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ABSTRACT
In diabetic foot patients, wound coverage options are quite limited due to vascular abnormalities.
However, even though significant atherosclerotic changes are found in major vessels of the lower leg in
diabetic foot patients, perforating vessels, which are used as the vascular pedicle of propeller perforator
flaps, are often spared from atherosclerosis. Therefore, the propeller perforator flap could be an alterna-
tive option for diabetic foot patients. The purpose of this study was to compare the outcome of the pro-
peller perforator flap between diabetic and nondiabetic patients in reconstruction of the distal lower leg.
We retrospectively included all patients who underwent reconstruction of the distal lower leg with a pro-
peller flap between 2014 and 2018. Thirty-five propeller perforator flaps in 20 diabetic patients and 15
nondiabetic patients were included. Of the 35 patients, 21 showed complete healing, and 14 showed flap
complications. The rate of complications in diabetic patients was approximately 85.7%. Sex (p¼ .002), dia-
betes (p¼ .007), chronic renal failure (p< .001), and diabetic neuropathy (p¼ .011) were associated with
flap complications. Crude regression analysis showed that the female sex (p¼ .002), diabetes (p¼ .01),
and diabetic neuropathy (p¼ .012) were significant risk factors for the occurrence of any complications,
but the significance of diabetes and diabetic neuropathy was not maintained in the adjusted models.
Therefore, the propeller perforator flap might not be effective for reconstructing diabetic foot ulcers.
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Introduction

In diabetic foot patients with medium or large wounds, wound
coverage options are quite limited due to delayed wound healing,
poor vascularity, uncontrolled infection or comorbidities. Recently,
many studies have reported favorable results of microvascular
free flaps in the reconstruction of diabetic foot ulcers [1,2].
However, the complication rates of free flaps remain high in dia-
betic patients [3,4]. In addition, the relatively prolonged operative
duration required for free-flap reconstruction could systemically
exacerbate the general health of diabetic patients with comorbid-
ities, such as cardiovascular disease or chronic renal failure (CRF).

The propeller perforator flap is a local island fasciocutaneous
flap made of two paddles of unequal length, separated by the
nourishing perforating vessel forming the pivot point [5]. The pro-
peller perforator flap has several advantages like the lack of a
need for microvascular anastomosis, which can shorten the oper-
ation and yield minimum donor site morbidity compared to free
flaps [6]. Hong noted that although significant atherosclerotic
changes are found in the major vessels of the lower leg in dia-
betic foot patients, perforating vessels, which are used as the vas-
cular pedicle of propeller perforator flaps, are often spared from
atherosclerosis [7]. Recently, Ioannis et al. [8] and Jiga et al. [9]
reported favorable results of propeller flaps in diabetic foot
patients. Therefore, the propeller perforator flap could be an alter-
native option for diabetic foot patients. However, diabetic vascul-
opathy is commonly associated with microvascular injury as well
as macrovascular injury, like atherosclerosis [10]. The complication

rate in diabetic patients treated with perforator flaps can be
affected by other factors, like impaired microcirculation. Ioannis
et al. [8] and Jiga et al. [9] reported favorable results with the use
of propeller flaps in diabetic foot patients, but these reports were
small case series, and the authors did not compare the outcome
with that in nondiabetic patients. Therefore, the purpose of this
study was to compare the outcome of the propeller perforator
flap between diabetic and nondiabetic patients and analyze fac-
tors affecting the outcome of the propeller perforator flap in
reconstruction of the distal lower leg.

Patients and methods

Patients

We retrospectively included all patients who underwent recon-
struction of the distal lower leg with the propeller flap at our
institution between 2014 and 2018. The study was conducted
after obtaining approval from the Institutional Review Board of
Keimyung University (2019-06-046). Thirty-five patients had small
to medium defects that were up to 50 cm2 in size, with tendon or
bone exposure [11]. The flap surgery was performed by one sur-
geon (JC) regardless of an abnormal ankle-brachial index (ABI) or
an arterial abnormality on computed tomography (CT) angiog-
raphy. Medical charts were reviewed for demographic characteris-
tics, preoperative factors, such as obesity (body mass index �30),
smoking status, and comorbidities, source of the perforator vessel,
arc of flap rotation, and complications. The patients were divided
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into two groups as follows at 1month postoperatively according
to the operative outcome: a complete healing group, consisting
of patients showing perfect healing without further treatment;
and a complication group, consisting of patients requiring add-
itional treatments or procedures, such as a skin graft, a local flap,
reconstruction with new flap, or amputation. We classified compli-
cations into two groups; major and minor complications. Major
complications were defined as partial or total flap necrosis that
needed surgical intervention postoperatively. Complications cured
with conservative treatment without surgical intervention postop-
eratively were considered minor complications.

Operative technique

Peroneal artery perforator-based propeller flaps were preferred for
defects of the lateral malleolus and heel, while posterior tibial
artery perforator-based propeller flaps were utilized for defects of
the medial malleolus, foot dorsum and pretibia. Anterior tibial
artery perforator-based propeller flaps were used for defects of
the pretibia and foot dorsum.

After general or spinal anesthesia was induced, a thigh tourni-
quet was applied to the leg without exsanguination to allow eas-
ier identification of the perforators during exploration. After
surgical debridement of any necrotic or infected tissue, the flap
was designed with respect to the defect. Under loupe magnifica-
tion, an exploratory incision was made in one of the anterior mar-
gins of the flap design to confirm the targeted perforator.
Perforator vessel patency was checked with a handheld Doppler
flowmeter preoperatively and intraoperatively, and after we raised
all boundaries of the flap, we checked for the presence of fresh
bleeding on all flap margins before flap rotation for at least
10min. If the perforator vessel was reliable, all boundaries of the
flap were raised with subfascial or suprafascial dissection. The sep-
tum surrounding the perforator was gently dissected to prevent
kinking of the vessel when the flap was rotated. We chose a dir-
ection of rotation that did not cause vessel kinking. Once flap per-
fusion was verified after flap rotation, inset of the flap into the
original defect was performed. If the donor site defect could not
be closed primarily, a split-thickness skin graft was used preferen-
tially to cover the defect.

Statistical analysis

Measurement data are expressed as median (range). Fisher’s exact
test and the Mann–Whitney U test were used to compare the fac-
tors between the nondiabetic and diabetic groups as well as
between the complete healing and complication groups. A logis-
tic regression model was used to determine the risk factors for
flap complications. All the statistical analyses were performed
using Stata 14.0 (Stata Co., College Station, TX, USA). p Values <

.05 were considered statistically significant.

Results

In all, 35 patients were included: 24 men and 11 women, with a
mean age of 61 years (range ¼ 30–79 years). Reconstruction was
performed under general anesthesia in 29 patients and under spi-
nal anesthesia in 6 patients. Of the patients, 20 had diabetes, 18
had hypertension, 11 had CRF, and 11 had diabetic neuropathy.
The defects were in the lateral malleolus (n¼ 15), heel (n¼ 10),
anterior tibia (n¼ 6), medial malleolus (n¼ 2), and foot dorsum
(n¼ 2). The average defect size was 31 cm2 (range ¼ 4–250 cm2).
The causes of the defects were diabetic foot ulcer (n¼ 20),

posttraumatic (n¼ 4), bursitis (n¼ 2), burn injury (n¼ 2), cellulitis
(n¼ 2), oncological resection (n¼ 2), venous ulceration (n¼ 1),
chronic ulceration (n¼ 1) and postoperative complication of
orthopedic surgery (n¼ 1) (Table 1).

The source arteries of the perforator flap were the peroneal,
posterior tibial, and anterior tibial arteries in 22, 10 and 3 cases,
respectively. The arc of rotation of all flaps was 150–180�. Twenty-
one patients showed complete healing, and 14 showed flap com-
plications. Among all patients with complications, 8 had major
complications and 6 had minor complications. Of the patients
with partial necrosis, 9 patients had venous congestion, and 2
patients had wound dehiscence; in 6 patients, the defects were
healed by secondary intention, while in 5 patients, the defects
were treated with vacuum-assisted closure (VAC), followed by a
skin graft. Of the patients with total necrosis, 2 patients had ven-
ous congestion, and 1 patient had arterial insufficiency; in 1
patient, the defect was treated with VAC, followed by a skin graft,
while in the 2 other patients, no additional surgery was per-
formed considering the patients’ poor general condition. Donor
sites were treated with primary closure in 24 cases and with a
skin graft in 11 cases (Figures 1–5).

Sex, diabetes, CRF, and diabetic neuropathy were associated
with flap complications. However, age, defect size, smoking,
hypertension, and obesity were not associated with flap complica-
tions. Crude logistic regression analysis showed that the female
sex (p¼ .002), diabetes (p¼ .01), and diabetic neuropathy
(p¼ .012) were significant risk factors for the occurrence of any
complications, but the significance of diabetes (p¼ .209) and dia-
betic neuropathy (p¼ .358) was not maintained in the adjusted
models. Although all patients with CRF had flap complications,
statistical significance was not obtained because analysis of one
hundred percent failure is impossible in the logistic regression
model. If more patients with CRF were included, this factor would
be the most significant (Tables 2–4).

Discussion

In our study, the complication rate in the diabetic patients was
approximately 60%. This rate was higher than that in other
reports on the reconstruction of diabetic foot ulcers with the pro-
peller perforator flap. Ioannis et al. and Jiga et al. noted complica-
tion rates of 17% and 33%, respectively [8,9]. However, their
results were limited in that they were derived from small case ser-
ies (6 cases). In a study by Ioannis et al., the arc of rotation of the
propeller perforator flap was smaller (45�–180�) than that in our
study (150�–180�). The arc of rotation could affect the outcome of
the propeller perforator flap because a larger arc of rotation is
associated with a higher complication rate [12]. Georgescu et al.
reported the outcome of the propeller perforator flap in 25 cases
of diabetic foot ulcers [13]. They noted that complete healing was
not achieved in 19 cases (76%) 1month postoperatively.

In our study, diabetes was significantly associated with flap
complications. In general, it is considered that the unpredictable
reduction and loss of blood flow in diabetic vessels causes flap
complications. After checking the reliability of the perforator ves-
sel intraoperatively with a handheld Doppler flowmeter and
checking for the presence of fresh bleeding on the flap margins,
we thoroughly dissected all fascial strands and soft tissues around
the perforator to prevent kinking of the perforator vessel upon
flap rotation. Despite skeletonizing the vessel completely and con-
firming the viability of the flap before rotation, most flap compli-
cations occurred after flap rotation in diabetic patients. This may
be because of the intrinsic structural change in the vessel wall
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caused by diabetes. Diabetes is well known to affect vessel walls
and lead to vascular calcification. There are two types of vascular
calcification: medial and intimal vascular calcification. Calcification
of the intima is a feature of atheroma (atherosclerotic calcifica-
tion) associated with luminal narrowing and tends to be more
proximal. Intimal calcium deposition in the context of atheroscler-
osis is mostly observed in the coronary arteries and large

vessels [14]. On the other hand, medial calcification is character-
ized by the deposition of hydroxyapatite, mainly localized in per-
ipheral vessels, with deposition along the elastic lamina and
extracellular matrix [15]. Medial calcification, which is known as
Monckeberg medial sclerosis, frequently occurs in the lower
extremity vessels of diabetic patients and is associated with vas-
cular stiffening [16,17]. In the lower extremity vessels of diabetic

Table 1. Patient summary.

No. Location of wound Size (cm2)
Perforator

source vessel Diabetes Complications

1 Lateral malleolus 2� 2 PA Y None
2 Foot dorsum 2� 2 ATA Y None
3 Lateral malleolus 2� 2 PA Y None
4 Anterior tibia 10� 25 ATA N None
5 Heel 5� 13 PTA N None
6 Lateral malleolus 2� 13 PA N None
7 Anterior tibia 10� 7 PTA N None
8 Heel 5� 8 PA Y Partial flap necrosis
9 Heel 5� 8 PTA Y Wound dehiscence
10 Heel 3� 3 PTA Y Partial flap necrosis
11 Foot dorsum 6� 6 ATA N None
12 Lateral malleolus 4� 4 PA N None
13 Medial malleolus 5� 5 PTA Y None
14 Lateral malleolus 7� 7 PA Y None
15 Anterior tibia 6� 4 PA N None
16 Lateral malleolus 3� 3 PTA Y Partial flap necrosis
17 Lateral malleolus 3� 3 PA Y None
18 Lateral malleolus 6� 5.5 PA Y None
19 Anterior tibia 10� 5 PA Y Total flap necrosis
20 Heel 3� 3 PA Y None
21 Lateral malleolus 5� 5 PA N None
22 Heel 3� 3 PA Y Partial flap necrosis
23 Medial malleolus 12� 8 PTA N None
24 Heel 4� 5 PA Y Total flap necrosis
25 Heel 5� 3 PA N Partial flap necrosis
26 Lateral malleolus 3� 3 PA N None
27 Anterior tibia 5� 3 PTA N None
28 Lateral malleolus 4� 4 PA N Partial flap necrosis
29 Lateral malleolus 2� 6.5 PA Y Partial flap necrosis
30 Lateral malleolus 2� 3 PA N None
31 Lateral malleolus 5� 6 PA Y Partial flap necrosis
32 Heel 3� 3 PTA Y Wound dehiscence
33 Lateral malleolus 11� 2 PA Y Total flap necrosis
34 Anterior tibia 3� 2 PTA Y Partial flap necrosis
35 Heel 2� 2 PA N None

PA: peroneal artery; PTA: posterior tibial artery; ATA: anterior tibial artery; Y: yes; N: no.

Figure 1. (Left) A 72-year-old man with a 6x5 cm chronic ulceration on the lat-
eral malleolus underwent treatment with a peroneal artery perforator-based pro-
peller flap. (Right) Four weeks postoperatively.

Figure 2. (Left) A 74-year-old man with a chronic wound with plate exposure on
the lateral malleolus underwent treatment with a peroneal artery perforator-
based propeller flap. (Right) Four weeks postoperatively.
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patients, medial vascular calcification occurs earlier than intimal
calcification [18]. Therefore, vessels in the lower extremities of dia-
betic patients can have severe vascular stiffening even if the ves-
sel blood flow is intact. The vessel’s intrinsic stiffness could yield a

high possibility of vessel kinking upon propeller perforator flap
rotation despite the surgeon’s delicate dissection. In some cases,
we could visually check the medial calcification of the perforator
vessel. In normal perforator vessels, vein engorgement is observed
after tourniquet inflation. However, in the case of a perforator ves-
sel with severe medial calcification, the vessel appears as a single
white and rigid cord-like structure without demarcation between
the artery and vein (Figure 6). Therefore, intrinsic changes in the
perforator vessel may have contributed to the high complication
rate of the propeller perforator flap in diabetic patients. Diabetic
vasculopathy is commonly associated with microvascular injury as
well as macrovascular injury. Microcirculation changes in diabetic
patients can be another cause of propeller perforator flap compli-
cations. Diabetes is known to lead to microvascular changes that
can hamper flap microperfusion [19]. Diabetic neuropathy, which
was associated with flap complications in our study, is also closely
related to the impaired microcirculation [20]. Therefore, impaired
microcirculation may be one of the causes of propeller perforator
flap complications.

Diabetic neuropathy and nephropathy were significantly asso-
ciated with flap complications in our study. These factors occur in
the progression of diabetes. Therefore, they are strongly associ-
ated with the possibility of vessel stiffness and impaired microcir-
culation. Additionally, many studies have proven that diabetic
neuropathy and nephropathy are related to medial arterial calcifi-
cation [15,21–23]. Edmonds et al. [21] and Young et al. [22] found
medial arterial calcification in a greater percentage of diabetic
patients with neuropathy than diabetic patients without neur-
opathy. McCullough et al. [23] and Mackey et al. [15] noted that
medial arterial calcification is very common in CRF patients.
Therefore, diabetic neuropathy and nephropathy are predictive
definite factors of vessel stiffness in diabetic foot patients com-
pared to patients who do not have these complications.

Paik et al. [12] suggested that the complication rate was higher
in flaps with an arc of rotation between 150� and 180� than flaps
with an arc of rotation less than 150�. On the other hand, others
suggested that torsion had no effect on vascular patency. Bekara
et al. [24] evaluated the risk factors of perforator-pedicled propel-
ler flap failure in lower extremity defects. They noted no signifi-
cant difference in flap complications between a rotation of less
than 120� and greater than 120�. Amoroso et al. [25] reported
that in a study of superficial inferior epigastric artery flaps in a rat
model, twisting the pedicle by 90, 180, and 270� had no effect on

Figure 3. (Left) A 48-year-old woman with a 2x2 cm wound with Achilles tendon
exposure underwent treatment with a peroneal artery perforator-based propeller
flap. (Right) One week postoperatively.

Figure 4. (Left) A 60-year-old man with a 3x3 cm chronic wound on the lateral
malleolus due to infective bursitis underwent treatment with a peroneal artery
perforator-based propeller flap. (Right) Four weeks postoperatively.

Figure 5. (Left) A 51-year-old man with an 8x6 cm wound with tendon exposure on the ankle underwent treatment with a posterior tibial artery perforator-based
propeller flap. (Left center) Intraoperatively. (Right center) Two days postoperatively; venous congestion. (Right) Two weeks postoperatively; partial necrosis.
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flap survival. However, 360� pedicle torsion resulted in flap
edema, congestion, and necrosis. Wang et al. [26] reported that
the 360� arc of pedicle torsion had no detrimental effect on
dynamic perforasome perfusion or survival in a study of intercos-
tal artery perforator flaps in a rat model. Bektas et al. [27] found
that 360� of torsion did not affect perforator flap viability in a
study of bilateral posterior thigh perforator-based flaps in a rat
model. However, the abovementioned studies used propeller flaps
with intact vessel walls. Therefore, in vessels with medial vascular
calcification, an arc of rotation less than 150� might be considered
for favorable flap survival.

Taeger et al. [28] noted that pedicled perforator flaps can be
raised with width:length ratios up to 1:5. In a study by Mehrotra
et al. [29], the largest ratio of flap width to length for a peninsular
perforator flap could approach 1:4.5. In our study, the ratio of flap
width to length did not exceed 1:4. However, in several patients
with diabetes, venous congestion occurred in the distal portion of
the flap, which resulted in partial flap loss. Saint-Cyr et al. [30]
noted that hyperperfusion of a single perforator can capture mul-
tiple adjacent perforator vascular territories through direct and
indirect linking vessels. Diabetes is known to lead to microvascu-
lar changes that can hamper flap microperfusion. Therefore,
impaired microcirculation may occurred in the distal and less-vas-
cularized portion of the flap through the dysfunction of the link-
ing vessels caused by microvascular injury in diabetic patients
[19,31]. Recently, many researchers have evaluated the microper-
fusion of the perforator flap using indocyanine green fluorescence
angiography [32–34]. Further studies will need to investigate the
appropriate ratio of flap width to length for perforator flaps
in diabetic patients using indocyanine green fluorescence
angiography.

There are several limitations to our study. First, this study was
not a randomized control study and could have selection bias.
Second, it was a retrospectively designed study. Third, our study
was a relatively small-scale study for comparing two groups and
performing a risk factor analysis. Despite these disadvantages, a
single experienced surgeon performed all of the abovementioned
procedures in a single center, and to the best of our knowledge,
this is the largest study to compare the outcome of the propeller
perforator flap between diabetic and nondiabetic patients.

Conclusions

We found that diabetic patients had a significantly higher flap
complication rate than nondiabetic patients. This may be because
of medial vascular calcification and impaired microcirculation

Table 2. Differences in the preoperative factors between the complete healing
and complication (minor and major) groups.

Complete
Healing
Group
(n¼ 21)

Complication Group

　

Minor
Complications

(n¼ 6)

Major
Complications

(n¼ 8) p

Age 60 (40–91) 62 (42–75) 61 (30–77) .637
Sex
Male 19 (90.48) 3 (50.00) 2 (25.00) .002�
Female 2 (9.52) 3 (50.00) 6 (75.00)

Defect size 24 (1–250) 38 (3–40) 35 (9–50) .735
Smoking 9 (42.86) 3 (50.00) 3 (37.50) >.999
Hypertension 8 (38.10) 4 (66.67) 6 (75.00) .086
Diabetes 8 (38.10) 5 (83.33) 7 (87.50) .007�
CRF 0 (0.00) 4 (66.67) 7 (87.50) <.001�
DM neuropathy 3 (14.29) 2 (33.33) 6 (75.00) .011�
Obesity 4 (19.05) 1 (16.67) 5 (62.50) .151
�p< .05.

Table 3. Differences in the factors between the nondiabetic and dia-
betic groups.

Nondiabetic Group
(n¼ 15)

Diabetic Group
(n¼ 20) p

Age 63 (46–91) 59 (30–77) .594
Sex .069
Male 13 (86.67) 11 (55.00)
Female 2 (13.33) 9 (45.00)

Defect size 46 (3–250) 20 (1–50) .159
Smoking 6 (40.00) 9 (45.00) >.999
Hypertension 6 (40.00) 12 (60.00) .315
CRF 0 (0.00) 11 (55.00) .001�
DM neuropathy 0 (0.00) 11 (55.00) .001�
Obesity 3 (20.00) 7 (35.00) .458
Flap complication 2 (13.33) 12 (60.00) .007�
�p< .05.

Table 4. Results of logistic regression analysis of flap complication data.

Crude Adjusted

　 OR (95% CI) p OR (95% CI) p

Sex
Male Reference – Reference –
Female 17.10 (2.77–105.70) .002� 12.53 (1.70–92.26) .013�

Age 0.98 (0.93–1.03) .431
Defect size 0.98 (0.95–1.01) .304
Smoking 1.00 (0.25–3.92) >.999
Hypertension 4.06 (0.95–17.42) .059
Diabetes 9.75 (1.72–55.37) .01� 4.27 (0.44–41.15) .209
CRF – –
DM neuropathy 8.00 (1.59–40.30) .012� 2.76 (0.32–24.08) .358
Obesity 3.19 (0.70–14.56) .135 　 　
� p< .05.

Figure 6. (Left) In normal vessels, vein engorgement is observed after tourniquet inflation. (Right) In cases of vessels with severe medial calcification, the vessel
appears as a single white and rigid cord-like structure without demarcation between the artery and vein.
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caused by diabetes. Therefore, the propeller perforator flap might
not be effective for reconstructing diabetic foot ulcers.
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