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Purpose:  To evaluate the effect of respiratory function and exercise capacity after omental 
flap transposition
Methods:  From October 2005 to December 2006, we classified mediastinitis patients treated with 
omental flap transposition (OT group; n = 10) and patients who underwent only cardiovascular 
surgery without developing complications (control group; n = 25). Percent vital capacity (%VC) 
was evaluated from the day of returning to the general ward for 5 consecutive days and on 
14 days. The day of a 200 m walk was investigated, and the cardiopulmonary exercise test 
was conducted after discharge. Load and oxygen consumption (VO2) at anaerobic threshold 
(i.e., AT load and AT VO2), peak load, and peak VO2 were measured.
Results:  %VC significantly decreased in the OT group compared with the control group (P <0.05). 
An interaction effect between the 2 groups on the change in %VC was observed (F = 2.71, P <0.05). 
Three patients failed to accomplish a 200 m walk in the ward after omental flap transposition. 
AT VO2 and peak VO2 were significantly lower (P <0.05 and P <0.01, respectively) in the OT 
group than in the control group.
Conclusion:  After omental flap transposition, %VC and VO2 decreased. (Ann Thorac Cardiovasc 
Surg 2010; 16: 9–15)
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Introduction

Complications of cardiovascular surgery include arrhyth-
mia,1) cerebral infarction,2) postoperative infection,3) and 
respiratory dysfunction.4) In particular, postoperative 
infectious mediastinitis (mediastinitis) is one of the severe 
complications.5) Mediastinitis is inflammation of the 
mediastinal cavity caused by bacterial infection after midline 

sternal incision. Treatments include wash drainage, 
omental flap transposition (OT), major pectoral muscle 
transposition, and, as a recently developed treatment, con-
tinuous vacuum aspiration.6,7) OT is a procedure in which 
the sternum is initially removed, the mediastinal space is 
washed, and gastric omentum is then placed in the space. 
This technique has greatly reduced mortality from medias-
tinitis, compared with only wash drainage, and has become 
widely used for mediastinitis.8–10)

Respiratory dysfunction is also recognized as a compli-
cation of cardiovascular surgery.4) Such factors as lying in 
a supine position while positive pressure ventilation is 
supplied by a ventilator during general anesthesia11) and 
capillary-alveolar membrane permiability12) is being increased 
cause a decrease in functional residual capacity, resulting 
in pulmonary atelectasis and oxygenation disorders. Vital 
capacity (VC) also decreases after cardiovascular surgery, 
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approximately 48% before surgery on the day following 
the operation and 81% even at postoperative day 14.13)

The development of mediastinitis will cause further 
increase in vascular permeability, resulting in persistent 
respiratory dysfunction. Removal of the sternum before 
OT will cause a marked decrease in thoracic compliance, 
resulting in a further decrease in postoperative VC.

In this study, we compared changes in respiratory 
function after OT with those after cardiovascular surgery. 
We also investigated respiratory complications and the 
progress of postoperative rehabilitation.

Subjects

Clinical variables investigated
From a total of 789 patients who underwent midline sternal 
incision for cardiovascular surgery at the Sakakibara 
Heart Institute from October 2005 to December 2006, 
fourteen developed mediastinitis and 10 subsequently 
underwent OT. The 10 patients that resulted in the OT 
group were as follows: age range 69 ± 7 years; 6 males 
and 4 females; surgical procedures performed prior to OT 
included coronary artery bypass surgery in 4, mitral 
valve replacement in 1, mitral valve plasty in 2, aortic 
arch replacement in 1, and complex surgery in 2. The 2 
undergoing complex surgery included a coronary artery 
bypass combined with mitral and aortic valve replacements 
in and aortic valve replacement and mitral valve plasty in 
the other. The remaining 4 patients underwent wash 
drainage. Of those who underwent cardiovascular surgery 
during the same period and completed postoperative 
rehabilitation without developing complications, 25 patients 
who provided informed consent to participate in this study 
were included in the control group, as follows: age range 
64 ± 12 years; 19 males and 6 females; surgical procedures 
included coronary artery bypass surgery in 11, mitral 
valve replacement in 1, mitral valve plasty in 5, aortic 
valve replacement in 5, and other types in 3.

Mediastinitis was given as a diagnosis when all of the 
following criteria were met: clinical findings of wound 
redness, sternal instability, pain and high body temperature 
(38°C or higher); a laboratory test finding of increased 
white blood cell count (12,000/µl or higher); and a chest 
computed tomography (CT) finding of abscess retention 
at the lower part of the sternum. After OT was completed, 
for at least 2 weeks drains were placed in the anterior 
and posterior regions of the omentum, under the right 
and left major pectoral muscles, under the pericardial 
sternum, and in the right and left thoracic cavities. In 

postoperative rehabilitation, patients were instructed to 
walk rehabilitation on the day they returned to the general 
ward, and the walking distance was then increased to 50, 
100, 200, and up to 400 m.

Methods

The following patient characteristics were investigated 
from the medical records: age, sex, body mass index 
(BMI), surgical procedure, diabetic mellitus, left ventricular 
ejection fraction (LVEF), medication, operation time, 
anesthesia time, aortic clamp time, extracorporeal time, 
days to extubation, days of intensive care unit (ICU) stay, 
days to 200 m walking, duration of hospitalization. Fur-
thermore, pathogens, days to diagnosis of mediastinitis, 
days to reoperation, operation time and anesthesia time 
of OT, days to extubation, days of ICU stay, days to 200 
m walking, and outcome in patients undergoing OT were 
assessed. The presence or absence of plural effusion, 
atelectasis, and pneumonia before and after OT was also 
evaluated by chest CT, and interpretations of all chest CT 
images were performed by a radiologist who was not 
informed of the purpose of the study. Respiratory function 
was evaluated by measuring percent vital capacity (%VC) 
with a spirometer for 5 consecutive days from the day of 
transfer from ICU to the general ward and on 2 weeks 
postsurgery, and recovery of respiratory function was 
thereafter assessed. Visual analog scale (VAS) was also 
measured simultaneously for evaluation of postoperative 
pain. The cardiopulmonary exercise test (CPET) was 
performed at discharge to measure load at the anaerobic 
threshold (AT load), oxygen uptake at the anaerobic 
threshold (AT VO2), maximum load (peak load), and 
maximum oxygen uptake (peak VO2).

Respiratory function test
The respiratory function test was performed using an 
electronic spirometer (MICROSPIRO, Chest M.I., Inc., 
Tokyo, Japan). During measurement, patients were asked 
to sit in an upright position with their nasal cavities fixed 
with a clip. Forced vital capacity from the maximum 
inspiration to the maximum expiration was measured, and 
%VC was calculated and used for analysis. An explanation 
of the procedure was provided before measurements, and 
the highest values obtained from 2 measurements were 
adopted.14,15)

Visual analog scale
Patients were asked to indicate the intensity of pain they 
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felt at the time of evaluation on a 100 mm line with 0 
points (no pain) on the left end and 10 points (most 
intense pain) on the right end, and the distance to the 
indicated point was measured and used for analysis.16)

Cardiopulmonary exercise test
Using a cycle ergometer (Rehcor500, Lode, Groningen, 
the Netherlands), a symptom-limited exercise was per-
formed with a 4 min warm-up at 20 W followed by ramp 
load at 10 W/min. Expired gas was analyzed (AE300S, 
Minato Medical Science Co., Ltd., Osaka, Japan) on a 
breath-by-breath basis.17)

Statistical analysis
A comparison of patient characteristics was performed 
using the unpaired t-test and χ2 test. A comparison of 
respiratory function parameters and VAS between the 2 
groups was performed using two-way analysis of variance. 

Each measured value was expressed as mean ± standard 
deviation (SD), and the significance level was set at 5%. 
All statistical analyses were performed using SPSS 
ver11.0J (SPSS Inc., Chicago, IL, USA). 

Results

Patient characteristics are shown in Table 1. No significant 
differences in age, sex, BMI, diabetes mellitus, medications, 
operation time, anesthesia time, aortic clamp time, or 
extracorporeal time were found between the OT and 
control groups. LVEF was significantly lower in the OT 
group than in the control group (P <0.05). Days to extubation 
and ICU stay were significantly more delayed in the OT 
group than in the control group (P <0.01 and P <0.01, 
respectively). Two hundred meters walking and duration 
of hospitalization were significantly more delayed in the 
OT group than in the control group (P <0.01 and P <0.01, 

Table 1.  Patient characteristics

 OT group Control group P value

Age (y) 69 ± 7 64 ± 12 
Sex (M/F) 6/4 19/6 
BMI (kg/m2) 23.6 ± 3.3 22.2 ± 2.7 
Surgical procedure (%)   
   CABG 40 40 
   MVP 20 16 
   MVR 10 4 
   AVR 0 20 
   TAR 10 0 
   DVR 10 0 
   CABG + DVR 10 0 
   CABG + MVP 0 8 
   ASD closure 0 12 
Diabetes mellitus (%) 40 16 
LVEF (%) 53.4 ± 14 62.2 ± 9.5 <0.05
Medication (%)    
   β-blocker 70 64 
   Ca-blocker 40 20 
   ACEI/ARB 30 40 
Operation time (min) 301  ± 72 256 ± 64 
Anesthesia time (min) 345 ± 73 302 ± 66 
Aortic cramp time (min) 117 ± 49 101 ± 32 
Extracorporeal time (min) 171 ± 52 131 ± 40 
Extubation (days) 2 ± 2 1 ± 1 <0.01
ICU stay (days) 3 ± 2 2 ± 1 <0.01
200 m walking (days) 6 ± 3 4 ± 1 <0.01
Duration of hospitalization (days) 40 ± 20 13 ± 3 <0.01

OT, omental flap transposition; M, male; F, female; BMI, body mass index; CABG, coronary artery bypass graft; 
MVP, mitral valve plasty; MVR, mitral valve replacement; AVR, aortic valve replacement; TAR, total aortic arch 
replacement; DVR, double valve replacement; ASD, atrial septal defect; LVEF, left ventricular ejection fraction; 
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ICU, intensive care unit. 
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respectively).
Clinical backgrounds in the OT group are shown in 

Table 2. All bacteria causing the mediastinitis were found 
to be Staphylococci. The mean day to diagnosis of medi-
astinitis was 14 ± 5 days. With no cases of early in-hospital 
death, all patients were discharged from the hospital, 
though 3 who had undergone OT were unable to walk in 
the ward.

Pre- and postoperative chest CT findings of patients in 
the OT group are shown in Table 3. Chest CT performed 
before OT demonstrated pleural effusion in all patients, 
of which 6 showed physical atelectasis because of retention 
of pleural effusion. It was still observed in all patients 
and atelectasis was observed in 9 patients postsurgery.

Changes in percent VC (%VC) in the OT and control 
groups are shown in Fig. 1. An interaction effect was 
found in the change in %VC between the 2 groups (F = 2.71, 
P <0.05).

Changes in VAS in the OT and control groups are 
shown in Fig. 2. No main effect of postoperative clinical 
course on the change in VAS was observed either in the 
OT or control group. Neither was interaction effect found 
in VAS between the 2 groups.

Measured values of oxygen uptake and exercise load 
in CPET are shown in Figs. 3 and 4, respectively. AT 
VO2, AT load, and peak VO2 were significantly lower in 
the OT group than in the control group (P <0.05, P <0.05, 
and P <0.01, respectively).

Fig. 1.  Changes in percent vital capacity (%VC).
Squares denote the OT group and diamonds the control group.

Table 2.  Clinical background after omental flap transposition 
           in OT group

Pathogens 
   MRSA 2
   MSSA 7
   Staphylococcus epidermidis 1
Diagnosis (days) 14 ± 5
Reoperation (days) 19 ± 7
Operation time (min) 171 ± 33
Anesthesia time (min) 218 ± 41
Extubation (days) 1 ± 1
ICU stay (days) 3 ± 1
200 m walking (days) 6 ± 3
Outcome 
   Discharge 10
   Transfer 0
   Death 0

MRSA, methicillin-resistant Staphylococcus aureus; MSSA, 
methicillin-sensitive Staphylococcus aureus; ICU, intensive 
care unit.

Table 3.  Chest CT findings before and after omental flap 
              transposition

 Preoperation Postoperation

Chest CT  
   Pleural effusion  
      Unilateral 3 2
      Bilateral 7 8
      Nothing 0 0
   Atelectasis  
      Unilateral 3 5
      Bilateral 3 4
      None 4 1
   Pneumonia 0 0

Discussion

In a study by Krabatsch, the incidence of mediastinitis 
after cardiovascular surgery was 1.9%, and the 5-year survival 
after OT was 82.1%.18) In a study by Loop et al., mediastinitis 
occurred in 1.1% of patients, 26% of whom underwent 
OT or major pectoral muscle transposition for treatment 
of mediastinitis and 14% of whom died while they were 
in the hospital.5) The incidence of mediastinitis at our 
hospital is consistent with those in the preceding studies. 
The period of days to diagnosis in the present study was 
also similar to those in the preceding studies, and mortality 
was lower in the present study. Reported determining 
factors for mediastinitis include LVEF < 30%,19) pro-
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Fig. 2.  Changes in pain score (VAS).
Squares denote the OT group and diamonds the control group.

Fig. 4.  Peak work load and work load at anaerobic threshold (AT) 
measured by cardiopulmonary exercise test at discharge.
Open bars represent the control group and shaded bars the OT group.

Fig. 3.  Peak oxygen consumption (VO2) and VO2 at anaerobic 
threshold (AT) measured by cardiopulmonary exercise test at 
discharge.
Open bars represent the control group and shaded bars the OT group.

longed artificial respiratory management,20) and prolonged 
stay in ICU,21) which were also applicable to patients who 
developed mediastinitis in the present study. With regard 
to bacteria causing inflammation, Staphylococci have been 
reported to be the causative bacteria in 75% of patients 
who developed mediastinitis in a study by Yasuura et 
al.,22) 84% in a study by Krabatsch and Hetzer,18) and 71% 
in a study by Eklund et al.23) In the present study, all bacteria 
causing inflammation were found to be Staphylococci in 
all patients, which is consistent with the preceding studies.

%VC after cardiovascular surgery has been reported 
to be 66% of the %VC before surgery at 2 weeks after 
coronary artery bypass surgery in a study by Braun et 
al.,24) and 56% at 4 days postsurgery in a study by Jenkins 
et al.25) In the present study, %VC in the control group 
was consistent with those in the preceding studies, 

though the OT group showed an apparent delay in the 
recovery of %VC.

Possible causes of the delay in the recovery of %VC in 
the OT group include (a) postoperative wound pain; (b) 
atelectasis because of retention of pleural effusion; (c) 
delay in postoperative rehabilitation, all mediastinitis-related 
factors; (d) decrease in thoracic compliance resulting 
from removal of the sternum; (e) exacerbation of pleural 
effusion retention and atelectasis, which are both OT-
related factors.

(1) Postoperative wound pain has been reported as a 
possible cause of respiratory depression and also of a 
shallow and frequent breathing pattern.26) We thus 
expected that inflammatory pain caused by mediastinitis 
would further exacerbate wound pain and affect respiratory 
function. However, the change in VAS in the OT group 
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did not significantly differ from that in the control group, 
indicating a minor impact of pain on the decrease in %VC.

(2) Development of atelectasis because of plural effusion, 
retention of pleural effusion, and atelectasis were observed 
on chest CT before OT and were further exacerbated 
during postsurgery in the OT group. Postoperative infection 
causes an increase in vascular permeability and subsequent 
pleural effusion, which subsequently causes atelectasis 
and oxygenation dysfunction.10) In this study, retention of 
pleural effusion resulting from mediastinitis had been 
present before OT was performed, which might have 
affected the decrease in %VC. Moreover, since patients 
in the OT group were subjected to prolonged artificial 
respiratory management after cardiovascular surgery, it 
was speculated that positive pressure ventilation with a 
ventilator and diffuse lower lung damage caused by pro-
longed bed rest were also involved in the development of 
atelectasis.

(3) Concerning delay in postoperative rehabilitation, it 
resulted when patients had shortness of breath and dyspnea 
because of the decrease in %VC and the development of 
atelectasis caused by the above-mentioned reasons. We 
speculate that this prevented pleural effusion from being 
absorbed, thereby causing persistent atelectasis.

(4) Regarding a decrease in thoracic compliance 
resulting from the removal of the sternum, we speculate 
that the decrease in thoracic compliance caused restrictive 
impairment in the thoracic cage, which thereby exacerbated 
the decrease in %VC.

(5) In regard to exacerbated pleural effusion retention, 
although it is important to allow the lung to expand suf-
ficiently in the early stage after cardiovascular surgery,26) 
sufficient expansion of the thoracic cage could not be 
obtained because of absence of the sternum in the OT 
group. This made patients unable to take a deep breath or 
to cough effectively, resulting in persistent atelectasis. We 
speculate that a vicious cycle of delayed recovery of %VC 
was produced by the above-mentioned process.

The CPET performed at discharge revealed an apparent 
decrease in exercise capacity in the OT group. We speculate 
that the difficulty in continuing postoperative rehabilitation 
resulted in the decrease in exercise capacity in the OT group.

Takahashi et al. have mentioned that the occurrence of 
respiratory complications have recently been reduced by 
shortened operation time and improved medical devices; 
therefore they do not account for delay in the progress of 
postoperative rehabilitation.27) However, we have demon-
strated that in patients who have developed mediastinitis 
after cardiovascular surgery and underwent OT, a retention 

of pleural effusion and atelectasis caused by mediastinitis 
and a decrease in thoracic compliance resulting from the 
removal of the sternum have made it difficult for them to 
perform respiratory physical therapies such as deep 
breathing and coughing. These patients will also experience 
a marked decrease in %VC and delay in the recovery of 
%VC. Delay in postoperative rehabilitation may also 
cause a decrease in exercise capacity.

One of the limitations of the present study is that the 
absolute number of subjects is small because only 
patients who developed mediastinitis as a postoperative 
complication were included in the study. Another limitation 
is that the comparison between the OT and control 
groups is not strict because patients in the OT group 
underwent thoracotomy twice during a short period, but 
those in the control group were subjected to this operation 
only once. It is important in the future to increase the 
number of patients and to conduct studies, including not 
only patients treated with OT, but also those treated with 
major pectoral muscle transposition or wash drainage, 
and then compare these patient groups. In this study, 
although a decrease in thoracic compliance was suspected 
to be a cause of the decrease in %VC, we were unable to 
perform sufficient investigation to further clarify this matter. 
It is also necessary to examine the extent of difference 
between the thoracic compliance of patients in the control 
group and that of patients in the OT group by such methods 
as measuring the circumference of the thoracic cage and 
three-dimensional motion analysis. How the decrease in 
thoracic compliance affects respiratory function should 
also be examined. Further, although the present study 
investigated short-term changes in respiratory function 
after OT and also the effects of these changes, only a few 
studies have investigated long-term follow-up. Especially, 
reports on the effects of postoperative rehabilitation after 
OT are extremely limited. As we mentioned above, 
patients in the OT group showed a decrease in %VC and 
a resulting decrease in exercise capacity. We need to continue 
investigations on how %VC changes by respiratory muscle 
training and continuous aerobic exercise and how changes 
in %VC affect exercise capacity.
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