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Purpose:

To prospectively evaluate 3.0-T gadolinium-enhanced
magnetic resonance (MR) imaging for localization of inferior epigastric artery (IEA) perforators before reconstructive breast surgery involving a deep inferior epigastric
perforator (DIEP) flap.

Materials and
Methods:

This study was exempt from institutional review board
approval, and the requirement for informed patient consent was waived. Data were collected and stored in compliance with HIPAA regulations. Nineteen patients (mean
age, 46.3 years) underwent three-dimensional gadoliniumenhanced 3.0-T MR imaging of the abdomen before undergoing DIEP flap breast reconstruction. Up to four of the
largest perforators arising from the IEA on each side of the
umbilicus were identified. The diameter, intramuscular
course, and distance from the umbilicus of each perforator
were recorded. One of the marked perforators on each
side was labeled “the best” on the basis of an optimal
combination of perforator features: diameter, intramuscular course, and location with respect to the flap edges. MR
findings were compared with intraoperative findings. The
two-tailed Student t test was used to compare the mean
diameters of all perforators with the mean diameters of
the perforators labeled as the best.

Results:

There were 30 surgical flaps, and 11 (58%) of the 19
patients underwent bilateral flap dissection. At surgery,
122 perforators were localized, and 118 (97%) of these
perforators—with a mean diameter of 1.1 mm (range,
0.8 –1.6 mm)— had been identified at preoperative MR
imaging. Thirty perforators with a mean diameter of 1.4
mm (range, 1.0 –1.6 mm) were labeled as the best at MR
imaging. Thirty-three perforators were harvested intraoperatively, and all of these had been localized preoperatively. Twenty-eight (85%) of these 33 perforators were
labeled as the best at MR imaging.

Conclusion:

Gadolinium-enhanced 3.0-T MR imaging can be used to
accurately localize IEA perforators and to select the optimal perforator to be harvested for DIEP flap reconstructive breast surgery.
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R

econstructive breast surgery after
mastectomy remains a common
treatment option for some patients with breast cancer. Traditionally,
it has been performed by using pedicled
flaps such as transverse rectus abdominis myocutaneous (TRAM) flaps (1).
During the TRAM flap procedure, the
surgeon harvests a portion of rectus
muscle and overlying subcutaneous fat
and uses these tissues to reconstruct the
breast. A segment of the inferior epigastric artery (IEA) harvested along with
the flap is anastomosed to the internal
mammary artery to provide a blood
supply to the reconstructed breast.
An alternative microsurgical breast
reconstruction technique called deep inferior epigastric perforator (DIEP) flap
reconstruction was developed recently.
During this procedure, the breast is reconstructed by using the subcutaneous
abdominal fat only, leaving the underlying rectus muscle intact. The area of the
flap is centered around the umbilicus
(Fig 1). During the course of the surgery, the surgeon dissects the fat off the
rectus fascia. To create a blood supply
for the flap, the surgeon meticulously
dissects the area of the flap, dissecting
unnamed small branches that arise from
the IEA (1). These branches, usually
called perforators, course through the
rectus muscle and extend into the sub-

Advances in Knowledge
䡲 A three-dimensional (3D) gadolinium-enhanced T1-weighted fatsuppressed gradient-echo sequence performed by using a
3.0-T MR imager was used to localize 97% of the perforating arteries arising from the inferior
epigastric artery (IEA) before
deep inferior epigastric artery
perforator (DIEP) flap reconstructive breast surgery.
䡲 T1-weighted 3D fat-suppressed
gradient-echo gadolinium-enhanced MR imaging was used to
predict with 85% accuracy which
perforator arising from the IEA
would be the most favorable to
harvest for DIEP flap breast
reconstruction.
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cutaneous fat. Ideally, a single best perforator is harvested (1). The decision of
which perforator to harvest is based on
the size and location of the vessel; ideally, a single dominant perforator in the
center of the flap is taken (1). Once a
perforator is selected, it is dissected
through the rectus muscle down to the
IEA; then, a portion of the IEA as well as
a perforator are harvested (Fig 1). In
bilateral breast reconstruction, the perforators on both sides of the umbilicus
are identified, whereas in unilateral reconstruction, the perforators on the
side contralateral to the mastectomy
site are harvested.
The DIEP flap has certain advantages over the TRAM flap: It is associated with lower rates of donor site complications, such as pain, abdominal wall
laxity or hernia, and functional impairment, and often yields a better cosmetic
appearance (1). However, the DIEP flap
procedure involves a much longer dissection time because the location of the
perforators is variable and the entire
area of the flap has to be dissected to
locate perforators that are often 1 mm
in diameter or smaller. In the TRAM
flap procedure, no preoperative imaging
is necessary because the location of the
IEA is fairly predictable.
The standard examination for preoperative localization of the perforators
for DIEP flap reconstructive surgery is
Doppler ultrasonography (US) (2). Although preoperative Doppler US can
provide an overall view of the distribution of the individual perforators, it is
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associated with a high rate of falsepositive results and a considerable rate
of false-negative results (3). For DIEP
flap breast reconstruction, preoperative
cross-sectional imaging evaluation has
been reported to be highly beneficial
(2,4,5). Alonso-Burgos et al (4) and Masia et al (5) found that preoperative
knowledge of the location and diameters of the perforators facilitated
shorter dissection times and greater
ability to plan the location of the flap. In
both these studies, four- and 16-detector computed tomography (CT) was
evaluated and shown to be highly accurate for preoperative localization of the
perforators (4,5). However, because
DIEP flap surgery is a cosmetic procedure, one can assume that a younger
subgroup of breast cancer patients
would seek it; therefore, the exposure
to ionizing radiation associated with the
use of CT may be an important drawback. The purpose of our study was to
evaluate 3.0-T gadolinium-enhanced
MR imaging for localization of IEA perforators before DIEP flap reconstructive
breast surgery, which would obviate the
patient’s exposure to radiation.

Materials and Methods
The authors had no financial interests in
any products, drugs, or devices associated with this study. There were no
commercial interests, such as stock
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䡲 The described 3D gadoliniumenhanced T1-weighted fat-suppressed gradient-echo sequence
performed at 3.0 T yields an accurate map of the location of anterior abdominal wall perforators
before DIEP flap breast reconstruction and thus facilitates intraoperative localization of these
small vessels.
䡲 By performing MR imaging, one
can avoid exposing this relatively
young subgroup of breast cancer
patients to ionizing radiation.

Abbreviations:
DIEP ⫽ deep inferior epigastric perforator
IEA ⫽ inferior epigastric artery
3D ⫽ three-dimensional
TRAM ⫽ transverse rectus abdominis myocutaneous
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Study Design
Our institutional review board exempted this study from approval, and
the requirement for informed patient
consent was waived. The data were collected and stored according to Health
Insurance Portability and Accountability
Act regulations. This study included patients scheduled to undergo elective
DIEP flap breast reconstruction performed by the participating surgeons
(D.T.G., J.L.L., H.A.E.). Patients who
had any of the established contraindications to MR imaging or who declined to
undergo MR imaging owing to marked
claustrophobia were excluded from the
study. We prospectively collected the
data from MR imaging of the anterior
abdominal wall performed in patients
before they underwent DIEP flap reconstruction. All MR examinations were
performed at one institution (Montefiore Medical Center) between September 2006 and August 2007.
Patients
A total of 21 women were scheduled to
undergo DIEP flap breast reconstruc-

tion during the specified period (between September 2006 and August
2007). One patient was excluded from
MR imaging owing to the presence of a
soft-tissue expander; another patient
was excluded because she had marked
claustrophobia. Thus, a total of 19 patients (mean age, 46.3 years; age range,
31– 64 years) underwent preoperative
MR imaging of the abdominal wall before undergoing DIEP flap breast reconstruction at our institution during the
specified period. A total of 30 surgical
flaps were used in the 19 patients: 11
(58%) patients (mean age, 47.3 years;
range, 41–54 years) underwent bilateral flap dissection, and eight (42%) patients (mean age, 44.9 years; range,
31– 64 years) underwent unilateral flap
dissection. There was no significant difference in age between these two
groups (P ⫽ .52).

MR Imaging
All examinations were performed by using a 3.0-T imager (Philips Achieva,
software version 10.6; Philips Medical
Systems, Best, the Netherlands) and an
eight-channel torso surface coil. A
three-dimensional (3D) gadoliniumenhanced fat-suppressed T1-weighted
gradient-echo sequence—specifically, a
T1-weighted high-resolution isotropic
volume examination (THRIVE; Philips
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Medical Systems)—was performed in
the axial plane. The scanning delay was
20 seconds; three consecutive breathhold acquisitions were performed. The
parameters used for the MR acquisition
are summarized in the Table. All patients received a standard dose (0.1
mmol per kilogram of body weight) of
gadopentetate dimeglumine (Magnevist; Bayer Schering, Leverkusen, Germany) followed by 20 mL of normal saline solution at an injection rate of 2
mL/sec.

Image Interpretation
Each MR image was interpreted by one
of two board-certified radiologists with
2 (V.C.) and 22 (A.M.R.) years of experience in abdominal imaging. A single
radiologist reviewed the images obtained in all three gadolinium-enhanced
acquisitions and determined those images that demonstrated the highest signal intensity of the perforators with the
least venous contamination. These images were reviewed in detail by the
same radiologist to determine the perforator location.
In each case, up to four of the largest perforators were localized on each
side of the umbilicus for potential harvesting. The size (diameter, in millimeters) of the perforator and the distance
of the perforator from the umbilicus

Figure 1

Figure 1: SchematicrepresentationsofDIEPflapresection.(a)Theareaoftheflap(outlinedingreen)iscenteredaroundtheumbilicus(arrow).(b)Thesubcutaneousfatisresected,and
theunderlyingrectusabdominismuscle(arrow)isleftintact.(c)Theflapconsistsofsubcutaneousfat(longarrow),asegmentofanIEA(arrowhead),andaperforatingbrancharisingfromthe
IEA(shortarrow).Cubesatbottomrightarereferencesprovidedbytheworkstationtodemonstrateexacttiltoftheimage.A⫽anterior,F⫽feet,H⫽head.
Radiology: Volume 250: Number 2—February 2009
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MR Imaging Parameters
Parameter

Value or Description

Sequence
Imaging plane
Repetition time msec/
echo time msec
Flip angle (degrees)
Section thickness (mm)
Section overlap (mm)
Matrix
Z-axis coverage (cm)

THRIVE
Axial
4.4/2.2

Field of view (mm)
Voxel size (mm)
Breath-hold duration
(sec)

10
4
2
512 ⫻ 384
16 (Superior edge
5 cm above
umbilicus)
320
0.5 ⫻ 0.8 ⫻ 2.0
29

along the axial and craniocaudal axes (in
centimeters) were recorded. For each
perforator, 3D surface-rendered images
of the patient’s anterior abdominal wall
were generated at a computer workstation (Aquarius, version 1.7.2.19; TeraRecon, San Mateo, Calif). The image
postprocessing software of the workstation uses the original 4-mm-thick sections to create 3D volume data. These
data can be displayed as a surfacerendered or maximum intensity projection image with a slab thickness of 1 mm
or greater. For these examinations, a
slab thickness of 1 mm was used during
image postprocessing. At the workstation, once an arrow is placed on a maximum intensity projection image, it
maintains its position during image manipulations such as change in projection
and conversion from maximum inten-
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sity projection to surface-rendered image. Thus, once the arrow is placed
pointing to the perforator’s exit point
through the fascia on the axial maximum intensity projection, the maximum
intensity projection is changed to a frontal projection and then converted to a
surface-rendered image while the arrow’s position is preserved. The umbilicus and the points where the marked
perforators exited the rectus fascia
were marked on the surface-rendered
images. The transverse and craniocaudal distances of each perforator from
the umbilicus were labeled on a surfacerendered image (Fig 2). The annotated
and nonannotated surface-rendered images and the axial images were made
available to the surgeons preoperatively.
One perforator on each side of the um-

Figure 2

Figure 2: Image postprocessing in 42-year-old woman. (a) Axial 1-mm maximum intensity projection obtained from a source MR image (4.4/2.2) displayed at
independent workstation, with arrow pointing to the point where a perforator (p4)
exits the rectus fascia. (b) The maximum intensity projection is transformed into a
3D surface-rendered image, with the (short) arrow maintaining its position. The
umbilicus and perforator are labeled. (c) The horizontal and longitudinal distances
between the perforator and the umbilicus are measured on a 3D surface-rendered
image.
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Figure 3

Figure 3: MR images in 50-year-old woman. (a) Axial 3D gadolinium-enhanced T1-weighted fat-suppressed gradient-echo MR image (4.4/2.2, 10° flip angle) shows a 1.2-mm perforator (arrowhead) exiting the rectus fascia. (b) Three-dimensional surface-rendered image shows a relatively long distance between
the perforator (p8) and the center of the flap, which is the umbilicus. This perforator was not harvested during surgical dissection owing to its peripheral location.

Figure 4

Figure 4: MR images in 50-year-old woman described for Figure 3. (a) Axial 3D gadolinium-enhanced T1-weighted fat-suppressed gradient-echo MR image (4.4/2.2, 10°
flip angle) shows a 1.3-mm perforator (arrowhead) exiting the rectus fascia. (b) Three-dimensional surface-rendered image shows a relatively short distance between the perforator (p5) and the center of the flap, which is the umbilicus. This perforator was harvested during surgery owing to its large size and central location.

bilicus was labeled “the best.” The algorithm used to choose the best perforator
was based on criteria that our referring surgeons (D.T.G., J.L.L., H.A.E.) use to select
the perforator suitable for harvesting intraoperatively. Perforator size was given the
highest priority, and in those cases in which
a single perforator was the largest, it was
labeled as the best. In cases in which there
were more than one large perforator equal
or nearly equal in size (ie, difference
in diameter of not more than 0.1 mm),
the perforator located most centrally
Radiology: Volume 250: Number 2—February 2009

with respect to the flap edges (ie, closest to the umbilicus) was labeled as
the best. In cases in which there were
more than one large perforator equal
or nearly equal in size and similarly
located with respect to the flap edges,
the perforator with the shortest and
least tortuous intramuscular course
was labeled as the best. The size and
location of the perforator were given
higher priority over the intramuscular
course because perforator size influences flap viability and perforator lo-

cation influences the ease of the surgical dissection (Figs 3, 4).
The patients underwent DIEP flap
reconstructive breast surgery performed by a team that consisted of two
of the three participating surgeons
(D.T.G., J.L.L., H.A.E.), each of
whom had 5 years experience in plastic surgery. After DIEP flap reconstructive breast surgery, the preoperative imaging data were compared
with the intraoperative findings. Before surgery, the surgeons used the
421
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Figure 5

Figure 5: Preoperative markings of perforator
locations in anterior abdominal wall on 35-yearold woman. X marks (arrow) correspond to perforator locations identified at preoperative MR imaging. The transverse and craniocaudal distances
from the umbilicus to each perforator identified at
preoperative MR imaging are used to localize the
marks on the patient’s skin.

written MR imaging report and the
surface-rendered images to translate
the points where the perforators exited the rectus fascia, as indicated by
the MR report and images, to points
on the patient’s skin (Fig 5). The skin
marks, written MR imaging report,
and axial images were used to determine whether the perforators seen on
the MR images corresponded to those
found intraoperatively. A standardized data sheet was filled out by the
surgeon after the surgery. The perforator location on the MR images was
considered to be concordant with the
intraoperative findings when the distance of the perforator from the umbilicus coincided within 1 cm. This
wide range was allowed owing to shifting
of the superficial end of the umbilicus as
the abdominal wall was being compressed by the MR torso coil (Fig 6).

Statistical Analysis
The mean diameters of all perforators
and of the subgroup of perforators labeled as the best were calculated by
using SAS, version 9.1.2, software
(SAS, Cary, NC) and were compared
by using a two-tailed Student t test.

Figure 6

Figure 6: Axial 3D gadolinium-enhanced T1-weighted fat-suppressed gradient-echo MR image (4.4/2.2,
10° flip angle) in 40-year-old woman shows a superficial end of the umbilicus (short arrow) being shifted to
the right relative to the deep end (long arrow) as the surface coil compresses the abdominal wall.
422
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P ⬍ .05 indicated a significant difference.

Results
After all gadolinium-enhanced acquisition
data were analyzed, perforator localization
and imaging data postprocessing were performed by using the second gadolinium-enhanced acquisition in 17 (90%) of the 19
patients and the third enhanced acquisition in two (10%). The first gadolinium-enhanced acquisition was not used
for interpretation in any patients. No images were excluded because of nondiagnostic image quality.
Preoperative MR imaging depicted a
total of 118 perforators, which had a
mean diameter of 1.1 mm (range, 0.8 –
1.6 mm). Thirty perforators were labeled as the best. The mean diameter of
the perforators labeled as the best was
1.4 mm (range, 1.0 –1.6 mm). The difference between the mean diameter of
all perforators and the mean diameter
of those labeled as the best was significant (P ⬍ .0001).
During the surgical dissections, a
total of 122 perforators were found,
and 33 of these perforators were harvested. Twenty-seven (90%) of 30
flaps were supplied by a single perforator, and three (10%) of 30 flaps
were supplied by two perforators. All
118 (100%) perforators seen at preoperative MR imaging were found during surgery. Of the 122 perforators
seen intraoperatively, 118 (97%) were
localized at preoperative MR imaging.
All 33 (100%) of the harvested perforators were seen at preoperative MR
imaging. Twenty-eight (85%) of the 33
harvested perforators corresponded
to those labeled as the best at preoperative MR imaging. Of the five harvested perforators that were not labeled
as the best at MR imaging, three (60%)
were in close physical proximity to the
one labeled as the best and were harvested as an additional perforator; this
resulted in the flap being supplied by two
perforators. Two of the five (40%) harvested perforators that were not labeled
as the best had diameters that were 0.1and 0.2-mm smaller than the diameters of
the perforators labeled as the best. HowRadiology: Volume 250: Number 2—February 2009
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ever, intraoperatively, these two perforators were deemed to have a more favorable location for the patient’s anatomy
and flap area.

Discussion
Breast cancer is the most common malignancy in women in the United States
(6). Although many treatment options
exist, mastectomy followed by breast
reconstruction remains a popular
choice. Although pedicled flap procedures such as TRAM flap reconstruction
have been the approaches traditionally
used to reconstruct the breast, microsurgical techniques such as DIEP flap
reconstruction are gaining popularity
(1). Although DIEP flap surgery has certain advantages over TRAM flap reconstruction, such as an improved cosmetic
appearance and a decreased rate of
complications at the donor site, the tedious search for the small perforators
arising from the IEA results in much
longer dissection times (1,7). Preoperative knowledge of the location and
sizes of IEA perforators would allow the
surgeon to avoid scrupulous dissection
of the entire flap area and focus on the
region where the perforator is expected
to pierce the rectus fascia—an approach
that requires a much smaller dissection
area and, in turn, a shorter dissection
time. Preoperative localization of the
perforators with cross-sectional imaging has been shown to be effective in
reducing the intraoperative time (4,5).
Multidetector CT has been reported
to be very accurate in the localization of
the perforators (2,4,5). Given that
breast reconstruction is a complex cosmetic procedure, one can presume that
a younger subgroup of breast cancer patients would seek it; therefore, the additional ionizing radiation exposure associated with CT use might be undesirable. Although the use of traditional
preoperative imaging with Doppler US
avoids radiation exposure, this examination is operator dependent and is less
sensitive and less specific for localization of the perforators compared with
CT (2). Furthermore, cross-sectional
imaging with CT enables additional information, such as the size and course
Radiology: Volume 250: Number 2—February 2009

of the vessel, to be available preoperatively (2). MR imaging has an advantage
over CT in that it does not involve radiation exposure. Our study results demonstrate that MR imaging can be used to
accurately map the location of the IEA
perforators.
Although multidetector CT yields
higher spatial resolution than does MR
imaging, MR imaging generally yields
greater contrast resolution, which enables the detection of submillimeter
gadolinium-enhanced structures such as
IEA perforators. Another advantage of
MR imaging over CT is that the absence
of ionizing radiation allows one to perform multiple acquisitions after the administration of gadolinium-based contrast material. This results in an improved ability to obtain images at the
most optimal times—when the signal intensity of the perforators is the highest
and venous contamination is the lowest—such that patient-related factors
play a lesser role.
We did not use dedicated MR angiography techniques in our study, although
such techniques are available for imaging
extremely small arteries—for instance,
the artery of Adamkiewicz (8,9). The MR
angiography techniques described in the
Nijenhuis et al (8) and Jaspers et al (9)
studies would not be applicable in our
series because the spatial resolution in
the anterior abdominal wall is unlikely to
match that in the region of the spinal arteries. Abdominal wall MR angiography
may be further adversely affected by
some motion artifact, which is usually
present in the abdomen. A spine surface
coil could be used to image the abdominal
wall; however, using it, compared with
using a torso coil, would require prone
positioning of the patient in the imaging
unit used in our study and would cause
a greater degree of distortion of the
anterior abdominal wall. In addition,
the most important datum for the surgeon is the location at which the perforator exits the rectus abdominis fascia, and we found the axial MR imaging plane to be the most valuable for
obtaining such data. Furthermore,
performing conventional MR angiography in the axial plane and achieving
the desired craniocaudal anatomic
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coverage would require an unacceptably long breath hold. Alternatively,
axial images can be reformatted from
a 3D coronal acquisition. However,
the relationship between the rectus
fascia and the perforator would not be
easily demonstrated with use of either
source or reformatted axial MR angiograms.
We chose to use a 3.0-T rather than
1.5-T magnet for this examination because it allows one to achieve the desired spatial resolution and the required
craniocaudal anatomic coverage during
a single breath hold. Although susceptibility artifact from bowel motion is exaggerated with use of 3.0-T imagers
compared with the degree of these artifacts seen with use of 1.5-T imagers, it
did not prevent the acquisition of diagnostic-quality images. In addition, the
administration of glucagon, although it
was not used in our study, may reduce
the degree of this artifact. Inhomogeneous fat suppression may be another
concern with using 3.0-T imagers; it is
particularly problematic in patients with
large body habitus. However, this was
not encountered in any of the examinations performed in our study. Although
patients who are selected to undergo
DIEP flap surgery must have some subcutaneous fat for reconstruction of the
breast, morbidly obese patients are not
candidates for this procedure owing to
their increased risk for postoperative
complications (7,10). In settings in
which a 3.0-T imager is not available,
preoperative imaging can be performed
with a 1.5-T unit. After completing the
data collection for this study, we performed two such examinations by using
a 1.5-T imager (data not included). Although the spatial resolution appeared
to be lower than that achieved in an
average examination performed with
the 3.0-T unit, diagnostic image quality
was achieved in both cases.
The MR sequence that we used to
image the perforators is a 3D T1weighted fat-suppressed gradient-echo
sequence in a volumetric interpolated
breath-hold examination (THRIVE). Although a section thickness smaller than
4 mm is achievable with the 3.0-T imager, using this section thickness would
423
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result in a decreased signal-to-noise ratio, which would make detection of the
smaller perforators more difficult. In
addition, the parameters used in this
sequence yield in-plane pixels smaller
than 1 mm, allowing the imaging of submillimeter-diameter vessels while keeping the breath hold shorter than 30 seconds. Because the patients selected to
undergo DIEP flap reconstruction are
relatively young and, aside from having
a history of breast cancer, in good
health, they generally have no difficulties maintaining a breath hold for the
required period.
Identifying the perforators on axial
images is fairly straightforward; however, the precise mapping of these vessels in the anterior abdominal wall requires image postprocessing at an independent workstation. We believe that
image postprocessing should be performed by a radiologist. There is a
learning curve associated with the use
of the workstation in these cases; however, once a radiologist becomes proficient in this workstation environment,
the entire study interpretation process,
including the time spent at the workstation and generating the report, takes
about 20 –25 minutes.
To plan the dissection, the participating plastic surgeons use 3D images of
the patient’s anterior abdominal wall as
road maps to mark the areas of the
perforators on the patient’s skin before
surgery. Before surgery, the distance of
each perforator from the umbilicus in
the transverse and craniocaudal directions is determined and is used to
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translate the point where the perforator exits the rectus fascia, as depicted
on the images, to a point on the patient’s skin. The most crucial information for the surgeon is the size of the
perforators and the location of a given
perforator with respect to the umbilicus. In settings in which an independent workstation is not available, the
horizontal and craniocaudal distances
between the perforator and the umbilicus can be calculated by using axial
MR images and the craniocaudal section locations.
An important limitation of our study
was the fact that the effect of the preoperative MR examination on the surgical time was not evaluated. Although
anecdotal reports from the participating
surgeons suggest that dissection times
are greatly reduced, a randomized control study is needed to evaluate the true
effect of preoperative MR imaging on
dissection times. In summary, a 3D
gadolinium-enhanced T1-weighted fatsuppressed gradient-echo sequence
performed by using a 3.0-T MR imager
can be used to accurately localize IEA
perforators and select the most favorable perforator to harvest for DIEP flap
reconstructive breast surgery.
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