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KEY POINTS

� For safely planning perforator flaps, accurate preoperative assessment of perforators is recommen-
ded because their vascular anatomy varies between individuals.

� To assist in preoperative perforator assessment, perforator computed tomographic angiography
(P-CTA) with multidetector-row computed tomography is currently one of the best available
methods.

� The location of reliable perforators and their subcutaneous course between the deep fascia and
skin, known as suprafascial perforator directionality, can be accurately determined preoperatively
using P-CTA.

� Using P-CTA, surgeons can share 3-dimensional information of the perforator’s location, diameter,
and course, in relation to other anatomic structures preoperatively in a short time, which can
shorten operative time and improve operative outcomes.
INTRODUCTION

Perforator flaps have been gaining popularity over
the last decade in the reconstructive surgery field.
Advances in perforator-flaps transfer techniques
allow harvesting of thin, pliable, and well-
vascularized cutaneous flaps with minimal donor
site morbidity as a consequence of the preserva-
tion of innervation, vascularization, and function-
ality of the underlying donor muscle. Perforator
flaps are usually harvested as island flaps sepa-
rated from all the surrounding skin and nourished
by only one or 2 perforators arising from the
deep major artery (Fig. 1). Vascular anatomy of
perforators varies between individuals; therefore,
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accurate preoperative determination of the loca-
tion of reliable perforators and their subcutaneous
course between the deep fascia and skin is impor-
tant for safely planning perforator flaps.

To assist in preoperative perforator assessment,
perforator computed tomographic angiography
(P-CTA) with multidetector-row computed tomog-
raphy (MDCT) has been developed to reveal the
anatomic details of individual flap perforators.1

MDCT differs from traditional computed tomogra-
phy (CT) in that the scanner array has multiple de-
tector rows in the scanning direction as opposed
to just one detector row in traditional CT, allowing
for acquisition of more than one image per
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Fig. 1. The course of perforators. Red cross: the point
where the perforator penetrates the deep fascia. Pink
arrows: vascular flow from the perforator to the sub-
dermal vascular network.

Ono et al22
revolution of the x-ray detector tube around the
patients. Thus, MDCT provides several thin-
sliced CT images obtained in a short time.
Compared with the product image provided by
traditional single-detector-row CT, the higher
number of thin-sliced CT images from MDCT pro-
vides increased spatial resolution in the resulting
product image allowing for a multiplanar evalua-
tion of perforators and 3-dimensional images of
the perforating vessels.
The aim of this report is to describe the authors’

experience using P-CTA with MDCT in detecting
the perforators preoperatively and a step-by-step
approach to harvest perforator flaps based on
this technique.

STEP-BY-STEP APPROACH TO HARVEST OF
PERFORATOR FLAPS
Case Presentation

A 37-year-old male truck driver presented with a
pilonidal sinus in the sacrococcygeal region
(Fig. 2). The patient had symptoms of the disease
withmultiple recurrent abscesses and spontaneous
drainage for more than 5 years. A perforator-based
propeller flap vascularized by the superior gluteal
artery perforator (SGAP) was planned to cover the
Fig. 2. A pilonidal sinus in the sacrococcygeal region.
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defect after the pilonidal sinus resection.
Perforator-based propeller flap, a type of pedicled
perforator flaps, is an island flap in which flapmove-
ment is achieved by rotation around its vascular
(perforator) axis (Fig. 3).2,3 The perforator axis itself
is stationary, and flap movement is achieved by
rotation around this perforator. It has been so called
because it is like a propeller in which the blades
rotate around a fixed axis.2

Perforator computed tomographic
angiography
Because a perforator-based propeller flap is usually
nourished by one or 2 perforators, preoperative
assessment of candidate perforators is an impor-
tant step in designing the flap. In this case, the
SGAP was selected as the flap’s pedicle. P-CTA
analyses used 64-row MDCT (Light Speed VCT;
GEHealthcare,Waukesha,WI) andwere performed
by a team including plastic surgeons, radiologists,
and radiology technicians (Fig. 4). Scan parameters
are summarized in Table 1.4 The patient was
scanned in a prone position similar to the operative
positioning in which the normal contours of the
buttock fat are not distorted by the pressure of lying
against a flat surface. The scan range was limited
by the superior border of the iliac bone to the gluteal
fold to include tissues that will be used intraopera-
tively. The scan was performed with a rotation
speed of 0.4 seconds per rotation, detectors
coverage of 40 mm, and a detector configuration
of 0.625 mm and 64 rows. This acquisition protocol
allowed for a table speed of 137.5mm/s and a scan
time of less than 10 seconds for CTA.
For CTA, axial images of 0.625-mm thickness

were reconstructed with an interval of 0.3 mm
overlapping technique (eg, a 50% overlap means
that half of the current image slab is covered by
the preceding image and the other half by trailing
image. Each point in the scanned volume is con-
tained in exactly two reconstructed images. This
would improve quality of MPR and volume images)
and transferred to a workstation (AdvantageWork-
station; GE Healthcare, Chicago, IL) in the depart-
ment of radiology or to a personal computer
(Macintosh OSX; Apple Inc, Cupertino, CA) having
an open-source digital imaging and communica-
tions in medicine (DICOM) image viewer software
(OsiriX software; Pixmeo, Geneva, Switzerland)
installed on it. The CTA images were recon-
structed using maximum-intensity projection and
volume-rendering techniques (Fig. 5).

Selection of perforator
A couple of candidate perforators suitable to act
as the pedicle of a flap were easily identified
around the defects in the reconstructed images.
pyright ©2017. Elsevier Inc. All rights reserved.



Fig. 3. A perforator-based propeller flap. Red cross: the point where the perforator penetrates the deep fascia.

Table 1
Multidetector-row computed tomography scan
parameters

Parameter

Scanner 64-slice MDCT
scanner (LightSpeed
VCT; GE Healthcare,
Milwaukee, WI)

Detector
configuration

64-row � 0.625-mm
slice thickness

Detector coverage 40 mm

Helical detector pitch 0.516–0.984

Gantry rotation
speed

0.4 s/rot

Tube potential 120 kVp

Tube current 600 mA (dose
modulation)

Contrast Iopamidol 370 mgI/
mL (Iopamiron 370,
Bayer Yakuhin Ltd,
Osaka, Japan)
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Selection of a proper perforator is based on 2
criteria. The first is the perforator’s location. If 2
perforators of almost the same diameters can be
found around the defect, the closer perforator to
the defect is preferred because using the closer
perforator minimizes the flap size, resulting in
less vascular complications at the flap end. The
second criterion is the perforator’s size. A mea-
surement tool can measure the diameter of perfo-
rators. If 2 perforators are located at almost the
same distances from a defect, the perforator with
the larger diameter should be selected. A perfo-
rator greater than 1.0 mm in diameter is reliable
for vascularity as a flap pedicle perforator.

Assessment of 3-dimensional course of
perforators
The location where the selected perforator pene-
trates the deep fascia of the gluteus maximus
muscle was indicated by a solid yellow circle in
the image (Fig. 6). The distance from the circle to
important anatomic landmarks, such as the
midline or the prominence of the bone, can be
measured, allowing the authors to draw marks
on the patient’s skin and making the flap design
easier. In addition, by using the multiplanar recon-
struction view (Fig. 7), the course of the suprafas-
cial perforator branches was traced on the
Fig. 4. The CT room with a radiologist and radiology
technician.
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computer. This directionality between the deep
fascia and skin is known as suprafascial perforator
directionality (SPD), and including it in perforator-
flaps’ design is considered a key indicator of
Volume BW � (0.8–1.0)
mL 1 Physiological
saline 20 mL

Injection rate BW � (0.08–0.1) mL/s
(upper limit: 5 mL/s)

Bolus tracking
method

SmartPrep

Initiation of CT
scanning

Increase of >150 HU
at aorta or the parent
artery from which
perforators emerge

Image
reconstruction

0.3-mm overlapping
axial images

Abbreviations: BW, body weight; HU, Hounsfield units;
mgI, mg Iodine.
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Fig. 5. Blue arrow shows the superior gluteal artery
perforator.
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reliable flap harvesting.5 The authors’ previous
study revealed that many small branches diverge
from the suprafascial perforator branch itself and
reach the subdermal vascular network to nourish
the overlying dermis (Fig. 8). SPD length was
measured by using the software’s measurement
tool.

Flap design
The detected point where a perforator penetrates
the deep fascia on the computer was marked
on the patient’s skin. At that time, information
about the distance from midline to the perforator
was used, which was measured previously
(Fig. 9). An SGAP-based propeller flap was
designed including a perforator as flap pedicle
and the SPD along the flap’s long axis. The dis-
tance from the pedicle to the flap’s distal end (A
in Fig. 10) should be slightly longer, approximately
10% to 20%, than the length from the pedicle to
the defect’s distal edge (B in Fig. 10) to avoid
closure with excessive tension on the flap’s edges
during suturing.

Flap elevation
Flap elevation was performed under magnification
loupes (2.5–4.0 �) or microscopes with microsur-
gical instruments and technique. The initial incision
Fig. 6. The solid yellow circle indicates the point
where the perforator penetrates the deep fascia of
the gluteus maximus muscle.
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was made along one lateral border of the flap. It is
preferable to do a subfascial dissection initially
because it is easier. With increasing experience,
a suprafascial dissection will allow a thinner flap
to be raised. One should be careful not to injure
a suprafascial perforator branch detected preop-
eratively when thinning the flap. The flap was care-
fully raised until the previously marked perforator
was visualized. The perforator identified by
P-CTA preoperatively was located accurately
intraoperatively without any errors (Fig. 11).
Consequently, it was not required to change the
flap design intraoperatively. After identifying the
reliable perforator visually, an additional incision
was made circumferentially to harvest the flap as
an island flap.

Flap rotation and inset
Before the flap is rotated into the defect, it is
important to allow for flap perfusion and for the
spasm in the vessels to relax for at least 10 to
15 minutes. The extent of dissection of the perfo-
rator depends on the degree of flap rotation
required. The perforator is dissected to the point
at which the flap can be rotated easily into the
defect by carefully dividing any fibrous strands
along the pedicle that impede this rotation. After
rotating the flap, its pedicle should be checked
for twisting or stretching. If any limitation exists,
the pedicle should be further dissected into the
muscle by keeping a sufficient pedicle length to
relieve torsion on the pedicle, thereby allowing
for adequate circulation. Preoperative P-CTA can
help surgeons to safely dissect the pedicle into
muscle. In the authors’ case, the SGAP flap was
rotated 135� clockwise without any vascular com-
plications (Fig. 12). The donor defect after flap
transfer was closed linearly, and a suction drain
was securely placed well away from the pedicle.

DISCUSSION

The choice of preoperative assessment tools in the
planning of perforator flaps is still a controversial
topic in reconstructive surgery. There are 4 main
tools that can be used to assess perforators
preoperatively: handheld acoustic Doppler sonog-
raphy (ADS), color duplex sonography (CDS),
P-CTA with MDCT, and magnetic resonance angi-
ography (MRA). Characteristics of these 4 tools
are summarized in Table 2.

Handheld Acoustic Doppler Sonography

ADS is widely used because it is easy to operate,
relatively inexpensive, portable, and available
intraoperatively (Fig. 13). However, it has been re-
ported that ADS is less accurate in identifying
pyright ©2017. Elsevier Inc. All rights reserved.



Fig. 7. The courseof the suprafascial perforatorbranches canbe tracedbyusingmultiplanar reconstruction view (solid
yellow circle indicates the point where the perforator penetrates the deep fascia of the gluteus maximus muscle).

Fig. 8. Many small branches (blue arrows) diverged
from a suprafascial perforator branch reaching to
the subdermal vascular network.

25
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perforators preoperatively compared with CDS6–8

and P-CTA9–12 because the Doppler probe
(8 MHz) can only detect vessels located up to
20mm from the skin surface. If the skin and subcu-
taneous tissue are thick, detecting the point where
perforators penetrate the deep fascia is difficult.6

Therefore, ADS tends to generate false positives;
this is exaggerated in thin patients and reversed
in obese patients.13 Another reason is that ADS
Fig. 9. An SGAP-based propeller flap (red ellipse) is
designed including the perforator (solid yellow circle)
as a pedicle and the SPD (pink arrow; its length is
6.52 cm). The blue area indicates the area affected
by the pilonidal sinus. The distance from the midline
to the perforator (double-headed black arrow) is
6.65 cm.

ion. Copyright ©2017. Elsevier Inc. All rights reserved.



Fig. 10. Distance A (from perforator to the distal end
of the flap) is slightly longer than distance B (from
perforator to the distal edge of the defect). Red cross:
the point where the perforator penetrates the deep
fascia.

Fig. 11. Intraoperative photograph showing that the
perforator identified preoperatively was located accu-
rately during the operation without errors.

Fig. 12. Postoperative photograph. The flap was
rotated 135� and the donor site was closed linearly.

Ono et al26
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cannot visualize vessels; thus, an examiner never
knows for certain which vessels ADS detects.
ADS may detect perforators that are too small to
sustain a perforator flap; it is also too unspecific
because of the background noise from vessels in
the vicinity. ADS is recognized as less accurate
in detecting perforators, but the authors prefer to
use it in clinical practice. In addition to the advan-
tages described earlier, ADS is useful as a
screening for mapping perforators in free-style
flaps’ planning14 and as a complementary tool to
P-CTA or MRA. Furthermore, ADS can be avail-
able intraoperatively by using a sterilized probe
or a probe cover to check the pulsation of a perfo-
rator during the operation.6 When searching for
perforators with ADS, signals that are pulsatile,
loud, and high pitched can be consistently
detected by the probe.15 It has been suggested
to vary the amount of pressure and angle applied
with the probe to the skin surface. Prominent
Doppler signal usually means the existence of a
reliable perforator. With little experience, one can
differentiate between Doppler signals from the
main vessel versus those from perforators. The
sound made by the main vessel will still be heard
when the probe is moved proximally or distally,
whereas the sound from a perforator is heard
only at one location. Additionally, the sound from
the main vessel is louder than that from the
perforator.16
Color Duplex Sonography

To overcome the disadvantages of ADS, CDS was
developed as a noninvasive perforators’ mapping
device; it began to be used widely from the begin-
ning of the 1990s.8,17–19 The use of CDS spread
rapidly because it providedmore visual information
about vessels compared with ADS. It could reveal
not only the position of a perforator but also mea-
sure its diameter, course, and blood flow. The
pyright ©2017. Elsevier Inc. All rights reserved.



Table 2
Characteristics of preoperative assessment tools in the planning of perforator flaps

Preoperative
Planning Tools ADS CDS P-CTA MRA

Portability Excellent Good Not portable Not portable

Cost/examination ($) None or low Moderate (200) Relatively high (400) High (600)

Invasiveness None None Injection of IV
contrast

Injection of IV
contrast

Operator
dependence

Yes Yes No No

Reproducibility 1 1 111 11

Learning curve Little Significant No No

Accuracy of
perforator
detection

High false
positivea

Relatively high High High

Hemodynamic
information of
perforator

No Yes No No

Time to image
acquisition

Depends on
operator
(z10 min)

Depends on
operator
(z30 min)

Short (<30 s) Long (20 min)

Resolution (minimal
detectable
perforator caliber)

No image 0.5 mm 0.3–0.5 mm 1.0 mm

3D view No image No Yes Yes

Contrast material � � 1 1 (Safer risk profiles,
eg, gadolinium)

Ionizing radiation
exposure

� � 1 �

Contraindications None None Metal implantsb

Allergy to the contrast agent
Renal insufficiency

Abbreviations: 3D, 3 dimensional; IV, intravenous.
a A false positive rate is exaggerated in thin patients and reversed in obese patients.13
b Perforators may not be clearly determined because of the artifacts of metal implants.
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major advantage of CDS compared with other
assessment tools is its ability to provide hemody-
namic information, such as flow velocity and pulsa-
tility with time. However, there are several
Fig. 13. HandheldADSbeingdoneontheperforator site.

For personal use only. No other uses without permiss
disadvantages for this imaging tool. First, its uses
are limited by the fact that it is relatively time
consuming, taking approximately 30 minutes, and
requires a skilled examiner who has knowledge of
perforators’ anatomy (see Table 2). Secondly, it is
less reproducible because of its real-life dy-
namics20 and does not allow for sharing of the
3-dimensional vascular images between surgeons.
Thirdly,CDScanonly provide theperforator’s infor-
mation in a limited area. CDS is very sensitive to the
perforators in the superficial tissue layer, whereas it
is less sensitive in deeper tissues because of the
intermittent image capture. Furthermore, it does
not provide the whole structural information about
the perforator and adjacent anatomic landmarks
in one image. Therefore, the authors recommend
that the use of CDS should be limited to selected
cases, such as patientswithmetal implants, allergy
to the contrast agent, or renal insufficiency.
ion. Copyright ©2017. Elsevier Inc. All rights reserved.



Fig. 14. Detailed information about the perforator
course even in sites with less fat tissue (lower leg).
Blue arrow: the posterior tibial artery perforator. Tibia
(asterisk).

Ono et al28
Perforator Computed Tomographic
Angiography

As described earlier, advancements in CT technol-
ogy made it possible to reveal small perforators as
narrow as 0.3 to 0.5 mm in diameter. Several in-
vestigators have reported the clinical usefulness
of P-CTA with MDCT for preoperative detection
of perforators.4,9,21–25 P-CTA with MDCT can pro-
vide surgeons with detailed 3-dimensional images
of vessels, including the perforator’s location,
diameter, and course, with its relation to other
anatomic structures. Surgeons can share the im-
ages preoperatively in a short time, which can
shorten operative time and improve operative out-
comes.26 Based on studies investigating abdom-
inal perforators, P-CTA with MDCT enables the
precise assessment of perforators, with a high
sensitivity (96%–100%) and specificity (95%–
100%).9,10,25 In 3 studies comparing CDS with P-
CTA, all the investigators23,27,28 concluded that
P-CTA was superior to CDS with regard to its ac-
curacy in identifying perforators. The authors’
past study, for assessing usefulness of preopera-
tive P-CTA for 16 propeller flaps, revealed similar
results.4 All perforators identified by P-CTA preop-
eratively were accurately located during the oper-
ation without any errors. The distance between the
estimated preoperative positions and the actual
intraoperative positions were within 1 cm, and
there were no false positives or negatives. Further-
more, in all cases but one, the operations finished
on or before the scheduled time. On average, the
actual operative time was 23% less than the
scheduled time.
On the contrary, Feng and colleagues28 re-

ported that CDS is more accurate than P-CTA in
the preoperative mapping of perforators in the
lower extremity. This finding is based on 2
anatomic characteristics of the lower extremity:
the relatively thin subcutaneous tissue and its
tubelike 3-dimensional structure. Because P-CTA
can provide a clearer perforator image based on
sharp distinction between the density of the con-
trasted perforator (white) and fat tissue (black) in
areas with less fat tissue, such as the lower ex-
tremity, it is not accurate enough in areas rich in
fat tissue, such as the abdomen. They also
mentioned that the rotation of the lower extremity
could cause displacement of the skin surface
from the deep tissue, leading to more errors in
locating perforators by P-CTA. The authors agree
that detection of perforators by P-CTA requires
more careful observation of images in patients
and anatomic sites with less fat tissue; however,
P-CTA can provide detailed information about
the perforator course in the deeper tissue layers
For personal use only. No other uses without permission. Co
and the surrounding anatomic landmarks
(Fig. 14). Furthermore, by taking P-CTA exactly
on the same as the position in the operating
room, we can minimize the displacement of
detected perforators during operations.
Major disadvantages of P-CTA are the exposure

to ionizing radiation and the use of potentially
nephrotoxic contrast agent.9 Moreover, metal
components, such as an internal fixation plate or
external fixator around target perforators, compro-
mise the accuracy of their detection secondary to
artifacts.

Magnetic Resonance Angiography

Contrast-enhanced MRA has been developed
recently for identifying the 3-dimensional anatomy
of perforators with an accuracy approaching that
of P-CTA. MRA is advantageous over P-CTA as
it works with magnetism instead of radiation and
can be performed with a noniodinated contrast
medium, making it a safer examination for pa-
tients. Implanted metal devices or pacemakers
are contraindications for MRA. Rozen and col-
leagues29,30 reported in their 2 studies comparing
pyright ©2017. Elsevier Inc. All rights reserved.
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MRA with P-CTA that the depiction of smaller per-
forators, less than 1.0 mm, was less accurate with
MRA. In conclusion, P-CTA is currently superior to
MRA regarding accuracy in detecting smaller per-
forators; nevertheless, MRA has a future potential
to become as accurate as CTA because it does
not require radiation or iodinated contrast
medium.
SUMMARY

A comprehensive literature review shows that P-
CTA with MDCT is highly accurate in identifying
and mapping perforators preoperatively, although
it uses radiation and contrast medium. Three-
dimensional images of perforators and their
surrounding anatomy allow easy interpretation by
surgeons and can shorten the operative time
improving the operative outcomes. Further studies
are required to properly assess the role of P-CTA
regarding costs and impact on patient outcomes.
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