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Abstract
This case report is concerned with a female patient aged 62, who was admitted to the hospital due to the
“ulceration on her left foot for more than one month and the pain exacerbation for one week”. Three years
ago, this patient underwent regular hemodialysis for treating the “renal failure in the stage of uremia”.
This time, she was admitted with plantar and heel ulcers on her left foot, which had caused damage to
the lower leg. The digital subtraction angiography (DSA) showed extensive stenosis and occlusion in the
left super�cial femoral artery, left peroneal artery and left posterior tibial artery, based on which this
patient was diagnosed with type 2 diabetic foot ulcers (DFU, TEXAS 4D). After her admission to the
hospital, the multidisciplinary team (MDT) concluded from discussion that the �ap transposition and
transfemoral amputation were not applicable to this case. Therefore, the “straight bloodstream” was
opened by endovascular operation towards the affected part on the basis of medical supportive
treatment + local debridement. Then, the wound was sequentially repaired by split-thickness skin and
tissue-engineered skin grafts combined with negative pressure treatment. Four months later, the wound
completely healed, and the patient was able to walk with walking aid. It was the �rst case in which the
ischemic diabetic plantar and heel ulcers were successfully cured by the sequential treatment involving
percutaneous transluminal angioplasty (PTA), autologous skin and tissue-engineered skin grafts, and
negative pressure suction.

Introduction
Diabetic foot is one of the most serious and painful chronic complications in diabetic patients, especially
in elderly ones, showing an annual incidence of 8.1% in China[1]. Although the rate of major amputation
caused by diabetic foot has been reduced to 2.14% nationwide[2], China still lags far behind the developed
countries in Europe and America in this respect. The increased complications of diabetic nephropathy
and advanced therapies of renal replacement have signi�cantly enhanced the proportion of diabetic
patients treated with dialysis in the end stage of renal diseases, leading to an increasing number of
hemodialysis patients with diabetic foot ulcers (DFU). These patients can hardly be cured and usually
face a poor prognosis[3-4], particularly when they are complicated with arterial occlusion of lower limbs[4],
which, to a certain extent, explains the high amputation and mortality rates of diabetic foot patients in
China. Therefore, it is pressing to formulate some affordable and effective treatment schemes in clinical
practice to reduce the amputation and mortality rates among hemodialysis patients with diabetic feet.

This is an unprecedented case in existing literature, presenting a patient who underwent open
debridement, percutaneous transluminal angioplasty (PTA), split-thickness skin graft, tissue-engineered
skin graft, and negative pressure wound therapy for treating ischemic diabetic plantar and heel ulcers,
with no relapses during the 6-month follow-up period, as reported below.

Manifestation
1. Medical history and physical examination
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A 62-year-old female with a 5-year medical history of chronic renal failure, uremia and hemodialysis was
presented to the hospital in February, 2021 due to the “ulceration on her left foot for more than one month
and the pain exacerbation for one week”. Before that, this patient had experienced a series of operations:
“arteriovenous �stula plasty of the left forearm” in 2017; “balloon dilatation+stent implantation in lower
limb arteries” for treating the “arteriosclerosis obliterans of left lower extremity with gangrene” in July,
2019; and “balloon dilatation+stent implantation in the right lower limb arteries” for treating the
“arteriosclerosis obliterans of right lower extremity with gangrene” in November, 2019.

The physical examination at admission showed a body temperature of 38.3℃, the pulse of 103
times/min, a respiratory rate of 21 times/min, and the blood pressure of 162/83 mmHg. According to the
specialized medical check-up, the left foot, with toenail hypertrophy, was dark in skin color, with the fourth
toe absent, and the �ne hair had fallen off. An ulcer in the size of 4*2cm was observed in the middle of
the planta pedis, and the base had become yellow and rotten, with the plantar fascia exposed. In addition,
the peripheral skin presented a symptom of wound undermining, which spread to the heel ulcer. There
was a large area of absent skin on the heel, making the calcaneus exposed, and the base was yellow and
rotten. The dark scab could be found in part of the wound, and around the part where the pus percolated,
the skin was red and swollen, with a blurry boundary and a symptom of wound undermining. The
vascular lacuna spread towards the lower leg via the proximal end.

2. Laboratory and auxiliary examinations

The laboratory examination was performed at admission. As shown by the blood routine examination,
the red blood cell (RBC) and white blood cell (WBC) counts were 3.12×1012/L and 18.23×109/L,
respectively; the hemoglobin had a concentration of 83g/L. The following indexes were obtained from the
blood biochemistry test: K+ mmol/L, serum albumin 24.0g/L, serum creatinine 468.0μmol/L, plasma
brain natriuretic peptide >35000 pg/mL, erythrocyte sedimentation rate 65.0 mm/h, interleukin-6 (IL-6)
89.5pg/mL, C-reactive protein 83.7mg/L, procalcitonin 6.6ng/mL, and glycosylated hemoglobin 8.1. The
echocardiography showed an ejection fraction (EF) of 34%; the ankle-brachial index (ABI) was measured
to be 0.6 on the left side and 0.7 on the right side. According to the digital subtraction angiography (DSA),
the patient suffered from severe stenosis of the left super�cial femoral artery on proximal and distal ends
of the stent, extensive stenosis and occlusion of the left peroneal artery, and occlusion of the left
posterior tibial artery.

3. Diagnosis and treatment

Based on clinical symptoms, physical signs, as well as laboratory and auxiliary examinations, the patient
was diagnosed with: 1. type 2 diabetic foot combined with peripheral vascular disease, peripheral
neuropathy, and retinopathy; 2. chronic renal failure in the state of dialysis for uremia; 3. hypertension
(Grade 3) in very-high-risk group; 4. coronary atherosclerotic heart disease with the cardiac function in
Level III; 5. anemia; 6. hypoproteinemia; 7. arteriosclerosis obliterans of upper limbs with gangrene; and 8.
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hyperkalemia. In addition, this patient had experienced the PTA of both lower limbs and the resection of
toes on both feet.

After being admitted to hospital, the patient underwent debridement in addition to the routine treatment
(including the proper control of blood glucose, pressure, and lipid, systemic antibiotic treatment, vascular
dilation, pain relief, neurotrophic supplement, etc.).

4. Therapeutic process and outcome of the local wound

The PTA was performed in the �rst week. Meanwhile, the restenosis inside the super�cial femoral arterial
stent as well as the occlusion of peroneal and posterior tibial arteries were alleviated by endovascular
drug-coated balloon dilatation so that the blood could �ow from the main artery to the affected foot. In
the second week, the necrotic tissues on the patient’s planta pedis and heel were removed by surgery,
during which the area of debridement was expanded on the back of the lower leg to resect part of the
tendo calcaneus. Then, the negative pressure treatment was implemented. In the fourth week, the split-
thickness skin graft combined with negative pressure treatment was performed on the back of the lower
leg, and the patient also underwent tissue-engineered skin graft+negative pressure treatment for the heel
ulcer. During operation, the tissue-engineered skin was soaked in the sterile normal saline for 3-4min, then
was trimmed to �t the shape of the wound. The stent was sutured along the edge of wound under
tension-free conditions, with its collagen layer appressed to this wound. Then, the silica gel layer was
covered by sterile vaseline gauze, which was followed by negative pressure treatment and regular
postoperative dressing changes. After the adequate vascularization in the collagen layer, the silica gel
layer was removed using tweezers[5]. Then, the tissue-engineered skin was grafted repeatedly until the
wound healed. (Fig. 1)

Discussion
1. Prevalence and prognosis of diabetic foot ulcers combined with renal diseases

39.3% of the diabetic foot patients will suffer from chronic renal diseases[6]. As the glomerular �ltration
rate (GFR) reduces, there will be a fold increase in nonhealing ulcers, major amputation, and mortality
risk[6-8]. The massive proteinuria is not only a crucial risk factor causing nonhealing ulcers
and amputation, but also an independent risk factor for cardiovascular events and death, as well as all-
cause mortality[9-10]. Both the hemodialysis and peritoneal dialysis can increase the risk of DFU by more
than four times among patients in the stage of uremia[11]. It averagely takes diabetic patients 7 months
(2-40 months) to experience from hemodialysis to amputation[12]. Our department has received and cured
115 dialysis patients with DFU since 2017, with the limb salvage rate reaching 83.1%.

2. Formulation of therapeutic schemes

This report is concerned with an aged female, who, with multiple complications and combined diseases,
has undergone the hemodialysis treatment for 3 years. Although the blood supply in both lower limbs
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seemed su�cient according to the ABI that was measured to be 0.6 on the left side and 0.7 on the right
side, the results of X-ray, color dopplar ultrasound and CT angiography indicated that the patient had
severe arterial calci�cation in her lower limbs. Therefore, the ABI was considered to be too “impractically
high” to evaluate the degree of foot ischemia accurately. Under such circumstances, the endovascular
drug-coated balloon dilatation was performed to improve the blood supply to the distal end of left lower
limb.

Considering that the heel ulcer is located in the weight-bearing area, the sural neurouascular �ap or free
�ap can be used to repair the wound so that the healed skin is extremely hard-wearing[13]. However, the
patient in this case, with a large area of ulcer in the �ap donor site on the back of her lower leg,
was intolerant to the anesthesia implemented during the free �ap operation, and the therapeutic effect
could not be guaranteed. Therefore, the tissue-engineered skin containing an arti�cial dermal matrix was
grafted for her. After treatment, the heel ulcer healed with good abrasive resistance, and the patient was
able to walk under the help of a walking aid.

3. Mechanism of plantar ulcer repair with tissue-engineered skin

The arti�cial composite dermis prepared by Yanns et al.[14] using collagen matrix and medical silicone
rubber membrane in 1982 was successfully used as a dermal regeneration template to repair the deep
burn wound. In 2017, China researched and developed the �rst double-layer tissue-engineered skin, which
achieved good results in various departments, such as Department of Burn, Department of Plastic
Surgery, Department of Hand and Foot Surgery, etc[5]. Now, the tissue-engineered skin has been widely
applied to deep burn, traumatic skin defect, chronic skin ulcer, wound repair after the tumor resection, and
scar plastic surgery, with the therapeutic effect highly recognized by clinicians at home and abroad[15-16].

In domestic and foreign literature, the dermal substitute is also known as tissue-engineered skin, tissue-
engineered skin matrix, arti�cial skin, and arti�cial dermis in accordance with different structures,
materials, and preparation methods. But in essence, it is to induce the regeneration of dermis through
a dermal stent template, thus substituting the defective dermal tissues and optimizing the appearance
and function of healed wound.

In this report, the double-layer tissue-engineered skin was adopted. Thereinto, the upper layer was a
semipermeable silicone rubber membrane used for medicine, which acted like the epidermis to control the
evaporation of water and inhibit the invasion of microorganism; the lower layer, namely the spongy
dermal stent layer constructed by collagen-chondroitin sulfate, had high biocompatibility and low
immunogenicity[17-18], acting as a cell proliferation stent to promote the intrusive growth of vascular
endothelial cells and �broblasts (Fb) in the graft site, thus forming a composite constituted by stent, new
capillaries, and cells. After the adequate vascularization for 2-3 weeks, the autologous split-thickness skin
could be grafted[19]. Then, the dermal stent was gradually degraded and substituted by new dermal
tissues.
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Research at home and abroad shows that the tissue-engineered skin, which can promote and accelerate
the wound healing of chronic ulcers[20-22], has been successfully used to treat diabetic, vascular and
pressure ulcers. When the wound caused by chronic ulcers is repaired with tissue-engineered skin, the
debridement must be repeated to avoid infection, and the graft cannot be performed until the wound is
clean and the basal blood supply is su�cient. It may take two or more weeks to realize the adequate
vascularization of tissue-engineered skin on the chronic ulcer wound, so the autologous skin shall be
grafted according to the actual situation of vascularization.

In case of deep wound, the tissue-engineered skin can be overlaid repeatedly to thicken the new dermis,
which is a method used in this case, in which the tissue-engineered skin was repeatedly grafted to the
heel, and the wound healed before skin grafting. There are many clinical reports about the treatment
of DFU using tissue-engineered skin[23-25], but the application to weight-bearing areas and dialysis
patients with ischemic diabetic foot ulcers is not yet reported. (Table 1)

 Table 1

 Literature review of similar case reports on the treatment of diabetic foot ulcers



Page 8/16

No. TEXA
Grade

Complication Diseased
Region

Application
Method

Outcome  Healing
Time

1 2B Peripheral neuropathy Heel  Sural
neurouascular
�ap
transposition
under epidural
anesthesia

Partly
healed

4
weeks

2 2B Peripheral neuropathy;
hypertension

Heel  Sural
neurouascular
�ap
transposition
under epidural
anesthesia

 

Healed 

 

6
weeks
51

3 2A Peripheral neuropathy;
coronary heart disease

Non-
weight-
bearing
area

Tissue-
engineered skin

Healed  2
months

3 2A Hypertension  Non-
weight-
bearing
area

Tissue-
engineered skin

Healed  2
months

4 2A Peripheral neuropathy Non-
weight-
bearing
area

Tissue-
engineered skin

Healed  3
months

5 4D Peripheral neuropathy;
peripheral vascular disease;
retinopathy; state of dialysis
for uremia; hypertension;
coronary heart disease;
anemia; hypoproteinemia;
arteriosclerosis obliterans of
upper limbs with gangrene

Planta
pedis,
heel, and
back of
the lower
leg

 

PTA, negative
pressure
treatment,
autologous
split-thickness
skin graft, and
tissue-
engineered skin

Healed  4
months

 

Conclusion
Diabetic nephropathy is a high-risk factor leading to DFU and amputation[26–31]. The diabetic foot
patients who have undergone amputation usually face a poor prognosis, with the median survival time
being 3.12 years (minor amputation: 5.5 years; major amputation: 1.9 years) and the 5-year postoperative
survival rate being about 40%. The independent risk factors for postoperative death include age and
major amputation. Therefore, whether to perform amputation shall be seriously discussed in clinical
practice, especially in diabetic foot patients.
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Ischemia is another tough issue for dialysis patients[32–33]. Although the endovascular operation is
preferred to by-pass one during the revascularization of these patients[34], they still face signi�cant
challenges. First, the abnormal calcium-phosphorus metabolism and severe vascular calci�cation will
cause great di�culties to endovascular revascularization. Second, dialysis patients are less tolerant to
anticoagulants and contrast agents, which will prolong the process of endovascular revascularization.
Third, the dialysis patients with diabetes, in poor physical conditions, are usually complicated with
irreformable hypoproteinemia and renal anemia[35].

The tissue-engineered skin, containing natural extracellular matrices, protogenous growth factors and
living cells[36], can transfer growth and cell factors to the wound to accelerate the healing process[37]. It
will promote dermal regeneration and inhibit scar hyperplasia[38–41], thus recovering the wound elasticity
and �exibility and improving the skin appearance and function[42–43]. Furthermore, the traditional �ap
transposition can be replaced by this skin graft technique because the exposed bones and tendons can
be directly covered using the tissue-engineered skin in part of wound repair[44–45].

Research indicates that the tissue-engineered skin substitutes can promote the healing of refractory foot
ulcers, showing a high safety[46–49]. According to the network meta-analysis, these substitutes have a low
failure rate, but there are few relevant studies and the overall sample size is small. Therefore, more
studies are needed to verify the safety, effectiveness, and failure rate of these substitutes in the treatment
of DFU[50]. Based on the existing evidence, the tissue-engineered skin graft can be used as an auxiliary
therapy for treating the refractory DFU.

At present, there are few domestic and foreign clinical reports about the repair of nonhealing diabetic foot
wound, especially in hemodialysis patients or in weight-bearing areas such as planta pedis and heel, and
the combination of tissue-engineered skin graft with negative pressure treatment and autologous split-
thickness skin graft is not mentioned in the available literature. Therefore, it is necessary to conduct
further clinical research based on this case report to explore the proper usage and dosage of tissue-
engineered skin in weight-bearing areas of dialysis patients with ischemic diabetic foot.
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Figure 1

a wound in the middle of the planta pedis, with plantar fascia exposed; b heel ulcer, which is connected to
the wound in the middle of the planta pedis; c extensive arterial stenosis and occlusion in the left lower
limb shown in DSA; d bloodstream on the foot after PTA; e the ulcer spreading to the lower leg, and the
wound reconstruction on the back of the lower leg; f application of tissue-engineered skin to the heel
wound; g wound healing on the back of the lower leg; h wound healing on the planta pedis
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