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Summary Background: Breast reconstruction using the TRAM flap and its variations in
patients with pre-existing abdominal scars is controversial. In our practice, abdominal scars
are considered not to be a contraindication for such reconstruction. We therefore reviewed
our experience and reconstructive strategies adopted in such patients over a 7-year period.
Methods: Patients with previous abdominal scars undergoing abdominal flap breast reconstruc-
tion performed by a single surgeon (Jan 2000eDec 2006) were retrospectively reviewed with
respect to scar types, reconstructive approach, flap outcomes and donor-site complications.
Results: Thirty patients (mean age Z 52 years) with pre-existing scars (midline, Pfannenstiel,
subcostal, appendicectomy, etc.) underwent unilateral (n Z 24) or bilateral (n Z 6) breast
reconstruction (36 flaps). The flap design strategies employed included splitting the flap
(hemi-TRAM), skewing it to avoid abdominal scars, minimal abdominoplasty flap undermining
and selective use of DIEP, SIEA, free and pedicled TRAM flaps. There were no free flap failures
(0/30), except for one pedicled TRAM flap failure (one out of six). One bilateral DIEP recon-
struction patient developed an abdominal bulge requiring mesh repair. No significant wound
dehiscence or frank abdominal hernias were recorded.
Conclusion: Pre-existing scars are not an absolute contraindication to abdominal flap breast
reconstruction. With careful preoperative planning and adoption of appropriate reconstructive
strategies, it is possible to achieve satisfactory results comparable to patients without
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Table 1 Patient Demographics (

Mean age (years) (range)
BMI mean (range)
Smokers
Diabetics
abdominal scars. An algorithmic approach to the selection of the relevant techniques is
presented.
ª 2008 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by
Elsevier Ltd. All rights reserved.
Table 2 Reconstructive flap types in patients with
abdominal scars (n Z 30 patients)

Free muscle-sparing TRAM 15
Free DIEP 11
Free hemi-TRAM 3
Free SIEA 1
Pedicled TRAM 6
Total Number of Flaps 36

Table 3 Abdominal scar types in patients undergoing
breast reconstruction

Scar type Patients

Midline laparotomya 5
Pfannenstielb 23
Subcostal (open cholecystectomy) 4
Grid-iron (appendicectomy)c 6
Laparoscopy 4
Left open nephrectomy 1

a Four patients with midline laparotomy scars had more than
one scar.

b Eight patients with Pfannenstiel scars had more than one
scar.

c Five patients with appendicectomy scars had more than one
scar.
The transverse rectus abdominis musculocutaneous (TRAM)
flap and its variations remain the most widely used method for
autogenousbreast reconstruction followingmastectomy.First
described by Hartrampf et al. in 1982, it has been established
as the ‘gold standard’ for breast reconstruction.1e3 The use of
this versatileflap inpatientswithpre-existingabdominal scars
poses a challenge to the reconstructive surgeon, primarily
because of its potential unreliability. Previous abdominal
surgery may result in devascularisation of portions of the flap
which could compromise its survival. The rate of donor-site
complications is also reportedly increased in these patients,
especially those with subcostal scars.4e6 Therefore, the
presence of midline or paramedian laparotomy and Pfannen-
stiel scarsmaypreclude theTRAMflapas thefirstflapchoice in
many cases.5e9 In order to counteract the potential flap
unreliability, various operative strategies have been proposed
to improve TRAM flap perfusion with variable success. These
include surgical delay, TRAM flap modifications and micro-
vascular augmentation of its perfusion.7,8,10e16 Despite these
reports, TRAM flap use in patients with significant abdominal
scars is still debatable. It has been suggested by some that the
TRAM flap is perfectly safe and effective in these patients,5,9

whilst others have reported an increased risk of complica-
tions.6 Moreover, there is currently no published literature
addressingTRAM flapelevation inpatientswithmultiple scars.
In our practice, abdominal scars, single or multiple, are not
considered to be contraindications to TRAM flap breast
reconstruction. We, therefore, retrospectively reviewed our
experience with such patients over a 7-year period with
specific objectives of documenting their flap/donor-site
outcomes and formulating an algorithm of safe, simple and
effective operative strategies for managing these patients.

Patients and methods

Hospital medical records for all patients undergoing
abdominal flap breast reconstruction by a single surgeon
(CMM) from January 2000 to December 2006 were reviewed
retrospectively. Patients with previous abdominal scars
were identified. The case notes of each patient were then
searched for specific information on previous abdominal
surgery, reconstructive approach, flap outcomes and
donor-site complications. To control for possible con-
founding factors that could affect outcomes, additional
data were gathered on patient’s age, body mass index
n Z 30 patients)

52 (37e69)
27.2 (21.6e35.2)

5 (16.7%)
1 (3.3%)
(BMI), timing of the reconstruction (immediate vs.
delayed), flap type (pedicled vs. free vs. total muscle
sparing), laterality (unilateral vs. bilateral), use of pros-
thetic mesh in donor-site closure, smoking history and
significant co-morbidities.

The minimum time interval between surgery and review
of the case notes was 1 year in order to allow sufficient
time for any complications to manifest.
Figure 1 The main abdominal scar types encountered were
midline laparotomy, Pfannenstiel, subcostal cholecystectomy
and appendicectomy scars.



Table 6 Donor-site complications (n Z 30 patients)

Seromas requiring aspiration 7
Hernia/Bulge 1
Wound dehiscence 1
Infection 0
Dog-ears needing revision 1

Figure 2 (Left) A 59-year-old patient with an open cholecystecto
flap breast reconstruction. The flap harvest is skewed to the oppo
undermining was to stop 3 cm below the upper abdominal scar. (
reconstruction show acceptable breast mound symmetry and an ab

Table 5 Flap-related complications (n Z 30 patients)

Complete flap failure 1 (pedicled)
Partial flap failure 0
Re-exploration 0
Fat necrosis (minor) 2
Skin necrosis (minor) 1
Delayed wound healing 1
Wound dehiscence 0

Table 4 Frequency of anterior abdominal wall scars
(n Z 30 patients)

Scar Group Number of Patients

Single scar 21
Two scars 5
Three scars 2
Four scars 2

1652 F. Hsieh et al.
Results

Over the 7-year period, 110 abdominal flap breast recon-
structions were carried out by the senior author (CMM) in 98
patients. Of these, 30 patients (31%) had significant pre-
existing abdominal scars. No patient with a sufficient
abdominal pannus was turned down for TRAM flap breast
reconstruction on account of the existing scars. The
abdominal scar patients were almost equally divided
between immediate (n Z 14) and delayed (n Z 16) recon-
struction. Their ages ranged from 37 to 69 years
(mean Z 52) (Table 1). The reconstruction types included
15 free muscle-sparing TRAM, three free hemi-TRAM, six
pedicled TRAM, 11 free deep inferior epigastric perforator
(DIEP) and one free superficial inferior epigastric artery
(SIEA) flaps (Table 2).

The main abdominal scar types encountered were
midline laparotomy, Pfannenstiel, open cholecystectomy
(subcostal), appendicectomy and laparoscopic scars
(Table 3) (Figure 1). Nine patients (30%) had more than one
abdominal scar (Table 4). At surgery, the donor blood
vessels were present in all patients, and none were found
to have been previously divided. There was one pedicled
TRAM flap failure (1/6) 3 days postoperatively in a 50-year-
old patient with a previous Caesarian-section scar
(Table 5). All the 30 free flaps were successful. None of the
flaps developed significant fat necrosis resulting in volume
loss. There were no wound dehiscences or frank abdominal
hernias, but one bilateral DIEP reconstruction patient
developed a generalised lower abdominal bulge requiring
onlay mesh repair (Table 6). The healing problems were
minor and required no operative intervention.
my scar and a Pfannenstiel sterilisation scar prior to free TRAM
site side of the subcostal scar, while the abdominoplasty flap

Right) The 6-month postoperative appearances prior to nipple
domen which healed without wound breakdown.



Figure 3 (Left) Preoperative photograph showing a 66-year-old patient with an upper midline open cholecystectomy scar.
Postoperative appearance 9 months following immediate left breast reconstruction with a free muscle-sparing TRAM flap and
simultaneous contralateral mastopexy (right). Patient declined nipple areolar reconstruction.
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Representative cases of the results achieved in patients
with various abdominal scars are illustrated below.

Subcostal scars

In the patient who underwent a delayed right breast
reconstruction with a free TRAM flap, the strategy
employed to reduce abdominal donor-site wound healing
problems was to minimise the undermining of the abdomi-
noplasty flap on the side of the subcostal scar (Figure 2).

Upper midline abdominal scars

Upper midline scars make abdominal closure more difficult,
especially centrally because of their restricted stretch. In
our practice, this tightness was overcome by multiple stab
releases (Figure 3) or Z-plasties of the scars.

Lower midline laparotomy scars

In patients with midline laparotomy scars, a simple but effec-
tive strategy is to vertically split the infra-umbilical tissue into
two, resulting in a hemi-TRAM or hemi-DIEP (Figure 4).

Pfannenstiel scars

Although Pfannenstiel scars can potentially disrupt the
deep inferior epigastric vessels (DIEVs), this has not been
our experience regardless of whether the indication for the
incision was a Caesarian section (Figure 5), hysterectomy or
other gynaecological operation.

Multiple abdominal scars

Abdominal flap breast reconstruction in patients with
multiple scars is still possible with careful preoperative
planning and combined strategies as illustrated in Figure 6
in which an extended free hemi-TRAM was used.

Discussion

Breast reconstruction using autologous tissue yields the
most durable and natural-appearing results with the
greatest consistency.2,3 The TRAM flap has the ability to
reconstruct a large volume breast without the use of
implants and may be associated with fewer long-term
complications compared with other reconstructive
techniques.17,18 However, abdominal flap breast recon-
struction in patients with pre-existing abdominal scars
remains a challenge for the plastic surgeon. In the
senior author’s practice, no patients were turned down
for an abdominal flap breast reconstruction as long as
they had an adequate abdominal pannus. To achieve
this, different operative strategies were adopted to
overcome the limitations posed by abdominal scars with
acceptable rates of flap- and donor-site morbidity.
These operative strategies are briefly discussed below.

Vertical midline splitting of the abdominal flap:
hemi-TRAM (Figures 4 and 6)

The hemi-TRAM flap is an elegant strategy when faced with
a midline abdominal scar. It is particularly applicable to
patients with lower midline scars. This is a commonly
employed technique, with Heller et al. recently using it
successfully in 26 out of 43 patients with midline scars.9 In
our study, breast reconstruction with free hemi-TRAMs was
successfully performed in three patients (Figures 4 and 6).

Oneof the limitations of thehemi-TRAM flap is the relative
lack of volume. This problem is often overcome by contra-
lateral breast reduction, if needed, to achieve size
symmetry. Others have suggested the use of the bipedicled
free TRAM flap19 or implant augmentation of the hemi-TRAM
reconstructed breast.20,21 Other innovative ways of
increasing flap volume are the use of pedicled hemi-TRAM
flap combined with a contralateral free hemi-TRAM flap9 or
stacked pedicled TRAMs22 or stacked free hemi-DIEP flaps.15

Skewing the flap to avoid the lower abdominal
scars (Figure 7a and b)

Although appendicectomy and herniorrhaphy scars are
often located in Zone IV of the flap which is routinely dis-
carded, sometimes these scars may lie within the proposed
flap boundaries. In this case, the free flap is based on the
DIEVs on the opposite side of the abdomen because of the
potentially unreliable vascularity of the tissue beyond the
scar. The flap is skewed to avoid the scar (Figure 7a), and
its volume is increased on the ipsilateral side in a manner



Figure 4 This patient‘s lower midline abdominal scar resulted from a childhood laparotomy for a perforated appendix. She
presented for salvage breast reconstruction on account of severe recurrent peri-implant capsular contracture and painful radia-
tion-induced soft-tissue changes (Preoperative anteroposterior and right oblique views). Her breast was successfully reconstructed
with a free hemi-Tram flap, leading to symptomatic relief and elimination of her laparotomy scar (Postoperative anteroposterior
and right oblique views).
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akin to Kroll’s extended free TRAM flap.23 It is therefore
important for a surgeon to be versatile in the use of both
ipsilateral and contralateral vascular pedicles in abdominal
flap breast reconstruction. Alternatively, the tissue beyond
the scar is merely discarded in patients with an ample
abdominal pannus which still leaves them with an adequate
flap size (Figure 7b).
Minimal abdominoplasty flap undermining (Figures
6 and 8)

Subcostal scars such as those following open cholecystec-
tomies have the potential for necrosis of the abdominoplasty
flap inferomedial to the scar because of reduced vascularity.
Furthermore, such patients are not suitable for pedicled



Figure 5 (Preoperative anteroposterior and right oblique views) Preoperative photographs showing a 45-year-old patient with
a Caesarian section Pfannenstiel scar. The 18-month postoperative results after delayed breast reconstruction with a DIEP flap and
simultaneous contralateral superomedial breast reduction (Postoperative anteroposterior and right oblique views). Note the mild
breast asymmetry following weight gain and increase in size of the DIEP-flap reconstructed breast.
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TRAMs because the superior epigastric vessels have been
transected by the subcostal incision. This is, therefore,
a well-established indication for free TRAM flap breast
reconstruction.24 The strategy employed to reduce abdom-
inal wound healing problems was to limit the undermining of
the abdominoplasty flap to the level of the scar with or
without skewing the flap (Figure 8). Others have suggested
complete undermining, but preservation of one perforator
inferior to the scar25 is not always easy to achieve.
Superficial inferior epigastric artery (SIEA)
free flap (Figure 9)

The use of SIEA free flap virtually eliminates abdominal
donor-site morbidity, because the rectus abdominis fascia
and muscle are undisturbed during its elevation.26e29 Despite
its obvious advantages, the SIEA is limited by its inconsistent
vascular pedicle anatomy, especially the short and small
artery.29 In our practice, in line with the Arnez et al.



Figure 6 (Left) A 54-year-old patient with Pfannenstiel, lower midline, right subcostal and left nephrectomy scars presented for
delayed abdominal flap breast reconstruction which was accomplished with a skewed and extended right hemi-TRAM free flap.
Abdominal closure was achieved with minimal abdominoplasty flap undermining, resulting in an eccentric transverse donor-site
scar (middle). She subsequently requested flap liposuction and abdominal dog-ear excision at the time of contralateral balancing
breast reduction. The final aesthetic outcome 8 months later is presented (right).
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recommendation, this flap is preferred to the TRAM or DIEP
flap if its vessels are suitable.27,28 The perfusion of the SIEA
flap is only reliable to just beyond the midline30; therefore, it
is an especially attractive proposition when patients have
scars of the contralateral part on the abdomen or indeed an
infra-umbilical midline scar, as illustrated in Figure 9.

Reducing the target breast volume by
contralateral breast reduction (Figures 5 and 9)

In patients with lower midline abdominal scars, undergoing
hemi-TRAM or hemi-DIEP breast reconstruction, the rela-
tive lack of flap volume may be a problem in matching the
contralateral breast. This similar situation is also often
encountered in patients undergoing SIEA flap reconstruc-
tion since only a minor part of the flap across the midline
can be included.30 The strategy used in such patients was to
reduce the opposite breast to achieve symmetry (Figures 5
and 9).
Figure 7 Line diagrams illustrating (a) the skewing of the flap u
Discarding part of the flap (Zone IV) in a patient with large abdom
Free TRAM and its variations

Despite being historically considered the ‘gold standard’ for
breast reconstruction,1e3 the conventional pedicled TRAM
flap is relatively contraindicated in patients with pre-exist-
ing abdominal scars because of concerns about the reli-
ability of its blood supply.6,31 In our practice, this concern
accounted for our preferential use of free tissue transfers in
patients with scars, as their vascularity is better than
pedicled TRAMs.23,32e37 Our technique is based on the
muscle-sparing design popularised by Grotting et al.32,33 The
free muscle-sparing TRAM flap is said to be a reliable oper-
ative strategy to reconstruct breasts in patients with pre-
existing abdominal scars.24 Donor-site morbidity including
abdominal bulging and herniation is minimised with the
preservation of most of the rectus sheath and muscle.

Criticisms of the free TRAM flap have centred mostly on
the abdominal-wall donor-site morbidity.38 This led to the
development of the DIEP flap39e41 which can achieve
pwards and to the left to avoid the appendicectomy scar; (b)

inal pannus.



Figure 8 Line diagram to illustrate minimal undermining
(line-shaded area) of the subcostal abdominoplasty flap
designed to reduce its necrosis and consequent wound-healing
problems. Subcutaneous undermining inferiorly beyond the
inguinal ligament (shaded area) can aid donor-site closure if
required (see also Figure 6).
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comparable aesthetic outcomes, but with remarkably
reduced donor-site morbidity,38,41e44 postoperative pain,45

hospital stay and hospital cost.46,47 Free DIEP and muscle-
sparing TRAM flaps were the two most commonly used
Figure 9 (Left) Following massive weight loss, this 49-year-old pa
flap. The preoperative markings for the SIEA flap and contralateral
a Pfannenstiel scar from a gynaecological operation 7 years previou
breast symmetry and minimised volume requirements as shown 8 m
abdominal flap designs in our study. Of these two flaps, the
DIEP flap was preferentially used for the above reasons,
unless the perforators were found unsuitable intra-
operatively.48 Some studies have suggested that there are
no significant differences in venous congestion, flap
necrosis and fat necrosis rates after DIEP and muscle-
sparing free TRAM flap breast reconstruction,49 but this is
by no means universally accepted.47,48

Avoidance of pedicled flaps (Figure 5)

Pedicled TRAM flaps should be avoided in patients with pre-
existing abdominal scars because of the already precarious
blood supply compared to free tissue transfer.32,36 In our
series, only patients with minor scars, such as those
resulting from laparoscopic surgery, underwent pedicled
TRAM flap breast reconstruction. Its general indications
are, however, restricted to patients who are non-smokers,
not obese, with no peripheral vascular disease or diabetes
mellitus. In practice, it is usually reserved for those with
small-to-moderate volume requirements.3

Patients who object to the use of breast prostheses and
insist on abdominal flap reconstruction despite the pres-
ence of multiple scars can be successfully reconstructed by
the use of a combination of strategies (Figure 6). It is,
however, very important to obtain a detailed and accurate
past surgical history which led to the scars. This is because
the precise surgery undertaken may adversely affect flap
vascular reliability. Although there are recent reports of
the successful harvest of TRAM flaps in patients who have
previously undergone abdominoplasties50 or liposuction,51e53

we considered the flap to be no longer available in the
former and the approach to be too unreliable in the latter.
Abdominal scars should not be approached lightly in
tient had delayed right breast reconstruction with an SIEA free
superomedial reduction mammoplasty3 are shown. She had had
sly. The simultaneous left breast reduction was used to achieve

onths later (right).



Figure 10 An algorithmic approach for management of patients with previous abdominal scars highlighting effective, simple
strategies.
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patients seeking abdominal flap breast reconstruction.
This single operator series, however, shows that it is
possible to safely undertake this reconstruction without
the need to use expensive investigations or complex
microvascular surgical techniques as proposed by
others.16,25 Some centres have recently adopted preop-
erative imaging of the DIEVs using CT or MRI.54,55 In our
practice, we found the hand-held Doppler ultrasound to
be sufficient in locating suitable perforators for optimal
flap design and flap survival. Angiography can be useful in
establishing the continuity of the DIEVs in patients with
significant transverse lower abdominal scars. Its reliability
is, however, dependent on the skill and experience of the
interventional radiologists. Our algorithmic approach
highlighting simple operative strategies for safe and
effective abdominal flap breast reconstruction in patients
with pre-existing abdominal scars is presented in
Figure 10.

We have found it useful to divide abdominal scars into
vertical or horizontal types. Within each of these two major
groups, we subdivide the scars depending on their location
with respect to the umbilicus. The supra-umbilical location
predominantly has an effect on the donor-site morbidity,
while the infra-umbilical location has a greater influence on
the flap-design choice and reliability.

In conclusion, abdominal scars do not constitute an
absolute contraindication to abdominal flap breast recon-
struction. With careful preoperative planning and adoption
of appropriate reconstructive strategies, it is possible to
obtain good aesthetic results comparable to patients
without abdominal scars. An algorithmic approach can
facilitate the achievement of this objective.
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