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The Association of Vacuum-Assisted Closure

Therapy with Dynamic Volume Change of a

Muscle Flap Transposed in an Empyema Cavity

for Chronic Empyema: A Case Report

Kensuke Kojima, MD, PhD, Tetsuki Sakamoto, MD, Teiko Sakurai, MD, Yuriko Yagi, MD,

Tomoki Utsumi, MD, PhD, and Hyungeun Yoon, MD, PhD

A 62-year-old woman with a history of lung resection for lung cancer was admitted to our
hospital due to cough, which became progressively more severe. She was diagnosed with
chronic empyema with bronchopleural fistula (BPF) of the right upper bronchial stump.
Although a pedicled muscle flap was transposed to the empyema cavity, the fistula
remained. We used a vacuum-assisted closure system after open-window thoracotomy
and observed the cavity reduction with expansion of the transposed muscle flap. We quan-
titatively evaluated the dynamics of the cavity change using a three-dimensional image
analysis system. A reduction of the volume of the muscle flap by prolonged empyema and
expansion of the muscle flap was observed immediately after vacuum-assisted manage-
ment. However, expansion of the right residual lung was not recognized. Pedicled muscle
flap transposition followed by vacuum-assisted management after open-window thoracot-
omy may be effective for treating chronic empyema caused by BPF.

Keywords: bronchopleural fistula, chronic empyema, pedicled muscle flap transposition,

vacuum-assisted closure, dynamics of empyema cavity change

Introduction

Bronchopleural fistula (BPF) is defined as abnormal
communication between a bronchus and the pleural space"
and represents one of the most severe complications after
lung resection surgery.? Because treatment of chronic
empyema due to BPF is known to be difficult, the
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management of the disorder continues to represent a sig-
nificant challenge for thoracic surgeons. Recently, the use-
fulness of a vacuum-assisted closure (VAC) system (KCI
International, San Antonio, TX, USA) in the treatment of
empyema has been reported.” However, few studies have
described the detailed process of the change in the empy-
ema cavity after VAC therapy. We report a case of chronic
empyema with BPF after lung cancer resection that was
treated by VAC therapy after pedicled muscle flap trans-
position. We show—based on the quantitative evaluation
of the cavity change before and after VAC therapy—that
muscle flap expansion was the factor that contributed most
to the reduction of the empyema cavity.

Case Report
The patient was a 62-year-old woman with a history

of metachronous triple lung cancer. She had undergone
right middle lobectomy for pulmonary carcinoma
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(adenocarcinoma; pathological-T2aNOMO, stage IB). How-
ever, a right lower lobe lesion was detected as secondary
lung cancer (adenocarcinoma; pathological-T1aNOMO,
stage IA1) at the boundary between S6 and S10 on the
60 months after the first lobectomy. She had received
right extended S6 segmentectomy. In addition, she had
received a right upper lobectomy at 32 months after the
second lung resection, due to a third lung cancer (adeno-
carcinoma; pathological-T2aNOMO, stage IB) in S3.
She was admitted to our hospital due to the progression
of severe cough with fever at 30 months after the last lung
resection. Although fever was relieved by the administra-
tion of antibiotics, cough continued. Computed tomography
(CT) of the chest revealed a dead space containing pleu-
ral effusion in the right thorax (Figs. 1A and B). We could
confirm a fistula of approximately 2 mm in diameter between
the right upper bronchial stump and the pleural cavity
(Fig. 1A). Based on her clinical symptoms and these
imaging findings, we diagnosed the patient with chronic
empyema with right upper bronchial stump fistula after
lobectomy. We decided to cover the fistula and fill the
pleural cavity using a pedicled muscle flap. Prior to sur-
gery, we observed the right upper bronchial stump with a
bronchoscope; however, no fistula was confirmed. The
patient was placed in the supine position. At first, a ped-
icled pectoralis major muscle flap and intercostal muscle
flap were prepared. In the preparation of the pedicled inter-
costal muscle flap, the second rib was resected. Purulent
pleural effusion was observed in the thoracic cavity and
a diagnosis of empyema was confirmed. The cavity was
cleaned to remove debris and necrotic tissue by drainage
and debridement. Thoracoscopic observation revealed
no fistula at the anterior mediastinum, where the right
upper bronchial stump was considered to be located. The
interior of the empyema cavity was filled with saline and
a leak test was carried out with positive pressure ventila-
tion of —30 cmH,O. However, no air bubbles escaped from
the mediastinum. The tip of the pedicled muscle flap was
sutured and fixed to the anterior mediastinum and the rest
was transposed in the empyema cavity. A drainage tube
was inserted into the cavity and the wound was closed.
Chest CT showed a reduction of the cavity, but the com-
munication between the right bronchial stump and the
dead space remained (Fig. 1C). Although she was dis-
charged with a drainage tube, the discharge of purulent
fluid from the tube continued. We performed open window
thoracostomy and VAC therapy at 1 year and 10 months
postoperatively. An incision was made along the previous
surgical wound in the most dependent portion of the
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empyema cavity, and open window thoracostomy was
performed. A VAC sponge (Black GranuForm Standard
Dressing, KCI Medical) was trimmed and inserted into
the empyema cavity. Film was directly attached to the
surface of the inserted GranuForm. A hole was cut in the
adhesive site and foam pads with suction tubing were
placed. A portable pump was connected to the tubing.
The dressing and tubing were changed every 48 hours.
VAC therapy was performed for 4 weeks, which was the
insurance application period. The suction pressure was
set to —25 mmHg for the first week, to —50 mmHg for the
second week, and —75 mmHg for the last 2 weeks. The
second VAC therapy was performed 8 weeks after insur-
ance reapplication from the completion of the first VAC
treatment. The second VAC therapy was also conducted
at negative pressure of —75 mmHg for 4 weeks, and the
sponges were changed every 48 hours. The chest CT after
the first VAC treatment indicated the reduction of the
empyema cavity with extension of the transposed muscle
flap in comparison to immediately after the transposition
of the flap (Fig. 1D). This tendency was more pronounced
after the second VAC treatment (Fig. 1E). We observed
the cavity by bronchoscope from the open wound. When
the patient coughed, we confirmed the site at which spu-
tum emerged in the anterior mediastinum and concluded
that this site was a small fistula of the right bronchial
stump. We measured the volume of the transposed muscle
flap immediately after transposition, as well as before and
after VAC therapy using a three-dimensional (3D) image
analysis system (SYNAPSE VINCENT; FUJIFILM Cor-
poration, Tokyo). The areas of the muscle flap were man-
ually measured from each chest CT scan, and the volumes
were obtained by integrating the areas (Figs. 1F-1G). The
volume of the residual right lower lobe was automatically
measured by VINCENT. Although a reduction of the mus-
cle flap volume with prolonged empyema and the expan-
sion of the muscle flap immediately after VAC therapy
were observed, the expansion of the right residual lung
was not recognized (Table 1, Fig. 2). The open wound
has not been closed completely. However, infection con-
trol was possible by gauze exchange, which the patient
was able to perform herself. The patient was discharged
without any complications after VAC therapy. No recur-
rence of infection was observed.

Discussion and Conclusion

In this case, we performed pedicled muscle flap
transposition followed by VAC therapy to treat chronic
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(A) Chest CT (axial section). A fistula of approximately 2 mm in diameter
was observed between the right upper bronchial stump and the pleural cav-
ity (black-arrow). (B) Chest CT (coronal section). A dead space (asterisk)
was confirmed. (C) Chest CT after muscle flap transposition showed a
reduction of the cavity, but the communication between the right bronchial
stump and the dead space remained (white arrow). (D) Chest CT after the
first VAC treatment indicated the reduction of the empyema cavity with
extension of the transposed muscle flap. (E) The tendency of cavity reduc-
tion was more pronounced after the second VAC treatment. (F and G) The
areas of the muscle flap were manually measured from each captured CT
images and the volumes were obtained by integrating the areas of the mus-
cle flaps. CT: computed tomography; VAC: vacuum-assisted closure
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Table 1 Change of transposed muscle flap volume and residual right lower lobe volume occupancy from baseline

Muscle flap . First VAC Second VAC .
Event . Observation Observation
transposition therapy therapy
Clinical time course (month) 0 21 23 25 27 30
Muscle flap volume (mL) 98.7 73.8 100.7 127.5 110.4 94.9
Change rate of muscle flap -25.2 2.0 29.2 11.8 -3.8
volume (%)
RLL volume occupancy (%) 27.7 223 21.1 20.7 21.1 19.4
Change rate of RLL volume -19.5 -23.8 -25.2 -23.8 -29.9

occupancy (%)

We set the muscle flap volume and residual right lower lobe volume occupancy at muscle flap transposition as the baseline. We calculat-
ed the change rate of these variables at each event. RLL: residual right lower lobe; VAC: vacuum-assisted closure
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Fig. 2 A graph showing the process of the change in the muscle

flap volume and the residual right lower lobe volume
occupancy from baseline before and after the perfor-
mance of VAC therapy. VAC: vacuum-assisted closure

empyema caused by BPF after lung resection. We quanti-
tatively evaluated the change in the volume of the trans-
posed muscle flap and residual right lower lobe before
and after VAC therapy using a 3D image analysis system.
The results showed that the volume of the muscle flap
was extended in a step-wise manner after VAC therapy
but that the volume tended to decrease after the end of the
therapy. On the other hand, the volume of the residual
right lower lobe was not extended after VAC therapy.

A previous report demonstrated the effectiveness of
VAC therapy in the treatment of empyema complicated
by BPE.% Another report noted that the negative pressure
therapy (—125 mmHg) was suitable for the reduction of
the infected pleural space.> A report investigating the
impact of on the fistula diameter described that a BPF
with a 1-mm fistula was closed after VAC therapy but
that an 8-mm fistula could not be closed.® Another report
noted that lung expansion was the factor that contributed
most of the reduction of the empyema cavity.”

Our case showed that muscle flap transposition
followed by VAC therapy at a low negative pressure
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(=25 mmHg to =75 mmHg) could reduce the empyema
cavity. We also showed that the expansion of the trans-
posed muscle flap by VAC therapy contributed to the
reduction of the empyema cavity but that residual right
lung expansion was not observed.

Our report suggests that muscle flap transposition
followed by VAC therapy may be effective for the reduc-
tion of the remaining space involved in chronic empy-
ema complicated by BPF. Two factors are known to be
important for the reduction of the empyema cavity by
VAC therapy®: re-expansion of the residual pulmonary
parenchyma; and the acceleration of tissue granulation.
In our case, re-expansion of the remaining lung was not
found due to thickened visceral pleural peel with chest
wall adhesion. Thus, initiation of VAC therapy immediately
after the onset of empyema is considered important for
reduction of the empyema cavity with the expectation
of lung expansion. The factor that contributed most to
reduction of the empyema cavity in our case was the
accelerated granulation of the transposed muscle flap.
The negative pressure environment in VAC therapy
induces mechanical stress at the transposed muscle flap
resulting in tissue deformation. It is known that tissue
deformation is important for stimulating tissue remodel-
ing mediated at the cellular level.” In vitro experiments
showed that mechanical stress increased human fibro-
blast migration and growth.'” Tissue remodeling associ-
ated with the migration and growth of fibroblasts due to
mechanical stress may have resulted in granulation around
the transposed muscle flap, leading to the expansion of
the muscle flap. Because the fistula was not completely
closed, the shrinkage of transposed muscle flap was
observed after the end of VAC therapy. Since reductions
in the mediators of inflammation have been demon-
strated in experimental models and humans treated with
VAC therapy,'"-'? the re-accumulation of inflammatory
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substances after the completion of VAC therapy may be
induced by lysis of the transposed tissue. Therefore,
long-term VAC therapy may be important for empyema
cavity reduction dependent on transposed muscle flap
expansion leading to close BPF. However, since the
coverage period of VAC therapy is limited to 4 weeks,
continuous use for a long term is difficult at present.
Further extension of the use period of the VAC system
is desired.

We showed the effectiveness of pedicled muscle flap
transposition followed by VAC therapy for chronic
empyema caused by BPF. To the best of our knowledge,
this is the first report to quantitatively evaluate the vol-
ume change of a transposed muscle flap in patient receiv-
ing VAC therapy. Further cases should be accumulated to
clarify the effect of this treatment.
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