND METHODS

We performed a literature search in MEDLINE 
database (accessed through PubMed) by using a 
combination of the following key words and MeSH 
terms: pneumonectomy, postoperative, complications, 
broncho-pleural fistula, empyema, prevention. The 
search strategy did not include time limits and was 
performed in May 2016. We included references ir-
respective of the study design and published in the 
English language. We excluded references published 
in abstract form only.

Prevention of complications was covered by 32 
papers. Rather than being exhaustive, our objective 
was to narratively explain the results from the most 
relevant papers identified in the following areas of 
intervention: 

1. Epidemiology
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2. Etiology
3. Prevention

Areas of intervention

Epidemiology
The incidence of PPE is 4.4% - 16%.6 75% of it 
occurs within the first 3 months after pneumonec-
tomy7, but its occurrence several years after the 
procedure has been reported as well8. In up to 80% 
of patients, PPE is associated with bronchopleural 
fistula (BPF).9

The range of PPE with BPF incidence is wide 
- 1.3%-15%. Recently, in a large study, it was re-
ported to be 3.8%.10

Etiology
The role of well known errors in surgical technique 

as a cause of BPF and PPE, with consequences that 
become evident from the end of the operation and 
during the first 24-72 postoperative hours, was not 
a subject of the analysis. Other factors identified 
as unfavorable in terms of PPE occurrence are: 
benign disease and low DLCO (p=0.001), followed 
by low FEV1 and serum hemoglobin, right-sided 
operation, completion pneumonectomy, time of 
chest tube removal and the amount of transfused 
blood.11 Immunosuppression and neoadjuvant or 
adjuvant therapy were also identified as unfavour-
able prognostic factors.12,13

Longer length and absence of coverage of the 
bronchial stump, as well as the duration of the 
mechanical ventilation increase the risk of BPF. 
Although there are some suggestions that stapling 
of the bronchus is superior to manual suture, such 
statement is not sufficiently evidence-based.14

The postpneumonectomy cavity infection may 
occur incidentally as result of spillage of secretions 
from the bronchial tree at the moment of the bronchial 
cut, or as a result of occult bronchial stump leakage 
in the immediate postoperatve period. These causes 
could be attributed to surgical technique and have 
not been specifically addressed in the literature, and 
therefore were not included in the review.

Concerning causative organisms, an increase of 
mixed infections with 2 or 3 strains of bacteria and 
an increase of Gram negative bacteria including 
Pseudomonas aeruginosa has been observed and 
confirmed by other studies, but often with cultures 
being negative because of the antibiotic treatment. 
Nevertheless, bacterial culture results were reported 
as useful in terms of perioperative prophylaxis.15,16

Prevention of complications
Bronchial suture technique
The existing evidence does not suggest whether 

stapling devices are advantageous over the manual 
bronchial closure, given the incidence of BPF af-
ter manual and stapling closure being 0-17% and 
0.8±5.4%, respectively.18-22 Some modifications of 
the stapling closure, either in form of proximal or 
distant reinforcement to the stapling line, have been 
reported to decrease the BPF rate (from 1.9% to 
1% with reinforcement of both sides), or to achieve 
very low BPF rate (0.7% with reinforcement of the 
proximal side).23,24

Despite some clear advantages of mechanical 
suture (more rapid closure and less probability 
for contamination of the pleural space), reliable 
comparison between the two techniques remains 
difficult, because in the reported series of manual 
suture of the bronchus, data about the exact way 
of suture (cartilage-to-membranous, cartilage-to-
cartilage or membranous-to-membranous) are usually 
missing. These uncertainties about the bronchial 
closure technique underline the need to optimize 
the bronchial protection irrespectively of the applied 
suture technique.

Bronchial suture protection
There is a broad consensus that bronchial stump 

protection with vascularised flaps plays an important 
role in the prevention of complications, especially 
in patients undergoing a pneumonectomy after 
chemo- or chemo/radiation therapy and especially 
for right-sided operations.25 The most frequently 
reported flaps are intercostals muscle, pericardium, 
pericardial fat, diaphragm, omentum, azygos vein 
or latissimus dorsi.

There are different techniques of the bronchial 
stump protection. The technique of harvesting and 
efficacy of the intercostals flap was sufficiently 
documented quite a long time ago.26-28 As the need 
for the flap use is sometimes not clear preopera-
tively, an alternative to full mobilisation of the flap 
is mobilisation from the rib only at the level of 
the rib spreader, thus making intercostals muscle 
still available in case of the unexpected need for 
the bronchial stump protection.29-31 The key point 
of this quite simple technique is to avoid place-
ment of the rib spreader before harvesting the full 
flap thickness and preservation of the periosteum. 
Recently, thoracoscopic and robotic preparation of 
this kind of flap have been reported as well.32,33 
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No major complications have been reported, except 
pedicle ossification, usually without major clinical 
implications.34,35

Given the consistent anatomy of thoracodorsal 
vessels, it is possible to split the latissimus dorsi 
muscle into separate units, so that the use of lat-
eral split muscle flap has also been described.36 

The harvested muscle flap is rotated anteriorly and 
is passed through the second or third intercostals 
space into the pleural cavity. This method seems to 
be preferred to serratus transposition, because the 
problem of wing scapula can be avoided.

Diaphragm flap seems to be more frequently used 
than reported in the literature. Rare reports are in 
favour of its use as efficient for the bronchial stump 
reinforcement after pneumonectomy.37

Studies comparing muscle flap techniques, al-
though suggesting a smaller operative morbidity 
with intercostal muscle vs. diaphragmatic flaps, 
did not confirm a statistical significance of such a 
difference. In addition, a thick diaphragmatic flap is 
a suitable option for extended resections with wide 
pericardiectomy, when compared to only bronchial 
stump coverage, but the pericardial defect closure 
is necessary as well.38

Pericardial flap is used less frequently. It can 
be prepared by incising the pericardium in a way 
to avoid a pericardiophrenic bundle, rotating and 
placing it over the suture line or around bronchial 
anastomosis.39,40 Pericardial fat pad graft is a very 
suitable solution, but not always available, especially 
in thin individuals or after previous lung resection, 
if a complete pneumonectomy is anticipated. The 
viability of this flap is based on thin pericardial 
branches of the internal mammary artery.41

The omentum has been reported as very useful 
for the bronchial suture protection42,43, with a very 
low rate of failure, like in 35 patients with a high 
risk of fistula after right pneumonectomy and in two 
patients with an acute bronchial fistula, with only one 
patient with treatment failure44. The omentum pro-
duces angiogenic factors and has anti-inflammatory 
and immunological effects as well.45 The preven-
tion of infections is based on lymphocytosis and 
other immunocompetent elements which leads to 
decreases bacterial burden. The main disadvantage 
of the omental transposition, the extension of the 
surgery into the abdomen, usually in patient not 
fit for major surgery, can be overcome by recently 
proposed transdiaphragmatic harvesting, thus avoid-
ing a laparotomy. The experience on 43 patients at 
high risk for pneumonectomy confirmed this method 

as safe and efficient.42

Although not frequently cited in the literature, 
azygos vein flap has been also reported as effective 
for the bronchial stump coverage.46,47 Recently, a 
pedicled internal mammary artery flap has also 
been shown as suitable for the bronchial stump 
reinforcement.48

CONCLUSIONS

Postpneumonectomy pleural empyema occurs in up 
to 16% of operated patients, being associated with 
BPF in up to 80% of them, usually in the early 
postoperative months. Operative mortality after PPE 
is 10-20%, reaching up to 50% in case of broncho-
pleural fistula. Unfavourable prognostic factors of 
PPE are: benign disease, COPD, right-sided op-
eration, neoadjuvant and adjuvant therapy, time of 
the chest tube removal, long bronchial stump and 
mechanical ventilation. Bronchial stump protection 
with vascularised flaps is of utmost importance in 
the prevention of complications. The most frequently 
reported flaps are intercostals muscle, pericardium, 
pericardial fat, diaphragm, omentum, azygos vein 
or latissimus dorsi.

Despite the evident progress in the field of 
technology, bronchial suture tools and techniques, 
preoperative and preoperative care, postpneumo-
nectomy pleural empyema, either with or without 
bronchopleural fistula, remains a major surgical 
challenge. The existing evidence clearly confirms 
the role of bronchopleural fistula prevention in the 
prevention of life-threatening complications.

REFERENCES

1.	 Andrews NC. Thoraco-mediastinal plication (A 
surgical technique for chronic empyema). J Thorac 
Surg 1961; 41: 809-16.

2.	 Azorin JF, Francisci MP, Tremblay B, et al. Closure 
of a postpneumonectomia main bronchus fistula us-
ing video-assisted mediastinal surgery. Chest 1996; 
109: 1097-8.

3.	 Abbas Ael-S, Deschamps C. Postpneumonectomy 
empyema. Curr Opin Pulm Med 2002; 8: 327-33.

4.	 Gharagozloo F, Trachiotis G, Wolfe A, et al. Pleural 
space irrigation and modified Clagett procedure for 
the treatment of early postpneumonectomy empy-
ema. J Thorac Cardiovasc Surg 1998; 116: 943-8. 

5.	 Misthos P, Kakaris S, Sepsas E, et al. Surgical man-
agement of late postpneumonectomy bronchopleural 
fistula: the transsternal, transpericardial route. Res-
piration 2006; 73: 525-8.

6.	 Schneiter D, Cassina P, Korom S, et al. Accelerated 



Epidemiology, Etiology and Prevention of Postpneumonectomy Pleural Empyema

355Folia Medica I 2019 I Vol. 61 I No. 3

treatment for early and late postpneumonectomy 
empyema. Ann Thorac Surg 2001; 72: 1668-72.

7.	 Shamji FM, Ginsberg RJ, Cooper JD, et al. Open 
window thoracostomy in the management of post-
pneumonectomy empyema with or without bron-
chopleural fistula. J Thorac Cardiovasc Surg 1983; 
86: 818-22.

8.	 Wain JC. Management of late postpneumonectomy 
empyema and bronchopleural fistula. Chest Surg 
Clin 1996; 6: 529-41.

9.	 Wong PS, Goldstraw P. Post-pneumonectomy em-
pyema. Eur J Cardiothorac Surg 1994; 8: 345-50.

10.	Schneiter D, Grodzki T, Lardinois D, et al. Acceler-
ated treatment of postpneumonectomy empyema: 
A binational long-term study. J Thorac Cardiovasc 
Surg 2008; 136: 179-85.

11.	Deschamps C, Pairolero C, Allen MS, et al. Man-
agement of postpneumonectomy empyema and 
bronchopleural fistula. Chest Surg Clin N Am 1996; 
6: 519-27.

12.	Frytak S, Lee RE, Pairolero PC, et al. Necrotic lung 
and bronchopleural fistula as complications of ther-
apy in lung cancer. Cancer Invest 1988; 6: 139-43.

13.	Sonobe M, Nakagawa M, Ichinose M, et al. Analy-
sis of risk factors in bronchopleural fistula after 
pulmonary resection for primary lung cancer. Eur J 
Cardiothorac Surg 2000; 18: 519-23.

14.	Gharagozloo F, Margolis M, Facktor M, et al. 
Postpneumonectomy and postlobectomy empyema. 
Thorac Surg Clin 2006; 16: 215-22.

15.	Kacprzak G, Marciniak M, Addae-Boateng E, et al. 
Causes and management of postpneumonectomy 
empyemas: our experience. Eur J Cardiothorac Surg 
2004; 26: 498-502.

16.	Pairolero PC, Arnold PG, Trastek VF, et al. Post-
pneumonectomy empyema. The role of interthoracic 
muscle transposition. J Thorac Cardiovasc Surg 
1990; 99: 958-68.

17.	Sato M, Saito Y, Nagamoto N, et al. New method 
of bronchial stump closure for prevention of bron-
chopleural fistula. Nippon Kokyuki Geka Gakkai 
Zasshi 1990; 4: 423-9.

18.	Vester SR, Faber LP, Kittle CF, et al. Bronchopleural 
fistula after stapled closure of bronchus. Ann Thorac 
Surg 1991; 52: 1253-8.

19.	Asamura H, Naruke T, Tsuchiya R, et al. Bron-
chopleural fistulas associated with lung cancer 
operations: univariate and multivariate analysis of 
risk factors, management, and outcome. J Thorac 
Cardiovasc Surg 1992; 104: 1456-64.

20.	Takizawa T, Koike T, Aoki T. Development of 
bronchopleural fistula in relation to the method of 
bronchial closure. Kikanshi Gaku 1997; 19: 211-4.

21.	Dart Jr CH, Scott SM, Takaro T. Six-year clinical 

experience using automatic stapling devices for lung 
resection. Ann Thorac Surg 1970; 9: 535-50.

22.	Williams NS, Lewis CT. Bronchopleural fistula: a 
review of 86 cases. Br J Surg 1976; 63: 520-2.

23.	Sonobe M, Nakagawa M, Ichinose M, et al. Analy-
sis of risk factors in bronchopleural fistula after 
pulmonary resection for primary lung cancer. Eur J 
Cardiothorac Surg 2000; 18: 519-23.

24.	Uchida T, Wada M. Late complications of bronchial 
stump closure using pledgets. Nippon Kokyuki Geka 
Gakkai Zasshi 1999; 13: 37-41.

25.	Sugarbaker DJ, Herndon J, Kohman LJ, et al. Results 
of Cancer and Leukemia Group B protocol 8935: 
a multi-institutional phase II trimodality trial for 
stage IIIA (N2) non-small-cell lung cancer. J Thorac 
Cardiovasc Surg 1995; 109: 473-85.

26.	Sfyridis PG, Kapetanakis EI, Baltayiannis NE, et 
al. Bronchial stump buttressing with an intercostal 
muscle flap in diabetic patients. Ann Thorac Surg 
2007; 84: 967-71.

27.	Rendina EA, Venuta F, Ricci P, et al. Protection and 
revascularization of bronchial anastomoses by the 
intercostal pedicle flap. J Thorac Cardiovasc Surg 
1994; 107: 1251-4.

28.	Rendina EA, Venuta F, De Giacomo T, et al. Inter-
costal pedicle flap in tracheobronchial surgery. Ann 
Thorac Surg 1996; 62: 630-1.

29.	Venuta F, Anile M, Rendina EA. Advantages of 
the segmental nondivided intercostal muscle flap. J 
Thorac Cardiovasc Surg 2010; 140: 485.

30.	Cerfolio RJ, Bryant AS, Maniscalco LM. A nondi-
vided intercostal muscle flap further reduces pain of 
thoracotomy: a prospective randomized trial. Ann 
Thorac Surg 2008; 85: 1901-6.

31.	Allama AM. Intercostal muscle flap for decreasing 
pain after thoracotomy: a prospective randomized 
trial. Ann Thorac Surg 2010; 89: 195-9.

32.	Sagawa M, Sugita M, Takeda Y, et al. Video-assisted 
bronchial stump reinforcement with an intercostal 
muscle flap. Ann Thorac Surg 2004; 78: 2165-6.

33.	Lazzaro RS, Guerges M, Kadosh B, et al. Robotic 
harvest of intercostal muscle flap. J Thorac Cardio-
vasc Surg 2013; 146: 486-7.

34.	Ciccone AM, Ibrahim M, D’Andrilli A, et al. Ossifi-
cation of the intercostal muscle around the bronchial 
anastomosis does not jeopardize airway patency. Eur 
J Cardiothorac Surg 2006; 29: 602-3.

35.	Maniwa T, Saito Y, Saito T, et al. Ossification does 
not cause any complication when a bronchial stump 
is reinforced with an intercostal muscle flap. Eur J 
Cardiothorac Surg 2009; 35: 435-8.

36.	Terzi A, Luzzi L, Campione A, et al. The split latis-
simus dorsi muscle flap to protect a bronchial stump 
at risk of bronchial insufficiency. Ann Thorac Surg 
2009; 87: 329-30.



356

D. Petrov et al

Folia Medica I 2019 I Vol. 61 I No. 3

37.	Mineo TC, Ambrogi V, Pompeo E, et al. Comparison 
between intercostal and diaphragmatic flap in the 
surgical treatment of early bronchopleural fistula. 
Eur J Cardiothor Surg 1997; 12: 675-7.

38.	Lardinois D, Horsch A, Krueger T, et al. Medi-
astinal reinforcement after induction therapy and 
pneumonectomy: comparison of intercostal muscle 
versus diaphragm flaps. Eur J Cardiothorac Surg 
2002; 21: 74-8.

39.	Mansour KA, Lee RB, Miller JI Jr. Tracheal resec-
tions: lessons learned. Ann Thorac Surg 1994; 57: 
1120-4.

40.	Hasse J. Patch-closure of tracheal defects with 
pericardium/PTFE. A new technique in extended 
pneumonectomy with carinal resection. Eur J Car-
diothorac Surg 1990; 4: 412-5; discussion 416.

41.	Anderson TM, Miller JI Jr. Use of pleura, azygos 
vein, pericardium, and muscle flaps in tracheobron-
chial surgery. Ann Thorac Surg 1995; 60: 729-33.

42.	D’Andrilli A, Ibrahim M, Andreetti C, et al. Trans-
diaphragmatic harvesting of the omentum through 
thoracotomy for bronchial stump reinforcement. Ann 
Thorac Surg 2009; 88: 212-5.

43.	Shrager JB, Wain JC, Wright CD, et al. Omentum is 
highly effective in the management of complex car-
diothoracic surgical problems. J Thorac Cardiovasc 
Surg 2003; 125: 526-32.

44.	Levashev YN, Akopov AL, Mosin IV. The possibili-
ties of greater omentum usage in thoracic surgery. 
Eur J Cardiothorac Surg 1999; 15: 465-8.

45.	Goldsmith HSHS, Griffith AL, Kupferman A, et al. 
Lipid angiogenic factor from omentum. J Am Med 
Assco 1987; 252: 2034-6.

46.	Al-Mufarrej F, Margolis M, Strother E, et al. Bron-
chial stump reinforcement with an azygos vein flap. 
J Cardiothorac Surg 2009; 4 :22.

47.	Klepetko W, Taghavi S, Pereszlenyi A, et al. Impact 
of different coverage techniques on incidence of 
postpneumonectomy stump fistula. Eur J Cardio-
thorac Surg 1999; 15: 758-63.

48.	Bedi HS, Negi K. The “Bedi-IMA buttress”: rein-
forcement of the bronchial stump with a pedicled 
internal mammary artery buttress in diabetic patients 
after lung resection. World J Cardiovasc Surg 2014; 
4: 223-6.



Epidemiology, Etiology and Prevention of Postpneumonectomy Pleural Empyema

357Folia Medica I 2019 I Vol. 61 I No. 3

Эпидемиология, этиология и профилактика постпульмонэктомиче-
ской эмпиемы плевры
Данаил Б. Петров1, Драган Суботич2,3, Георги С. Янков1, Динко Г. Валев1, Евгени В. Меков1

1Клинический центр заболеваний лёгких, УМБАЛ „Св. София”, Медицинский университет, София, Болгария
2Клиника грудной хируругии, Сербский клинический центр, Белград, Сербия
3Клиника грудной хируругии, Университетская больница, Базель, Швейцария

Адрес для корреспонденции: 
Евгени В. Меков, Клинический 
центр заболеваний лёгких, УМ-
БАЛ „Св. София”, Медицинский 
университет, бул. „Иван Гешов” 
№ 19, София, Болгария 

E-mail: dr_mekov@abv.bg

Tel: +359888320476

Дата получения: 19 октября 
2018
Дата приемки: 23 января. 2019
Дата онлайн публикации: 14 
февраля 2019
Дата публикации: 30 сентября 
2019

Ключевые слова: постпуль-
монэктомическая эмпиема 
плевры, бронхоплевральный 
свищ, эпидемиология, этиоло-
гия, профилактика

Образец цитирования:  Petrov 
DB, Subotic D, Yankov GS, Valev 
DG, Mekov EV. Epidemiology, 
etiology and prevention of 
postpneumonectomy pleural 
empyema. Folia Med (Plovdiv) 
2019;61(3):352-7.

doi: 10.3897/folmed.61.e39120

Введение: Эмпиема плевры после пневмонэктомии все ещё является се-
рьёзным послеоперационным осложнением. Бронхоплевральный свищ уста-
навливается часто. Несмотря на разнообразие вариантов лечения, которые 
были разработаны в течение последних пяти десятилетий, он продолжает 
оставаться серьёзной хирургической проблемой.

Материалы и методы: Обзор литературы был проведён в базе данных 
Medline (доступ к которой осуществляется через PubMed) с использованием 
комбинации следующих ключевых слов и терминов MeSH: пневмонэктомия, 
послеоперационный, осложнения, бронхоплевральный свищ, эмпиема, про-
филактика. Были определены следующие области поиска: эпидемиология, 
этиология, профилактика.

Результаты: Эмпиема плевры в постпневмонэктомической полости наблю-
далась у 16% пациентов со смертностью более 10%. Она связана с бронхо-
плевральным свищом более чем у 80% из них, как правило, в первые после-
операционные месяцы. Хирургическая смертность может достигать 50% в 
случаях бронхоплеврального свища. Неблагоприятными прогностическими 
факторами являются: доброкачественное заболевание, ХОБЛ, правосторон-
няя хирургия, неоадъювантная и адъювантная терапия, время удаления тора-
кального дренажа, длинная культя бронха и искусственная вентиляция лёг-
ких. Закрытие культи бронха с использованием васкуляризированной ткани 
имеет первостепенное значение для предотвращения осложнений.

Выводы: Постпульмонэктомическая эмпиема плевры является распростра-
нённым осложнением с высокой смертностью. Имеющиеся данные подтвер-
ждают роль профилактики бронхоплеврального свища в профилактике опас-
ных для жизни осложнений.


