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Background: Open window thoracotomy (OWT) as well as its closure are challenging. Transposition of 
omental pedicle and muscle flaps is often performed for OWT closure; however, the better technique among 
the two is unknown. The purpose of this series was to evaluate the outcomes of using both omental pedicle 
and muscle flaps for the aforementioned closure.
Methods: This was an observational retrospective cohort study on 27 consecutive patients who underwent 
OWT closure at a single institution between January 2005 and December 2014. The operation was 
performed using either omental pedicle or muscle flap with thoracoplasty. We compared both techniques 
in terms of the patient background [sex, age, body mass index (BMI) and C-reactive protein (CRP) before 
OWT and serum albumin levels before OWT closure], presence of methicillin-resistant Staphylococcus aureus 
(MRSA) infection, rate of bronchopleural fistula (BPF), duration of OWT, recurrence of local infection, 
morbidity, duration of indwelling drainage after operation, success, mortality and postoperative hospital stay.
Results: There were 9 (33.3%) omental pedicle flap procedures and 18 (66.7%) muscle flap procedures. 
The rate of local recurrence after closure of OWT was significantly higher with muscle flap than with 
omental pedicle flap (0% vs. 50.0%, P=0.012). The median duration of postoperative hospital stay was 
significantly shorter with omental pedicle flap than that with muscle flap (16.0 vs. 41.5 days, P=0.037). 
Mortality was observed in 2 patients (11.2%) in the muscle flap group and no patient in the omental pedicle 
flap group. Success rate was similar between the two groups (100% for omental pedicle flap vs. 83.3% for 
muscle flap).
Conclusions: Omental pedicle flap was superior to muscle flap in terms of reducing local recurrence and 
shortening postoperative hospital stay. However, mortality, morbidity and success rates were not affected by 
the choice of flap.
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Introduction

Thoracic empyema, which usually occurs after lung resection 
and pneumonia, remains a life-threatening infection, with 
a persistently high mortality rate ranging from 6% to 24% 
(1-4). Adequate drainage is the first step to improve this 
infectious condition. In the acute phase, closed drainage of 
thoracic empyema may be attempted; however, in cases with 
uncontrolled infection and bronchopleural fistula (BPF), 
open drainage such as an open window thoracotomy (OWT) 
has been used. OWT is considerably effective in cleaning 
the thoracic cavity; however, it is one of the most invasive 
therapies that deteriorates patients’ quality of life. Immediate 
OWT closure is important, and we should evaluate the risk 
of recurrence, decide proper timing to perform the closure 
operation and select what we use to eliminate the thoracic 
space. Intrathoracic transposition of muscle or omental 
pedicle flap is one of the most radical surgeries to seal the 
thoracic cavity (5), but the better technique among the two is 
unknown. In this study, we aimed to evaluate the outcomes 
of using omental pedicle and muscle flaps for OWT closure. 
To the best of our knowledge, this is the first evaluation of 
the outcomes such as mortality, morbidity, recurrence and 
hospital stay after OWT closure. 

Methods

This was an observational retrospective cohort study 
performed at a single institution. This article was approved 
to ethics committee of the University of Occupational and 
Environmental Health Japan, and the number of ethics 
approval was H27-080. Informed consent under this study 
was obtained to patients before taking part.

Study population 

We included 27 consecutive patients who underwent 
OWT closure using either omental pedicle or muscle 
flap at the hospital of the University of Occupational and 
Environmental Health, Japan, between January 2005 and 
December 2014. Data were collected retrospectively from 
medical and operative records.

Sex, age, diabetes mellitus (DM), body mass index (BMI) 
at OWT closure, BPF, pleural fistula, C-reactive protein 
(CRP) before OWT and serum albumin levels before OWT 
closure, volume of empyema space, methicillin-resistant 
Staphylococcus aureus (MRSA) infection and duration of 
OWT are stated in Table 1.

Table 2 states the characteristics of 13 consecutive patients 
(10 with lung cancer, 1 with malignant mesothelioma,  
1 with mycobacterial infection and 1 with oesophageal 
cancer) who developed thoracic empyema after lung 
resection by extrapleural pneumonectomy (EPP) (n=1), 
pneumonectomy (n=1), lobectomy (n=9), segmentectomy 
(n=1) and partial resection (n=1). Three patients developed 
BPF. The cause of thoracic empyema was pneumonia in  
11 patients and unknown in 2 patients.

Bacterial culture was performed in all patients. The 
causative of thoracic empyema was bacteria in 25 patients, 
MRSA in 9 patients and fungi in 2 patients; tuberculosis was 
not detected. 

The thoracic cavity was evaluated by computed 
tomography (CT).

Management of empyema and surgical procedure

At our institution, the usual first step for thoracic empyema 
treatment was chest tube drainage or video-assisted 
thoracoscopic surgery (VATS) debridement. Chest drainage 
was performed in all patients and VATS debridement 
was performed in six patients. However, all patients had 
uncontrollable thoracic infection; therefore, OWT was 
performed.

The skin-incision approach for OWT was determined 
based on the location of thoracic dead space on preoperative 
CT imaging. This approach was selected to preserve as 
much muscle as possible; the number rib bones resected 
was 2–6. During OWT, we performed gauze dressing once 
or twice a day, depending on the condition of the thoracic 
cavity. Some cases were administered antibiotics. The time 
for OWT closure was determined either when the thoracic 
cavity was visually clean, the bacteria had been eradicated or 
BPF was closed. 

The wound closure operation included combined limited 
thoracoplasty and intrathoracic transposition of either 
muscle or omental pedicle flap, depending on the volume 
of the thoracic cavity, bacterial aetiology of the infection, 
influence of previous thoracic surgery, nutrition status and 
history of abdominal operation.

Omental pedicle flap was used in 9 patients, whereas 
muscle flap was used in 18 patients. 

All omental pedicle flap intrathoracic transposition 
procedures were performed via median laparotomy; the 
greater omentum was mobilized from the greater curvature 
of the stomach with the preservation of the gastroepiploic 
artery. Thoracotomy with rib bone resection was performed 
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Table 1 Characteristics of the study population (N=27)

Characteristics
Omental 

pedicle flap

Muscle  

flap
P value

Age (years)

Mean 64.9 67.8 0.455

Sex 1

M 6 12

F 3 6

MRSA 0.423

＋ 4 5

− 5 13

BPF 1

＋ 1 2

− 8 16

DM 1

＋ 2 4

− 7 14

Pleural fistula 0.103

＋ 7 7

− 2 11

BMI at OWT closure 20.0±3.31 18.6±2.94 0.293

Albumin level (g/dL) 3.69±0.47 3.31±0.40 0.0456

CRP before OWT (mg/dL) 10.0±7.14 7.55±7.82 0.433

Volume of thoracic cavity (cm3) 0.235

Median 393,603 230,048

Range 97,202–

1,607,200

55,083–

1,423,030

Duration to OWT (days) 0.024

Median 166 41

Range 35–423 21–958

OWT, open window thoracotomy; MRSA, methicillin-resistant 

Staphylococcus aureus; BPF, bronchial pleural fistula; DM, 

diabetes mellitus.

Table 2 Treatment history

Lung resection Number BPF

Lung cancer

Pneumonectomy 1 1

Lobectomy 9 2

Partial resection 1 0

MPM

EPP 1 0

NTM

Segmentectomy 1 0

Esophageal cancer

No lung resection 1 0

Others 13

MPM, malignant pleural mesothelioma; NTM, non-tuberculous 

mycobacterial infection; EPP, extrapleural pneumonectomy; 

BPF, bronchial pleural fistula.

to reduce the cavity, followed by debridement and 5–10 L  
of saline solution lavage of the previously infected site. The 
thoracic cavity was filled with the greater omental pedicle 
flap through a 1–2-cm incision on the diaphragm or through 
the substernum. The omental pedicle flap was fixed onto the 
thoracic space using biological glue and absorbable suture. 

Intrathoracic transposition of extrathoracic muscle was 
performed through the latissimus dorsi, serratus anterior, 
intercostal muscle and/or pectoralis major. Latissimus 
dorsi alone was used in seven patients, latissimus dorsi with 
serratus anterior was used in five patients, serratus anterior 

alone was used in one patient, pectoralis major alone was 
used in three patients and intercostal muscle alone was 
used in two patients. Muscle flap procedure was performed 
through an incision tracing with the previous OWT 
incision. After separating from the chest wall and fat tissue, 
the muscle flap was transposed onto the thoracic cavity 
while preserving the arterial supply.

Three patients did not need the insertion of a chest tube 
for drainage but 24 patients needed its insertion to monitor 
infection after surgery. In 17 cases, the procedures were 
performed by a general thoracic surgeon and a digestive organ 
surgeon, whereas in 1 case, the procedure was performed by a 
plastic surgeon with a thoracic surgical team.

Outcome

We evaluate mortality, morbidity, local recurrence, success, 
duration of drain placement after closure operation and 
postoperative hospital stay between omental pedicle flap 
and muscle flap. 

Mortality is observed for a year. Morbidity was defined 
as the need for surgical procedure after initial operation or 
drug intervention of more than 14 days. Local recurrence 
meant infection and fistula after operation. Local infection 
recurrence was defined as positive bacterial culture of the 
infected site with accompanying signs and symptoms such as 
fever, fatigue and chills. Success was defined as resolution of 
infection with antibiotic administration without the need for 
surgical treatment.
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Statistical analyses

All statistical analyses were performed with Stata version 
14.0 (StataCorp, College Station, TX) and R commander 
(R 2.13.0; R Foundation for Statistical Computing, Vienna, 
Austria). Data were expressed as range, median or mean, as 
appropriate. Comparative evaluation was performed using 

the Student’s t-test, Mann-Whitney U test, Spearman’s 
rank correlation coefficient test and Fischer’s exact test, as 
appropriate. Statistical significance was determined at a  
P value of less than 0.05.

Results

Patient characteristics

Table 1 demonstrates patient characteristics. The two 
groups were identical in terms of age, sex, BMI at OWT 
closure, BPF, pleural fistula, CRP before OWT and 
volume of the thoracic cavity. However, in comparison 
with the muscle flap group, the omental pedicle flap group 
had significantly higher preoperative serum albumin levels 
(3.689 vs. 3.310 g/dL, P=0.0456, according to the Student’s 
t-test) and longer duration of OWT (166 vs. 41 days,  
P=0.024, according to the Mann-Whitney U test).

Mortality, morbidity, local recurrence and success

Mortality was observed in two patients belonging to the 
muscle flap group and no patient belonging to the omental 
pedicle flap group (0% vs. 11.2%, P=0.538, according to 
the Fisher’s exact test; Table 3). In the muscle flap group, an 
84-year-old woman died because of sepsis due to recurrent 
thoracic infection on postoperative day 30. The second 
mortality case was a 77-year-old man who underwent repeat 
OWT due to recurrent BPF after right pneumonectomy; the 
patient died on postoperative day 53 because of septic shock.

In this series, perioperative morbidity occurred in one 
patient belonging to the omental pedicle flap group and nine 
patients belonging to the muscle flap group [11.1% (1/9) 
vs. 50.0% (9/18), P=0.091, according to the Fisher’s exact 
test; Table 3]. One patient in the omental pedicle flap group 
developed diaphragmatic hernia, which was successfully 
treated by emergency hernia repair. In the muscle flap group, 
sepsis due to aspiration pneumonia occurred in two cases, 
fistula recurrence occurred in one case, surgical site infection 
occurred in five cases and muscle flap necrosis occurred in 
one case (Table 4).

The rate of local recurrence of thoracic space infection 
was significantly higher with muscle flap than with omental 
pedicle flap [0% (0/9) vs. 50.0 % (9/18), P=0.012, according 
to the Fisher’s exact test; Table 3]. These patients were 
administered antibiotics and underwent drain replacement; 
two patients underwent repeat OWT owing to non-resolved 
infection and persistent pleural fistula. 

Success rate was similar between the two groups [100% 

Table 3 Outcome of OWT closure

Outcome Omental pedicle flap Muscle flap P value

Success 0.529

＋ 9 15

− 0 3

Repeat OWT 0.538

＋ 0 2

− 9 16

Mortality 0.538

＋ 0 2

− 9 16

Morbidity 0.091

＋ 1 9

− 8 9

Drain replacement (days) 0.002

Median 2 14

Range 0–85 5–84

Local recurrence 0.012

＋ 0 9

− 9 9

Hospital stay after OWT (days) 0.037

Median 16 41.5

Range 9–96 8–136

OWT, open window thoracotomy.

Table 4 Morbidity of OWT closure

Morbidity Number

Muscle flap

Fistula recurrence 1

Sepsis 2

Surgical site infection 5

Flap necrosis 1

Omental pedicle flap

Diaphragm hernia 1

OWT, open window thoracotomy.
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(9/9) with omental pedicle flap vs. 83.3% (15/18) with muscle 
flap, P=0.529, according to the Fisher’s exact test; Table 3].

Duration of drain placement after closure operation and 
postoperative hospital stay

The median duration of indwelling chest drainage after 
closure operation was significantly shorter with omental 
pedicle flap than with muscle flap (2 vs. 18.5 days, P=0.002, 
according to the Mann-Whitney U test; Table 3). The 
median duration of the postoperative hospital stay was 
significantly shorter with the omental pedicle flap than with 
the muscle flap (16.0 vs. 41.5 days, P=0.037, according to 
the Mann-Whitney U test).

Discussion

This retrospective study demonstrated that omental 
pedicle flap was superior to muscle flap in reducing local 
recurrence and shortening postoperative hospital stay 
after OWT closure. To my best knowledge, this is the first 
report that compared the mortality, morbidity, recurrence 
and postoperative hospital stay between the use of omental 
pedicle and muscle flaps for OWT closure.

Control of thoracic empyema relies on a strategy to 
reduce bacteria and eliminate infection. VATS debridement 
is effective as an initial operation (6), but OWT for open 
drainage should be considered when infection is uncontrolled 
after VATS. However, being one of the most invasive 
therapies, OWT closure at the soonest possible time is 
desirable to improve both the quality of life and prognosis. 
In a multivariate analysis of 35 consecutive patients, Hato 
demonstrated that the success of OWT closure was related to 
mortality (7). However, OWT closure itself is a challenging 
procedure with high mortality risks. Some studies have 
reported that the success rate of OWT closure is 26–94% 
and the mortality rate is 2.6–13.3% (8-11).

The best technique for OWT closure and thoracic 
cavity sealing is unclear. We often performed thoracotomy 
using either muscle or omental pedicle flap as the closure 
technique. Muscle flap is one of the most common and 
acceptable procedures for OWT closure. Some studies 
have reported that mortality rate with muscle flap is 
approximately 5%, success rate, which was defined as 
chest closure and cure of empyema, is over 90% and 
postoperative hospital stay is approximately 40 days (range, 
4–150 days) (12-15). These results were similar to our data, 
indicating the feasibility of our procedure. 

Comparison of outcomes between omental pedicle and 
muscle flaps has been difficult because of the heterogeneity of 
patients who undergo OWT closure. Omental pedicle flap is 
more frequently used for severe cases, involving complicated 
infection, OWT after BPF and a previous pneumonectomy 
(5,16). On the other hand, muscle pedicle flap is usually 
applied for non-severe cases. This heterogeneity interrupted 
the proper analysis of which is better to use for OWT 
closure. In this study, the baseline characteristics of the two 
groups were similar and enabled proper analysis.

Omental pedicle flap for OWT closure is the most radical 
surgical treatment for thoracic empyema (5,16-18) and is used 
for very severe cases, involving MRSA empyema, a previous 
pneumonectomy empyema caused by BPF and chronic 
empyema caused by aspergillus and tuberculosis. This is 
because the omentum has anti-inflammatory properties and 
promotes tissue healing because of the presence of abundant 
blood vessels and lymphatics (19). Okumura reported that 
using omental pedicle flap for chronic empyema provided 
clinical success in 82.6% (19/23) without compromising 
pulmonary function. Moreover, mortality rate was 4.3% 
(1/23) and recurrence rate was 8.7% (2/23). The results of 
our data were not inferior to those of this previous study.

In this study, the shorter hospital stay and duration 
of drainage after OWT with omental pedicle flap was 
probably because of the efficient cleansing of the thoracic 
cavity, absorption of discharge, preservation of good healing 
conditions, longer duration of OWT and better nutritional 
status, as demonstrated by the significantly higher 
preoperative serum albumin levels in the omental pedicle 
flap group than the muscle flap group. 

Despite the good outcomes of omental pedicle flap, 
laparotomy may have severe complications, such as ileus, 
diaphragmatic hernia, haemorrhage after surgery and 
some minor abdominal complaints. Okumura (5) showed 
that the incidence of abdominal complication was 39.1% 
(9/23). Kurahashi (20) reported that the incidence of severe 
abdominal complication was 8.7% (2/23). In this study, we 
showed that the overall morbidity was 12.9% (1/9). Our 
data was not inferior to the past reports. 

In this study, local recurrence with muscle flap was 
extremely higher than that with omental pedicle flap, 
probably because of the inappropriate selection of material 
for transposition. Two BPF cases that underwent muscle 
flap transposition had a history of abdominal surgery. BPF 
is a prognostic factor for OWT and a predictor of OWT 
closure (8,21). Therefore, we should aggressively choose to 
use omental pedicle flap in complicated cases.
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The best method for OWT closure is unclear, but 
it is important to consider the volume of the thoracic 
cavity, location, incision, muscle damage, BPF, history of 
abdominal surgery and aetiology of the infection (MRSA, 
aspergillus and tuberculosis) and to not hesitate to perform 
thoracotomy to obliterate dead space. Omental pedicle flap 
leads to good healing and prevention of local recurrence; 
therefore, we should make a firm decision to use this flap 
for severe thoracic empyema. On the other hand, we 
should be reminded that omental pedicle flap is an invasive 
procedure. In the future, studies are needed to clarify the 
population in which omental pedicle flap is appropriate and 
the prognostic factors for OWT closure. 

Study limitation

First, this cohort study had a retrospective design, was 
conducted in a single institution and comprised a small 
number of subjects; therefore, bias was inevitable. Second, 
the study period was ten years, during which antibiotic 
therapy for empyema has improved to include coverage 
for MRSA. In this study, MRSA infection was observed in 
25.9% cases and another therapeutic strategy is currently 
being developed. Third, we were not able to perform 
multivariate analysis because this series was too small. A 
large-number and multi-centre study is needed to verify the 
outcomes of different OWT closure techniques.

Conclusions

Omental pedicle flap was superior to muscle flap in 
reducing local recurrence and shortening postoperative 
hospital stay after OWT closure. However, mortality, 
morbidity and success rates were not influenced by the type 
of flap used for OWT closure. Omental pedicle flap may 
be more appropriate than muscle flap in high risk cases in 
consideration of the volume of the thoracic cavity, location, 
previous operation, history of abdominal surgery, bacterial 
aetiology of empyema and status of thoracic infection.
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