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OBJECTIVE. This study aimed 1o evaluate the utility of MDCT in planning abdominal
perforator surgery for breast reconstruction in patients who have undergone mastectomy.
SUBJECTS AND METHODS. One hundred twenty-six consecutive patients scheduled
fior postmastectomy breast reconstruction using deep inferior epigastric perforator flaps underwent
MDCT. The images were evaluated to identify, characierize, and map the dominant musculo-
cutaneows perforator vessels of the deep inferior epigastric artery, In the first 36 paticms. we
compared the intraoperative findings with the preoperative MIDCT findings. In the latter Y0
patients. the dominant perforator vessels were directly selected on the basis of MDCT findings.
RESULTS. We found on exact correlation between the intracperative and radiologic
lindings in the st 36 coses. In the following %0 cases, the average operating time saved per
patient was | hour 40 minutes and there was a significant reduction in postsurgical
complications. The preoperative evaluation by MDCT confirmed the wide range of variability
in the vascular anatomy of the abdominal wall previously described in anatomic studics
CONCLUSION. MDCT provides valuable information before surgery about the artenial
anatomy of the inferior abdominal wall. [t enables accurate identification ol the most suitable
dominant perforator vessel and makes surgical perforator flap procedures for breast re-

construction faster and safer.

ince its introduction in the 1980

11. 2]. abdominal perforator flap

surgery has become the mainstay

for complex breast reconstruction
procedures, A perforator flap consists of a
flap of skin and subcutaneous fal that is
dissected from a donor site chosen on the
basis of a perforator vessel. The underlyving
muscle can be completely spared (Fig. 1),
These Naps are usually named afer the blood
vessel that is used. The perforator vessel and,
on occasion, a scetion of the vascular trunk
form the pedicle of the flapithat is anastomosed
1o recipient vessels.,

The chicf advamtage of using pertorator fllaps
fior breast reconstruction [3- 3] is that they spare
the muscle at the donor site, drastically reducing
patient  morbidity and achieving a faster
recovery for the patient after surgery without
any function loss, Performtor flaps can be
harvested from several donor areas [6, 7], For
breast roconstruction, the use of abdominal

perforator flaps is peesently the echnique of

choice because the skin and subcutancows far
tissue of the abdomen are comparable with
those of the breast [4, B, 9]. The main vascular

trunk in abdominal perforator faps is the deep
inferior epigastric ariery. From the decp inferior
cpigasiric arery, the pertorator vessels that go
through the rectus abdomins muscle and s
fascia emerge, irrigating the skin and sub-
cutaneous fat of the subumbwlical area tha
constitutes the flap iself This Map is trans-
ferred 1o the breast recomstructive arca and
anastomosced by microsurgery (Fig, 2.
Raising a perforstor lap requires meti-
culous dissection of the perforator vessels,
sparing the muscular structure with its seg-
mentary motor nerves, Special skill is needed
for such surgical dissection, and the intra-
operative time is considerable. Because the
vascular anatomy of the abdominal wall
varies greatly among individuals and even
between one hemiabdomen and the other in
the same individual, establishing a vascular
map of each patient before surgery would
facilitate disscetion. Because ol its simplicity,
Doppler sonegraphy has been used routinely
since the carly days of microsurgery to locate
the best perforator vessels before surgery
[10]. However. the number of false-positives
i5 high[11]. Color duplex Dopplersorography
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MDCT to Plan Breast Reconstruction

Fig. 1—Blaad supply of narmal cutanetus tissue of raised pecforator flap. F = fascia, M = muscle. P = parforator

vessel, 5 = subcutaneous fat

A, Drawing shows normal anatomy of perforator artery piercing muscle and fascia o provide blaed supply in

CUTENEOLIS TISS0E.

B, Drawing shows perforator flap after muscular dissection of vascular pedicle.

has proven effective, although i is not widely
accepted for presurgical study [12, 13]. Data
reparding MRI are alse lacking, we fouwml
omly one  bibliographic  reference in the
[nerature [141.

Because a method 1o assess the perforator
vessels before surgery has not yet been
gstablished w0 our knowledge, the aim of
our research was o evaluate the use of
MDOT toward this end and to analyze its
effect on surgical planning and complication
rates. Tir assess the vaseular anatomy of the
lower anterior abdeminal wall, with an
emphasis on the deep inferior epigastric
artery and s perforator vessels, for the

study peried we routinely performed MDCT
for the presurgical evaluation of deep
inferior epigastric perforator (DIEP) flaps
used in breast reconstruction.

Because the high spatial resolution of
MDCT allows muloiplanar cvaluation of
vessels and 3D volume rendering, it can be
used successfully to create u vascular map.
The MDCT data obtained may help to
improve surgical strategies and perform sater
and faster procedures,

This study discusses the usefulness of
MDCT in the evaluation of the vascular
anatomy of the inferior abdominal wall
before DIEP lap hreast reconstruction,

Subjects and Methods
Patient Sample

From Ogtober 2003 10 March 2006, ML
stuhes were prospectively performed in 126
comseculive paticnts before undergpoing abdominal
perforator surgery, The only selection crigrion
was an iedication for breast reconstruction surgery
using a DIEP tap

The study was approved by the instiutional
review boand for human studies and informed
written consent was obtained from all patients. ko
patients had any comorbid condition that contra-
indicated breast reconstruction, Two patients with a
history of iodine allergy were excluded.

CT Pratocol

MIXT  studies were perfirmed wsing
16-MDCT scanner {Agquilion b, Toshiba Medical
Systems). The patients were placed ona O table
i the suepine position.

Belore MIFCT explocation, a line was drawn on
the patient’s sbdomen from the siphoid 1w the
wimbilicus amd used o orient the longitudingd axs of
CT. This orientation was repeated ot surgery. For the
MDCT cxaminanon. the paleots anms  were
extended alongsxde the body and the patient’s elbows
were flexed toavoid artfisets. The MDCT parameters
werg (.4 -second gantry rotation speed, |-min slice
thickness (<163, 21-mem 1abbe travel per rotation, and
pitch of 1.4 The x-rwy wbe volage was 2000308
mA. Al scanming  was  performed  afier |Y
adminisiration of L0 mL of senionic wdinated
contrast medium at a concentration of 3500 my; I'ml
{robitridol [ Xenetx 380, Guerbetfl. The contrast

Fig. 2—Deep infarior
epigastric parforatar
[DIEP) Map for breast
raconstruction

A, Drawing shows DIEP
flap bang raised.

B. Drawing shows
immediate postoperative
regult after transferring
abdominal tissue o
chistwall with internal
mammary micravascular
anESlamasis.
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Fig. B——48-year-o
[DIEPT Flap su
A and B, Locat

¢ for breastreconstructian.

n of Lar

D

voman undergoing MOCT for preoperative planning of deep inferior epigestric perforator

gast perforator vassals is shown on axiel MOCT image [A] and 30 superficial valume-

rendered image (B, Arrow in A indicates cutaneous location of emerging fascial point of largest perforator
vessel [black arrowen Bl White arrow in B indicates anather perforator vessel not seen in A

C. Results of A and B are reflected in custam-made form

D, Phatograph shows data obiaired from MOCT marked on patient’s abdominal skin to facilitate intracperative

loga

10

knoawing the arten's position &= sullicient 1o assess

the wons” locations, In additkon. the radi@ion dose

fuced by olwiating a venous phase.

W performed multiplanar amd il recon-

wction ol the abdomen a1 3 work=ation to locate

11 where the perforaling arlerics

fascia. Virtuel coondmales were

phiced wi tlacus as the center 1 ablain

vascular mio

The entire abdorminal wall

was studied. and the

re dlomanam perforator

vessels on each hemiabdomen were marked, The

diy Detarg surgery 1 ap design wies drawn o

the ;,"'.;I:Il_"'l'.l,-\ skin, Ulsing this .\J||'|;1'|l_' sysiem of

coordinates, the perforn wits transterned to

the dmta registratron sheel before teansier o the

patient’s skin surface (Fi

In the first 36 patients. the MBPCT imiygres

obtained  before were reviewed afler

AUTZCTY

surgery by the s

ool a radinlogist and a

plustic sur

geon. In the ollowmg $0 patents, a
postoperalive review was performed only in cases
ol discrepancies  between the radiologie and

aoperative findings
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Surgical Technigue

Patients were placed supine with their arms
alongside the body. Surgery was performed by
wer surgical teams: One ratsed the abdominal Nap
and the other located and prepared the receplor
vessel, which was the internal mammary artery i
most cascs. (e surgeon assessed the surgical

findings. (nce a perforator vessel was located, it

was approached through o notural sphit on the
fascia or by cuiting a small buttonhole (3-4 mmb
the
performed by isolating the small muscular

around vessel, Perforatgr  dissection  was

branches and preserving all motor segmentary
nerves, The perforator route was then extended

toward the inferior epigastric vessel depending on

the length of the pediche needed, Onee the §

was wially dissected. the flap was moved to the

eceeplor arca where it was anastomosed 1o the

internal mamemary  vessels wnder  macroscopic

rnifice

won { Fig. 2)

1t the first 36 cases, all perforotor vessels were
Tocated while the flap was being elevated because

these procedures were performed before the wse of

preoperative MDCT. The flap was elev

L
suprafascial dissection of the entire Hap. Onee The
perfurator vessels of a chimically sceepiable caliber

for miceosurgical transfer were dissected, they

were located with a ruler i the axes in relation

o
the umbilicus. Any discrepancy was noted and
digital phoasgraphs were obtained, The surgical
and rediodogic results were compared alter sergery
by the same redivlogist and plastic surgeon.

Because the reliability of MICT 10 seles

w
desminant perforator vessel was established in the
first 36 coses, i the nesl 90 cansecutive Casas

the surgeon directly dentified and dissecred the

perforator vessel previously selected using
MDT images. In this second group of patieils.
= Eraup

we noled the surgical tme and postsurgical

complications, The results of this second phase of
the study were compared with the results in o
prior surgical study of 100 patents without
MDUT puidance (Masia ) et al., presented al the
005 M World

Microsurgery meeting). The surgicad weechnigue

Society  of  Reconstructive
was identical for the two groups (90 DIEP flaps
from 1he second phase of our study vs 100 DHEFP
Maps from the presentation by Masa et al . Inthe
sccond group, we were aware of the exact location
of the vessel 1o be dissected. Time kecping was

pecformed in all cases by the same surgicil

in an objective Gshion,

Surgical complications of the DIEP Haps
were measured by observation both during the
and

immediate and midierm | between 24 hours and

surgival procedure climigally  in  the
6 months) postoperative period, We analyzred
the mest commaon intracperative compheation

that is, conversion Trom DIEP Hap to transwver

rectus abdominis myecutaneous (TRAM) fap

TABLE |: Complication Rates of
Abdominal Perforator
Surgery for Postmastectomy
Breast Reconstruction
Before and After Using
MDCT for Preoperative

Planning
Complication Rate 3]

Gefore | After

DIEP Flap Complication | MOCT MOCT
Partial necrasis (< 20%} 6 z
Partial necrosis (> 20%) § a
Total necrosis 4 |1
Conversian of DIEP flap | 1 | 0

1o TRAM fizp

MNate—DIEP = deep inferior epigastric perforatar,
TRAM = ransverse recius abdaminis myocutaneaus

*Masia ) etal., presented a1 the 2005 Il Warld
Society of Reconstructive Microsurgery mieting
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Fig. 7—52-year-okd

ruction.
Valume-rendered axial
MDOCT imaga shows
paramuscular parforator
vessel pier
at periumb: | lenval
row). Note left lumbar

forator vessels, the dominant

perfors

artery on cach hemiabdomen was loca

45 cases (62.5%) in an infraumbilical
from

Jemi dr
cm in the left hemiabdomen and

right hemiabdomen.

cm in the

In the second phase of the study, once we
had confirmed that the radiologic and surgi-
cal findings matched, we directly located and

dissected the dominamt perforator vessel
The time elapsed between skin

valion decreased s

ncision and
[ antly. When
ical time wsed by the same surgical
team for 100 cases before the use of MDCT
(Ma I

J e al,
World Scciety of Reconstructive Microsur-

anili

presented an the 2005 111

) was compared with the time
taken in the second phase of our st

decrease of | hour 40 i

Wi

les.

ive conversions of a DIEP flap
o a TRAM flap and short- and mediu

postoper

=[Crm

tive complications (i.e., total or

necrosis) decreased in comparison
with the number of conversions and post-
¢ complications encountered by the
before using MDCT

he clearest decrease was

apers
me  surgical
le 1)

erative comphcations, particularly

n posi-
partial

Yo which was reduced

from six

]

preoperative MDCT to no cases (0%) after

Cases before the wse of

the use of MDCT for preoperative planning
As in the first phase, during the seeond phasc
we did not find any false-positives or false-
sives for the identification and localization
! nt perforator vessel.

the MDCT
each of the 126 studied patients.
¢ perforator

the asscssment of

we loca at least one adeq

vessel for surgical use. In 93.7

o O Cases, we

identified two or three potentially suitable
of the abdx

In 6.3%, we found only one suitable perforator

pertorator vesscls on cac

[}

vessel in the whole abdomen. Several anatomic

findings were particularly relevant to surgeons

using this surgical wchnique. [n 9% of the

cases, we observed perforator vessels with a
totally extramuscular course. These vessels
initially followed a retromuscular plane betore
piercing the muscular fascia in the exact

abdominal mad ne. They were thus para-
rather
rator vessels (Fig. 7)
We consider these perforator vessels to be
ideal bee
tion, The mean d

muscular perforator  vessels than

musculocutancous perfy

s¢ their course facilitates dissce-

tance between the umbilicus
and the point where the decp inferior cpi-
gasiric artery became int

mim for the right hemiabdomen and 82 mm for

amuscular was 65

the left side; both mean distance values had

large deviatio supporting the enormous

variability of vascular anatomy in this arca

ht epigastric artery bifurcated into
wl medial branches in 58.8%

| remained single in the rest. In the

lateral : of the

patients

in 52.5% of the Ihe mean distance

CASCS,

between the division point and the umbdlic
was 5045 cm for the r

s

and 50.24 ¢m for the left. However, the range

of values ws

high, again supporting the high
anatomic variabilit

Wi alzo obszerved th

amaong pag 1¢nts

the selected perf-

more often from a
tendinous band than from the rectus abdominis

orator vessel emerged

muscle fascia—in 52.9% of vessels selected

miabdomen and in 67.6% on
the left hemiabdomen. On the contrary. most

on the right

of the nonselected perforator vessels emerged

directly through the muscle
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COur analysis of the distnibution of the
perforator vessels showed variability not only
among individuals but also between the two
sides of an individual’s abdomen. Symmetric
distribution of the perforator vessels on the
two sides of the abdomen was seen in only
5.9% of the cases, Symmetry of the dominant
pertorator vessel on cither side of the abdomen
was seen i only 14.7% of the patients,

Discussion

As a result of the wider availability of
breast screening services, a greater number
of breast cancers are diagnosed and a greater
number of women undergo  mastectomy.
Hreast reconstruction helps to ease the trau-
ma of cancer, improving psychologic recov-
ery and boosting self-esteem [16]. Thene ane
many procedures from which o choose for
breast  reconstruction  after  mastectomy.
These procedures imvolve either the use of a
breast implant or reconstruction of the breast
with autologous tissue. Uniil recently. syn-
thetic implants were the treatment of choice,
but they present considerable limitations.
Symmetry is likely affected in the mid- and
long-term due o natural changes in the shape
and contour of the contralateral breast or
changes m body weight, Furthermore, the
risk of developing a capsular contracture, a
natural reaction to o foreign body, affects
15 -25% of patients. This complication not
only alters the esthetic outcome but also
causes  considerable  discomfort  [17-22].
I'kese consequences can be cven greater in
paticnts who have undergone radiation thera-
pv. and cases of prosthetic excrusion have
been reported [17]. Finally, prosthetic im-
plants deteriorate over time and may need to
ke replaced. meaning additional surgery for
the patient [18].

Breast reconstruction using the patient’s
own tissue offers o more natural, softer
breast mound, with better symmetry with-
out the need for periodic revisions or addi-
tional surgical procedures [22]. The wse of
autofogous tissue is acceptable only if the
associated morbidity is low. The first autol-
opous recomstructions used TRAM laps
that included not only skin and subcutanc-
ous fat but also a portion of the rectus abdo-
minis muscle, but thizs procedure led o
functional limitations and an increased risk
of sbdominal wall hernias. Since Koshima
andd colleagues [1] and kroll and Rosenfield
[2] reported the results of their studies, new
perforator Maps have been developed. These
flaps are based on meticulous dissection of

AJR:191, September 2008
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the perforator vessels within the muscle
with only skin and subcutaneous fat har-
vested. In breast reconstruction, the perfo-
rator Map that provides similar tissue is
known as the “DIEP Nap.” Because of the
anatomic variability of the branches of the
deep inferior epigastric artery, having a de-
tailed vascular map of each patient before
surgery would be useful.

Doppler sonography is used routinely by
surgeons 1o locate the perforating arteries
before perforator fap clevation. and it is the
most commonly used technigue for the pre-
operative localization of an individual vessel
[10]. There is a good correlation berween the
audible volume of the signal and the diame-
ter of the perforator vessel; however, Doppler
sonography can, at times, be imprecise [11.
12]. It offers only a limived amount of infor-
mation and cannot distinguish perforator
vessels from main axial vessels. The number
of false-positives is large, rising o up 1o 47%
in a series [11]. Therefore, the value of Dop-
pler sonography in this sctting is question-
able. Doppler sonography may also be too
sgnsitive because cven minuscule vessels
that are not large enough 1o support a perfo-
rator ap can be selected for abdominal per-
forator surgery.

Color Doppler imaging offers more infor-
mation than Doppler sonography. It provides
a pood evaluation of the main axial vessels
and their branches and the perforator vessels.
Moreover, the caliber and hemodynamic
characteristics of the perforator viessels can
be observed directly on color Doppler imag-
ing. The high sensitivity and the 100% pre-
dictive value of this technique have made it
an excellent diagnostic tool in the planning
ol MEP flaps [12]. Unfortunately. color Dop-
pler imaging also has some limitations; it is
time-consuming for the radiologist 1o per-
form and patients are often uncomfortable
because they must remain in the same posi-
tion for nearly | hour. It requires the pres-
ence of highly skilled sonmopraphers with
knowledge of perforator flap surgery. In ad-
dition. color Doppler imaging does not pro-
vide anatomic images that show the relation-
ship between the perforator vessel and other
structures along s route. Regarding MRI,
we know of only ene reference in the medi-
cal literature, and it is a descriptive review of
a small number of cazes and does not assess
the diagnostic value of MR [14].

With the recemt development of MDCT, a
considerable number of thin-sliced CT
images are obtained in a short tme. TV

contrast medium can be imjected at high
velogities, and excellent images are obtained
of the vasculature. The increased spatial
resolution offered by MDCT allows highly
accurate multiplanar and 3D reconstructed
images to be obtained. MDCT has become a
valuable diagnostic procedure for assessing
abdominal vessels and disorders of the aora
and its major branches [23-26]. Before our
preliminary studies [27], the wsefulness of
MDCT in detecting and evaluating the deep
inferior epigastric artery and itz abdominal
perforator vessels had not been reported, In
the present study, we present a considerably
farger number of cases, confiem the resulls
from our previous study, and imtroduce new
conclusions that add 1o the advantages of
breast reconstruction surgery wsing auto-
logous tissucs,

Our results confirm that MDCT is a highly
suitable test for identifying and locating the
dominant abdominal perforator vessel with a
100% positive indicative value and no false-
negatives, Specificity was slightly lower fur
the assessment of other perforator vessels
that may be acceptable for surgery: for
example, in one case, a suitable perforator
vessel was missed on the radiologic study.

From a radiologist’s point of view, MDCT
is casy to perform and provides unigue and
valuable information for surgical planning.
This technique is easily reproducible and has
immediate value for practices in which
patients undengoing breast reconstruction ane
imaged. Radiologists can read these images
independently and create standard viewing
protocols in cooperation with referring
surgeons. The average time needed o read
these MDCT studies was |3 minutes, ranging
from 10 to 20 minures.

Before the use of MDCT in the pre-
operative planning of DIEP flap surgery. the
elevation of the flap lasted an average of 4
hours, because this step included dissecting
the inferior cpigastric vessels, selecting the
dominamt perforating artery, and dissecting
the dominant perforating artery. The ability
to detect the dominanmt perforating artery
preoperatively saves considerable time for
the surgeon. In our serics. the time peeded 1o
clevate the flap was halved. The benciits thus
extend 1o the patient and also to reducing
costs and conserving resources. Inthe present
series, we also found a clear decrease in the
number of postoperative  complications,
mainly regarding partial necrosis of the flap.
Partial neerosis of the flap (larger and smaller
than 20%) diminished from 12% in the
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previeus study of 100 patients 0 2% in the
i patients in the second phose of our study.
Thercfore, this decrcase was due to the
preaperative selection of the dominant per-
forator vessels v MDCT.

If we compare Doppler sonography with
MDCT in this setting, we can conclude thar
the laner has a higher predictive value and is
more  specific for  abdominal  perforator
mapping. As for color Doppler imaging.
despite its higher reliability than Doppler
imaging in locating the perforator vessels
and  assessing their flow,  color Doppler
imaging does ot provide anatomic images
that show the surgeon the route and anatomic
relationships of the deep inferior epigastric
artery and us perforator branches,

Drata obtoined using MDCT enable surgeons
1o select o dissection strategy. The dominant
pertorator vessel can be chosen before surgery
om the basis of not only its caliber bur also its
route and anatomic relationships with sur
rounding structures, This capability makes the
entire procedune sater and faster. In DIEP Nap
candidates who have underpone  previeus
abdominal surgery. MDCT allows excellent
evaluation of postsurgical changes, MDCT
alse permits  anatomic studies.  previously
feasible only in cadaver dissection, without
stgnificamt morbidity,  Parameters such
difterential pressures or the functional state of
the vessel can also be well studied without
cadaver limitations.

The results of our study conliem  the
anatomic  variability previously  repored
from cadaver dissections [28, 29] and show
that MDCT 15 a significantly valuable tool
for planning of ahdominal perforator flap
surgery: With the use of preoperative MDCT,
operaling time can be significantly reduced
and surgery can be performed more safely
and effectively,
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