
Journal of Plastic, Reconstructive & Aesthetic Surgery (2019) 72, 1923–1929 

Review 

Should free deep inferior epigastric artery 

perforator flaps be considered a quality 

indicator in breast reconstruction? 

Ruth Tevlin, Derrick C. Wan, Arash Momeni ∗

Division of Plastic and Reconstructive Surgery, Hagey Laboratory for Pediatric Regenerative Medicine, 
Stanford University School of Medicine, 770 Welch Road, Suite 400, Stanford, Palo Alto, CA 94304, 
United States 

Received 21 April 2019; accepted 18 August 2019 

KEYWORDS 

Breast reconstruction; 
DIEP flap; 
MS-TRAM flap; 
Microsurgery; 
Autologous 
reconstruction 

Summary Over the past several decades, technical advances in breast reconstruction have 
resulted in the development of flaps that are aimed at progressively decreasing abdominal wall 
morbidity. There is, however, ongoing controversy related to the superiority of deep inferior 
epigastric perforator (DIEP) flaps over muscle-sparing TRAM (MS-TRAM) flaps. Hence, the ques- 
tion remains unanswered as to which approach should be considered the standard of care, 
and more importantly, whether the rate of DIEP flap utilization should be considered a quality 
metric in breast reconstruction. In this review article, we examine the literature pertaining 
to abdominal free tissue transfer in breast reconstruction from both donor site and flap char- 
acteristics as well as the resultant complications and morbidity. The impact on the donor site 
remains a prevailing principle for autologous breast reconstruction; thus, must be adequately 
respected when classifying what is left behind following flap harvest. The most commonly used 
nomenclature is too simplistic. This, in turn, leads to inadequate incorporation of critical vari- 
ables, such as degree of muscular preservation, fascial involvement, mesh implantation, and 
segmental nerve anatomy. Currently, there is insufficient evidence to support DIEP flap harvest 
as a quality indicator in breast reconstruction, as DIEP flap outcomes are not clearly superior 
when compared with MS-TRAM flaps. 
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sevier Ltd. All rights reserved. 
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Introduction 

One in every eight women in the United States will develop
breast cancer in their lifetime. Despite advances in onco-
logic treatment, mastectomy continues to play a major role
in the treatment algorithm of breast cancer. Furthermore,
the advent of genetic testing for risk stratification has re-
sulted in an increasing number of women opting for prophy-
lactic mastectomy. 1–4 Similarly, the frequency of contralat-
eral prophylactic mastectomy is increasing dramatically. 5 As
a whole, an increasing number of reconstructive procedures
are being performed annually worldwide. 6–10 In the United
States, an almost 40% increase in the number of breast
reconstruction procedures has been noted since 2000. 11 

The goals of reconstruction are best summarized by
the acronym “5S”, that is, creation of breasts of appro-
priate size, shape, symmetry, softness, and (ideally) with
sensation, thereby contributing to an improved quality
of life, while minimizing donor-site morbidity. 12 In this
regard, autologous reconstruction has been reported to
be associated with superior long-term outcomes, with the
abdomen being considered the ideal donor site. 13–16 Over
the past several decades, technical advances have resulted
in the development of flaps that are associated with a
progressive decrease in abdominal wall morbidity. This is
best exemplified by the transition from pedicled transverse
rectus abdominis musculocutaneous (TRAM) flaps to free
deep inferior epigastric perforator (DIEP) and superficial
inferior epigastric artery (SIEA) flaps. 17–19 Despite the ex-
isting controversy related to the presence of any clinically
meaningful difference between muscle-sparing TRAM (MS-
TRAM) and DIEP flaps, free DIEP flaps are widely considered
the gold standard in autologous breast reconstruction. 20 

Hence, the question arises whether the DIEP flap should
be considered a quality metric in autologous breast recon-
struction and whether it being considered the gold standard
reconstructive modality is justified. 

The introduction of abdominal free tissue 

transfer 

In 1979, Holmström introduced the concept of free abdomi-
nal tissue transfer for breast reconstruction. 21 Interestingly,
this predated the landmark contribution by Hartrampf and
colleagues, who in 1982 introduced the pedicled TRAM flap
as an option for autologous breast reconstruction. 17 This al-
lowed the use of lower abdominal skin and subcutaneous tis-
sue for creation of the breast “mound” while also providing
a more esthetic donor-site closure. Paralleling an increasing
understanding of vascular anatomy and physiology, several
technical modifications were introduced to the pedicled
TRAM flap. Notably, the delay principle, proposed by Moon
and Taylor, led to an increased use of pedicled TRAM flaps
in breast reconstruction in patients with increased risk of
vascular complications. 22 The pedicled TRAM, thus, became
the workhorse of autologous breast reconstruction in the
1980s. Disadvantages, however, included a protracted
recovery due to abdominal discomfort and potential for
abdominal wall weakness and hernia formation. 23 

Evolution of abdominal free tissue transfer 
and classification systems 

The main focus following these early reports of autologous
breast reconstruction was reduction in donor-site morbidity
while preserving perfusion to the flap. In 1989, Koshima and
Soeda first reported the ability to harvest the skin territory
of the conventional TRAM flap (MS-0 TRAM) with preserva-
tion of the rectus abdominis muscle, thereby minimizing
the risk of abdominal herniation. 24 Following this report, it
was the experience of Allen and Treece that popularized the
use of DIEP flaps (MS-3 TRAM) for breast reconstruction. 19 

A widely referenced classification of various abdominal
flaps was presented in 2002 by Nahabedian et al. 25 In their
study, the authors used the degree of rectus abdominis mus-
cle preservation as the basis for their classification, thereby
differentiating between muscle-sparing-0 (MS-0) (full width
muscle harvest), MS-1 (preservation of the lateral mus-
cle segment), MS-2 (preservation of lateral and medial
segments), and MS-3 (preservation of the entire muscle
[ = DIEP]) ( Table 1 ). Despite the merits of this classification
system, its main limitation is that it does not consider nu-
merous other parameters that are equally important when
assessing donor-site morbidity. These include the length of
intramuscular dissection, harvest of medial vs. lateral row
perforators, extent of fascial preservation, preservation of
neural innervation, and technique of fascial closure. 

Expanding on Nahabedian’s classification, Lee et al. sub-
classified free DIEP (MS-3 TRAM) flaps according to nerve
preservation (DIEP-1 preservation of all muscle and nerves
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Table 1 Classification of muscle sparing. 25 

Muscle-sparing 
technique 

Definition (rectus abdominis) 

MS-0 Full width, partial length 
MS-1 Preservation of the lateral segment 
MS-2 Preservation of the lateral and medial 

segments 
MS-3 Preservation of the entire muscle 

Reproduced from: Ref. 25. 

Table 2 Classification of muscle and nerve sparing in DIEP flap 
reconstruction. 26 

Technique Definition 

DIEP-1 Preservation of all muscle and nerves (1 
perforator or septocutaneous perforator) 

DIEP-2 Preservation of all muscles, sacrifice of 
segmental nerve (usually 2 + perforators in 
the same intramuscular septum) 

DIEP-3 Preservation of lateral and medial muscles, 
sacrifice of segmental nerve, and division of 
central muscle (multiple rows of perforators, 
i.e., both medial and lateral rows) 

Reproduced from: Ref. 26. 
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ith one perforator or septocutaneous perforator; DIEP-2 
egmental nerve sacrifice and minimal muscle sacrifice, 
hich usually have 2 perforators in the same intramuscular 
eptum; DIEP-3 perforator harvest from both the medial 
nd lateral row, segmental nerve sacrifice, and central 
uscle sacrifice, which usually requires both medial and 

ateral perforator harvest) ( Table 2 ). The authors reported
 similar rate of abdominal bulge in the respective groups;
owever, they observed a higher rate of fat necrosis in 
IEP-1 than DIEP-3 flaps. 26 

A more comprehensive classification system that consid- 
rs additional important parameters, that is, percentage 
nd location of muscle harvest, type of fascial closure, 
esh placement, and segmental nerve division, was intro- 
uced by Weissler et al. ( Table 3 ). 27 The authors provide a
Table 3 Abdominally based breast reconstruction donor-site class

Muscle (Mu) Fascia (F) 

Percentage of total 
muscle divided a 

Width of muscle 
divided (cm)/total 
muscle width (cm) 

F0: No prima
fascia 

Position of muscle 
divided c 

L: Lateral F1: Primary 
fascia 

M: Medial 

C: Central 

Reproduced from: Ref. 27. 
a Documented as a percentage. 
b Documented as subscript “m”. 
c Documented as subscript preceding the percentage. 
ationale for a more detailed scheme, as they propose that
he previous Nahabedian 28 and Lee 26 formulations do not 
ully describe the anatomic variability of rectus abdominis 
ap harvest. Given the heterogeneity in flap dissection 
echniques and definitions, we must interpret surgical 
utcomes judiciously. Weissler et al. highlight that although 
he location of the muscle harvested (and concomitant 
uscle preserved) is important, how much of that muscle 

s preserved may also be an important factor. For a more
omplete description of heterogeneous harvest techniques, 
he authors consider the percentage of the muscle divided
oupled with the location of the divided muscle. 29 

linical outcomes 

 general limitation of comparative analyses is the tremen-
ous heterogeneity within the respective flap groups. 
ne can justifiably state that “Neither all DIEP flaps nor
ll MS-TRAM flaps are created equal.” Importantly, it is 
ritical to consider that harvest of a DIEP (MS-3 TRAM) flap
an, in fact, be associated with a greater degree of rectus
bdominis muscle injury than free MS-TRAM flap harvest. 30 

lthough the preservation of rectus abdominis muscle 
uring abdominal flap harvest is intuitively a desirable goal,
alid conclusions regarding the superiority of a particular 
urgical technique mandate objective assessment rather 
han a conceptional framework. 
Important clinical outcome parameters following autol- 

gous breast reconstruction include the rate of flap loss, 
at necrosis, abdominal bulge, and abdominal hernia. The 
ormer two are related to flap perfusion, whereas the latter
wo are reflective of donor-site morbidity. A critical ques-
ion to ask then is whether, in the context of equivalent out-
omes, a technically more complex procedure is warranted. 
In addition to the technical heterogeneity, the lack of

onsensus regarding the measurement of certain outcome 
arameters minimizes our ability to compare the results of
eported study. For example, the true rate of fat necrosis
ollowing autologous breast reconstruction remains un- 
nown in large part due to varying definitions. 31–33 Although
ome studies use imaging modalities to identify fat necrosis,
thers use clinical criteria. 31–34 Additionally, approaches 
ification system (MuFmN). 27 

Mesh (m) b Nerve (N) 

ry closure of m: Mesh 
placement 

N0: No nerve injury 

closure of N1: 1 segmental 
nerve division 

N2: > / = 2 segmental 
nerve division 
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to determine postoperative abdominal wall weakness vary
and include clinical examination, Electromyography (EMG)
studies, as well as imaging modalities. 31–36 These and other
limitations should be considered when, for example, claims
regarding the superiority of DIEP (MS-3 TRAM) flap over
MS-2 TRAM flaps are made. 

Driving for excellence 

The relative risks and benefits of free TRAM and free
muscle-sparing TRAM flaps in comparison to the more tech-
nically challenging muscle-preserving procedures such as
superficial or deep inferior epigastric artery perforators
flaps remain a topic of debate in breast reconstruction. The
proponents of the DIEP (MS-3 TRAM)/SIEA group believe that
sparing the rectus muscle leads to less donor-site morbid-
ity such as abdominal weakness, bulge, or hernia formation
with little downside. The competing argument is that the
blood supply to a DIEP (MS-3 TRAM) or SIEA flap may be less
robust, thereby leading to increased flap complications. 

Regarding the increased risk of abdominal morbidity
with increasing degrees of muscle involvement with a
MS-TRAM, is it over simplistic to simply examine the degree
of muscle involvement as laid out in the MS-TRAM staging
system? Perforating vessels display anatomic variability,
and intraoperative decisions must balance flap perfusion
with muscle or nerve sacrifice. 

On review of the literature, there is no accepted con-
sensus regarding whether the DIEP or MS-TRAM results in a
better-quality breast reconstruction. There is justification
of abdominal muscle strength preservation in the most
polarized comparisons (pertaining to MS-0 TRAM versus DIEP
[MS-3 TRAM] flaps rather than the more commonly ques-
tioned MS-2 TRAM versus DIEP). Blondeel noted a significant
difference in abdominal wall strength at 1 year 37 (MS-0
TRAM versus MS-3 TRAM/DIEP), whereas Schaverien et al.
did not find significant differences in functional activities as
measured by the 36-item Short Form Health Survey Scores
(MS-0 TRAM versus MS-3 TRAM/DIEP). 38 

Butler and colleagues reviewed 234 DIEP flaps (MS-3
TRAM) in 202 patients and found that the number of per-
forators harvested significantly increased the risk of post-
operative abdominal bulge/hernia formation. 39 In addition,
using a single perforator from the lateral row or both rows
was significantly more likely to result in hernia/bulge de-
velopment than if a single medial perforator was harvested.
These findings were corroborated by Hembd et al. 40 Further-
more, they found no difference in abdominal wall morbidity
in the presence or absence of mesh closure. The authors
recommended the use of a single medial row perforator
with a favorable suprafascial course wherever possible. 39 

The importance of fascia preservation 

A further topic of discussion is whether muscle preser-
vation is more important than fascial preservation. As it
currently stands, the most commonly cited method of
abdominal flap classification refers to the degree of mus-
cle preservation. 41 However, there are many occurrences
where muscle preservation simply does not coincide with
fascia preservation. Weissler and colleagues pragmatically
included this variability in their revised staging system
and equated fascia preservation with the ability to close
the fascia primarily. 27 This allows consideration of subtle
implications of partial muscle-sparing – full fascial preser-
vation vis-à-vis other permutations (full muscle-full fascial
preservation or varying muscle-mesh closures). As muscle-
sparing TRAM (MS-1/MS-2 TRAM) and DIEP (MS-3 TRAM)
operations have evolved with more sophisticated anatomic
understanding and surgical technique, so too should our
classification systems evolve. 

If DIEP (MS-3 TRAM) flaps are to be considered the gold
standard quality marker of breast reconstruction based
on superior abdominal strength and less abdominal mor-
bidity, it is perplexing to see studies published that show
no long-term difference in abdominal morbidity. A study
by Uda and colleagues reported clinical and quantitative
isokinetic comparison of abdominal morbidity and dynamics
following DIEP versus muscle sparing free TRAM (MS-2
TRAM, fascial sparing, and primary fascial repair) breast
reconstruction. 36 They showed that although there was a
significant difference in abdominal morbidity at 3 months,
at 6 months abdominal muscle function had recovered to
preoperative levels in both groups. Furthermore, from a
clinical perspective, these findings were consistent with the
absence of a statistically significant difference in patient’s
postoperative abdominal pain and stiffness, activity level,
and the incidence of bulging between the two groups
at 6 months postoperatively. Furthermore, Nahabedian
et al. also reported no difference in abdominal morbidity
between patients undergoing DIEP (MS-3 TRAM) and muscle-
sparing free TRAM (MS-2 TRAM, primary fascial closure
where feasible) flap elevation. 35 

So the central questions remains: when weighing up
the abdominal morbidity of free abdominal tissue transfer
(patient reported outcomes, physical therapy, quantitative
measurement, EMG, and US) versus flap perfusion (flap loss
and degree of fat necrosis), does the outcome following
MS-2 TRAM compare favorably with the outcome following
DIEP (MS-3 TRAM) breast reconstruction? Should recon-
structive surgeons be driving to do the more complicated
dissection with a goal of completing a DIEP flap, while also
simultaneously sacrificing muscle integrity? Or simply take
a cuff of muscle? 

If we strive to take one step further and perform a SIEA
flap, with complete fascia preservation, we would expect
to see superior long-term donor-site-related outcomes.
Interestingly, the UK National Mastectomy Breast Recon-
structive Audit showed that although SIEA relative to DIEP
(MS-3 TRAM) flaps demonstrated superior abdomen-specific
BREAST-Q scores at 1 year, it was interesting to note that
this difference was no longer seen at 2 years postopera-
tively. 42 The temporary benefit of SIEA flap harvest, thus,
has to be weighed against the increased rate of SIEA flap
loss. 43 , 44 

Abdominal closure – does mesh even the 

playing field? 

How does the placement of mesh affect patient outcome?
A 2010 study by Wan et al. showed that there was about
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should be our aim. 
1.3% of postoperative abdominal bulge or hernia following 
ree TRAM or muscle sparing TRAM (details of the degree
f muscle sparing were not included in the manuscript) and 
hat the risk reduced to 5.1% following the incorporation of
olypropylene mesh into fascial repair in comparison to 3.1% 

ernia or bulge risk in patients undergoing DIEP reconstruc- 
ion over a 5-year period. 45 Chang et al. found an increased
ate of hernia formation in DIEP reconstruction versus 
S-TRAM reporting the following rates of hernia formation: 
ree TRAM (9.9%), MS-TRAM (3.9%) (fascia-sparing MS-TRAM 

acilitating primary closure where feasible; degree of 
S-TRAM was not included in the results), and DIEP (5.9%).
he authors demonstrated that the use of mesh for fascial 
losure reduced the odds of occurrence of bulge/hernia 
y 70% compared with primary fascial closure. Their study 
lso emphasized that the harvest of more fascia was sig- 
ificantly associated with the need for mesh. 46 Regarding 
ilateral reconstruction with abdominal tissue, Chun et al. 
howed no significant difference in the rates of abdominal 
ulges or hernia in patients undergoing bilateral pedicled 
RAM versus DIEP free tissue transfer 47 with primary clo- 
ure of the abdominal fascial defect without the use of
esh. 
Regarding the increased risk of infection associated with 

he use of mesh, Sotelo–Leon demonstrated that the risk 
f bulging and herniation is decreased in patients receiving 
esh 48 but did not see an increased risk of wound infection
ssociated with the use of mesh, and instead noted that a
atient’s elevated body mass index, as well as tension of
losure, and other comorbidities are more likely causes of 
uperficial wound complications. 
Obesity as an independent risk factor for hernia forma- 

ion must be addressed as a further confounder of surgical 
utcomes. It is well described that obesity is associated 
ith higher rates of mastectomy skin flap necrosis, flap 
omplications, and abdominal wall donor-site complica- 
ions in comparison to nonobese patients. 49–52 The historic 
eaching includes as many perforators as possible in the 
aps of obese patients; thus, historic philosophy favors 
S-0 TRAM over DIEP (MS-3 TRAM) or SIEA flaps. 53 There
s, however, some mounting evidence to suggest that DIEP 
nd SIEA flaps are safe and reliable in the obese patient.
arvey et al. found no difference in rates of flap loss or
at necrosis among obese, overweight, or normal-weight 
atients that underwent DIEP flap reconstruction. 52 Ochoa 
t al. found that although obesity predisposed DIEP flap 
atients to delayed wound healing of both the flap and 
he donor site, the overall flap complications were not 
ignificantly different in the obese compared to the normal- 
eight patients. 54 Zhong et al. compared MS-0 TRAM flaps 
o DIEP flaps in obese patients and found no statistically
ignificant difference in rates of flap loss or fat necrosis, 55 

nstead highlighted a greater risk of abdominal donor-site 
omplications in MS-0 TRAM flaps compared to DIEP flaps. 
ence, although it is still advised that all patients planning 
o have DIEP or SIEA flaps should have a BMI of less than 30
o avoid a higher risk of complications, this is becoming less
f a hard and fast rule. 53 Furthermore, Modarressi showed 
o significant correlation between BMI of 25–35 kg/m 

2 or 
bdominal wall thickness and postoperative complications 
f the donor site or DIEP flap. 56 The notion that obesity
epresents a contraindication to autologous microsurgical 
reast reconstruction is no longer supported by the litera-
ure. 57 There is a paucity of studies that directly compares
he outcomes following TRAM (MS-0, MS-1, or MS-2 TRAM)
ersus DIEP (MS-3 TRAM) in obese versus nonobese patient
ohorts, however, indicating that there is further work to be
one. 

ontinued uncertainty 

n the setting of this continued uncertainty, the Amer-
can Society of Plastic Surgeons commissioned a multi- 
takeholder Work Group to develop recommendations for 
utologous breast reconstruction with abdominal flaps. 19 

ollowing a systematic literature review, the group was 
nable to agree upon a gold standard, instead they urged
econstructive surgeons to consider the patient’s prefer- 
nces and risk factors, the setting in which the surgeon
orks (academic versus community practice), resources 
vailable, and the surgeon’s technical expertise. Although 
trong opinions exist among surgeons, there is no evidence
upporting the superiority of DIEP versus MS-2 TRAM flaps.
hus, DIEP flaps should not be considered a quality marker
n breast reconstruction. The goal should be to perform
reast reconstruction with the flap that has the most robust
erfusion and least amount of donor-site morbidity. The 
atient’s individual anatomy rather than surgeon’s desire 
hould determine the flap choice. 

onclusions 

he designation of the type of flap harvested in autolo-
ous breast reconstruction does not reflect the donor-site 
orbidity associated with it, as tremendous heterogeneity 
xists even within the same flap classification. Importantly, 
arvest of a MS-TRAM flap, in fact, can be associated with
ess donor-site morbidity than a DIEP (MS-3 TRAM) flap
arvest. There is insufficient evidence to support DIEP flap
arvest as a quality indicator in breast reconstruction be-
ause DIEP flap outcomes are not clearly superior relative to
S-TRAM flaps. This review highlights the need for a more
efined outcome metric of quality, including incidences 
f donor site morbidity (bulge, hernia, and functional 
mplications); flap complications (viability, take back rates, 
at necrosis rates, and secondary revision rates); process 
easures (including duration of surgery, inpatient stay, time 
ff work/activity, and time until discharge from secondary 
ollow-up); and patient-reported outcome measures. The 
ata presented call for the accrual of standardized datasets
o guide evidence-based reconstructive practice. Perhaps 
he best approach may not be as simplistic as MS-TRAM
ersus DIEP; however, it may be the technique that the
ndividual surgeon can safely deliver in a specific clinical
etting. The goal should be to harvest a well-perfused flap
ith the least amount of muscle and fascial sacrifice deter-
ined by the individual patient’s anatomy. It is important
o remember, however, that we have a paramount duty to
ur patients, which is to do as little harm as possible. If a
ell-perfused single-perforator flap with no muscle/nerve 
amage can be raised in a safe and timely manner, then this
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