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Introduction

Diabetes is a substantially burdensome disease worldwide. In 2018, 
34.2 million individuals were diagnosed with diabetes in the United 
States [1]. The total prevalence of diabetes (diagnosed and undiag-
nosed cases) was 14% in the United States in 2010, a percentage that 
is predicted to increase to 21–33% by 2050 [1]. Diabetes increases the 
risk of many serious health problems. A person with diabetes is at 
high risk of heart disease, stroke, and other serious complications, 
such as kidney failure, blindness, and amputation of the toe, foot, or 
leg. However, advances in medicine and healthcare are prolonging 
the life span. While these advances benefit the general population, 
older adults and minority groups continue to experience morbidity 
associated with diabetes [2].

Diabetic foot is a foot disease in patients with diabetes that is as 
prevalent as vision issues and blindness in this population, not to 
mention a major public health issue worldwide. The economic burden 
of diabetic foot disease is also significant. The average annual cost of 
diabetic foot per patient is $10,604 in the United States, which is 
similar to the cost of diabetic kidney disease [3].

Severe cases of diabetic foot may require major amputation 
(below-the-knee or above-the-knee amputation). According to 
research conducted in the United Kingdom, the 5-year amputation 
rate (YEAR to YEAR) in patients with new-onset diabetic foot ulcers is 
11–29% [4]. Data from the United States [5] and Europe [6] show that 
approximately 8–14% of patients who undergo major amputation die 
within 30 days after surgery. Even those who survive may no longer 
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walk independently. At the University of Colorado Health Sciences 
Center, Nehler et al. studied the physical function of surviving patients 
17 months after major amputation and reported that 46% of patients 
could not walk by themselves, 25% ambulated indoors only, and only 
29% ambulated outdoors [7]. Although young, healthy amputees can 
continue walking with a prosthesis, leg loss can lead to a decrease in 
or complete loss of walking ability, which is also true for most diabetes 
patients. Therefore, amputation prevention is critical for maintaining 
the quality of life of diabetes patients.

One of the objectives of Healthy People 2030 is to reduce the rate 
of lower extremity amputations among individuals with diabetes. The 
incidence of amputation in 2016 was 4.9 per 1,000 adults aged 18 
years or older with diabetes, and one of the objectives of Healthy 
People 2030 is to decrease the number to 4.3 per 1,000 in 2030 [8]. 
Various strategies for the prevention of foot ulcers have been studied 
scientifically. There is robust evidence indicating that long-term 
blood sugar control and a multidisciplinary approach to managing 
diabetic foot ulcers can reduce amputation rates in people with 
diabetes. However, managing large foot ulcers is still challenging. In 
particular, diabetic foot ulcers reaching the bone, gangrene, and 
large wounds are known factors associated with amputation [9].

Free flap surgery has been reported as an alternative for 
amputation. A free flap is especially useful for closing large wounds 
associated with diabetic foot ulcers and therefore reducing the risk 
of amputation. Surgery is associated with higher rates of 
independent ambulation [10], maintained physical activity and 

ARTICLE HISTORY
Received 7 March 2025
Accepted 25 August 2025
Published 21 October 2025

KEYWORDS 
Amputation; diabetes; 
diabetic foot; free flap; 
lower extremity wounds; 
peripheral artery disease

CONTACT Tomoya Sato  tomsat@saitama-med.ac.jp  Department of Plastic and Reconstructive Surgery, Saitama Medical University, 38 Morohongo, 
Moroyama, Iruma-gun, Saitama, 350-0495, Japan
© 2025 The Author(s). Published by MJS Publishing on behalf of Acta Chirurgica Scandinavica. This is an Open Access article distributed under the terms of the Creative Commons 
Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix, 
transform, and build upon the material, with the condition of proper attribution to the original work.

https://doi.org/10.2340/jphs.v60.44803
https://orcid.org/0000-0001-8253-5540
mailto:tomsat@saitama-med.ac.jp
http://creativecommons.org/licenses/by/4.0/


205   T. SATO ET AL.

Figure 2.  Representative cases of successful (A) and failed (B) free flaps.

5-year survival [11]. However, the high failure rate is the most 
significant drawback of free flap surgery for diabetic foot ulcers. 
Approximately 9–27% of patients experience free flap failure and 
require reoperation or amputation [12, 13]. The percentage is higher 
than that at the other reconstruction sites. For example, the failure 
rate is 2–4% for head and neck reconstruction and 2–5% for breast 
reconstruction [14–17]. Therefore, to ensure a good outcome, only 
the most suitable patients should be selected. Moreover, as diabetic 
foot ulcers are generally understudied, there is a paucity of data on 
the risk factors for free flap failure in the reconstruction of diabetic 
foot ulcers.

The aim of this study was to investigate the risk factors for free flap 
surgery failure in the reconstruction of diabetic foot ulcers by 
retrospectively reviewing the electronic medical records of selected 
patients.

Methods

A multicenter retrospective record review was conducted in three 
teaching hospitals in Japan. We reviewed the electronic medical 
records of patients who underwent free flap surgery for diabetic foot 
ulcers between April 2007 and March 2019. Patient characteristics, 
surgical data, laboratory data, and postoperative complications were 
collected from electronic medical records, and an Excel database was 
developed.

Patients were considered eligible for inclusion on the basis of 
ulcer size (approximately 4 cm in size or larger), ulcer depth 
(extending to the bone, fascia, or tendon), overall health status, and 
physical function. Surgery was also appropriate if the patient had an 
extensive tissue defect on their foot that could not be managed via 
conservative treatment or other types of surgery except free flap 
surgery or amputation. Additionally, patients with severe peripheral 
artery disease (PAD) and wound ischemia should have undergone 
surgical or endovascular revascularization at least 1 month before 
free flap surgery. The exclusion criteria were potentially fatal severe 
systemic diseases (recent myocardial infarction, cerebrovascular 
accident, ongoing cardiac ischemia, severe valve dysfunction, severe 

reduction in ejection fraction, shock, and sepsis) and being unable to 
ambulate (Figure 1).

The patients were divided into a success group and a failure group 
according to the surgical results. The primary study outcome was free 
flap surgery failure. Representative cases of successful and failed free 
flaps are shown in Figure 2. The independent factors were age, sex, 
end-stage renal disease, ischemic heart disease, white blood cell 
count, C‐reactive protein (CRP) level, hemoglobin level, serum 
albumin concentration, serum calcium concentration, hemoglobin 
A1C level, wound location, and donor site. Patients were classified as 
having PAD if they had ischemic lower extremity wounds due to 
peripheral arterial disease and had undergone revascularization 
before free flap surgery. The 13 independent factors mentioned 
earlier are also risk factors identified in previous studies [14, 18], as 
well as those deemed high impact by physicians performing these 
surgeries at the research sites.

Statistical analysis

We assessed the associations of surgery failure with each independ-
ent variable via the chi-square test, Fisher’s exact test, and Student’s 
t test, as appropriate. Variables with p < 0.20 in the univariate analyses 
were entered into the multivariate logistic regression model. The sig-
nificance threshold was set at 0.05. All the statistical analyses were 
performed using SPSS version 24 (IBM Corp., Armonk, NY).

Ethics

This study was approved by the institutional review boards of all par-
ticipating hospitals. The lead institution was Saitama Medical 
University Hospital, where the study received IRB approval under ref-
erence number 2022-038.

Results

The demographic data are listed in Table 1. Patient characteristics are 
presented as the means and standard deviations for continuous vari-
ables and as frequencies and percentages for categorical variables. A 
total of 86 patients underwent free flap surgery at one of the three 
hospitals between April 2007 and March 2019. The mean age of the 
patients was 58.8 ± 11.8 years; 68 patients were male (79.1%), and 18 
were female (20.9%). Thirteen patients experienced free flap  
failure, resulting in a failure rate of 15.1%. Half of the patients had 
end-stage renal disease, and 31.4% had ischemic heart disease. 

Figure 1.  Flow diagram of patient recruitment.
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Among the 47 patients (54.7%) who had PAD, 29 patients (33.7%) 
underwent endovascular treatment, and 41 patients (47.7%)  
underwent bypass surgery prior to free flap surgery.

The wound locations are shown in Figure 3. In all, 46.5% of patients 
had wounds on the heel of the plantar area, 18.6% were around the 
metatarsal bone, 18.6% were around the ankle, 10.5% were at a 
previous Chopart amputation site, and 4.7% were at a previous 
Lisfranc amputation site. In terms of the donor sites, the latissimus 
dorsi flap was used in 73.3% of patients, followed by the rectus 
abdominis musculocutaneous flap in 14.0%, the anterolateral thigh 
flap in 12.8%, and the groin flap in 1.2%. 

Table 2 shows the results of the univariate analysis. The percentage 
of patients with end-stage renal disease was higher in the failure 
group (46.6 vs. 69.2%), but the difference was not statistically 
significant. The distribution of ischemic heart disease was similar 
across the two groups. In the failure group, 84.6% of patients 
had PAD, whereas 49.3% of patients in the success group had PAD, 
and the difference was statistically significant (p = 0.031). Wound 
location and donor site were not significantly associated with the 
result of surgery. The p values of sex (p = 0.134), white blood cell 
count (p = 0.183), serum calcium concentration (p = 0.066), and 
HbA1c level (p = 0.078) were lower than 0.2, so these five variables 
were entered into a logistic regression model.

Multiple regression analysis revealed that sex, white blood cell 
count, serum calcium concentration, and hemoglobin A1c level were 
not significantly associated with the surgical result. However, PAD 
was significantly associated with free flap failure (OR, 6.076; 95% CI, 
1.032–35.820; see Table 3).

Discussion

Our study team investigated the risk factors associated with free flap 
failure in diabetic foot reconstruction. The overall failure rate for the 
study population was 15.1%. This study highlights two critical issues 
with respect to surgical treatment options for eligible diabetic 
patients. First, the prevalence of PAD is high in diabetic foot patients 
(54.7% of the cases reviewed in this study). In addition, PAD was iden-
tified as the only statistically significant independent risk factor for 
free flap surgery failure in this sample.

In this study, 13 of the 86 patients (15.1%) experienced free flap 
failure, according to our record review. The failure rate was comparable 
to that reported in previous studies [12, 13]; however, the rate was still 
higher than that of other types of recipient sites, such as the breast, 
head, and neck. Diabetes has been reported as a risk factor for free 
flap failure and postoperative complications in breast [19], head 
and  neck [20] reconstructions and in posttraumatic extremity 
reconstruction [14]. Most patients who develop diabetic foot ulcers 
have a long history of diabetes. Although the use of free flaps has 
become a popular strategy to prevent amputation resulting from 
severe diabetic foot ulcers, many surgeons may hesitate to use free 
flaps because of the high failure rate.

Table 1.  Patient characteristics (N = 86).
Variable Mean ± SD or

Frequency (%)

Age 58.8 ± 11.8
Sex
Male 68 (79.1)
Female 18 (20.9)

Free flap failure 13 (15.1)
End stage renal disease 43 (50.0)
Ischemic heart disease 27 (31.4)
Peripheral artery disease 47 (54.7)
Endovascular treatment 29 (33.7)
Bypass surgery 41 (47.7)

Wound location
Plantar/heel 40 (46.5)
Ankle 16 (18.6)
Metatarsal 16 (18.6)
Chopart 9 (10.5)
Lisfranc 4 (4.7)
Ankle 16 (18.6)

Donor site
Latissimus Dorsi 63 (73.3)
Rectus Abdominis 12 (14.0)
Anterolateral Thigh 11 (12.8)
Groin 1 (1.2)

WBC/µL 6940 ± 2300
CRP mg/dL 2.81 ± 3.00
Hb g/dL 9.84 ± 1.39
Ht % 30.4 ± 4.22
Alb g/mL 2.80 ± 0.57
Ca mg/dL 8.87 ± 0.75
HbA1c % 6.94 ± 2.05
CRP: C‐reactive protein.

Figure 3.  Wound location.

Table 2.  Univariate analysis of potential risk factors for free flap failure.
Variable Success Failure p

(n = 73) (n = 13)

Age 59.1 ± 11.8 57.4 ± 12.6 0.677
Sex (male) 60 (82.2%) 8 (61.5%) 0.134
End stage renal disease 34 (46.6%) 9 (69.2%) 0.228
Ischemic heart disease 23 (31.5%) 4 (30.8%) 0.958
Peripheral artery disease 36 (49.3%) 11 (84.6%) 0.031
Wound location

Plantar/heel 33 (45.2%) 7 (53.8%) 0.764
Ankle 13 (17.8%) 3 (23.1%) 0.702
Metatarsal 14 (19.2%) 2 (15.4%) 0.584
Chopart 9 (12.3%) 0 (0.0%) 0.211
Lisfranc 3 (4.1%) 1 (7.7%) 0.487

Flap type
Latissimus Dorsi 53 (72.6%) 10 (76.9%) 0.746
Rectus Abdominis 9 (12.3%) 3 (23.1%) 0.260
Anterolateral Thigh 10 (13.7%) 1 (7.7%) 0.476

WBC/µL 6,682 ± 2,431 7,271 ± 1,361 0.183
CRP mg/dL 2.82 ± 3.01 2.71 ± 3.07 0.709
Hb g/dL 9.90 ± 1.46 9.51 ± 0.91 0.484
Alb g/mL 2.83 ± 0.59 2.67 ± 0.46 0.368
Ca mg/dL 8.94 ± 0.77 8.52 ± 0.61 0.066
HbA1c % 7.04 ± 2.04 6.39 ± 2.12 0.078

CRP: C‐reactive protein.
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In more than half of the cases (54.7%), PAD was present, which is 
higher than that reported in the literature. Recent data show that 
the incidence of PAD in patients with diabetes ranges from 25 to 
30% in the United States [21] and China [22]. Our data suggest that 
the prevalence of PAD in diabetes patients with foot ulcers may be 
higher than that in diabetes patients without foot ulcers. PAD is 
an  underrecognized complication of diabetes. The main reason 
for  underreporting is the mostly asymptomatic nature of PAD 
in  individuals with diabetes [23]. People with diabetes are 
recommended to undergo regular PAD evaluations [24]. PAD is also 
a sign of systemic atherosclerosis; therefore, timely detection of 
PAD reduces the risks of amputation, cardiovascular disease, and 
stroke [25].

Our study also revealed that PAD was an independent risk factor 
for free flap failure. Free flap surgery is technically challenging in 
patients with calcified vessels due to atherosclerosis. Atherosclerotic 
changes reduce vascular elasticity and increase the risk of thrombosis 
in anastomotic vessels [26]. Vascular atherosclerosis is also a known 
risk factor for flap failure in reconstructive breast surgery, with an 
adjusted odds ratio as high as 10.61 [27]. The presence of a calcified 
atherosclerotic lesion, identified via computed tomography, was also 
associated with failure of the free flap for necrotizing soft tissue 
defects of the lower extremities [18]. The results of our research are 
concordant with those of these previous studies. A thorough vascular 
assessment is crucial for diabetes patients before free flap surgery. 
Computed tomography for angiographic study is useful for identifying 
and determining the size of an atherosclerotic lesion and for assessing 
the degree of stenosis of the patient’s arteries [26].

The percentage of patients who had end-stage renal disease was 
higher in the failure group (69.2%) than in the success group (46.6%), 
but the difference was not statistically significant; this may be due to 
the small sample size of our study. Renal disease, especially associated 
with diabetes, has been reported to be a strong indicator of possible 
complications in free flap surgery [18]. Wound healing is impaired in 
patients with end-stage renal disease, and this impairment has been 
reported to be one of the significant obstacles to limb salvage [28]. 
Additionally, the combination of diabetes and renal disease can 
significantly predispose patients to infection secondary to a 
suppressed immune system. Postoperative infection is also an 
independent risk factor for free flap surgery [14]. Aggressive wound 
debridement and infection control before free flap surgery are crucial 
for obtaining a high success rate.

To our knowledge, this is the first study to evaluate the risk factors 
for free flap failure in the reconstruction of diabetic foot ulcers. 
However, this study is not without its limitations. First, only 86 patient 
records were reviewed. However, the cases spanned three hospitals 
across 12 years, providing a robust study sample for examination. 
Second, this study was a retrospective review of patient data. 
Therefore, data were not directly collected from the patients, thus 
some essential data may be missing. Finally, the study was conducted 
in Japan; therefore, the results may not be generalizable to other 
populations. However, given that the study involved cases from 
multiple centers over a 12-year period, we believe that the lessons 
learned are relevant to clinicians in other communities.

Conclusion

This study revealed that PAD was the most prominent independent 
risk factor for free flap surgery failure. Patients, especially high-risk 
diabetic patients, should be screened for PAD before free flap surgery. 
Patients with a large wound, no ischemia, and no signs of infection 
are the most suitable candidates for free flap surgery. These assess-
ments are conducive for ensuring good surgical outcomes and 
potentially preventing amputation, thereby maintaining maximum 
mobility and preserving quality of life.
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