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Background: Transverse rectus abdominis myocutaneous flap (TRAM flap) following breast cancer surgery is a widely
accepted method for breast reconstruction or defect coverage. Donor site morbidity resulting from the procedure is a great
concern to surgeons and influences the patient’s quality of life. In the present study we report our incidence of abdominal
contour abnormalities after pedicled TRAM reconstruction and also the risk factors of these complications.
Objective: To identify incidence and risk factors of abdominal contour abnormalities after pedicled TRAM flap reconstruction.
Material and Method: We retrospectively reviewed the charts and operative notes of patients who underwent pedicled TRAM
reconstruction between January 2008 to December 2014. The abdominal deformities were recorded and the risk factors we
believed to be the cause of complication were identified and analyzed. The difference between the two techniques of TRAM flap
reconstruction being used at that time was also analyzed.
Results: 126 patients underwent pedicled TRAM flap reconstruction. We found that 23% of our patients had abdominal
complications which were higher than previous published literatures. The most common complication was abdominal
bulging (21%). However, we found that age was the risk factor associate with the abdominal contour deformities.
Conclusion: Although acceptable, the number of patients with abdominal wall bulging in the present study is still high
compared to previous studies. Only age (>40 years old) was a significant risk factor found in the present study. A further
refinement of the operating techniques are warranted to minimize the complications from this procedure.
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The transverse rectus abdominis
myocutaneous (TRAM) flap reconstruction was first
introduced in 1979 by Holmstrom and popularized
by Hartrampf(1,2). TRAM flap following breast cancer
surgery is a widely accepted method for breast
reconstruction or defect coverage. There are many
techniques in creating the TRAM flap for example;
pedicle TRAM, free TRAM or DIEP (deep inferior
epigastric perforator) were proposed.

Donor site morbidity resulting from the
procedure is a great concern to surgeons and influences
the patient’s quality of life. Hernia and abdominal

bulging (contour abnormalities of abdomen) are the
major late complication, with an incidence ranging from
0 to 44%(3). The causes of these abnormalities were
known to be numerous including patient factors (such
as obesity and smoking), differences in surgical
technique, the method used to close the abdominal
defect and even the surgeons’ experience level. The
importance of anterior abdominal sheath was
emphasized in many studies and the closure of the
defect was report to be more important than the amount
of muscle removed(3-5). Various techniques have been
proposed in an attempt to decrease the donor site
morbidity for example; muscle split, free flap, difference
in the level of the muscle cut border , mesh application
(inlay/on lay), type of mesh (synthetic and biological
mesh) but still there is no one best technique.

At our institute, we use pedicled TRAM flap
reconstruction with the whole muscle technique and
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the anterior fascial defect is covered with synthetic
prolene mesh.

In the present study, we report our incidence
of abdominal contour abnormalities after pedicle TRAM
reconstruction. The abnormalities include abdominal
bulging (abdominal wall relaxation without fascial
defect) and hernia (abdominal wall relaxation with fascial
defect)(5). The present study also focuses on the cause
of the abdominal contour abnormalities.

Material and Method
We retrospectively reviewed the operative

notes and charts of the patients who underwent breast
reconstruction using the pedicled TRAM flap (whole
muscle) between January 2008 to December 2014.
However, during that period there were some changes
in the technique that we use to close the anterior sheath
defect which we will refer in the present study as “old
technique” and “new technique”. Details of the surgical
techniques are described below in the “operative
technique” subheading. Patients receiving either
technique are included in this study and comparison
between these two techniques were also noted.

Patients’ age, body mass index, associated
comorbidities and smoking history were documented.
The surgical factors such as previous abdominal
surgeries, ipsilateral or bilateral procedure, operative
time and the result of the operation were also collected.
Patients who received neoadjuvant chemotherapy were
also included in our study and neoadjuvant treatment
was analyzed as one of the risk factors. The primary
outcome of abdominal contour deformities, both
bulging and hernia, after the TRAM flap reconstruction
was reviewed and the risk factors were analyzed.
Definition of hernia was a protrusion of the abdominal
wall with dehiscence of the fascial closure and an
abdominal bulge was any asymmetrical abdominal
contour developed after the procedure without an
associated fascial defect.

Operative technique
TRAM flap is harvested using a standard

elliptical incision at the lower abdomen, from lateral to
medial. 0.5 to 1 cm of anterior rectus fascia are left on
each side. This will preserve part of linea semilunaris
and the fibrous tissue for mesh fixation. The rectus
abdominis muscle is clamped with Kocher clamp and
transversely cut at the level of the arcuate line. The
inferior epigastric vessels are ligated. The anterior
fascial defect is then closed with polypropylene mesh.
The mesh is fixed with the remnant of the anterior sheath

both medially and laterally using Prolene suture (2/0)
interruptedly and then continuously. In the old
technique (which was used mostly in our series), the
mesh will cover from the costal margin to cooper’s
ligament. But in the other technique, we refered as “new
technique” , the distal end of the rectus abdominis
muscle and the anterior sheath was suture to the
posterior sheath to reinforce the abdominal wall below
the arcuate line and the mesh was fixed to cover the
defect from the costal margin down to the cut edge of
the muscle without tension(6). Two drains were placed
before closure of abdominal wall with interrupted
absorbable suture.

Statistical analysis
Data analysis was performed using STATA

version 14 presenting data with descriptive statistics
such as frequency, percent, mean, standard deviation,
median and inter-quartile range/range.

When comparing between groups (new
technique vs. old technique/complication vs. non
complication), a p-value of less than 0.05 was
considered statistical significant.

1) Continuous data (normal distribution) was
presented as mean with standard deviation using t-
test (Age, Height, Weight, BMI, Operative time, follow-
up time (months)).

2) Continuous data (non-normal distribution)
was presented as median with inter-quartile range
using Wilcoxon Mann-Whitney test (time to repair date
and time to complication).

3) Categorical data as a frequency with
percentage use Chi-square test are use expected value
>5 from sample data, that’s summarize less than 20%
for all data and Fisher’s exact test are use expected
value <5 from sample data, that’s summarize more than
20% for all data.

4) Risk factor for complication using logistics
regression tests were presented as odd ratio, risk factors
were compared using binary logistics on the univariate
analysis.

Results
126 patients underwent breast reconstruction

with pedicled TRAM flap. The majority of the patients
were diagnosed with breast cancer and some were
diagnosed with phyllodes tumor. Seven patients
underwent bilateral TRAM reconstructions so, the total
number of flaps evaluated in our series is 133. The
mean follow-up time was 56 months in average. We
used the old technique for abdominal wall closure in
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Variable n = 126 Range

TRAM side
Ipsilateral flap 111 (91.74)
Contralateral flap     2 (1.65)
Bipedicle TRAM flap     -
Bilateral ipsilateral     8 (6.61)
TRAM flap

Previous abdominal
surgery

No 79 (63.20)
Yes 46 (36.80)

Abdominal surgery type
No 79 (63.20)
Appendectomy 5 (4.00)
(Mcb)
Appendec (Mcb) 1 (0.80)
with C/S (Pfen)
C/S (Pfen) 23 (18.40)
Low midline 14 (11.20)
(TAH, c/s)
TR 2 (1.60)
Other 1 (0.80)

Complication
No 97 (76.98)
Have 29 (23.02)

Complication type
No complication 97 (76.98)
Bulging 23 (18.25)
Bulging and hernia 1 (0.79)
Hernia 3 (2.38)
Other: exposed mesh 2 (1.59)

Repair
No 123 (97.62)
Yes 3 (2.38)

Table 1. Cont.

109 patients and the new technique in 17 patients.
Ninety-one percent of TRAM flap harvested in this
series are ipsilateral, only a small number were harvested
from the contralateral side (1.65%) and 6.1% were
harvested from both sides at the same time (bilateral
TRAM flap). Most of our patients (114 patients) had
the flap done immediately after oncologic surgery
(90.5%) while the remaining patients had delay
reconstructions (9.5%). Patients’ age range from 27 to
61 years old with a mean of 43.52 years. The average
BMI was normal but some underweight patient
was also recorded (mean BMI 23.19). The BMI was
then divided into 4 groups according to the WHO
classification range. Sixty-nine percent of our patients
were in the normal weight group (BMI 18.5% to 25%).

variable n = 126 Range

Age, mean (SD) 43.52 (+7.28) 27 to 61
Weight, mean (SD) 57.25 (+7.96) 42.7 to 76.5
Height (m), mean (SD) 1.57 (+0.06) 1.46 to 1.76
BMI, mean (SD) 23.19 (+3.05) 16.69 to 32.47
Underlying

No 91 (77.78)
Yes 26 (22.22)

Smoking history
No 123 (99.19)
Yes 1 (0.81)

Diagnosis
Breast cancer 117 (92.86)
Phyllodes tumor 9 (7.14)

New technique 17 (13.49)
Old technique 109 (86.51)
Operative time, 225 (77.5) 95 to 465
median (IQR)
Pre-operative radiation

No 124 (100)
Yes -

Post-operative radiation
No 101 (81.45)
Yes 23 (18.55)

Breast side
Left 64 (50.79)
Right 59 (46.83)
Both 3 (2.38)

Bilateral TRAM
reconstruction

No 119 (94.44)
Yes 7 (5.56)

Type breast surgery
No surgery 12 (9.52)
(delay reconstruction)
Nipple sparing 6 (4.76)
mastectomy
Skin sparing 92 (73.02)
mastectomy
Simple mastectomy 16 (12.70)
Lumpectomy -

Axillary node procedure
None 21 (16.67)
SLNB 63 (50.00)
ALND 16 (12.70)
SLNB+ALND 26 (20.63)

Reconstruction timing
Immediate 114 (90.48)
reconstruction
Delay reconstruction 12 (9.52)

Table 1. Patient characteristics of 126 patients in whom
underwent breast reconstruction with pedicled
TRAM flap
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Twenty-five percent were categorized in the overweight
group (BMI >25). Only one patient in our series was
found to have smoking history (0.18%). Ninety-one
patients had no co-morbidities (77%) and 22 patients
presented with co-morbidities (22%). Fourty-seven
patients had abdominal surgeries prior to the pedicled
TRAM flap operation. The type of scar most commonly
found in our patients was the low transverse abdominal
scar from caesarian sections (18%) (Table 1).

The abdominal wall deformities were found in
27 patients (21%) (Fig. 1). Twenty-three patients were
reported to have abdominal wall bulging (18%), only 3
patients were reported to have abdominal wall hernia
and 1 patient who had both types of the contour
deformities (Table 1). A further analysis was done to
compare between the old technique group and the new

technique group. Demographic data of the patients in
both group were not significantly different (Table 2).
Abdominal contour deformities were found in both
groups with 25 patients in the old technique group
(22%) and 4 patients in the new technique group (23%),
which is not statistically significant. However, there
was no report of hernia in the new technique group
and no reoperation to correct abdominal contour
performed in this group (Table 2).

When compare both complication and non-
complication groups to identify the risk factors
associated with abdominal contour deformities. The
only risk factor we found to be significant for increasing
complication rate was age. In patients age above 40
years old, the complications were significantly higher
(odd ratio was 2.806, p-value = 0.040).

Fig. 1 Presentation of the abdominal wall deformities occurred within 5 years after performing bilateral delayed Tram
flap. A) The patient developed abdominal hernia and bulging at the lower abdomen, B and C) The MRI showed few
surgical material at lower anterior abdominal wall and focal abdominal wall defect at umbilical level 7.3x1.2 cm
without evidence bowel of fat herniation.
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Variable New technique Old technique 95% CI p-value
(n = 17) (n = 109)

Age op, mean (SD) 42.29 (+7.06) 43.72 (+7.33) 42.24 to 44.81 0.456
Weight, mean (SD) 58.81 (+6.14) 57.00 (+8.19) 55.84 to 58.66 0.391
Height (m), mean (SD) 1.58 (+0.06) 1.57 (+0.05) 1.56 to 1.58 0.578
BMI, mean (SD) 23.65 (+2.86) 23.13 (+3.09) 22.65 to 23.73 0.508
Underlying

No 13 (76.47) 78 (78.00) 0.999
Yes 4 (23.53) 22 (22.00)

Smoke
No 17 (100) 106 (99.07) 0.999
Yes 0 1 (0.93)

Diagnosis
Breast cancer 14 (82.35) 103 (94.50) 0.103
Phyllodes tumor 3 (17.65) 6 (5.50)

Operative time, median (IQR) 280 (45) 220 (76) 220.00 to 241.59 0.0003
Bilateral TRAM reconstruction

No 16 (94.12) 103 (94.50) 0.999
Yes 1 (5.88) 6 (5.50)

Timing for reconstruction
Immediate TRAM 17 (100) 97 (88.99) 0.367
Delay TRAM reconstruction 0 12 (11.01)

Flap side
Ipsilateral 16 (94.12) 95 (91.35) 0.999
Contralateral 0 2 (1.92)
Bi-pedicle 0 0
Bilateral ipsilateral flap 1 (5.88) 7 (6.73)

Previous abdominal surgery
No 14 (82.35) 65 (60.19) 0.105
Yes 3 (17.65) 43 (39.81)

Type of previous abdominal surgery
No 14 (82.35) 65 (60.19) 0.233
Appendectomy (Mcb) 0 5 (4.63)
Appendectomy (Mcb) with C/S (Pfen) 0 1 (0.93)
C/S (Pfen) 0 23 (21.30)
Low midline (TAH, c/s) 3 (17.65) 11 (10.19)
TR (low midline) 0 2 (1.85)
Other 0 1 (0.93)

T staging
In situ 0 10 (9.90) 0.233
1 2 (14.29) 36 (35.64)
2 10 (71.43) 49 (48.51)
3 1 (7.14) 4 (3.96)
1 mi 1 (7.14) 2 (1.98)

N staging
0 7 (50.00) 63 (62.38) 0.581
1 3 (21.43) 20 (19.80)
2 2 (14.29) 9 (8.91)
3 2 (14.29) 6 (5.94)
1 mi 0 3 (2.97)

M staging
0 14 (100) 101 (100) -

Table 2. Comparison between patients with new technique and old technique
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Variable New technique Old technique 95% CI p-value
(n = 17) (n = 109)

Complications
No 13 (76.47) 84 (77.06) 0.999
Yes 4 (23.53) 25 (22.94)

Complication type
None 13 (76.47) 84 (77.06) 0.893
Bulging 4 (23.53) 20 (18.35)
Bulging and hernia 0 1 (0.92)
Hernia 0 3 (2.75)
Other 0 2 (1.83)

Repair
No 17 (100) 106 (97.25) 0.999
Yes 0 3 (2.75)

Table 2. Cont.

Comparing between old technique and new
technique, there was no significant difference with odds
ratio = 1.034 (p-value = 0.957). Co-morbidity was also
not the risk factor in our series. Previous abdominal
surgery was also not significantly increase the
complication rate (OR = 1.065, p-value = 0.885). The
type of flap selection such as ipsilateral or bilateral did
not increase the risk of abdominal contour deformity.
Delay reconstruction also did not increase risk of
abdominal complication (Table 3). The adjuvant
chemotherapy (OR = 0.58, p-value = 0.227) and adjuvant
hormonal treatment (OR = 1.52, p-value = 0.391) were
also not the risk factors in our series. BMI was reported
in groups, and we found no correlation between BMI
and abdominal complication (Table 3).

Discussion
Donor site morbidity is still a concern to

patients and an influence to the quality of life. Hernia
and abdominal bulging (contour abnormalities of
abdomen) are the major late complication, with an
incidence ranging from 0 to 44%(3). In our institute, we
use pedicled TRAM flap reconstruction with the whole
muscle technique and the anterior fascial defect is
covered with synthetic prolene mesh. Despite many
attempts to develop the best technique, there is still no
one best conclusion.

In the present study, most of our patients were
non-smokers. We found only one smoker in our series.
The patients were also mostly in the normal BMI group.

In our series, the overall donor site
complication was 23% which is higher than a previous
report by Kim et al (16.4%)(7). We found abdominal

contour abnormality in 21% of our patients. Most of
the deformities are bulging (18%) with only 3 cases
of abdominal wall hernia (2%). The number of the
abdominal bulging in other series is slightly than ours
at 9.5% but their incident of hernia is slightly higher at
3.9%(2).

Ages was found to have an impact on
abdominal contour deformities. The patients age above
40 years old were shown to have more incidence of
abdominal contour deformities (OD 2.8, p-value = 0.04)
(Table 3).

Many factors have been reported to influence
the chance of abdominal contour deformities after
pedicled TRAM flap reconstruction such as obesity
(BMI more than 30) as reported by Lee et al(8),
Chirappapha et al(9) and Ireton et al(10,11). Although some
may consider obesity the contraindication for
TRAM flap reconstruction, the morphological
characteristics peculiar to this population make obese
women ideal candidates for this procedure because
the reconstructed breast must often match a large ptotic
contralateral breast(12). But there are some studies that
suggest that obesity is not the contraindication and
TRAM can be used with caution(13). In this series we
found no correlation between higher BMI and
abdominal complication as shown in Table 3.

Bilateral TRAM flap reconstruction was also
one of the risk factors reported in previous studies(9,11)

and a study show  contradicting results(14), but also
not significantly related to donor site morbidities in the
present study (p-value = 0.09).

The effect of chemotherapy as the adjuvant
treatment for breast cancer on the healing of the TRAM
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variable Non Complication p-value OR (95% CI) p-value
complication (n = 29)
(n = 97)

Age, n (%)
<40 41 (42.27) 6 (20.69) 0.035 1
>40 56 (57.73) 23 (79.31) 2.806 (1.05 to 7.51) 0.040

BMI
Under weight (<18.5) 3 (3.16) 3 (10.34) 0.351 1
Normal (18.5 to 25) 66 (69.47) 20 (68.97) 0.303 (0.06 to 1.62) 0.163
Overweight (25.1 to 30) 23 (24.21) 5 (17.24) 0.217 (0.3 to 1.41) 0.110
Obesity (>30) 3 (3.16) 1 (3.45) 0.333 (0.02 to 5.33) 0.437

Tech
New 13 (13.40) 4 (13.79) 0.999 1
Old 84 (86.60) 25 (86.21) 1.034 (0.31 to 3.45) 0.957

Operative time (min), median (IQR) 225 (72.5) 237.5 (102.5) 0.293 1.005 (0.99 to 1.01) 0.181
Underlying, n (%)

No 71 (78.89) 20 (74.07) 0.598 1
Yes 19 (21.11) 7 (25.93) 1.307 (0.48 to 3.55) 0.598

Smoke, n (%)
No 94 (98.95) 29 (100) 0.999 - -
Yes 1 (1.05) 0 - -

Bilateral reconstruction, n (%)
No 93 (95.88) 26 (89.66) 0.199 1
Yes 4 (4.12) 3 (10.34) 2.683 (0.56 to 12.75) 0.215

Timing for reconstruction, n (%)
Immediate 89 (91.75) 25 (86.21) 0.470 1
Delay 8 (8.25) 4 (13.79) 1.780 (0.49 to 6.40) 0.377

Flap elevation side, n (%)
Ipsilateral 88 (94.62) 23 (82.14) 0.090 1
Contralateral 1 (1.08) 1 (3.57) 3.826 (0.23 to 63.52) 0.349
Bipedicle 0 0 - -
Bilateral ipsilateral 4 (4.30) 4 (14.29) 3.826 (0.88 to 16.47) 0.072

Previous abdominal surgery, n (%)
No 61 (63.54) 18 (62.07) 0.999 1
Yes 35 (36.46) 11 (37.93) 1.065 (0.45 to 2.51) 0.885

Abdominal surgery type, n (%)
No 61 (63.54) 18 (62.07) 0.404 1
Appendectomy (Mcb) 3 (3.13) 2 (6.90) 2.259 (0.35 to 14.58) 0.392
Appendectomy (Mcb) 20 (20.83) 4 (13.79) 0.677 (0.21 to 2.24) 0.524
with C/S (Pfen)
Low midline (TAH or c/s) 10 (10.42) 4 (13.79) 1.355 (0.38 to 4.84) 0.640
TR 2 (2.08) 0 - -
Other 0 1(3.45) - -

Adjuvant chemotherapy, n (%)
No 29 (30.53) 12 (42.86) 0.224 1
Yes 66 (69.47) 16 (57.14) 0.586 (0.25 to 1.39) 0.227

Neoadjuvant chemotherapy, n (%)
No 92 (96.84) 28 (100) 0.999 - -
Yes 3 (3.16) 0 - -

Antracyclin base, n (%)
No 32 (34.78) 7 (25.93) 0.389 1
Yes 60 (65.22) 20 (74.07) 0.635 (0.26 to 1.51) 0.304

Table 3. Demographic data comparing between complication and non-complication group and the risk factors for abdominal
deformities
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variable Non Complication p-value OR (95% CI) p-value
complication (n = 29)
(n = 97)

CMF, n (%)
No 90 (96.77) 28 (100) 0.999 - -
Yes 3 (3.23) 0 - -

Taxane base, n (%)
No 68 (73.12) 23 (82.14) 0.322 - -
Yes 25 (26.88) 5 (17.86) 0.591 (0.20 to 1.72) 0.336

Gemcitabine, n (%)
No 94 (100) 28 (100) - - -
Yes 0 0 - -

Vinorebine, n (%)
No 93 (98.94) 28 (100) - - -
Yes 1 (1.06) 0 - -

Xeloda, n (%)
No 92 (97.87) 28 (100) 0.999 - -
Yes 2 (2.13) 0 - -

Adjuvant_hormonal treatment, n (%)
No 32 (34.78) 7 (25.93) 0.389 1
Yes 60 (65.22) 20 (74.07) 1.524 (0.58 to 3.98) 0.391

Tamoxifen, n (%)
No 39 (42.39) 10 (37.04) 0.619 1
Yes 53 (57.61) 17 (62.96) 1.251 (0.52 to 3.03) 0.620

Aromatase inhibitor, n (%)
No 84 (91.30) 24 (88.89) 0.711 1
Yes 8 (8.70) 3 (11.11) 1.312 (0.32 to 5.33) 0.704

Herceptin, n (%)
No 88 (95.65) 25 (96.15) 0.999 1
Yes 4 (4.35) 1 (3.85) 0.880 (0.09 to 8.23) 0.911

Table 3. Cont.

flap has always been questioned. Previous literature
has found that  adjuvant chemotherapy was associated
with abdominal wall hernias and bulging(15), however
in our study, abdominal complication was not found to
be associated with adjuvant chemotherapy regardless
of type of chemotherapy given (Table 3). But this may
be due to small number of the patients in both groups.
This study also found no difference regarding
abdominal wall bulging between the two techniques of
abdominal wall closure. However there was no report
of hernia in the ‘new technique group’. This new
technique has been reported with lower complication
rate  in abdominal hernia and bulging in a previous
study(6) and also show some superior in our series. But
due to the small number of patients who underwent
this new technique for abdominal muscle harvesting
and closure, more patients should to be included in the
study to conclude the superiority of the technique.

Conclusion
Transverse rectus abdominis myocutaneous

flap reconstruction with whole muscle and partial sheath
sparing shown in our study resulted in a total of 23%
donor site complication rate. The majority of the
complication was abdominal contour deformities for
21%. Bulging was report to be majority in abdominal
contour deformities (85%) , the rest was hernia.

Although acceptable, the number of patients
with abdominal wall bulging was still high comparing
to previous study. And further analysis showed no
relationship between obesity, bilateral flaps and
adjuvant chemotherapy with the complication.

What is already known on this topic?
Donor site morbidity resulting from transverse

rectus abdominis myocutaneous flap reconstruction
(TRAM) influences the patients quality of life and is a
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major concern to the surgeon. Many studies pointed
out the importance of abdominal wall closure technique
and many have been proposed to prevent donor site
morbidities. However, no conclusion on the best
technique has been made.

What this study adds?
The present study proposed incidence of

abdominal wall bulging and hernia after TRAM
reconstruction in breast cancer patients. Whole muscle
and partial sheath sparing techniques used in the
present study showed 23% complication which still
high comparing to others. And in the present study
also reported the risk factors of complications to be
age greater than 40 years old.  So, the present study
supports that new technique for abdominal closure after
TRAM reconstruction should be considered and more
studies need to be done.

Potential conflicts of interest
None.
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