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INTRODUCTION

For the past 20 years, various studies on flap design have been 
conducted, and interest in perforator-based flaps has increased 
[1]. The use of a perforator flap allows the preservation of the 
originating artery and the underlying muscles with good cos-
metic results because the flap thickness and color are similar to 
those of the recipient site. However, appropriate selection and 
careful dissection are needed for the procedure. Further, it is dif-
ficult to harvest the flap, and consequently, the procedure re-
quires a long operation time. To overcome these disadvantages, 
the precise location of the perforator and its anatomy should be 

investigated before surgery [2].
Various methods have been used to investigate the location 

and anatomy of the perforator. The handheld Doppler is conve-
nient and does not cause radiation exposure or side effects that 
are introduced by the administration of contrast agents; howev-
er, this method has been associated with a high false-positive ra-
tio. Computed tomography (CT) angiography is highly accu-
rate and can be used to confirm the preoperative perforator lo-
cation [1]. However, the location of the perforator on the skin 
surface is difficult to confirm with CT angiography alone. Thus, 
accurately identify the perforator’s accurate location on the skin 
surface, clinicians use specific structures such as the umbilicus 
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and coordinates [3-6]. Other methods which were used by cli-
nicians are the calculation of the distance between the fibula 
head and the lateral malleolus [7] and the use of CT stereotaxy 
[8]. These methods require collaboration with radiologists, or a 
specialized program, which necessitates additional time and ef-
fort [3-8].  

In this study, the anticipated location of the appropriate perfo-
rator was investigated using a handheld Doppler. A metal clip 
was attached to the site before CT angiography was performed 
to confirm that the perforator was appropriate and determine its 
location accurately on the skin surface. 

IDEA

A total of 12 patients who underwent perforator flap reconstruc-
tion for soft tissue defects that had occurred between November 
2011 and November 2013 were targeted for this study. Two to 
three points on an anticipated donor site that had the loudest 
signal using a handheld Doppler were found using a handheld 
Doppler. If pressing the Doppler probe caused the signal to fade, 
the location was marked as an anticipated perforator location 
[6]. Next, 0.5-cm–long metal clips were attached to the marked 
areas using adhesive film (Fig. 1) before CT angiography.

SOMATOM Definition 128 ch (Siemens Medical Solutions, 
Erlangen, Germany) was used for CT angiography under dual 
source mode conditions, and with the following parameters 
CARE dose 4D, 80 kV, and 140 kV, 230 effective mAs, rotation 
time of 0.33, pitch of 0.7, and slice thickness of 5.0 mm. As a 
contrast agent, 150 mL of iopamidol (Iomeron 400, Braco Im-
aging Korea, Seoul, Korea) was instilled at a speed of 4 mL/sec, 

and 100 mL of normal saline was injected before the arterial 
phase test. The 3-dimensional images were restructured during 
monitoring with 300 Hounsfield units.

The proper perforator locations were confirmed, and the dis-
tance to the nearest metal clip was measured. When the perfora-
tor location was not clearly determined because the artifacts 
caused by the metal clip or other issues were problematic, a 
commercial software program (Aquarius, TeraRecon Inc., Fos-
ter City, CA, USA) was used for clear image of CT scan (Fig. 2). 
When the distance between the metal clip and the perforator 
was less than 5 mm, surgery was performed without an addi-
tional procedure. However, when the distance was 5 mm or lon-
ger, the metal clip was moved and repositioned at the perforator 
location that had been confirmed through CT angiography be-
fore the surgery.

The flap was designed and elevated on the basis of the location 
of the metal clip attached to the surface of the perforator. Dis-
section proceeded after an incision was made on one side of the 
flap and was carefully performed to minimize any possible per-
forator damage. When the perforator location was confirmed in 
the operative field, at the point of fascial penetration or inter-
muscular septum, an imaginary vertical line was made on the 
skin surface. The distance between the metal clip and the imagi-
nary vertical line on the skin surface was compared with the dis-
tance between the metal clip and the perforator measured via 
CT angiography. 

The 12 patients ranged from 47 to 78 years of age, with a mean 
age of 63 years. Reconstruction sites included the sacral area, 
coccygeal area, pretibial area, and mouth floor. The size of the 
soft tissue defects ranged from 3 × 3 cm to 10 × 7 cm. The perfo-
rators used in the reconstruction originated from the superior 
gluteal artery, anterior tibial artery, or lateral circumflex femoral 
artery. CT angiography was conducted the day after the metal 
clip was attached, and no allergic reactions or complications caus-
ed by the contrast agent were observed (Table 1).

The distance between the metal clip and the proper perfora-
tor, which was measured through CT angiography, ranged from 

Fig. 1. Metal clip marking on anticipated perforator 
location

White arrow indicates the location of the perforator. 

Fig. 2. Location of the metal clip and the perforator
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0 to 12 mm, with a mean of 3 ± 3.9 mm. In four cases, a 5 mm or 
greater distance was observed, and the location of the metal clip 
was adjusted to the confirmed perforator location before the 
surgery. The confirmed distance between the perforator and the 
metal clip in the operative field ranged from 0 to 2 mm, with a 
mean of 0.8 ± 0.8 mm (Table 2). In all the cases, reliable perfora-
tors were confirmed under the metal clips, and consequently, all 
the flaps were successfully moved. In three cases, minor revi-
sions were performed, and in one case, venous congestion was 
observed but was relieved by applying leeches. No complica-
tions including total flap loss were observed, and the donor site 
was completely healed. 

Case 1
A 74-year-old male patient visited the authors’ hospital due to a 

third-degree burn in his sacral area, which developed while he 
was sleeping on an electric blanket. Debridement was perform-
ed, and as a result, a 10 × 7 cm defect developed. In the three ar-
eas around the defect, the anticipated perforator locations were 
confirmed using a handheld Doppler, and metal clips were at-
tached before CT angiography. The perforator of the left superi-
or gluteal artery was confirmed at 1 mm medial to the metal clip 
that was attached to the upper left area. The perforator location 
that was observed during the surgery completely coincided with 
the location of the metal clip. Next, a superior-gluteal-artery per-
forator-based propeller flap was performed. The donor site was 
primarily closed, and both the flap and the donor sites healed 
without significant complications (Fig. 3).

Case 2
A 45-year-old female patient visited the authors’ hospital due to 
a pressure sore on her right lateral malleolar area. Metal clips 
were attached to the three anticipated perforator locations 
around the defect by using a handheld Doppler a day before the 
CT angiography. The appropriate perforator location was con-
firmed at 1 mm inferior to the metal clip by using the CT imag-
es. The final defect was as large as 4 × 4 cm, and a peroneal-ar-
tery perforator-based propeller flap reconstruction was perform-
ed. The perforator was confirmed during the surgery at a dis-
tance of 1 mm from the metal clip. A split-thickness skin graft 
was performed on the donor site, and both the donor site and 
the flap healed without significant complications .

Case 3
A 52-year-old male patient visited the authors’ hospital due to 
an 11 × 4 cm defect in his left pretibial area, which developed af-
ter a car accident. Using CT angiography, we found that the ap-
propriate perforator was located 8 mm inferior to the metal clip; 

Case Sex/Age
(yr) Cause Location Defect

size (cm2)
Flap

size (cm2) Originating artery Type of flap Complications

1 Male/53 Pressure sore Sacral area 9×7 10×8 SGA V-Y advancement None
2 Female/63 Pressure sore Coccygeal area 10×7 11×8 SGA Propeller Minor revision
3 Male/52 Trauma Left pretibial area 11×4 12×5 Anterior tibial artery Propeller None
4 Male/61 Pressure sore Coccygeal area 8×8 9×9 SGA V-Y advancement None
5 Male/74 Pressure sore Coccygeal area 3×3 4×4 SGA V-Y advancement None
6 Female/55 Pressure sore Sacral area 10×7 11×8 SGA V-Y advancement Venous congestion
7 Male/69 Malignancy Anterior neck 4×3 5×4 IMA Rotation Minor revision
8 Male/47 Malignancy Mouth floor 7×4 8×5 Lateral circumflex femoral artery Free None
9 Female/78 Malignancy Left orbital cavity 6×6 7×7 Lateral circumflex femoral artery Free None

10 Male/70 Pressure sore Sacral area 5×5 6×6 SGA Propeller Minor revision
11 Male/74 Burn Sacral area 10×7 11×8 SGA Propeller None
12 Female/45 Pressure sore Lateral malleolar area 4×4 5×5 Peroneal artery Propeller None

SGA, superior gluteal artery; IMA, internal mammary artery.

Table 1. Patient demographics and clinical results

Case

Distance between 
metal clip and 

perforator on CT 
angiography (mm)

Metal clip
location 

adjustment

Distance between 
metal clip

and visualized
perforator (mm)

1 0 N 0
2 12 Y 0
3 8 Y 1
4 0 N 2
5 1 N 0
6 0 N 1
7 2 N 0
8 0 N 2
9 7 Y 0

10 0 N 1
11 5 Y 2
12 1 N 1
Average 3 - 0.8

CT, computed tomography.

Table 2. Distance between the metal clip and the perforator
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therefore, the metal clip was repositioned 8 mm inferiorly be-
fore the surgery. The distance between the perforator and the 
repositioned metal clip was measured as 1 mm during the sur-
gery, and anterior-tibial-artery perforator-based propeller flap 
reconstruction was performed. A split-thickness skin graft was 
performed for the donor site, and both the flap and the donor 
site healed without significant complications (Fig. 4).

DISCUSSION

This study proposed and confirmed a rapid and accurate meth-
od to identify the appropriate perforator location on any skin 
surface of the body that does not require assistance from radiolo-
gists. Accurately locating and quantifying the perforator vessel in 
perforator flap reconstruction enhances the survival rate of the 
flap, decreases the development of postoperative complications, 
shortens the operative time, and reduces preoperative tension 
[5]. When the perforator location is not confirmed before sur-
gery, the range of flap dissection may increase, which can length-
en the operative time. Moreover, vascular spasm or excessive 

tension on the perforator may occur during the procedure, and it 
is difficult to identify the best perforator for the operation [9].

Various tools such as handheld Doppler [1,6,9,10], CT angi-
ography [1,4,5,7,11], magnetic resonance angiography [12], 
and color duplex ultrasound [13] have been used to understand 
the preoperative perforator location and structure. Color duplex 
ultrasound can provide information such as the perforator loca-
tion and the flow velocity in the vessels. However, it requires a 
long administration time, and only experienced examiners with 
knowledge of perforator flap surgery can use this technique. In 
addition, it is difficult to reproduce due to its real-time dynamics 
[14]. Magnetic resonance angiography allows less exposure to 
radiation than CT angiography, but it is expensive, cannot be 
used for patients with ferrous metal implants, and is less accu-
rate than CT angiography for identifying small perforators [1]. 
In comparison, the handheld Doppler is mobile, low cost, conve-
nient, and safe from the side effects caused by radiation exposure 
or the use of contrast agents. However, it detects perforators that 
may have diameters that are too small for flap reconstruction, 
and has a high false-positive reaction rate. Frequently used Dop-

Fig. 3. Case 1: defect on sacral area

(A) The three anticipated sites of the left superior gluteal artery perforators were marked with metal clips by using handheld Doppler. The black ar-
row indicates the location of the perforator with the loudest handheld Doppler signal. (B) Through the axial view of the three-dimensional com-
puted tomography angiography of the lower extremity, we observed that the metal clip showed concordance with the perforator. The white arrow 
indicates the location of the perforator with the loudest handheld Doppler signal, which was denoted by black arrow in Fig. 3A. (C) During the sur-
gery, the location of the perforator, which was denoted by the black arrow, was confirmed; it matched the location of the metal clip marking. 

A B C

Fig. 4. Case 3: defect on pre-tibia 

(A) The anticipated sites of the perforator were marked with metal clips by using a handheld Doppler. The black arrow indicates the location of the 
perforator with the loudest handheld Doppler signal. (B) Three-dimensional computed tomography angiography of the lower extremity showed 
that the metal clip, which was denoted by a white arrow, was placed 8 mm superior to the perforator location. (C) After the metal clip was adjust-
ed, the perforator location was confirmed to be beneath the metal clip. The black arrow indicates the location of the visualized perforator.

A B C
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pler probes (8 MHz) are unable to identify vessels that are 20 
mm beneath the skin surface or deeper [1,6,15]. CT angiogra-
phy is non-invasive and highly accurate; it shows the vessel cali-
ber and course in visual detail in addition to structural relation-
ships with the surrounding structures. Therefore, although it ex-
poses the patient to radiation, CT angiography is the most widely 
used technique, with the handheld Doppler, used to confirm the 
preoperative perforator [1,2,5,10]. Masia et al. [3] and Clavero 
et al. [4] suggested the use of the umbilicus as a reference point 
when marking CT angiography-confirmed perforator locations 
on the skin surface in breast reconstruction using the deep inferi-
or epigastric perforator flap. A study on fibular osteocutaneous 
free-flap reconstruction conducted by Chang et al. [7], reported 
that serial axial images based on the fibular condyle and the later-
al malleolus were used to mark the perforator location and were 
confirmed through CT angiography. In anterolateral thigh-per-
forator flap reconstruction, Rozen et al. [8] used CT angiogra-
phy and CT-guided stereotactic navigation to mark the perfora-
tor location on the skin surface. In chimeric anterolateral thigh-
flap reconstruction, Chiu et al. [11] performed CT angiography 
and attached four metal clips on both sides of the anterior supe-
rior iliac spine and both sides of the superior lateral border of the 
patella to mount a plastic tube between the clips of each thigh. 
The tubes were used as guidance markers for the perforator loca-
tion on the skin surface. All these methods require preoperative 
collaboration with radiologists or specialized programs, which 
also necessitates additional time and effort.

In this study, a handheld Doppler and CT angiography were 
used complementarily. The method suggested in this study al-
lows for marking the perforator location in any part of the body 
and does not require coordination with radiologists or a specific 
landmark such as the umbilicus. Moreover, no significant time 
and effort were needed to determine the perforator location 
with a handheld Doppler and to attach the metal clip before the 
CT angiography. In four cases, a discrepancy between the loca-
tion of the metal clip and the perforator location that was con-
firmed with CT angiography was observed, but the metal clip 
was moved and repositioned on the skin surface area on the ba-
sis of the CT images. As a result, the perforator was visually con-
firmed to be positioned just beneath the metal clip in the opera-
tive field.

Complementary use of the handheld Doppler and CT angiog-
raphy allow rapid and convenient perforator identification on 
the skin surface. The patients underwent the procedure and 
were very compliant due to the simple, non-invasive, and rapid 
test features. The perforator flaps were quickly and safely elevat-
ed, and the perforators that were not planned preoperatively to 
be preserved and used were quickly processed through ligation 

or electrocauterization. This study proposes a convenient meth-
od that can be used to rapidly and accurately determine the ap-
propriate perforator location in perforator flap reconstructive 
surgery.
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