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Abstract

Background: Superficial circumflex iliac artery perforator (SCIP) flap is a promising reconstructive candidate for head and neck,
trunk and extremity reconstruction. In order to reduce intraoperative errors, preoperative planning is essential for evaluation of
the possible variations in vascular anatomy of the groin region. However, the use of these modalities has not been compared.
Objectives: The three commonly used imaging modalities [color Doppler ultrasound (CDUS), computed tomography angiography
(CTA), and magnetic resonance angiography (MRA)] were therefore compared in this study for the relative accuracy in the SCIP flap
planning.

Patients and Methods: This study was conducted on eight patients who underwent CDUS, CTA and MRA [3-dimensional time-of-
flight magnetic resonance angiography, (3D TOF-MRA)] and received reconstructions with the SCIP flaps for head and neck defects.
The perforators’ locations, courses and calibers were measured or marked for each flap. These imaging preoperative measurements
were later compared with intraoperative findings.

Results: CDUS, CTA and 3D TOF-MRA were able to effectively identify the courses of the perforators. 3D TOF-MRA was more accurate
at measuring the pedicle calibers of SCIP flaps in comparison with CTA and CDUS.

Conclusion: Three D-TOF-MRA may be a more valuable imaging modality for the preoperative assessment of the vascular anatomy
of SCIP flaps.

Keywords: Superficial Circumflex Iliac Artery Perforator Flap, Color Doppler Ultrasound, Computer Tomography Angiography,

Magnetic Resonance Angiography, Preoperative Evaluation

1. Background

The superficial circumflex iliac artery perforator (SCIP)
flap has become increasingly popular for reconstruction of
various soft tissue defects since its first report by Koshima
etal. (1). The versatility of this flap has made itan option for
reconstruction of defects in the extremities, trunk, and re-
cently in the head and neck region as well (2-6). SCIP flap
presents many advantages, such as less donor-site mor-
bidity, more compatible donor-recipient volume, easy har-
vesting technique and an inconspicuous donor-site scar (7,
8). However, despite these advantages, SCIP flap may also
present some challenges to reconstructive surgeons due
to variable locations of perforators, inconstant courses of

the pedicle and varying pedicle calibers, thereby increas-
ing the likelihood of reconstructive failure (4,7, 9,10).

In order to overcome these problems and to popu-
larize this flap clinically, the anatomic features of each
SCIP flap should be assessed preoperatively. Many imag-
ing techniques have thus been attempted in order to facil-
itate better preoperative evaluation. Color Doppler ultra-
sound (CDUS) is one of the most commonly used preoper-
ative examinations for many different kinds of perforator-
based flaps (11-13). Computed tomography angiography
(CTA) is another choice within the readily available imag-
ing modalities for delineation of the vascular variations
of flaps. It could provide us with lots of information re-
garding the locations, diameters and lengths of the pedicle
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vessels. CTA is now regarded as the gold standard for pre-
operative vascular mapping, nevertheless its use is always
concerned with the risks of radiation exposure and possi-
ble allergic reactions to the intravenous administered con-
trast medium (13, 14). In addition to these two methods,
magnetic resonance angiography (MRA) also has a role to
play in preoperative vascular mapping (15, 16). With recent
technological developments, a non-invasive, non-contrast,
three-dimensional time-of-flight magnetic resonance an-
giography (3D TOF-MRA) technique was used to acquire
dataregarding SCIP flap.

Since there is currentlyno consensus or comparison on
using which of the three imaging methods for the preop-
erative assessment of the perforators and pedicles of SCIP
flaps. Thus, all three imaging methods were used in this
series of patients for both clinical and research purposes.

2. Objectives

The aim of this study was to assess the roles of CDUS,
CTA, and 3D TOF-MRA in the preoperative evaluation of the
vascular mapping of SCIP flap. CDUS, CTA, and 3D TOF-MRA
results were analyzed and compared with direct intraop-
erative findings, with a hope to tentatively find the most
accurate and efficient preoperative imaging modality.

3. Patients and Methods

This retrospective study was conducted on the bilateral
groin regions of eight patients who all underwent CDUS,
CTA, 3D TOF-MRA preoperatively, and all of them received
surgeries with SCIP flap reconstructions. A total number
of 16 sides of groin regions were analyzed. The patients
were informed accordingly and consented to participate
in this study with manual signature. Institutional Clinical
Research Supervision and Ethics Committee approved this
study. The selection criteria were as follows: (1) age < 65
years; (2) BMI < 28; (3) no history of extremity trauma, pe-
ripheral vascular diseases or severe diabetes mellitus; (4)
no prior history of chemo- or radiotherapy.

All surgical procedures were undertaken at the same
institution with the same chief and assisting surgeons. The
same radiology team was involved in performing the inves-
tigations and the interpretation of imaging findings. All
eight patients accepted to undergo CDUS, CTA, and 3D TOF-
MRA to preoperatively assess the perforator vessels posi-
tion and caliber. CDUS, CTA, and 3D TOF-MRA results were
compared with intraoperative findings. The specific imag-
ing protocols were elaborated.

3.1. CDUS Protocol

The ultrasound equipment used was a GE Healthcare
Voluson E8 (GE Healthcare, Zipf, Austria) with a 10 to 13
MHz transducer. Considering the complicated vascular
anatomy in groin regions, we needed to distinguish be-
tween the ascending branches of the deep circumflex il-
iac arteries (DCIA) and superficial circumflex iliac arter-
ies (SCIA). The locations of the perforators and the courses
of the arteries were then marked directly to the overlying
skins. The hemodynamic parameters were also recorded at
the same time. (Table 1).

Table 1. Hemodynamic Parameters of CDUS®

Caliber, mm Systolic peak velocity Resistance index
cm/fs
1 0.9 23.8 0.75
2 15 31.6 0.71
3 12 28.2 0.74
4 1.0 16.7 0.82
5 11 30.4 0.81
6 12 19.5 0.83
7 11 37.9 0.76
8 1.0 19.1 0.87
Values 113+ 0.18 25.90 +7.35 0.79 £ 0.05

Abbreviation: CDUS, color Doppler ultrasonography.
*Values are expressed as mean =+ SD.

3.2. CTA Protocol

A SIEMENS SOMATOM Definition Flash 64-
multidetector-row computed tomography scanner
(Siemens Medical Solutions, Forchheim, Germany) was
used. Scan parameters are summarized in Table 2. A
standard bolus of 100 mL of intravenous Omnipaque 350
(Yangtze River Pharmaceutical [Group] Co., Ltd., Jiangsu,
China) was used as a contrast medium. The images were
reformatted into maximum-intensity projection and
3D volume-rendered reconstructions using commer-
cially available software (Philips Medical Systems, Royal
Dutch Philips Electronics Ltd., Amsterdam, Netherlands).
Anatomical features of the perforators were documented,
along with the branching patterns of the SCIAs.

The CT scanning technique used in our study was ini-
tially based on a protocol used for CTA of the deep infe-
rior epigastric artery (DIEA) in literature (14), and we thus
made minor modifications in order to acquire the best
parameters for SCIA. The scanning field ranged approxi-
mately 5 cm above the anterior superior iliac spine (ASIS)
in a caudal-to-cranial direction up to a point 5 cm below
the pubic symphysis. After injecting the contrast medium,
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Table 2. CTA Scan Parameters

Scanner Siemens somatom

Type Definition Flash 64 multidetector row
computed tomography scanner

Slice thickness, mm 1.0

Detector pitch 0.8

Tube potential, kV 120

Tube current, mA/effective mA  180-200, depending on the patient’s
girth

IV contrast Omnipaque 350;100 mL; IVI 4 mL/sec

Range 5 cm above the anterior superior iliac
spine to 5 cm below the pubic symphysis

Bolus tracking Manual trigger

Abbreviations: CTA, computed tomography angiography; 1V, intravenous; VI,
intravenous injection.

we monitored the femoral artery for the enhancement up
toa5-second delay until the most medium concentrated in
the perforator artery.

Axial images from CTA were processed into maximum-
intensity projection and reformatted into multiple views
(Figure 1), including 3D volume-rendered reconstructions
(Figure 2) using commercially available software (Ex-
tended BrillianceTM Workspace, Royal Dutch Philips Elec-
tronics Ltd., Amsterdam, Netherlands). The locations of all
the piercing points were measured, marked and recorded
according to their distances from the ASIS, while the depth
measurement from the groin skin was acquired for surgi-
cal planning. The calibers of SCIA perforators were also ob-
tained from CTA data. The coordinates acquired from the
imaging measurements were used to transpose the imag-
ing markings to the groin region with the help of 3D re-
constructions. The examination time was approximately
15 minutes from preparation to injections. Additional time
was needed for data interpretations and image reconstruc-
tions using commercially available software.

3.3. 3D TOF-MRA Protocol

All patients received TOF-MRA with a Philips Ingenia
3.0 T magnetic resonance imaging (MRI) scanner (Philips
Healthcare; Best, The Netherlands) using a phased array 16-
channel body coil. TOF-MRA is a non-invasive, non-contrast
angiographic technique, which generatesimages based on
flow-related signals. The exploration-scanning field always
included the selected surgical field. The patient’s position
during the TOF-MRA scanning was the same as that during
the operation. Scan parameters are summarized in Table 3.
The pre-saturation bands typically used in head and neck
imaging were omitted in our studies to allow simultane-
ous visualization of both arterial and venous blood flows.
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The images were acquired in three separate slabs, which
were then combined to create 3D images of the vascula-
tures. The reconstruction voxel size was 0.39 x 0.39 X 0.70
mm, and the acquired matrix size was 500 X 667, creat-
ing images with high spatial resolutions. The high contrast
resolution between flowing blood and stationary tissue al-
lows the creation of 3D tissue-subtracted images of the vas-
culature. The scan time was around 10 minutes per patient.

Table 3. 3D TOF-MRA Scan Parameters

Scanner Philips healthcare

Type Ingenia 3.0 T magnetic resonance
imaging scanner

Act. TR/TE, ms 23[4.9

Rel. SNR 1.00

Acquired matrix size 500 X 667

Acquired voxel MPS, mm 0.40/0.60/1.40

Reconstruction voxel MPS, mm 0.39 X 0.39 X 0.70 mm

Range 5 cm above the anterior superior iliac

spine to 5 cm below the pubic symphysis

Abbreviations: MPS, measurement, phase, slice encoding; Rel. SNR, relative
signal-noise ratio; 3D TOF-MRA, time of flight magnetic resonance angiography.

The axial images from MR scanning were also refor-
matted into multiple views (Figure 3) and analyzed in a
maximum-intensity projection (Figure 4) using commer-
cially available software (Phillips Extended MR Work Space
R2.6.3.1). Locations of piercing points were measured in
much the same way as with CTA. All information regard-
ing the course of the superficial circumflex iliac arteries
was noted. All measured coordinates of perforator loca-
tions were transposed to the groin with the help of 3D re-
constructions and compared during surgery as well.

3.4. Operative Procedures

During the preoperative examinations, the perforator
locations had been marked in the bilateral groin areas. In
this study, we used CTA as the imaging modality for mark-
ing the perforator locations in bilateral groin areas. Per-
forators’ locations in color Doppler sonography and TOF-
MRA were also marked. The outline of the free flap was de-
signed with the marks by CTA as the center, while encom-
passing both the nearby marks identified by color Doppler
sonography and TOF-MRA in case of inadvertentinjury dur-
ing harvesting. After first cutaneous incision during the
operations, the perforators were firstly identified for the
exactlocations. The accuracy of these three imaging meth-
ods were also compared. The SCIP flaps were therefore out-
lined according to the defect sizes and shapes. The vessels
extended beyond the ASIS in a superolateral direction. The
first incision was made through the inferomedial border
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Figure 1. Computed tomography angiography (CTA) multiple views for visualization of the superficial circumflex iliac artery (arrows)

Figure 2. Three-dimensional Computed tomography angiography (CTA) volume-
rendered reconstructions displaying the superficial circumflex iliac artery (arrows)

of the outlined flaps and the attempts were made to de-

tect the exact perforator locations. Afterwards, the pierc-
ing points of perforators from the fascia were found with
aid of our preoperative markings. The entire courses of the
perforators were revealed by suprafascial dissection. All
the other branches along the axial vessels were ligated un-
til the main SCIAs were identified (Figure 5).

3.5. Data Collection

To be specific, CDUS was examined by two experienced
sonographers who frequently cooperated with our surgi-
cal team for perforator identification and positioning in
lower extremities, such as anterolateral thigh flaps. The
characteristics about the perforators of SCIP flaps were
confirmed by both sonographers. Besides, CTA was per-
formed by one radiologist and two engineers in the same
team. TOF-MRA was performed by another radiologist and
two engineers in another team. To increase the reliabil-
ity and to avoid unnecessary examinations for both imag-
ingvisualizations (CTAand TOF-MRA), these imaging meth-
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20 cm

Figure 3. Multiple three dimensional time-of flight magnetic resonance angiography (3D TOF-MRA) displaying the views of the superficial circumflex iliac artery (arrows)

ods were realized with the presence of one surgical team
member for confirmation in every single case under the
same protocol mentioned in this study. Both CTA and TOF-
MRA radiologists were unknown (examiner-blind) to the
purposes and details of this study. In addition, the imag-
ing examiner (radiologist and technicians) were unaware
of the data yielded in other imaging modalities. They per-
form these different imaging methods individually in an
examiner-blind fashion.

3.6. Statistical Analysis

The statistical normality was checked by Kolmogorov-
Smirnov test. The paired t-test and repeated measure anal-
ysis of variance (ANOVA) were used to compare the data
among these imaging groups. Statistical significance was
set to P values lower than 0.05. All statistical analysis was
conducted via SPSS 25 (IBM Corporation, Chicago, Illinois).
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4. Results

Eight patients underwentall the preoperative imaging
examinations including CDUS, CTA, and 3D TOF-MRA. These
patients were all successfully reconstructed with the SCIP
flaps. Both the preoperative and intraoperative measure-
ments were analyzed. All the variables in this study, specif-
ically, the calibers (diameters), distances (perforators),and
depths (perforators) were firstly confirmed for the statisti-
cal normality with Kolmogorov-Smirnov test (P> 0.05).

As far as we were concerned, identifying the locations
of the perforator’s piercing point to the fascia was the cru-
cial step to ensure the safety of raising a SCIP flap (17).
The CDUS, CTA, and 3D TOF-MRA were all used in order
to mark the piercing points preoperatively and were then
compared with our intraoperative findings in order to test
the accuracy of each method (Table 4). The calibers of the
perforator vessels, crucial for microsurgical anastomosis,
was also evaluated and respectively compared with opera-
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Figure 4. Maximum intensity projection view of the left groin region. Green arrow, superficial circumflex iliac artery; blue arrow, superficial circumflex iliac vein; red arrow,

femoral artery; yellow arrow, deep circumflex iliac artery.

Figure 5. Intraoperative identifications of the perforators (A) and superficial circumflex iliac artery (arrow) (B)

tive findings in the same fashion (Table 5).

In our study, CDUS can assist in marking the course
of SCIA, while both CTA and 3D TOF-MRA could clearly dis-
play the SCIA systems in the 3D digital reconstructive im-
ages. The CTA or MRA images revealed to the surgeons

were of three types. The first was a rendered coronal view
optimized to highlight the course and insertion points of
the SCIA perforators. The second view comprised of axial
maximum-intensity projection views demonstrating the
starting points of perforators and highlighting the sub-
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Table 4. Distance Between the Perforator Point and ASIS and Depth of the Perforators’ Piercing Point (cm)*

Distance Depth

CDUS CTA 3D TOF-MRA or CDUS CTA 3D TOF-MRA or
1 4.9 55 5.6 53 12 13 12 13
2 6.0 6.0 5.6 6.5 15 14 15 15
3 6.0 5.7 5.9 5.7 12 12 13 12
4 53 5.2 5.4 4.9 11 12 12 12
5 47 3.9 4.9 43 13 11 10 11
6 53 5.4 48 53 0.9 0.8 0.8 0.7
7 4.6 5.0 5.0 5.2 0.9 0.8 0.8 0.8
8 4.0 4.2 43 3.8 11 12 11 11
Values 5.10 + 0.69 511+ 0.73 518 + 0.53 5.13 4 0.83 115 £ 0.20 113 4 0.22 11+ 024 1114 0.26

Abbreviations: ASIS, anterior superior iliac spine; CDUS, color Doppler ultrasonography; CTA, computed tomography angiography; OP, intraoperative findings; 3D TOF-

MRA, three dimensional time of flight magnetic resonance angiography.
Values are ere expressed as mean = SD.

Table 5. Calibers of the Perforator Vessel (mm)®

CDUS CTA 3D TOF-MRA or
1 0.9 0.8 0.7 0.5
2 15 13 12 12
3 1.2 11 0.9 0.8
4 1.0 0.9 0.8 0.8
5 11 1.0 0.9 0.6
6 12 0.9 0.8 0.7
7 11 1.0 0.8 0.8
8 1.0 0.9 0.9 0.7
Values 1134018 0.99 + 0.16 0.88 £ 0.15 0.76 £ 0.21

Abbreviations: CDUS, color Doppler ultrasonography; CTA, computed tomography angiography; OP, intraoperative findings; 3D TOF-MRA, three dimensional time of

flight magnetic resonance angiography.
Values are ere expressed as mean = SD.

cutaneous and intramuscular courses of the perforators
at different anatomical levels. The third was composed
of volume-rendered views, optimized in three dimensions
to highlight the perforators and their 3D anatomical lo-
cations. By using the appropriate software, 3D rotations
enabled the selected images to differentially highlight the
structures of interest.

CDUS, CTA, and 3D TOF-MRA were all able to effectively
identify the positions of the SCIAs. The exact locations of
the perforators of the SCIAs during surgery were all in a
0.8 cm diameter circle area centered on the piercing point
marked preoperatively. The distances between the pierc-
ing points and anterior superior iliac spines measured by
CDUS, CTA and MRA were also compared with the data
measured during surgery (Table 4). The repeated measure
ANOVA results showed that there was no significant dif-
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ference between the three groups and intraoperative find-
ings (P=0.949). The sensitivities for identifying the depths
of the artery piercing points via CDUS, CTA, 3D TOF MRA
and operation were statistically identical (P = 0.877). Com-
pared with the calibers measured during the operations,
all these methods (CUDS, CTA, and 3D TOF-MRA) were un-
able to estimate the intra-operative calibers according to
statistical analysis (P = 0.02). However, after comparing
the relative data between CDUS, CTA, 3D TOF-MRA, and the
intraoperative findings, 3D TOF-MRA was significantly su-
perior at mimicking the exact diameters of the perforator
vessels compared to CTA and CDUS (P CDUS vs. OP = 0.020,
mean CDUS-OP = 0.3625; P CTA vs. OP = 0.015, mean CTA-
OP =0.2250; P TOF-MRA vs. OP = 0.033, mean TOF-MRA-OP =
0.1125).

Agreements of CDUS, CTA, 3D-TOF MRA and operative
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assessment for measuring distance between the perfora-
tor point and ASIS were assessed by Bland-Altman analy-
ses (between all possible pairwise selections of these four
measurements). In each of these plots (totally six plots),
the data were located between agreement band showing
acceptable agreement between these four methods. Simi-
lar analyses were performed for depth of the perforators’
piercing point and caliber of the perforator vessel that
again showed agreement between these four methods [ex-
cept for CDUS vs. 3D-TOF MRA of depth of perforators pierc-
ing point and CDUS vs. CTA of caliber of the perforator ves-
sel; in both of them, only data of one patient were located
beyond the agreement band]. This shows an agreement
for depth and caliber measurements between these four
methods.

5. Discussion

Free flaps have been applied in many clinical scenar-
ios for nearly three decades. With advancement in knowl-
edge and techniques, the survival rates of different vascu-
larized flaps were reported as high as 96% - 98% (18). Re-
cent focus in this field is shifting to increase flap aesthetics,
to improve flap designs and to reduce donor-site morbidi-
ties (19, 20). Since the introduction of the novel concept of
“reconstructive ladders” (19, 21), perforator flaps have been
widely acknowledged as the primary reconstructive treat-
ment options as they meet the needs of the recent shifting
focus. Among various perforator-based flaps, SCIP flap was
recommended as an ideal “like-with-like” tissue option for
reconstruction of complex defects at minimal donor-site
“cost” and with maximal efficacy. Yet the challenges of har-
vesting such flaps remained huge, in terms of their vari-
able calibers and locations of the perforators.

Many imaging modalities have now been utilized to
assess the donor-site vascularities in the preoperative set-
tings, though no consensus has been reached so far. Gener-
ally speaking, CTA, MRA and CDUS are the three commonly
used imaging methods in perforator-based reconstructive
surgeries. According to studies with regards to perforator
flaps, CTA was the most conventionally utilized preopera-
tive method. However, CDUS was also applied to the candi-
dates for perforator-flap reconstructions in some studies.
The ideal imaging modality should meet several key crite-
ria. It should give the most accurate information about
travelling courses and calibers of the perforating vessels
down to the sub-millimeter level. It should also be highly
reproducible, and have low false signals compared with
intraoperative findings. Besides, the imaging technology
should be as inexpensive, and readily available as possible.
Radiation exposure was another concern allowing the test
to be used in a routine screening capacity (22).

The merits of CDUS are obvious, which include no in-
travenous contrast, and no radiation exposure. In addi-
tion, it is an imaging technique with additional hemo-
dynamic data (blood flow velocities). Tashiro et al. (23)
have already proved this in their study, which was consis-
tent with our results. However, CDUS has many disadvan-
tages. Itisrelativelyinaccurate in caliber detecting and itis
a technician-dependent procedure and non-reproducible.
Evidence on applying CDUS alone in the perforator-based
flaps evaluation, especially in the abdominal regions, is not
compelling due to the inconsistent data from a lot of stud-
ies. Blondeel et al. (24) and Giunta et al. (11) have reported
a very high proportion of false positive results. From their
study, ultrasonography did not seem to be the best option.

In 2012, Pratt presented an objective evidence-based re-
view of the literature about preoperative imaging of perfo-
rator vasculatures in planning microvascular reconstruc-
tions (13). They summarized that sufficient evidence ex-
isted in demonstrating that CTA was the gold standard for
perforator mappings. Several other studies also suggested
that the perforator-based flap designs via CTA reduced the
risks of flap complications and associated donor site mor-
bidity for breast reconstructions (13, 25, 26). In our study,
CTA identified SCIAs in 93.8 percent (15/16) of the total 16
sides. The location of the perforators identified by CTA was
found in a 0.8 cm diameter circle area. This was later veri-
fied during harvesting of the flap intraoperatively. CTA was
significantly sensitive in identifying SCIA perforators pre-
operatively. Comparing the results between CTA and in-
traoperative findings, CTA was also able to effectively eval-
uate the calibers of the perforator vessels. As was shown
in our results, the branching patterns were optimally dis-
played using 3D reconstruction maximum-intensity pro-
jection images.

Afew studies assessing the use of MRA for preoperative
detections of perforator arteries can be found in the litera-
ture (16, 27). The use of MRA seems to be associated with
the concern of being an expensive and time-consuming
modality. However, MRA has its own advantages over the
previously described two techniques. It minimizes radia-
tion exposure and has a better muscle-to-vessel contrast.
The use of contrast-enhanced MRA has been previously de-
scribed for preoperative SCIP flap designs. According to
these studies, it has the advantages of a cross-sectional
imaging technique, providing accessible images to the sur-
geons, while not exposing the patient to ionizing radia-
tion. In order to avoid the injection of contrast agents
for MRA images, we came up with a novel 3D TOF-MRA
technique for perforator-based flap designs. This unique
non-invasive imaging modality provides actionable im-
ages without contrast or radiation exposure and can pro-
vide an anatomic map with the same accuracy. The results
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of our study also revealed that 3D TOF-MRA was able to cor-
rectlyidentifyand measure the lengths of SCIA perforators,
and to measure the caliber in much the same way as other
invasive MRA techniques. Meanwhile, the examination via
3D TOF-MRA is cheaper than CTA according to our results.

Both 3D TOF-MRA and CTA have been proven to be
highly effective and accurate atimaging perforators for the
SCIA perforator flap harvest. However, they required a sig-
nificant time investment for imaging evaluations on the
part of both radiologists and operating surgeons, and ad-
ditional costs were involved in the use of these modalities.
Both CTA and 3D TOF-MRA were very accurate for localiz-
ing the course of the perforator vessels,and the images can
be visually and repetitively analyzed preoperatively. From
our perspective, 3D TOF-MRA is better than CTA because pa-
tients can avoid ionizing radiation and contrast agents. In
addition, 3D TOF-MRA was capable of delivering higher res-
olution scans with reduced scanning times. For these rea-
sons, 3D TOF-MRA presents a very promising advancement
in the preoperative evaluation of SCIP flaps.

We were aware of the limitations of our study that the
design was retrospective, the sample size was small and
the artificial errors could not be avoided after dissecting
and ligating the vessels. Admittedly, it is possible that in-
traoperative measurements may be slightly changed or al-
tered due to surgical dissection and manipulation. Be-
sides, there may also be minor differences between pre-
operative and intraoperative setting in terms of the ves-
sel calibers, perforator positions and depths of perfora-
tors’ piercing points. According to other studies with re-
gards to preoperative radiological estimation and intra-
operative realization, these “virtual to real” discrepancies
in term of different settings were generally unmentioned
or neglected. We acknowledged that the predictive power
of these preoperative measurements may be slightly af-
fected due to intraoperative manipulations, including dis-
sections and ligations. For the sake of accuracy, we ac-
knowledged these discrepancies. The power analysis was
not performed in this study. Thus, we expect to use the
implications or preliminary conclusions for a design of fu-
ture prospective study.

In conclusion, based on our study, 3D TOF-MRA showed
the relative superiority in preoperative SCIP flap designs
when compared with CDUS and CTA. It was non-invasive,
non-irradiated, reproducible, and effective. 3D TOF-MRA
might be a promising candidate for the design of flaps de-
rived from groin vascular anatomy.
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