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INTRODUCTION

Many techniques for autologous breast reconstruction have 
evolved [1] since the latissimus dorsi flap [2] and the transverse 

rectus abdominis myocutaneous (TRAM) flap [3] were intro-
duced in the 1970s and 1982, respectively. The use of micro-
vascular techniques and perforator flaps [4] soon evolved to 
minimize donor site morbidities. The method of choice should 
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fat necrosis (TRAM, 3/16; DIEP, 4/16) and other minor complications (TRAM, 3/16; DIEP, 1/16). 
The mean hospital stay was 7.13 days (range, 4 to 12 days) for the pedicled TRAM group and 
7.56 (range, 5 to 10 days) for the DIEP group. Neither the difference in complication rates nor 
in hospital stay duration were statistically significant. The total hospitalisation cost for the 
DIEP group was significantly higher than that of the pedicled TRAM group (P<0.001).
Conclusions  Based on our study, the pedicled TRAM flap remains a cost-effective technique 
in breast reconstruction when compared to the newer, more expensive and tedious DIEP flap.
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Major complications Minor complications

Total flap loss Seroma formation
Fat necrosis Wound dehiscence
Abdominal bulge requiring surgical 

repair
Postoperative haemorrhage requiring 

evacuation 
Infection (mesh/donor site)

be safe, reliable, and should result in little or no donor-site mor-
bidity. As techniques become more sophisticated, it is timely to 
assess the cost effectiveness of these reconstruction approaches. 

In autologous breast reconstruction, the abundant adipose 
tissue present in the lower abdomen of most women is often 
used and has become the most popular donor tissue for breast 
reconstruction [5]. Refinements include the use of microvas-
cular techniques, the muscle sparing TRAM flap, and the deep 
inferior epigastric perforator (DIEP) flap.

Of the various existing techniques available, the pedicled TRAM 
and DIEP flaps have shown to be the preferred forms of breast 
reconstructive techniques [6]. Perforator flaps such as the DIEP 
flap are associated with fewer donor site deficits. There are many 
proponents of DIEP flap reconstruction and in recent years, 
there has been an increasing preference for the DIEP flap in au-
tologous breast reconstruction [5-8]. To date, few studies have 
compared the cost effectiveness of the two commonly used re-
constructive techniques. The aim of this paper is to evaluate the 
two procedures to determine the cost effectiveness with regard 
to the total cost and postoperative complications. 

The determination of cost difference would be of particular 
benefit in countries such as Singapore, as healthcare costs (de-
pending on the class one selects, and hence the cost born by 
the payee and level of privacy in the ward) could be lowered for 
both the patient as well as the government, which subsidises 
based on ward class selection, allowing for redirection of cash 
reserves.

METHODS

A retrospective analysis of the patients at our institution who 
underwent breast reconstruction with either a pedicled TRAM 
flap or DIEP flap from 1999 to 2006 was performed. The choice 
of procedure was selected at two points: first, selected randomly 
prior to the operation; then, intraoperatively depending on 
the vascular status of the patient. A patient initially selected at 
random for a DIEP procedure would then be assessed intra-op-
eratively for good microvascular status before proceeding with 
the DIEP reconstruction; poor candidates who were deemed 
unsuitable were subsequently reconstructed with the pedicled 
TRAM. 

Selection criteria for the study included: women who under-
went unilateral mastectomy with or without axillary clearance 
and immediate post-mastectomy breast reconstruction. Patients 
who had bilateral mastectomy and reconstruction, delayed re-
construction, chest wall resection, or patients who underwent 
revision surgery to the contralateral breast or ipsilateral breast 
after reconstruction were excluded from the study. The test sub-

jects were then matched for age, mastectomy without axillary 
clearance, mastectomy with axillary clearance, and the comor-
bidities elaborated below.

Patients selected by the above method were matched by age 
in intervals of five years (31 to 35 years, 36 to 40 years, 41 to 45 
years, etc.), comorbidities, and mastectomy procedure. Comor-
bidities that were considered included diabetes mellitus, a histo-
ry of vascular insufficiency, smoking and body mass index > 30. 
This was done to minimise the effect of confounding factors 
in the study, although some studies suggest that complication 
rates amongst patients undergoing autologous abdominal flap 
reconstruction, whether DIEP or pedicled TRAM, are associ-
ated with an overall low morbidity rate regardless of associated 
comorbidities [9]. From an initial pool of 50 pedicled TRAM 
and 30 DIEP cases, thirty-two patients were matched: sixteen 
patients with DIEP flaps and 16 patients with pedicled TRAM 
flaps. The matched patients’ ages ranged from 31 to 50 years, 
with an average age of 43.8 years.

We looked at postoperative complications up to two years 
postoperation, the average length of stay and total hospitaliza-
tion cost for each of the patients. 

Immediate post-reconstructive complications were catego-
rized into major and minor categories. Major complications 
consisted of total flap loss, fat necrosis and abdominal hernias; 
minor complications included wound dehiscence, infection 
(donor or recipient site), postoperative haematoma requiring 
evacuation and seroma formation (Table 1).

Total flap loss was defined as complete necrosis of the skin and 
fat; fat necrosis was defined as loss of a portion of the adipose 
components. To determine the total hospitalisation cost of the 
procedure for each patient, the following were examined and 
extracted for comparison: operative fees (surgical, facility, an-
aesthetic), length of ward stay, daily treatment fees, daily phar-
maceutical fees and cost of implants (prolene mesh). Facility 
fees included usage of operating room and surgical consumables 
e.g., sutures, microscope and instruments. Length of stay was 
defined as the number of days from the day of admission to that 
of discharge.

Statistical analysis was performed using two-tailed t-tests for 
cost differences and average length of hospitalisation, and Fish-

Table 1. Classification of post-reconstructive complications
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Major  
complications

Minor  
complications

Pedicled TRAM (n=16) Fat necrosis (3) Donor site infection (1)
Wound dehiscence (1)
Postoperative haemorrhage 

requiring evacuation (1)
Total 3 3

DIEP (n=16) Fat necrosis (4) Postoperative haemorrhage 
requiring evacuation (1)

Total 4 1
P-valuea) >0.05 0.599

TRAM, transverse rectus abdominis myocutaneous flap; DIEP, inferior epigastric 
perforator flap.
a)Fisher’s exact test.

er’s exact test for differences in complication rates. A P-value of 
less than 0.05 was considered to be statistically significant.

RESULTS

Complication rates
Three of 16 pedicled of our pedicled TRAM flap patients had 
major complications (fat necrosis) and 3/16 had minor com-
plications (one wound dehiscence, one haematoma requiring 
evacuation, one donor site infection).

Four of 16 patients of the patients who underwent DIEP flap 
reconstruction had major complications (fat necrosis) and 1/16 
had minor complications (haematoma requiring evacuation). 
The results are depicted in Table 2. 

These differences were not statistically significant (P > 0.05).

Cost of operation
Patients undergoing breast reconstruction with the pedicled 
TRAM flap had an average total hospitalization cost of SGD 
8,300.51 (6,685.33 USD), while patients who underwent DIEP 
flap reconstruction post-mastectomy had an average total cost of 
SGD 11,009.38 (8,864.67 USD). The cost difference between 
the two was statistically significant P < 0.001.

Average length of stay
The pedicled TRAM group had an average stay of 7.13 days 
(ranging between 4 and 12 days) and the DIEP group had an 
average stay of 7.56 days (ranging between 5 and 10 days). The 
difference in the length of time stayed between the two was not 
statistically significant, defined as P > 0.05 (P = 0.489).

DISCUSSION

Reconstruction of the breast, considering the lack of association 

with increased morbidity or mortality with regard to surgical or 
oncologic outcome [10] and its positive psychological effect on 
patients post-mastectomy [11], is proving to play a more inte-
gral role in the management of breast cancer patients.

Breast reconstruction can be performed with autologous tis-
sue, implants, or both. Autologous techniques in breast recon-
struction include pedicled flaps (TRAM and latissimus dorsi 
flaps) and free tissue transfer (TRAM flap, DIEP flap, anterior 
lateral thigh flap, superior gluteal artery perforator flap). The 
purpose of the perforator flap is to allow the preservation of 
muscles and vital structures at the donor site. The DIEP flap is 
one such flap, where the anterior abdominal wall is kept intact 
with the preservation of the rectus muscle, its nerve supply and 
the rectus sheath. While there has been an increasing preference 
for the DIEP flap in breast reconstruction [5], comparing the 
DIEP and the pedicled TRAM has not drawn much attention in 
the literature. Our hypothesis is that, while the use of complicated 
microsurgical techniques in DIEP flap surgery increases the cost 
of the procedure [12-14], the decreased donor site morbidity 
would presumably imply less postoperative pain and hence less 
use of analgesics and a shorter hospital stay. Whether this trans-
lates into a smaller total cost during hospitalization is not easily 
determined.

The DIEP flap, first described by Koshima and Soeda [7] in 
1989 and subsequently popularised by by Allen and Treece 
[8], and Blondeel [6] preserves the rectus abdominis muscle, 
its sheath and its segmental nerve supply [15]. This was found 
to decrease post-reconstructive donor site complications such 
as hernias, unsightly bulges and asymmetry, and to increase 
abdominal flexion strength when compared to free and muscle-
sparing TRAM flaps [16,17]. A recent study by Momoh et al. 
[18] of 346 patients from 1999 to 2006 that examined the com-
plications and patient satisfaction from both pedicled TRAM 
flaps and DIEP flaps showed that the DIEP flap had significantly 
less donor site morbidity (hernias and abdominal bulges) and 
greater general satisfaction. Recipient site complications and 
aesthetic satisfaction were not significantly different [18]. Simi-
larly, Man et al. [19] have shown that DIEP flaps result in fewer 
donor site complications, though flap-related complications are 
higher. Patients with DIEP flap reconstruction have also been 
shown to experience less pain [20], with resultantly quicker re-
covery and discharge from hospital, and hence a shorter hospital 
stay with lower costs incurred [21] compared to reconstruction 
with free TRAM flaps. However, an interesting recent case re-
port has shown the occurrence of epigastric hernias in 3 patients 
following DIEP flap breast reconstruction [22]. 

Comparing patient satisfaction, Yueh et al. [23] have shown 
that when comparing the two reconstructive techniques, nei-

Table 2. Post-reconstructive complications in the pedicled 
TRAM and DIEP groups
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ther general nor aesthetic satisfaction were statistically differ-
ent after logistical regression. While no study has compared 
the frequency of post-reconstructive aesthetic refinements to 
the breast between the two procedures, Enajat et al. [24] have 
shown that overall, there was an average of 1.06 additional inter-
ventions for every patient after primary reconstructive surgery 
with the DIEP flap. Secondary interventions included nipple 
reconstruction, nipple-areola complex tattooing, dog-ear cor-
rection, liposuction, lipofilling, scar revision, mastopexy and 
reduction mammaplasty [24]. However, none had an objective 
measure to compare the aesthetic result of the completed breast 
resulting from either procedure either in the short or long term.

The pedicled TRAM flap is a shorter operation, does not use 
microvascular techniques and the entire rectus muscle and all or 
part of the rectus sheath is sacrificed, with resulting donor site 
complications as mentioned above. However, other studies sug-
gest that the inclusion of prolene mesh at the abdominal donor 
site in pedicled TRAM flap reconstruction allows for the attain-
ment of abdominal complication rates similar to that of DIEP 
flap reconstruction [25]. This seems to suggest that the pedicled 
TRAM flap, with the proper use of mesh implants, might still 
prove to be a reliable technique in breast reconstruction despite 
the development of newer techniques. This may prove the 
pedicled TRAM flap to be equally applicable today despite the 
development of perforator flaps like the DIEP flap.

Our study produced the following results: the pedicled TRAM 
group had a greater complication rate in terms of minor compli-
cations while the DIEP group had more major complications, 
although neither were significantly different. The overall im-
mediate cost to the patient was, however, significantly different, 
with DIEP flap patients paying an average of SGD 2708.87 more 
(TRAM, SGD 8300.51; DIEP, SGD 11009.38).

The DIEP group had a higher total cost due to the following: 
1) Use of microsurgical techniques and equipment. 2) More 
costly consumables such as microsutures and heparinized solu-
tions. 3) Longer operating hours (facility, surgeon and anes-
thetic fees).

We found no evidence of immediate additional benefit of DIEP 
flap reconstruction over a pedicled TRAM flap reconstruction, 
although there was also no evidence of increased morbidity with 
the DIEP flap. 

As such, the pedicled TRAM flap is still be a highly reliable 
technique in breast reconstruction despite the development 
of more complex and purportedly more beneficial procedures 
such as the DIEP flap. This is, at least, with regard to the factors 
considered above. There is a need for long term monitoring of 
patient satisfaction as well as objective monitoring of the long-
term evolution of the reconstructed breast and any additional 

cost incurred that might follow in addressing long-term compli-
cations. 

In conclusion, despite the total hospitalization cost of perform-
ing a DIEP flap breast reconstruction being higher than recon-
struction with a pedicled TRAM flap (P < 0.001), differences in 
average length of hospitalisation and complication rates were 
not statistically significant. As such, the extra cost of performing 
a more sophisticated reconstruction with the DIEP flap is not 
supported here. The pedicled TRAM flap remains a cost effec-
tive reconstructive technique in breast reconstruction. 

A longer follow up, objective assessment of the aesthetic out-
come and consideration of costs and complications of subse-
quent corrective surgery and quality of life in these two groups 
would produce a more accurate cost-benefit analysis of these 
two methods of reconstruction. 
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