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Abstract
Introduction: Soft tissue damage in the form of difficult-to-he-

al wounds is a common complication of frostbite of the 
distal parts of the body. Changes in the tissues impair mi-
crocirculation and disrupt regenerative processes. Selecting 
the appropriate treatment based on physical assessment 
and additional specialist tests improves the patient’s con-
dition, reduces the number of complications, and speeds 
up recovery.

Aim of the study: To present the treatment process for frost-
bite of the lower limbs resulting from exposure to adverse 
weather conditions.

Material and methods: A case study method was used in this 
study. The study design was based on the CARE guidelines. 
A 64-year-old woman who was being treated for paranoid 
schizophrenia presented with third-degree frostbite on her 
shins and feet. Due to her refusal to undergo amputation, 
necrotic tissue was excised several times, free split-thick-
ness skin grafts were performed, and negative pressure 

wound therapy (NPWT) was applied. The treatment re-
sulted in a good therapeutic effect and recovery.

Results: The treatment and care measures were aimed at con-
trolling the developing infection, managing the wound 
professionally, restoring repair processes, restoring skin 
continuity, and minimising pain. The entire therapeutic 
process took place at the General Surgery Department in 
an inpatient setting. Controlling the infection through em-
pirical and targeted antibiotic therapy, as well as excising 
the necrotic tissue that was the source of the infection, 
allowed the wound to be debrided and prepared for skin 
grafting. NPWT accelerated the healing process. Intensive 
rehabilitation and early mobilisation allowed the patient 
to regain function in her lower limbs.

Conclusions: The use of free skin grafts and NPWT in the 
treatment of frostbite wounds shortens the hospital stay 
and accelerates the healing process.

Key words: skin graft, negative pressure wound therapy, in-
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Introduction
Frostbite is an injury to the soft tissues caused by 
exposure to low temperatures. Tissue damage can 
occur when exposed to temperatures below –0.5°C. 
Frostbite occurs when exposure is long enough for 
the water in the tissues to form ice crystals, which 
result in frostbite injuries [1]. Injuries that do not 
involve the formation of ice crystals (non-freezing 
cold injuries) are also classified. Functional changes 
that result in non-freezing tissue damage, both local 
and general, are caused by low ambient temperatures. 
Non-freezing injuries are referred to as chilblains, 
also known as frostbite, and hypothermia can occur 
when exposed to atmospheric conditions with tem-
peratures between 0 and 16°C, usually in a cold, dry, 
or humid environment for several hours. Exposure to 
low temperatures can lead to systemic hypothermia, 

which poses a risk of serious health consequences [2].
The process of cooling the skin causes the blo-

od vessels to constrict and then dilate periodically. 
When the skin is rewarmed, the injury leads to in-
flammation, constriction of blood vessels, thrombo-
sis, vascular obstruction, blistering, and ultimately 
tissue damage and necrosis [3]. Most thermal injuries 
can be avoided by wearing appropriate clothing and 
limiting exposure to low temperatures. For people 
who have suffered tissue frostbite, early intervention 
to prevent tissue damage is essential. The treatment 
process is lengthy. Patients with extensive frostbite 
require long-term professional care. In some cases, 
amputation is necessary. Frostbite is associated with 
numerous risk factors. The most significant ones are 
homelessness and low socioeconomic status, alcohol 
abuse, smoking, mental disorders, and addiction to 
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psychoactive substances. Personal factors have also 
been identified, including inadequate or inappropria-
te winter clothing, delay in seeking medical assistan-
ce, and lack of knowledge about how to behave in 
cold conditions [4]. Alcohol and other psychoactive 
substance abuse are among the factors that increase 
the risk of amputation [5]. Complications of frostbite 
place a significant burden on the healthcare system 
due to costly procedures and long hospital stays [6].

In Central Europe, low temperatures cause about 
35 times fewer thermal injuries than burns. Their tre-
atment is not standardised, and there is no algorithm 
for managing patients who have suffered frostbite. 
Therefore, it is largely based on case reports, clinical 
observations, and experience from other centres. The 
treatment of injuries caused by low temperatures 
depends on the type and severity of the injury, as 
well as the time of treatment initiation. In Europe, 
this group of patients is treated in burn units and 
surgical wards [7].

Prolonged healing of frostbite wounds resulting 
from progressive inflammation and tissue ischemia 
leads to extensive scarring and limited joint mobili-
ty. This causes significant physical impairment and 
reduces patients’ quality of life. Secondary malignant 
tumours may also develop as a result. Consequently, 
modern wound treatment methods are of great im-
portance [8].

This study aims to present treatment methods for 
hard-to-heal wounds caused by low temperatures. 

Material and methods
The case study method was used. The study design 
was based on the CARE guidelines. The patient was 
a 64-year-old woman treated for paranoid schizophre-
nia, who also had third-degree frostbite of the shins 
and feet. In the absence of consent for amputation, 
necrotic tissue was excised several times, free split-
-thickness skin grafts were performed, and negative 
pressure wound therapy (NPWT) was applied. The 
treatment resulted in a positive therapeutic outcome 
and recovery. Observation, interview, and a nalysis of 
medical records were conducted in a hospital setting 
from January 2025 to April 2025. During this time, 
necrotic tissue was repeatedly removed, skin grafts 
were performed, and NPWT was administered. Syste-
mic treatment was also used to control the developing 
infection, prevent thrombosis, and provide multimo-
dal pain management. The head of the department 
authorised the study, and the patient consented to 
the publication of photos upon discharge. The entire 
research process was conducted in accordance with 
the guidelines of the Declaration of Helsinki [9]. The 
treatment process is presented in Figure 1.

Case description
A 64-year-old woman, previously independent in 
terms of self-care and self-support, diagnosed with 
paranoid schizophrenia, was admitted after being 
transferred by the Emergency Medical Services on 
5 January 2025 to the Specialist Hospital in Brzozow, 

Figure 1. Course of the patient’s treatment (own work)

Admission to hospital

Third-degree frostbite of the lower limbs

HEALING OF FROSTBITE WOUNDS

Hospital discharge

Necrectomy and fasciotomy

Diagnostic tests; conservative treatment

Necrectomy

Necrectomy

Necrectomy, sampling material for microbiological 
examination

Necrectomy

Split-thickness skin graft (left and right lower leg), 
Necrectomy (left lower leg and foot)

Split-thickness skin graft ( left and right lower leg)

Negative pressure wound therapy

April 2025

20.03.2025

March 2025

25.02.2025

10.02.2025

06.02.2025

05.02.2025

27.01.2025

16.01.2025

10.01.2025

05.01.2025

Outpatient treatment

•	 Antithrombotic ptophylaxis
•	 Blood transfusion
•	 Emprical antibiotic therapy
•	 targeted antibiotic therapy
•	 Pain managment
•	 Specialists consultations
•	 Physical rehabilitation
•	 Local treatment of frostbite wounds 

(wound hygiene, specialized designs)



© Polskie Towarzystwo Leczenia Ran, 2025 117

The use of split-thickness skin grafts and negative pressure wound therapy in the treatment of lower limb frostbite – case study

Figure 2. Frostbite of the feet and lower legs on admission to 
hospital, tissue swelling and undermining, incomplete and 
full-thickness skin wounds, hyperalgesia, local treatment 
with PVP-I-soaked Hydrofiber dressing plus emollient

General Surgery Ward, due to third-degree frostbite 
of both shins and feet. The patient reported walking 
in the snow for several hours in low temperatures 
without shoes. Upon admission, she was alert, orien-
ted to self, and allopsychic, exhibiting inappropriate 
affect and a depressed mood. A local examination 
revealed cold limbs with damaged skin on the feet 
and the lower parts of both shins. The tissue damage 
covered approximately 18% of the total body surface 
area. The pulse was weak, and sensation was impaired 
with signs of hyperalgesia. The tissue damage was 
initially classified as second- to third-degree frostbite 
(Fig. 2). There was a full-thickness skin wound on 
the right foot suggesting ulceration. Initial treatment 
was administered, and tissue biopsies were taken for 
microbiological evaluation. Laboratory tests showed 
signs of inflammation: C-reactive protein (CRP): 9.01 
(0–5 mg/l), procalcitonin (PCT): 840 (150–400; 10³/

mm³), anaemia: hemoglobin (HGB): 7.4 g/dl (13.7–16.5 
g/dl), and hematocrit (HCT): 22.2% (40.1–51.0%). The 
patient received 2 units of red blood cell concentrate, 
and the blood morphology normalised: HGB: 11.5 g/dl 
(13.7–16.5 g/dl), HCT: 35.4% (40.1–51.0%). The patient 
received observation, multimodal pain management, 
and local wound care. Over the next few days, co-
nversion associated with deepening tissue damage, 
and spreading necrosis was observed. Doppler ultra-
sound of the lower extremities confirmed preserved 
vascular flow in the peripheral arteries. On the fifth 
day of hospitalisation, an increase in inflammatory 
parameters (CRP: 296 mg/l) was observed due to a de-
veloping infection originating from necrotic tissue in 
the lower legs and feet. Empirical antibiotic therapy 
was initiated, involving amoxicillin with clavulanic 
acid. Amputation of both lower limbs was propo-
sed on life-saving grounds, pointing to critical skin 

Figure 3. Conversion of frostbite changes on the 5th day of 
hospitalisation within the skin and subcutaneous tissue, and 
blisters associated with separation of the epidermis

Figure 4. Necrectomy in the operating room on day 11 of 
hospitalisation

Figure 5. Frostbite of the lower limbs – wounds on day 26 of 
hospitalisation after cleansing with antiseptic preparations
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damage and the risk of sepsis. However, the patient 
did not consent to this procedure. The consulting 
psychiatrist found her to be fully conscious and ca-
pable of making decisions. Over the next few days, 

the patient maintained her position regarding her 
refusal to undergo surgery.

The patient was referred to the operating room for 
a necrectomy and fasciotomy due to life-threatening 
fascial compartment syndrome in both lower limbs 
(Fig. 3). The necrotic tissue was removed, exposing the 
healthy muscle. A microbiological examination of the 
tissue biopsy revealed the presence of the following 
aerobic bacteria: Escherichia coli, Providencia rettge-
ri, Acinetobacter baumannii, and Enterococcus faecalis. 
Based on the antibiogram, targeted treatment with 
cloxacillin and cotrimoxazole was initiated. In the 
days that followed, a drop in inflammatory markers 
was seen (CRP: 173 mg/l [0–5 mg/l] on the third day 
after surgery and 143 mg/l [0–5 mg/l] on the fifth day).

On day 11 of hospitalisation (Fig. 4), further exci-
sion of necrotic tissue was performed in the operating 
room, and material was collected again for microbiolo-
gical examination. Follow-up laboratory tests perfor-
med on day 13 of hospitalisation revealed a decrease 
in CRP to 113 mg/l (normal range: 0-5 mg/l).

On day 15 of hospitalisation, further removal of 
necrotic tissue was performed in the operating room. 
Systematic removal of necrotic tissue and targeted 
antibiotic therapy resulted in a decrease in acute pha-
se protein concentrations. Follow-up tests revealed 
a subsequent decrease in CRP levels, from 55 mg/l 
to 34 mg/l. Follow-up blood cultures were also per-
formed with negative results. Additional tests were 
performed as part of further diagnostics, confirming 
a positive test result for Borrelia burgdorferi bacteria. 
A neurologist consulted the patient and additionally 
diagnosed neuroborreliosis.

On day 30 of hospitalisation (Fig. 5), a second ne-
crectomy was performed in the operating room, and 
tissue samples were collected for microbiological exa-
mination. These samples yielded cultures of Staphy-
lococcus aureus and Acinetobacter baumannii strains. 
Because both strains were sensitive to gentamicin, 
intravenous gentamicin was administered while mo-
nitoring the gentamicin concentration in the blood. 
The ward systematically changed polyhexanide and 
povidone-iodine dressings, as well as paraffin mesh 
dressings. Gradual cleansing of the frostbite wounds 
was achieved.

On 10 February 2025 a free split-thickness skin 
graft was placed on the left shin and ankle area (Fig. 6) 
using a 1 : 3 mesh. The graft was secured with 3-0 ab-
sorbable sutures. Both the grafted mesh and the donor 
site were covered with a paraffin dressing. Another 
necrectomy was performed on the right lower limb 
and secured with an iodine-povidone dressing and 

Figure 6. Free split-thickness skin graft with 1 : 3 mesh placed 
on the left lower leg

Figure 7. Skin graft on the left lower leg on postoperative day

Figure 8. Healed wounds after frostbite of the lower limbs 
during an outpatient follow-up 5 weeks after the end of 
hospital treatment
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antiseptic gel containing surfactant. There were no 
problems with wound healing at the donor site (thi-
gh). During hospitalisation, the patient underwent 
physical rehabilitation. Due to anaemia (HGB: 8 g/dl  
[normal range: 13.7–16.5 g/dl]; HCT: 26.1% [normal 
range: 40.1–51.0%]), 2 more units of red blood cell con-
centrate were transfused.

On 25 February 2025, additional split-thickness 
skin grafts were performed (Fig. 7). A 0.3-mm-thick 
skin flap was harvested from the donor site on the 
left thigh and placed on the left foot. Two flaps from 
the donor site on the right thigh were placed on the 
dorsal part of the right foot and the right lower leg. 
The grafts and donor sites were secured with a pa-
raffin-impregnated mesh dressing.

A follow-up microbiological examination (biopsy 
from the wound) was performed on 28 February 2025. 
The following microorganisms were cultured: E. coli, 
S. aureus, A. baumannii, E. faecalis, P. multocida, and 
B. fragilis. The patient continued to receive targeted 
antibiotic therapy, which led to a decrease in CRP 
concentration to 20.8 mg/l. Physical rehabilitation 
and verticalisation of the patient were also continued. 
A psychological consultation was also performed. 
Over the next few days, NPWT at 80–120 mmHg 
was administered, which resulted in the skin grafts 
healing satisfactorily.

On 20 March 2025, the patient was discharged to 
a nursing home in satisfactory general and local con-
dition to receive further outpatient treatment at the 
hospital’s Wound Treatment Clinic (Fig. 8).

Discussion
The presented case of a patient with difficult-to-heal 
wounds resulting from thermal injury to the lower 
limbs demonstrates a multidirectional and time-con-
suming therapeutic process that is supervised by an 
interdisciplinary team of specialists. The need to take 
the risk of local treatment and provide holistic care 
created opportunities for radical measures, which 
resulted in therapeutic success. The measures ta-
ken prevented amputation, and local treatment was 
carried out in accordance with the Polish Wound 
Treatment Society’s current guidelines. In addition 
to measures aimed at restoring function, the treat-
ment included the TIMERS strategy, wound hygiene, 
and infection prevention with minimal antibiotic 
therapy [10, 11].

Frostbite of the lower limbs is associated with a si-
gnificant risk of amputation, which increases with 
the area and depth of tissue damage [12]. Additional-
ly, soft tissue oedema resulting from inflammatory 

mediators, vasomotor disorders, and thrombotic 
changes can cause compartment syndrome. This 
condition can lead to secondary acute ischaemia and 
amputation of the limb [13].

The patient refused to consent to the amputation 
of her limbs as proposed by the doctors on duty in 
the general surgery ward, so the initial course of 
treatment was determined by this refusal. This de-
cision was made based on the condition of the limbs, 
but also on the potential difficulties associated with 
self-care and making rational decisions related to the 
course of mental illness. Given the situation, con-
servative treatment was initiated during the first days 
of hospitalisation to control the developing infection 
and treat the frostbite wounds. During this period, 
additional tests were performed to evaluate blood 
flow to the limbs. On day 5 of hospitalisation, with the 
support of a psychiatrist and basic psychotherapy, the 
patient consented to a necrectomy in the operating 
room. Due to the risk of fascial compartment syndro-
me caused by severe soft tissue oedema, fasciotomy 
was also performed.

During the subsequent days of hospitalisation, 
additional necrosectomies were performed in the 
operating room to gradually eliminate the source of 
infection. Targeted antibiotic therapy was also admi-
nistered. Microbiological assessment of the wound is 
important for controlling the infection. Due to the 
colonisation of the wound with bacteria, it is recom-
mended that the appearance of the wound be observed 
for signs of local infection. The use of moist therapy in 
conjunction with autolytic wound cleansing was avo-
ided due to the potential risk of infection from non-de-
marcated dead tissue. The use of PVP-I preparations 
allowed the wound to be maintained without liquefied 
necrotic tissue and reduced the duration of antibiotic  
therapy.

Proper collection of materials for microbiological 
testing and analysis of the antibiogram are essen-
tial for microbiological diagnosis and selecting the 
appropriate antibiotic [10]. Targeted antibiotic the-
rapy was used during treatment until markers of 
inflammation decreased to levels that did not pose 
a risk of systemic infection. This therapy was com-
bined with local wound treatment, including irriga-
tion with antiseptics and lavaseptics, scraping, and 
specialised dressings containing polyhexamethylene 
biguanide and iodopovidone, which penetrates de-
eply into tissues and exhibits effective antimicrobial 
activity [8].

The treatment significantly improved the local 
condition and decreased the concentration of acute 
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phase proteins. Rapid repair processes and gradual 
formation of granulation tissue were observed in the 
wounds. In the next stage of treatment, free split-
-thickness skin grafts were used to cover the patient’s
frostbite wounds. The grafts were taken from donor
sites on the thighs. Before a skin graft can be per-
formed, the wound must be properly prepared. In
addition to preparing the granulating wound bed,
which increases the chances of graft acceptance, it
is important to treat the wound edges. One way to
do this is to excise the wound edges before the graft,
which causes the release of cytokines and inflamma-
tory mediators. Additionally, the wound must be free
of microorganisms and necrotic tissue that blocks the
ingrowth of blood vessels into the graft. Skin grafts
currently play a key role in modern wound treat-
ment and tissue regeneration. Although autologous
split-thickness skin grafts (STSGs) are considered the
gold standard for treating chronic limb ulcers due to
their safety and efficacy, their use may be limited in
practice by patient factors such as fear of failure, lar-
ger wound formation, reluctance to be hospitalised,
limited access to professional care, and insufficient
knowledge about the method [13]. Proper wound pre-
paration for skin grafting requires optimisation of
all patient-related factors and allows for favourable
outcomes [14].

The next stage of treatment involved the use of 
local NPWT. Negative pressure wound therapy is 
a safe and effective treatment method that promotes 
skin graft healing more effectively than traditional 
dressings [15]. Negative pressure achieves an 8.3% 
higher overall graft acceptance rate, and using the 
optimal value of –80 mmHg increases this rate by 
10% [16]. Using controlled negative pressure reduces 
the risk of graft rejection and reoperation, as well 
as reducing treatment costs by shortening hospital 
stays and decreasing complications. Additionally, 
skin grafts are well reimbursed by insurers, and the 
overall hospitalisation cost is less than that of am-
putations [17].

In summary, the positive therapeutic outcome was 
achieved through the use of appropriately selected 
debridement methods, fasciotomy, multistage necrec-
tomy, skin grafts, NPWT, and wound management 
concepts, as well as the selection of specialised dres-
sings according to current guidelines and adaptation 
to the patient’s preferences and comfort. Thanks to 
the interdisciplinary team’s efforts, the patient rega-
ined her mobility.

Conclusions
Free split-thickness skin grafts significantly shorten 
the healing time of frostbite wounds in the lower 
extremities. The use of local NPWT accelerates the 
ingrowth of the grafted epidermis. The treatment in 
question has been shown to enhance patients’ quality 
of life and reduce wound healing time, leading to an 
overall reduction in treatment costs.
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