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ORIGINAL ARTICLE

Diaphragm reconstruction combined with thoraco-abdominal wall reconstruction
after tumor resection

Hiroaki Kuwaharaa,b, Juho Saloa and Erkki Tukiainena

aDepartment of Plastic Surgery, Helsinki University Hospital, Helsinki, Finland; bDepartment of Plastic, Reconstructive and Aesthetic Surgery,
Nippon Medical School Hospital, Tokyo, Japan

ABSTRACT
Background: Thoraco-abdominal wall resection including diaphragm resection results in a challenging
surgical defect. Various methods have been used for diaphragm reconstruction. The aim of this study was
to describe our methods of diaphragm and thoraco-abdominal wall reconstruction after combined resec-
tion of these anatomical structures.
Methods: Twenty-one patients underwent diaphragm resection at our institution between 1997 and
2015. We used a mesh or direct closure for diaphragm defect and a mesh for chest wall stabilization. A
pedicled or free flap for soft tissue coverage was used when direct closure was not possible.
Results: Indications for resection were primary sarcoma (n¼ 14), cancer metastasis (n¼ 4), desmoid tumor
(n¼ 2), and solitary fibrous tumor (n¼ 1). The median patient age was 58.9 years. The diaphragm was
pulled to its original position and sutured directly (n¼ 15) or reconstructed with mesh (n¼ 6). Chest wall
reconstructions were performed with a mesh (n¼ 14), mesh and a pedicled flap (n¼ 4), mesh and a free
flap (n¼ 3). No perioperative mortality occurred. One-year and 5-year survival rates were 85.7 and 65.9%,
respectively, while overall recurrence-free rates were 80.4 and 60.8%, respectively.
Conclusions: We have described our surgical methods for the resection of tumors of the chest or abdom-
inal wall, including our method of distal diaphragm resection with wide or clear surgical margins. The
method is safe and the reconstructions provided adequate stability, as well as water-tight and air-tight
closure of the chest cavity. There were no cases of paradoxical movement of the chest or of diaphragm
or thoraco-abdominal hernia.
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Introduction

Chest wall reconstruction is most commonly indicated for bone
and soft tissue sarcomas, metastatic or locally advanced breast
cancer [1,2], or lung cancer with extension into the chest wall
[3]. A chest wall tumor can originate primarily within the chest
wall, develop as local recurrence from a previously excised
chest wall lesion, or present as metastasis invading or growing
into the chest wall and diaphragm [4,5]. Diaphragm reconstruc-
tion is vital because the diaphragm separates the thoracic cav-
ity and abdominal cavity and has an important role in
respiratory function. The diaphragmatic defect should be recon-
structed in order to restore proper respiratory function and pre-
vent the development of a hernia [6]. If not properly
reconstructed, resection of the thoraco-abdominal wall and dia-
phragm can lead to paradoxical movement of the chest or
hernia.

The primary goals for chest wall reconstruction are obtaining
water-tight and air-tight closure of the chest cavity with adequate
soft tissue coverage and to maintain function of the chest wall
and diaphragm. In this report, we retrospectively review our cases
of diaphragm reconstruction combined with chest wall defect and
describe our approach for repairing thoraco-abdominal wall
defects combined with diaphragm defects.

Material and methods

Between 1997 and 2015, 21 patients (male and female; age:
23–81 years; mean age: 58.9 years) underwent diaphragm resec-
tion and reconstruction, in combination with thoraco-abdominal
wall reconstruction, in the Department of Plastic Surgery at
Helsinki University Hospital in Helsinki, Finland. Informed consent
was obtained from all patients. Preoperatively, plain chest radiog-
raphy and computed tomography were performed for trunk
examination, and magnetic resonance imaging and/or ultrasonog-
raphy (ultrasound-guided core needle biopsy) were performed on
the tumor area, and these cases were discussed in the multidiscip-
linary tumor board. The outcome measures were recurrence and
survival, as calculated using the Kaplan–Meier Method.

Chest wall and/or abdominal wall stabilization and large dia-
phragm defects were reconstructed with PROLENEVR mesh
(ETHICON, West Somerville, NJ), ProceedVR surgical mesh (ETHICON,
West Somerville, NJ), ParietexVR composite mesh (Medtronic,
Minneapolis, MN), PremilenVR (B. Braun, Barcelona, Spain), and
Gore-TexVR mesh (W. L. Gore & Associates, Flagstaff, AZ). If the dia-
phragm defect was <3–4 cm, the diaphragm was pulled directly
and sutured to the mesh on thoraco-abdominal wall. In one
extensive case (patient number 15; Tables 1 and 2), methyl meth-
acrylate embedded between two layers of an artificial mesh [sand-
wich mesh method (SMM)] was used to provide additional
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stability because the defect was large and with a part of the ster-
num resected.

Surgical procedure

Tumor resection
A skin incision was made or skin resection was done according to
our standard procedures for each tumor (2–3-cm margin) [7,8].
Then, radical en bloc excision of the chest wall and/or abdominal
wall (including the ribs, adjacent muscles, pleura, soft tissues of
abdominal wall, peritoneum, and diaphragm) was performed. The
diaphragm was resected because it provided a natural barrier for
both tumors located just above or below it (Figure 1).

Thoraco-abdominal wall and diaphragm reconstruction
When a defect is located in the thoraco-abdominal region, it is
important to consider maintaining a diaphragmatic dome to cre-
ate a functional diaphragm (Figure 2). If the diaphragm resection
was more than 3–4 cm (Figure 3), mesh was required for recon-
struction because the diaphragm cannot be pulled to its original
position with too much tension. An artificial mesh was inserted in
the area of the diaphragmatic defect and sutured with 0 or 1/0
polypropylene and/or polyester sutures, with a sufficient margin. If
the chest wall defect was large and stabilization was needed,
mesh reconstruction was used. For chest wall defects located on
the sternal area and larger than 10� 10 cm, SMM was required for
chest wall stabilization: methyl methacrylate cement was placed
between two layers of polypropylene mesh (Figures 4–6), as
reported in other studies [9,10]. The cement should be 1–2-cm
smaller than the defect in order to avoid disturbing thoracic
motion.

Chest wall reconstruction began with the suturing of a mesh
from cranially. For the diaphragm reconstruction, the diaphragm
(or diaphragm with mesh) was pulled distally and radially/laterally
to its original position and sutured to the thoraco-abdominal wall
reconstruction mesh (Figure 7). Then, the abdominal part of the
defect is reconstructed by suturing the mesh into the muscular
layers of the abdominal wall, and soft tissue coverage was
achieved with direct closure or flap reconstruction. According to
the size of the defect, location and reconstructive options, either
latissimus dorsi pedicled flaps or tensor fascia lata free flaps were
selected in our series (Table 1). Generally, one subcutaneous drain
and one sub-diaphragmatic drain were placed.

Results

Indications for resection were primary sarcoma (n¼ 14), cancer
metastasis (n¼ 4), desmoid tumor (n¼ 2), and solitary fibrous
tumor (n¼ 1). The median patient age was 58.9 (23–81) years.

The diaphragm was pulled to its original position and sutured
directly (n¼ 15) or reconstructed with mesh (n¼ 6). Chest wall or
abdominal wall reconstructions were performed with mesh
(n¼ 14), while chest wall defects with large soft tissue defects
were reconstructed with a mesh and a free flap (n¼ 3), mesh and
a pedicled flap (n¼ 3), and SMM and a pedicled flap (n¼ 1). We
used tensor fascia lata musculocutaneous flaps for three patients
and the pedicled latissimus dorsi musculocutaneous flaps for four
patients. No perioperative mortality or flap loss occurred. One-
year and 5-year survival rates were 85.7 and 65.9%, respectively,
while overall recurrence-free rates were 80.4 and 60.8%, respect-
ively (Figure 8). The mean intensive care unit and hospital stays
were 2.4 and 12.3 days, respectively. In 16 cases, a histologically
clear margin was achieved in tumor resection. However, clearTa
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Table 2. Surgical outcomes.

No.
Defect sizea

(cm� cm) ICU days Hospital days Past history Extubation Complications Revision
Follow up
(month)

1 13� 30 4 (þ5) 26 HT ICU Sepsis, venous throm-
bosis flap partial
necrosis

Vein graft, skin
graft

196b

2 6� 14 5 10 ICU 6c

3 20� 20 2 15 ICU 176
4 10� 7 0 7 OR 34c

5 Uk 5 13 HT, COPD, HF, MI ICU 27b

6 5� 9 0 12 HT OR 128
7 13� 10 1 11 ICU 2c

8 9� 7 3 10 HT ICU 108
9 14� 16 4 7 Af, HF, MI ICU 86
10 13� 6 4 10 ICU 86
11 16� 18 1 17 HT ICU Wound infection 81
12 22� 14 1 31 OR 2c

13 15.5� 16 4 21 Af, MI ICU 57
14 17� 11 4 15 ICU 54
15 19� 11 3 8 ICU Flap partial necrosis Simple suture 43c

16 8.5� 8 0 6 DM, HT OR 50
17 14� 11 1 10 BA, HT ICU Pulmonary embolism 26
18 13� 12 0 8 OR 20
19 16� 11 1 9 ICU 18
20 9� 15 0 7 DM, HT,

hypothyroidism
OR 13

21 9� 9 2 5 HT, Af ICU Pneumonia 9
aThoraco-abdominal wall defect.
OR: operating room; ICU: intensive care unit; DM: diabetes mellitus; HT: hypertension; COPD: chronic obstructive pulmonary disease; HF: heart failure; Af: atrial fibril-
lation; MI: myocardial infarction.
bDied of a different disease.
cDied of the involved disease.

Figure 1. If tumor exists within the thoraco-abdominal wall, then diaphragm resection and reconstruction may be necessary depending on the tumor location. R: rib;
Pl: pleura; D: diaphragm; Pe: peritoneum; T: tumor.
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margins were not achieved in five cases [n¼ 2 metastatic tumors
(ovarian carcinoma, squamous cell carcinoma), n¼ 1 multifocal
synovial sarcoma, n¼ 1 grade 3 chondrosarcoma, n¼ 1 desmoid
tumor]. In all five cases, the biological behavior of the tumors
explains these results.

Although resection of two to five ribs was performed for all
patients, none of the patients had paradoxical respiratory move-
ment postoperatively. Small distal flap necrosis occurred in two
patients and wound infection occurred in one patient. One ven-
ous thrombosis was corrected with re-anastomosis. Six patients
were extubated in the operating room and the others were extu-
bated in the intensive care unit within five postoperative days.
The mean intensive care unit and hospital stays were 2.4 and
12.3 days, respectively. During follow-up, there was no late mesh
infection (Tables 1 and 2).

Discussion

Our goals of chest wall reconstruction were chest wall stability,
water-tight and air-tight closure, and acceptable cosmetic appear-
ance. The most common clinical indication for this procedure was
sarcoma [4]. This was not surprising since extensive full-thickness
chest wall resections are performed for most primary sarcomas or
local recurrences of breast cancer, and since the chest wall is a
site of radiation-induced sarcoma.

In this report, we retrospectively reviewed our cases of thor-
aco-abdominal wall resection and reconstruction combined with
diaphragm defect. Although there are many reports of diaphragm
repairs for congenital diaphragmatic hernia, diaphragmatic even-
tration, or metastasis to the diaphragm from abdominal malignant
tumors [11–15], there are few reports of diaphragm reconstruction
combined with chest wall reconstruction or primary tumors of the
diaphragm [16,17]. In this series, diaphragm was resected aiming
to achieve an extra barrier for tumor growth.

Although we did not treat a primary tumor of the diaphragm
in this study, if a tumor exists within the thoraco-abdominal
region, then diaphragm resection and reconstruction may be
required depending on the tumor location (Figure 1). Because the
diaphragm separates the thoracic cavity and abdominal cavity and
has an important role in respiratory function, it is important to
restore it. The goals of diaphragm reconstruction are reliable sep-
aration of the thoracic and abdominal compartments, and maxi-
mization of residual pulmonary function [17]. If direct closure is
too tight, this results in a flat drum-head diaphragm, which has
very little function [18]. Numerous types of material and autolo-
gous reconstructions have been used for the purpose of dia-
phragm reconstruction, including alloplastic material such as

bovine or equine pericardial patch [19–21], and autologous recon-
struction using the abdominal oblique muscle or transverse
abdominal muscle [11], omentum, and latissimus dorsi flaps [17].
In addition, acellular cadaveric dermis may be an option.
Buinewicz and Rosen [22] suggested that AlloDerm has similar
success and benefits in the clinical setting because it provides
durable and safe prosthetic support during ventral hernia repair.

Artificial material have traditionally been used for tissue recon-
struction during thoracic and abdominal surgery. For example,
expanded polytetrafluoroethylene and polypropylene have been
used extensively because of their high tensile strength and recon-
structive capabilities. Micro-porous mesh such as expanded poly-
tetrafluoroethylene allows for fibrous ingrowths, resulting in soft
tissue incorporation. Although these prostheses have widespread

Figure 2. For defects located in the thoraco-abdominal region, creating a diaphragmatic dome is important for a functional diaphragm.

Figure 3. Green two-way arrow indicates the distance between the edge of the
diaphragm and the chest wall. If the distance is more than 3–4 cm, then recon-
struction with a mesh is necessary. If less than 3–4 cm, the edge of the dia-
phragm can be pulled to its original position.

Figure 4. SMM: methylmethacrylate was embedded between two layers of mesh.
(A) Methylmethacrylate was injected between two meshes using an exclusive syr-
inge. (B) Excess mesh should be cut.

4 H. KUWAHARA ET AL.
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use, complications such as hematoma, seroma, adhesion, inflam-
mation/infection, allergic reaction, pain, hernia, fistula formation,
and skin erosion have been observed [23]. Five types of synthetic
material were used in our case series; and among these, we
favored polypropylene mesh or ParietexVR or PROCEEDVR . No differ-
ences were seen regarding complication rates, type of reconstruc-
tion method, diagnosis, and type of mesh used. Jacob et al. [24]
reported that ParietexVR composite mesh was superior to
PROCEEDVR surgical mesh or polypropylene mesh, with less

shrinkage, fewer and less dense adhesions, significantly stronger
abdominal wall adherence, and tissue ingrowth at 28 days in an
animal comparative study. Furthermore, Schreinemacher [25] sug-
gested that ParietexVR composite mesh significantly reduced adhe-
sion formation at 7-day follow-up and 30-day follow-up. In this
study, we preferred to use ParietexVR composite mesh.

During this study, we discussed a method of diaphragm recon-
struction and repair of chest wall defects located on the thoraco-
abdominal region. For partial thickness chest wall defects, exten-
sive reconstruction is not necessary. If surgical margins demand,
the diaphragm should be resected because this procedure does
not increase morbidity. If the defect is located elsewhere on the
other chest wall, then the size of the chest wall defect should be
considered. In the case of defects smaller than 10� 10 cm, recon-
struction is performed using mesh alone; however, SMM is neces-
sary if the defect is larger than 10� 10 cm to provide additional
stability. Moreover, direct closure of diaphragm defect is not rec-
ommended if the distance between the edge of the diaphragm
and chest wall is more than 3–4–cm. Further investigation and
future research are warranted to expand upon the results
described in this study.

Conclusion

This study described our method of chest wall or abdominal wall
tumor resections, including resection of the distal diaphragm, in

Figure 5. (A) Methylmethacrylate was embedded between two layers of mesh. (B) The cement should be 1–2-cm smaller than the defect in order to avoid disturbing
thoracic motion.

Figure 6. Areas of chest wall resection. Areas may overlap.

Figure 7. Artificial mesh was inserted into the diaphragm defect and sutured.
Then, the other mesh was sutured into the chest wall defect. A suture line, which
is located on the center part of the mesh indicates the diaphragm mesh.

Figure 8. Kaplan–Meier curve of disease-free survival (red line) and overall sur-
vival (blue line).
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order to ensure a wide surgical margin. Our method of diaphragm
reconstruction has low morbidity and mortality. These reconstruc-
tions involved adequate stability and water-tight and air-tight
closure of the chest wall cavity. There were no cases of paradox-
ical movement of the chest or hernias.
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