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Purpose: Free flaps play an important role in the reconstruction of chronic wounds in
the lower extremities. Nonetheless, the use of free flaps for chronic wound recon-
struction tends to be challenging. A considerable number of patients with chronic
wounds have noteworthy medical histories, such as chronic kidney disease or end-
stage renal disease (ESRD). This study aimed to determine the relationship between
the success rate and complications of free flap surgery according to the degree of kid-
ney disease from normal renal function to ESRD.

Methods: A retrospective study of all patients who underwent free tissue transfer
procedures due to chronic wounds in the lower-extremity area over a 9-year period,
between October 2011 and February 2020, was conducted. The primary outcome was
flap failure, and major complications were set as the secondary outcome.

Results: Sixty-seven consecutive free flaps were used for chronic wounds of the lower
extremities at our institution. Flap failure occurred in six patients (9.0%), resulting in a
total flap survival rate of 91.0%. Sixteen patients (23.9%) experienced major compli-
cations. Flap failure was correlated with the presence of ESRD and renal transplanta-
tion.

Conclusion: There are several limiting factors for the reconstruction of chronic
wounds in the lower extremity. In particular, ESRD and renal transplantation were sig-
nificantly correlated with flap failure.

Keywords: Free tissue flaps, End-stage renal disease, Chronic renal insufficiency, Low-
er extremity, Wounds, Diabetic foot

Introduction

The free flap plays an important role in the reconstruction of chronic wounds
in the lower extremities. Reconstruction by free flap can be performed even when
white structures such as bones or tendons are exposed, and it can be a better
choice than a skin graft in weight-bearing or joint areas [1].

Nonetheless, the use of free flaps for chronic wound reconstruction tends to be
challenging in most cases [2,3]. A considerable number of chronic wound pa-
tients have varying medical histories, such as ischemic heart disease, peripheral
vascular disease (PVD), history of cerebrovascular attack, chronic kidney disease
(CKD), or end-stage renal disease (ESRD) [4]. Free flap placement in patients
with comorbid illnesses is difficult, and the rate of flap complications is relatively
high. In particular, CKD and ESRD were considered as risk factors for free flap in
some studies [5-10].

In this study, patients who underwent free flap surgery for chronic wounds of
the lower extremities were examined, and their relationship with the success rate
and complications of free flap surgery according to the degree of their kidney dis-
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ease from normal renal function to ESRD was investigated.

Methods

Ethics statement: The study was conducted after obtaining ap-
proval from the Institutional Review Board of Ajou University
Hospital (No. AJIRB-MED-MDB-20-374) and the research was
conducted according to the World Medical Association Declara-
tion of Helsinki. Written informed consent was obtained for pub-
lication of this case report and accompanying images and verbal
informed consent was obtained for the other patients from
themselves for their legal guardians.

A retrospective study of all patients who underwent free tis-
sue transfers to the below-the-knee lower extremities due to
chronic wounds during a 9-year period, between October 2011
and February 2020, was conducted. Patients with acute renal
failure, undergoing hemodialysis or continuous renal replace-
ment therapy, were excluded. ESRD was defined as renal failure
that required regular dialysis.

Demographic data and medical history were obtained through
retrospective chart review. The collected data included a detailed
medical history, demographics, flap, and perioperative character-
istics. Laboratory tests used for statistics such as serum creati-
nine, hemoglobin Alc (HbAlc), and C-reactive protein (CRP)
were based on the first test results after admission to rule out ef-
fects from hydration or computed tomography (CT) contrast.
The glomerular filtration rate was estimated using the Modifica-
tion of Diet in Renal Disease equation (GFR=175 x standar
dized serum creatinine—1.154 x age —0.203 x 0.742 [if female])
[11]. Major complications were defined as those that required
surgical intervention (exploration, debridement, repair, or addi-

tional coverage).

1. Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics
ver. 25.0 (IBM Corp., Armonk, NY, USA). Means and standard
deviations were calculated for continuous variables and fre-
quencies, and percentages were calculated for categorical vari-
ables. The t-test was used to examine whether there was a sta-
tistically significant difference in the means of the continuous
variables between the two groups. The chi-square and Fisher
exact tests were used to examine categorical variables. The lo-
gistic regression model for multivariate analysis was performed.
A p-value of <0.05 was considered statistically significant.

https://doi.org/10.12790/ahm.22.0015

Results

1. Demographics

Sixty-seven consecutive free flaps were used for chronic
wounds of the lower extremity (below the knee) at our institu-
tion. The flaps included in the study were used in 52 male and
15 female patients. The mean patient age was 58.03+13.03
years (range, 29-82 years). The most common cause of defect
was diabetic foot for 58 patients (Table 1). Fifty-three patients
(79.1%) had diabetes; the average duration of their diabetes was
12.48 years, and their average level of serum HbA1lc was 9.05%
(Tables 2, 3). Three patients (4.5%) had a history of kidney
transplantation. A total of 54 patients had PVD, and 41 (61.2%)
underwent percutaneous transluminal angioplasty (Table 2).

The flaps used included the anterolateral thigh (ALT; n=57,
85.1%), medial sural artery perforator (n=7, 10.4%), vastus lat-
eralis (n=2, 3%), and thoracodorsal artery perforator (n=1,
1.5%). Arterial anastomosis was performed by means of an

Table 1. Patient demographics

Characteristic Data
No. of patients 67
Sex
Male 52 (77.6)
Female 15 (22.4)
Age (yr) 58.0 (29-82)
Cause of defect
Diabetic foot 58 (86.6)
PVD 7 (10.4)
Chronic osteomyelitis 2 (3.0)
BMI (kg/m?) 22.5 (14.8-33.4)
Smoking 29 (43.3)

Values are presented as number only, number (%), or mean (range).
PVD, peripheral vascular disease; BMI, body mass index.

Table 2. Prevalence of comorbid illnesses

Comorbid illnesses Data
DM 53 (79.1)
Duration of DM (yr) 12.5%£10.8
Hypertension 31(46.3)
PVD 54 (80.6)
Endovascular intervention 41 (61.2)
ESRD 9(13.4)
Renal transplantation 3(4.5)
Chronic kidney disease 20(29.9)

Values are presented as number (%) or meanzstandard deviation.

DM, diabetes mellitus; PVD, peripheral vascular disease; ESRD, end-stage
renal disease; CKD, chronic kidney disease.
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Table 3. Preoperative laboratory test results

Laboratory test Data No. of patients
Creatinine (mg/dL) 1.8(0.3-89)%2.3 67
eGFR (mL/min/1.73 m’)  89.3 (4.8-248.2) + 54.4 67
HbATc (%) 9.1 (5.0-16.0)+2.4 54
Hemoglobin (g/dL) 10.4 (7.8-14.1)*1.3 67
CRP (mg/dL) 2.2(0.02-17.3)13.4 67
Albumin (g/dL) 3.5 (2.5-4.5)*0.53 67

Values are presented as mean (range) * standard deviation.
eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; CRP,
C-reactive protein.

Table 4. Flap characteristics

Characteristic Data
Location of reconstruction site

Knee and lower leg 6(9.0)

Ankle and malleolus 15 (22.4)

Dorsum of foot and midfoot 22(32.8)

Forefoot 14 (20.9)

Hell 10 (14.9)
Flap

Anterolateral thigh 57 (85.1)

Medial sural artery 7 (10.4)

Thoracodorsal artery 1(1.5)

Vastus lateralis 2(3.0)
Recipient

Anterior tibial artery 52 (77.6)

Posterior tibial artery 15 (22.4)
Arterial anastomosis

End to side 63 (94.0)

End to end 4 (6.0)
No. of perforator

1 41 (61.2)

2 24 (35.8)

3 3(45)

Values are presented as number (%).

end-to-side technique in 63 patients (94%). The most common
site of coverage was the dorsum of the foot (n=18, 26.9%), fol-
lowed by the forefoot (n=14, 20.9%), ankles (n=13, 19.4%),
and heels (n=10, 14.9%). The procedures of 43 patients
(64.2%) were performed on weight-bearing areas in the pa-
tients (Table 4).

2. Patient outcomes

As a result, flap failure occurred in six patients (9.0%), allow-
ing us to obtain a total flap survival rate of 91.0%. Major com-
plications occurred in 16 patients (23.9%) who required surgi-
cal intervention (Fig. 1, Table 5).
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Fig. 1. Diabetic foot reconstruction with a free flap. A 48-year-old
male patient with diabetic necrosis of the right foot. After serial
debridement, the infection was controlled, and granulation tissue
was observed. (A) Dorsal view and (B) plantar view after serial
debridement. (C) Dorsal view and (D) plantar view two weeks
after free flap coverage. (E) Wound revision was performed due to
wound dehiscence in the weight-bearing area.
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We performed a receiver operating characteristic (ROC) curve
analysis to reveal the specific serum creatinine levels associated
with the occurrence of flap failure. The sum of sensitivity and
specificity was greatest when the serum creatinine level of 1.21
mg/dL and the area under curve of was 0.772 (Fig. 2).

The statistical analysis of patient characteristics revealed sev-
eral statistically significant factors associated with major com-
plications and flap failure after free flap surgery. In univariate
analysis, flap failure rate was significantly higher in patients
with ESRD and renal transplantation. Although not statistically
significant, when serum creatinine levels were 1.21 mg/dL or
higher, the p-value was 0.052, indicating a relatively high failure
rate (Table 6).

Using multivariate analysis, ESRD and renal transplantation
were associated with flap failure. The odds ratio was 77.8 and
86.7 respectively. Based on the serum creatinine 1.21 mg/dL
obtained using the ROC curve, the analysis was conducted by
dividing the group into a group with a serum creatinine lower
than 1.21 mg/dL and a group with a serum creatinine higher
than 1.21 but without dialysis. As a result, serum creatinine lev-
el was not related to flap failure (Table 7).

Table 5. Postoperative complications

Complication Data
Total flap necrosis 6(9.0)
Partial flap necrosis 8(11.9)
Wound infection 5(7.5)
Wound dehiscence 6(9.0)
Microscopic exploration 2 (3.0)

Values are presented as number (%o).
Some patients experienced more than one complication.

Discussion

In the case of chronic wounds of the lower extremities, dia-
betic foot account for most cases, and PVD is often present,
even without diabetes [12]. Therefore, we evaluated blood ves-
sels of the lower extremity by performing CT angiography or
conventional angiography in almost all patients. In addition,
through a weekly conference with the radiology department, it
was confirmed whether angioplasty would be beneficial to the
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Fig. 2. Receiver operating characteristic (ROC) curve for flap
failure with serum creatinine levels. An ROC curve was drawn
using patients' serum creatinine levels. The area under the curve
(AUC) was 0.772, and the cutoff value of serum creatinine to flap
failure was 1.21 mg/dL.

Table 6. Univariate analysis comparing the associations of various conditions with flap failure and major complications

Major complication  No complications p-value Flap failure Flap success p-value

End-stage renal disease 3 6 0.437 3 6 0.028*
Renal transplantation 2 1 0.139 2 1 0.020*
sCr level > 1.21 mg/dL 7 13 0.218 4 16 0.052
Recipient artery 0.492 >0.999

ATA 14 38 5 47

PTA 2 13 1 14
Angioplasty 12 29 0.247 5 36 0.392
Sex 0.096 0.121

Male 10 42 49

Female 6 9 12
Weight-bearing reconstruction site 5 19 0.662 1 23 >0.999
sCr, serum creatinine; ATA, anterior tibial artery; PTA, posterior tibial artery.
*p < 0.05.
https://doi.org/10.12790/ahm.22.0015 261
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Table 7. Multivariate analysis of the associations of various conditions
with flap failure

Variable OR (95% Cl) p-value
Duration of DM (yr) 1.08 (0.95-1.22) 0.240
Renal transplantation ~ 86.75 (1.31-5,723.47) 0.037*
sCr level
>1.21 mg/dLa) 3.22 (0.05-207.74) 0.581
ESRD 77.83 (1.18-5,100.53) 0.041*
Angioplasty 0.43 (0.02-10.24) 0.605

OR, odds ratio; Cl, confidence interval; DM, diabetes mellitus; sCr, serum
creatinine; ESRD, end-stage renal disease.

IsCr of 2 1.21 mg/dL but without dialysis.

*p < 0.05.

patient, and if necessary, it was implemented. Most patients
with chronic wounds often have wound infections, ranging
from mild to severe infections. When angioplasty is required, it
is usually performed, followed by wound preparation through
debridement several times from the next day.

In the case of diabetic foot patients, many patients experience
a long period of diabetes, and diseases such as coronary artery
obstructive disease (CAOD) and CKD are often present. Free
flap surgery is a lengthy procedure and sometimes results in
significant bleeding. This may be particularly the case if pa-
tients are taking antiplatelet medications for CAOD or if they
regularly use anticoagulants due to dialysis. Therefore, we con-
sulted the Departments of Cardiology, Endocrinology, and Ne-
phrology to confirm the necessary measures required before
and after surgery. For ESRD patients, as much dialysis as possi-
ble should be performed the day before surgery, as a large
amount of fluid enters during surgery.

We prefer donor sites with ipsilateral ALT, as ALT can obtain
long and reliable pedicles. The flap was harvested from the ip-
silateral side whenever possible to preserve the function of the
contralateral leg as much as possible. For the donor site, vacu-
um-assisted closure is applied to decrease donor site complica-
tions and reduce the frequency of dressing changes.

In most cases, end-to-side anastomosis was performed to
maintain the distal flow. In particular, patients with chronic
wounds do not prefer end-to-end anastomoses because there
are many patients with PVD, often comprising of patients with
single-vessel lower extremities.

One of our postoperative management strategies is to have
the patient sedated in an intensive care unit (ICU) for 24 to 72
hours after surgery. It is challenging to keep a patient with sev-
eral comorbidities stable in an intubated state for a long time,
but this has several advantages. By immobilizing the patient,
the flap complications caused by patient movement can be re-
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duced. Additionally, when emergency operations are required,
surgery can be performed quickly. Arterial line monitoring can
be performed in the ICU, and the patient’s blood pressure can
be adjusted to high or low depending on the condition of the
flap. In the case of ESRD patients, conventional hemodialysis is
mostly performed in the ICU, but in some cases, continuous
renal replacement therapy may be performed if blood pressure
is low. The times at which to end patient sedation and extuba-
tion were determined by the surgeon after inspection of the
flap. In most cases, extubation was performed between 24 and
48 hours.

The use of free flaps for chronic wound reconstruction is
challenging in most cases [2]. However, it is important to note
that Oh et al. [4] suggested that reconstruction of the diabetic
foot through free flap surgery itself increases the survival rate
of patients. In addition, Moran et al. [8] reported that free flap
surgery could be sufficiently attempted in patients with renal
disease through infection control through revascularization
and serial debridement. Accordingly, free flap surgery in chron-
ic wounds should be considered before amputation, if it is pos-
sible to salvage the limb.

Of the 67 patients included in this study, nine were ESRD pa-
tients, and three flap failures occurred, showing a 33% failure
rate. It has a very high failure rate compared to previous stud-
ies, as Moran et al. [6] reported two flap failures in 33 patients
with renal impairment or ESRD. Chien et al. [13] also reported
one flap failure in 20 patients with ESRD. Nevertheless, in the
study by Moran et al. [6], there were four additional cases of
eventual amputation due to complications that occurred within
one month after surgery, and Chien et al. [13] also showed that
the final limb salvage rate was 80% due to other complications.
As a result, the final limb salvage rate of patients with ESRD
showed relatively similar results. Notably, wound healing was
achieved without major complications in six patients, with the
exception of three patients with primary flap failure among
nine ESRD patients.

There are many causes of complications after free flap cover-
age in chronic wounds. In particular, patients with renal dys-
function have difficulties, such as vascular problems, delayed
wound healing, bleeding tendency, and coverage of chronic
wounds, which can pose great challenges to the reconstructive
microsurgeon. Renal impairment decreases immunity by de-
creasing neutrophil function, impaired phagocytic function,
natural killer cell activity, T- and B-lymphocyte function, and
T-lymphocyte response to standard antigens [13-15]. Accord-
ing to previous studies, the correlation between factors that in-
hibit wound healing in patients with chronic renal impairment

https://doi.org/10.12790/ahm.22.0015
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and free flap transfer and complications has been reported
[6,12,13-17].

Although there are limitations due to the small sample size,
flap failure occurred in two out of three renal transplantation
patients and three out of nine ESRD patients. Due to the small
sample size of renal transplantation and ESRD patients, there is
a limitation in interpreting the results of multivariate analysis
as it is. However, univariate analysis used for nonparametric
test also showed a trend consistent with multivariate analysis.
Although patients undergoing renal transplantation maintain
relatively normal renal function, this phenomenon is thought
to occur for two reasons. First, renal transplantation patients
show a high change in the duration of diabetes mellitus (DM).
Diabetic kidney disease is a cause of renal failure in the Repub-
lic of Korea. Most patients undergoing renal transplantation
have severe diabetes, and DM vasculopathy in the lower ex-
tremities is often accompanied by long-term severe diabetes
[18]. In patients with severe vasculopathy, the free flap is chal-
lenging, and the probability of failure is relatively high. A sec-
ond cause of the high failure rate in renal transplantation pa-
tients is thought to be the immunosuppressants they were tak-
ing. The use of immunosuppressants makes wounds suscepti-
ble to infections [19-21]. In addition, patients who underwent
a renal transplantation visit the hospital frequently; hospitaliza-
tion is high, and the probability of infection with antibiotic-re-
sistant bacteria in the wound is also relatively high.

Although not as much as renal transplant patients, most
ESRD patients also have various comorbidities such as diabetes,
so their immunity is impaired and microcirculation in the low-
er extremities is poor, so they may be vulnerable to wound in-
fection of the lower extremities. Especially in ESRD patients,
unlike renal transplant patients, the interstitial volume cannot
be directly controlled, and this may affect flap failure in a dif-
ferent way than renal transplant patients. Free flaps take a long
time and, in some cases, cause a lot of bleeding. In particular, in
the case of ESRD patients, anticoagulation agents are periodi-
cally administered for dialysis, and antiplatelet drugs are some-
times taken for a long time in case of comorbidities such as
CAOD or PVD. This can contribute to increased bleeding and
leads to hypotension during surgery. For free flap surgery on
the lower extremities, the use of peripheral vasoconstricting
agents such as norepinephrine is discouraged. Although con-
troversial, there is an opinion that perfusion to the flap can be
reduced by vasoconstrictors. Therefore, to maintain blood
pressure during free flap surgery, anesthesiologists try to main-
tain the effective volume of the patient by administering crys-
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talloid. Patients with ESRD do not have the ability to directly
excrete interstitial volume overload caused by crystalloid ad-
ministration, which leads to tissue edema and increased tissue
pressure. Therefore, it can lead to a decrease in microcircula-
tion. Even if volume overload is controlled through dialysis af-
ter surgery, dialysis itself is a process that causes a decrease in
the patient’s blood pressure and may also affect the microcircu-
lation of the flap by reducing the perfusion pressure.

In addition, blood vessel in both ESRD and renal transplan-
tation patients are usually accompanied by vascular calcifica-
tion [20,21]. In particular, in the case of diabetes with ESRD or
renal transplantation, chronic hyperglycemia with oxidative
stress intensifies vascular calcification [22-24]. Microanasto-
mosis in severely calcified vessels is technically difficult and
risky. Although there was no calcification at the microanasto-
mosis site, calcification at the proximal or distal area of recipi-
ent vessel may affect the blood flow to the flap. It is possible
that this vascular calcification of ESRD and renal transplanta-
tion patients may have influenced the flap failure rate.

The significance of this study was to statistically examine fac-
tors that may be related to flap failure in the reconstruction of
patients with chronic lower-extremity wounds. In addition, a
wide spectrum was investigated from patients with normal re-
nal function to ESRD. The results showed that the flap failure
rate was significantly higher in patients with ESRD and renal

transplantation.

Conclusion

Free flap transfers are used in the reconstruction of chronic
wounds in the lower extremity but several factors can lead to
their failure. In particular, ESRD and renal transplantation were
significantly correlated with flap failure.
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