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Abstract 
Introduction: The incidence of pressure ulcers on the heels 

of critically ill patients is a common, multifactorial phe-
nomenon related to their general condition, the quality of 
their peripheral perfusion, friction forces, static and shear 
pressure, immobilisation and specific pharmacotherapy. 
The aim of this study is to use the ankle-brachial index to 
assess the risk of critically ill patients developing ischa-
emic pressure ulcers.

Material and methods: A prospective observational study 
involving controlled observation and estimation was 
conducted on a group of 120 patients. A comprehensi-
ve literature review was conducted to determine the 
prevalence of pressure ulcer incidence among critical-
ly ill patients. A three-part scientific research protocol 
was developed. The risk of pressure ulcers was assessed 
by measuring the ankle-brachial index and using the 

Braden questionnaire. The skin around the heels was  
inspected twice.

Results: Infusion of catecholamines has been shown to reduce 
peripheral perfusion, thereby increasing the risk of pressu-
re ulcer development in critically ill patients (p < 0.001). Re-
duced distal perfusion, as measured by the ankle-brachial 
index (ABI), has been shown to be a significant predictor 
of heel ulcers in critically ill patients (p = 0.026).

Conclusions: Patients hospitalised in the intensive care unit 
are at particularly high risk of developing pressure ulcers 
on their heels. Impaired distal perfusion and specific phar-
macotherapy have been identified as significant risk factors 
for pressure ulcer development. The ankle-brachial index 
is a reliable, cost-effective method of evaluating peripheral 
circulatory disorders.

Key words: intensive care, pressure ulcers in the heels, criti-
cally ill patient, ankle-brachial index.

Introduction
Hospital-acquired pressure ulcers (HAPUs) are an 
inevitable health problem that can arise during high-
ly specialised medical procedures. Pressure injuries 
can occur during prolonged surgery and non-specific 
surgical positioning, as well as during intensive care. 
Despite preventive procedures, increased risk assess-
ment and regular monitoring being implemented, 
the risk of pressure ulcers during this period exceeds 
15%. Patients undergoing anaesthesia and surgery are 
predisposed to acute, localised tissue injury associ-
ated with pressure, which occurs in the skin and/
or underlying soft tissues within 48 to 72 hours [1]. 
The specific nature of intensive care units means 

comprehensive prevention is often ineffective due to 
patients’ serious conditions, multiple organ failure, 
circulatory failure, pharmacotherapy (anaesthesia, 
catecholamines) and the effects of physical forces 
(friction, shearing and static pressure). Patients hos-
pitalised in intensive care units require complex, in-
vasive procedures such as renal replacement therapy 
or ventilator therapy. In these cases, immobilisation 
is an important factor in ensuring the effectiveness 
of the medical procedures. The risk of pressure ulcers 
developing in critically ill patients is very high, with 
ulcers in the heel area occurring at a prevalence rate 
of 18.5–38.9% [2]. The risk of pressure injuries (PI) in 
the heel area is associated with ischaemic aetiology, 
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resulting not only from its anatomical distance from 
the heart, but also from impaired distal perfusion 
depending on comorbidities (e.g. diabetes, peripheral 
atherosclerosis), general condition (e.g. age, immo-
bilisation, impaired consciousness) and pharmaco-
therapy. In terms of prevention, the distal parts of 
the limbs, such as the fingers, ankles and heels, are 
particularly vulnerable due to inevitable tissue per-
fusion disorders and coexisting atherosclerosis in 
people over 60 years of age. The heel has a unique 
structure consisting of a small amount of subcuta-
neous tissue, and close contact between bone and 
tendon structures may pose an infection risk to these 
structures. The presence of medical devices such as 
splints and stabilisers is an additional risk factor, 
as these may increase pressure and lead to pressure 
ulcers. Pressure ulcer risk is significantly higher in 
critically ill patients than in conservative or surgical 
wards. Impaired distal perfusion resulting from pri-
mary atherosclerosis and subsequent vasoconstric-
tion caused by catecholamine action may lead to local 
oedema, ischaemia, and secondary pressure ulcers. 
An additional factor related to tissue oxygenation is 
mechanical ventilation, as well as blood pH (acidosis/
alkalosis) and its effect on blood oxygenation, which 
in turn can affect inefficient cellular processes and, 
consequently, cell death. Since 2009, there have been 
reports of a correlation between the risk of develop-
ing pressure ulcers and the occurrence of metabolic 
disorders and an increase in serum pH [3]. However, 
when analyzing the literature on pressure ulcers in 
the heel area, the main risk factors mentioned by 
the authors are often mechanical ventilation and im-
mobilization [3, 4]. Cardiovascular failure can result 
from disease processes such as shock decompensation 
and hypotension, which, according to the literature, 
are strong risk factors for local ischemia at the site 
of pressure. The authors indicate that maintaining 
a mean arterial pressure (MAP) of 85 mmHg reduc-
es the risk of tissue hypoxia, thereby reducing the 
risk of hypoxia. The authors indicate that the mean 
arterial pressure measurement parameter provides 
a broad picture of tissue perfusion, which is directly 
related to vasopressor pharmacotherapy. Mean arte-
rial pressure as an indirect parameter indicates the 
patient’s general condition, the severity of shock, and 
the need to use catecholamines to achieve adequate 
perfusion. Regarding to the risk of pressure ulcers, 
the level of tissue perfusion is an important factor 
that can influence the development of pressure ul-
cers, as well as the healing process [5]. However, the 
standard procedure is to administer catecholamines, 

which constrict blood vessels, thereby reducing pe-
ripheral perfusion. Furthermore, immobilisation and 
loss of lean muscle mass may increase the risk of 
pressure ulcers in this group of patients. Despite the 
implementation of preventive measures such as re-
positioning, the use of aids, and anti-pressure ulcer 
mattresses, patients in severe, critical condition may 
develop pressure ulcers during hospitalisation. The 
risk of developing pressure ulcers is high and they 
occur independently. Clinical observations indicate 
that pressure ulcers develop during hospitalisation 
in situations of malnutrition, immobilisation and the 
implementation of intensive care unit-typical phar-
macotherapy. The development of pressure ulcers on 
the heels of critically ill patients is caused by early 
changes in the arteries, which can be identified by 
performing an ankle-brachial index (ABI) test. Distal 
perfusion disorders are a serious problem that is of-
ten underestimated. Neubauer-Geryk and Bieniasze-
wski [6] discuss the problem of atherosclerosis and 
points out that the course of the disease itself is often 
asymptomatic. A cheap and simple method of early 
identification of ischemia is to assess the lower limb 
arteries using the ABI [7]. The risk of atherosclerosis 
is particularly high in patients with a history of dia-
betes, as highlighted in the paper on ABI in a group 
of patients with vascular ulcers by Cwajda and Bi-
ałasik [8]. There is an increasing amount of literature 
on the validity of assessing distal perfusion using the 
ABI. In 2017, recommendations for wound treatment 
that emphasised the need to use the ABI as a routine 
check of distal blood flow were developed in Italy [9].

The aim of this study was to assess the risk of 
developing ischemic pressure ulcers in a group of 
critically ill patients using the ABI. 

Material and methods 
This prospective observational study used a con-
trolled observation and estimation method. Short-
term controlled observation was performed on 120 
patients (54 women and 66 men), with a mean age of 
67 years. The study period was 18 months. All pa-
tients underwent prevention based on Polish Wound 
Management Association 2020 recommendations, 
which included body position changes, high-profile 
tubular mattresses and pressure-relieving skincare. 
The study was conducted at Fr. B. Markiewicz Spe-
cialist Hospital of the Podkarpackie Oncology Centre 
in Brzozow. Consent from the head of the department 
and the director of the facility was obtained. The 
study was conducted in two stages. The first stage 
took place within 24 hours of admission, and the 
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second stage on the 5th–10th day of hospitalization in 
the ward. Because a basic requirement of the study 
is the participation of critically ill, unconscious, me-
chanically ventilated patients, it was impossible to 
obtain the patient’s informed consent at the time of 
inclusion in the study. The patient’s consent or objec-
tion was obtained at the time of regaining conscious-
ness. In the case of critically ill patients, consent was 
obtained from a legal representative. In the event of 
death, the patient was excluded from the study.

A literature review was conducted on the subject, 
incorporating the National Pressure Injury Advisory 
Panel (NPIAP)/European Pressure Ulcer Advisory 
Panel (EPUAP) (2019) and Polish Wound Manage-
ment Association (2020) recommendations. Based on 
the literature, a scientific and research protocol was 
developed. The first part contained information on 
socio-demographic data, chronic diseases, reasons for 
admission and patient categorisation in the intensive 
care unit (ICU), based on the 2016 Regulation of the 
Minister of Health [10, 11]. Measurement results in-
clude the ABI and Barden scale. The second part con-
tains a questionnaire for assessing skin damage on 
the heels according to the NPIAP classification. The 
study was conducted in two stages. During the study, 
the ABI was assessed using a MESI mTABLET device 
with ISO 9007 Q-1664 specifications and a CE 1304 
ISO 9001/ISO 13485 certificate. The examination was 
conducted by a medically qualified professional ex-
perienced in assessing patients’ conditions using the 
indicated method. In cases of non-diagnostic periph-
eral artery disease (PAD), if critical ischaemia was 
confirmed, a surgical consultation involving a duplex 
ultrasound scan was performed. During the study’s 
planning stage, the inclusion criteria were defined as 
follows: age over 18 years; inability to self-care due to 
sedation; respiratory failure requiring ventilator ther-
apy; respiratory support (continuous positive airway 
pressu re [CPAP] or noninvasive ventilation [NIV]); 
infusion of catecholamines; shock; haemodynamic 
failure; and condition after cardiac arrest. The follow-
ing exclusion criteria were adopted: lack of consent 
from the patient/authorised person to participate in 
the study; stable general condition without the need 
for mechanical ventilation; and admission of patients 
to the ICU with respiratory failure after surgery, who 
were planned to be discharged after the cessation 
of neuromuscular blockade, provided that the pa-
tient exhibited spontaneous and efficient breathing. 
The qualification of the study group is presented  
in Figure 1.

Characteristics of the study group
The study group consisted of 120 patients hospital-
ised in the anaesthesiology and intensive care unit, 
including 54 women (45%) and 66 men (55%). The 
mean age of the subjects was 67 years, with a mean 
deviation of 14.23 and a median of 69 years. In the 
body mass index (BMI) assessment, normal values 
were recorded in 25.8% (n = 31) of patients, under-
weight values in 1.7% (n = 2), class I obesity in 19.2% 
(n = 23), class II obesity in 8.9% (n = 10) and class III 
obesity in 7.5% (n = 9) of patients. In the first stage of 
the study, patient classification score in the ICU was 
assessed. It was noted that 98.5% of subjects (n = 118) 
in terms of care were category III and 1.7% (n = 2) 
were category II. In the second stage, category I care 
was observed in 26.7% of patients (n = 32), category 
II in 19.2% (n = 23) and category III in 54.2% (n = 65). 
The most common reasons for ICU admission were 
respiratory failure (37.5%, n = 45), postoperative con-
dition (27.3%, n = 33) and sepsis/septic shock (11.7%, 
n = 14). The most prevalent chronic diseases identified 
through medical record analysis were diabetes (14.7%, 
n = 50), malignant neoplasms (36.7%, n = 32), and heart 
failure (20%, n = 24). In the first stage of the study, 
MAP values were assessed, with an average value of 
88.71 mmHg. Detailed data are presented in Table I.

Statistical analysis
Statistical analysis was performed using IBM SPSS 
Statistics version 21. Descriptive statistics, histo-
grams, box plots, scatter plots and Kolmogorov–
Smirnov normality tests were employed to evaluate 
the variables. Analytical techniques used to analyse 

Qualification 
to stage I of the 

study

Qualification to 
stage II of the 

study

Exclusion from the study, not meeting 
inclusion criteria (n = 52)

Death before stage I of the study  
(n = 54)

Death after stage I of the study  
(n = 52)

Transfer to the other department 
before stage II of the study (n = 30)

Patients subjected to care and treatment  
at the Anaesthesiology and Intensive Care from 1.01.2022  

to 1.07.2023 (n = 298)

Included in stage I of the study (n = 192)

Study group examined in stage I of the study (n = 192)

Statistical analysis (n = 120)

Study group qualified to stage II of the study (n = 120)

Figure 1. Qualification for the study (own work).
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relationships between variables and verify research 
hypotheses included the following: Spearman’s rank 
correlation coefficient; Kruskal–Wallis and Mann–
Whitney U tests to analyse differences in the distribu-
tion of dependent variables in relation to independent 
variables; and χ2 tests to analyse the independence 
of variables in contingency tables. Regarding the as-
sumptions of the planned power analysis (α = 0.05, 
power = 0.80, medium effect size), the sample size 
was sufficient for precise determination of the mean 
ABI (n required ≈ 35). For correlation analyses with 
a value of r = 0.3 (n required ≈ 84). The power analysis 
indicates that there is a small risk of not detecting 
a medium-sized effect in the analyses of differences 
between groups, while the sample size was sufficient 
or greater than required for the other analyses.

Bioethical standards
The study was approved by the Bioethics Committee 
at the University of Rzeszow (approval No. 2022/064).

Results 

Treatment administered
The entire study group required multidisciplinary 
treatment due to life-threatening conditions of various 
aetiologies (Table II). In stage I of the study, a contin-
uous infusion of catecholamines was administered to 
97.7% (n = 110) of participants, whereas in stage II, this 
was required by only 47.5% (n = 57) of participants. 
Noradrenaline was the most commonly used infusion 
(in 86.6% of participants, n = 104), followed by dobu-
tamine (10.0%, n = 12). Mechanical ventilation was 
required by 98.3% (n = 118) of patients in stage I of the 
study and by 50.8% (n = 61) in stage II. Continuous renal 
replacement therapy was required by 15.0% (n = 18) of 
patients in stage I and 19.2% (n = 23) in stage II.

Ankle-brachial index 
During stage I of the study, the ABI was assessed. 
The average ABI value was 1.08 for the left limb and 
1.11 for the right limb. Normal ABI values were ob-
served in 53.3% of subjects in the left lower limb and 
in 55.8% in the right lower limb. Non-diagnostic PAD 
values were found in 20% of subjects for the left lower 
limb and in 23.3% for the right lower limb. Borderline 
values were found in 13.3% of subjects for the left 
lower limb and 12.5% for the right. Abnormal values 
were found in 13.3% of patients for the left lower limb 
and in 7.5% for the right lower limb. Figure 2 shows 
the distribution of ABI values for the left and right 
lower limbs.

Risk of pressure ulcers according to the Baden 
assessment 
During the study, the risk of pressure ulcer develop-
ment was assessed using the Braden Scale in Stage I. 
This revealed a very high risk in 59.2% of subjects 
and a high risk in 36.7%. Stage II showed a down-
ward trend, with very high risk reported in 27.5% of 
patients, high risk in 42.5%, and moderate risk in 10%. 
These results suggest a slight reduction in the risk 
of pressure ulcers in stage II of the study (Table III). 
During the study, the skin on the heels was examined 
and stage 2 pressure ulcers were found on the right 
heel in 20.8% (n = 25) of subjects and on the left heel 
in 15% (n = 8). Stage 2 pressure ulcers were found in 
4.2% (n = 5) of subjects on the right heel and in 2.5% 
(n = 3) of subjects on the left heel. Stage 3 pressure 
ulcers occurred on the right heel in 0.8% (n = 1) of 
subjects and on the left heel in 1.7% (n = 2) (Table IV). 
An unspecified UPI pressure ulcer was observed in 
1.7% of the subjects. Analysis of the results showed 
that patients with low ABI values in one or both limbs 
(i.e. those at risk of peripheral arterial disease) were 
particularly at risk of developing pressure ulcers on 
the heels (p < 0.05). A statistically significant cor-
relation was found between the risk of developing 
pressure ulcers on the heels in patients with PAD 
(Mann–Whitney U = 700.0, p = 0.026). Pressure ulcers 
were observed to occur more frequently in patients 
with PAD than in patients with normal ABI results 
(p < 0.05). 

This finding highlights the significant associa-
tion between PAD and an increased likelihood of 
developing pressure ulcers, underscoring the im-
portance of meticulous risk assessment and target-
ed preventive strategies in this patient group. The 
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Figure 2. Distribution of ABI values for the left and right lower 
limbs in stage I in the following ranges.
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Table I. Characteristics of the study group

Descriptive statistics

Gender n %

Female 54 45.0

Male 66 55.0

Total 120 100.0

Age
Mean

Standard 
deviation

Median Min. Max. Q1 Q3 n

67.28 14.23 69 18 91 63 76 120

MAP 88.71 16.30 87.00 30.00 130.33 79.50 98.00 120

BMI

n %

Underweight < 18.5 2 1.7

Normal weight 18.5–24.9 31 25.8

Overweight 25–29.9 45 37.5

Class I obesity 30–34.9 23 19.2

Class II obesity 35–39.9 10 8.3

Class III obesity 40+ 9 7.5

Total 120 100.0

Patient categorization in the ICU – stage I Patient categorization in the ICU – stage II

n % n %

1 0 0.0 32 26.7

2 2 1.7 23 19.2

3 118 98.3% 65 54.2

Total 120 100.0 120 100.0

n %

Reason for 
admission

Respiratory failure 45 37.5

Post-operative condition 33 27.5

Sepsis/septic shock 14 11.7

Condition after cardiac arrest 10 8.3

Hemodynamic failure 7 5.8

Renal failure 5 4.2

Multiple trauma 3 2.5

Hypovolemic shock 1 0.8

Other 2 20.0

Total 120 100.0

Comorbi-
dities

Diabetes 50 41.7

Malignant neoplasm 32 26.7

Heart failure 24 20.0

COPD 14 11.7

Bronchial asthma 2 1.7

Other 30 25.0

None 10 8.3

Total 120 100.0

BMI – body mass index; COPD – chronic obstructive pulmonary disease; ICU – intensive care unit; MAP – mean arterial pressure
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subsequent analysis using the Braden Scale provided 
further insight into the specific risk factors contrib-
uting to pressure ulcer development among the study 
population.

The study showed that patients who received 
a continuous infusion of catecholamines were more 
likely to be in the high-risk group for pressure ulcers 
than those who did not (p < 0.001). Detailed data are 
presented in Table IV.

Discussion 
Patients in intensive care units are at high risk of 
developing pressure ulcers in areas affected by phys-
ical forces, such as the sacrum, trochanter and heels. 
Despite the known aetiology and risk factors, the 
problem continues to arise during hospitalisation. 
In specialist terminology, pressure ulcers that occur 
during hospitalisation are referred to as HAPI (hospi-
tal-acquired pressure injuries). The term “unavoidable 
pressure ulcers” was introduced in a global consensus 
in 2014 [12]. 

Pressure ulcers that develop during hospitalisation 
are mainly associated with prolonged medical proce-
dures. Patients undergoing long-term treatment, in 

Table II. Therapy administered in the study group

Continuous infusion 
of catecholamines – 

stage I

Continuous infusion 
of catecholamines – 

stage II

n % n %

Yes 110 91.7 57 47.5

No 10 8.3 63 52.5%

Total 120 100.0 120 100.0

Respiratory therapy – 
stage I

Respiratory therapy – 
stage II

n % n %

Yes 118 98.3 61 50.8%

No 2 1.7 59 49.2%

Total 120 100.0 120 100.0

Continuous renal 
replacement thera-

py – stage I

Continuous renal 
replacement thera-

py – stage II

n % n %

Yes 18 15.0 23 19.2

No 102 85.0 97 80.8%

Total 120 100.0 120 100.0

Table III. Risk of pressure ulcer development in the study group based on the Braden scale

Mean SD Median Min. Max. Q1 Q3 n

Braden Scale 
measurement I

9.39 1.87 9 2 16 8 10 120

Braden Scale 
measurement II

11.61 3.05 12 6 19 9 14 120

NPIAP assessment of feet – stage I NPIAP assessment of feet – stage II

n % n %

No changes 116 96.7 81 67.5

Changes  
occurred

4 3.3 39 32.5

Total 120 100.0 120 100.0

Braden Average SD Median Min. Max.

Normal value for both limbs: 1.0–1.4 12.26 3.09 12 7 19

PAD in one or both limbs 10.79 3.04 11 6 19

Other values 11.28 2.80 11 6 18

Total 11.61 3.05 12 6 19

Mean SD Median Min. Max. Q1 Q3 n

Braden Scale 
measurement I

9.39 1.87 9 2 16 8 10 120

Braden Scale 
measurement II

11.61
3.05 12 6 19 9 14 120

NPIAP – National Pressure Injury Advisory Panel; PAD – periph eral artery disease
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Table IV. Risk of developing pressure ulcers and their occurrence

Braden scores

ABI

Normal value for both 
limbs: 1.0–1.4

PAD in one or both 
limbs

Other values Total

n % n % n % n %

Stage I

Very high risk: ≤ 9 29 50.9 23 67.6 19 65.5 71 59.2

High risk: 10–12 26 45.6 9 26.5 9 31.0 44 36.7

Moderate to low: 13–23 2 3.5 2 5.9 1 3.4 5 4.2

Stage II

Very high risk: ≤ 9 11 19.3 14 41.2 8 27.6 33 27.5

High risk: 10–2 23 40.4 14 41.2 14 48.3 51 42.5

Moderate to low: 13–23 23 40.4 6 17.6 7 24.1 36 30.0

Total 57 100.0 34 100.0 29 100.0 120 100.0

Mann-Whitney U = 700.0, p = 0.026

NPIAP assessment

NPIAP vs. ABI

Normal value for both 
limbs: 1.0–1.4

PAD in one or both 
limbs

Other values Total

n % n % n % n %

No change 46 80.7 17 50.0 18 62.1 81 67.5

There were changes 11 19.3 17 50.0 11 37.9 39 32.5

Total 57 100.0 34 100.0 29 100.0 120 100.0

Braden Scale

Continuous infusion of catecholamines 

Yes No Total

n % n % n %

Very high risk: ≤ 9 27 47.4 6 9.5 33 27.5

High risk: 10–12 21 36.8 30 47.6 51 42.5

Moderate to low: 13–23 9 15.8 27 42.9 36 30.0

Total 57 100.0 63 100.0 120 100.0

χ2 = 23.711, df = 2, p < 0.001

Damage according to NPIAP

Continuous infusion of catecholamines vs. NPIAP heels 

Yes No Total

n % n % n %

No change 29 50.9 52 82.5 81 67.5

Damage occurred 28 49.1 11 17.5 39 32.5

Total 57 100.0 63 100.0 120 100.0

χ2 = 13.675, df = 1, p < 0.001

Stage II NPIAP
Right heel Left heel

n % n %

0 89 74.2 95 79.2

1 25 20.8 18 15.0

2 5 4.2 3 2.5

3 1 0.8 2 1.7

4 0 0.0 0 0.0

UPI 0 0 2 1.7

DTPI 0 0 0 0

ABI – ankle-brachial index; NPIAP – National Pressure Injury Advisory Panel; PAD – periph eral artery disease
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critical condition or at the end of life are most at risk. 
Pittman et al. [13] conducted retrospective studies 
to assess the frequency of possible and unavoidable 
HAPIs in critically ill patients hospitalised in in-
tensive care units. The authors showed that, of the 
pressure injuries identified, 60% were preventable and 
41% were considered unavoidable. Most of the injuries 
were described as deep tissue destruction [13].

In the course of our research, which was conducted 
in the anaesthesiology and intensive care unit, 120 
patients were observed, including 54 women (45%) 
and 66 men (55%). The subjects’ mean age was 67 
±14.23 years, with a median age of 69 years. The most 
common reasons for ICU admission were respiratory 
failure (37.5%, n = 45), postoperative condition (27.3%, 
n = 33) and septic shock (11.7%, n = 14). The most 
common comorbidities were diabetes mellitus (14.7%, 
n = 50), malignant neoplasm (36.7%, n = 32) and heart 
failure (20%, n = 24). Despite implementing pressure 
ulcer prevention measures based on the Polish Wound 
Management Association 2020 recommendations [17], 
HAPI was observed in the heels of 23.14% of subjects. 

Researchers seeking answers to the question of why 
pressure ulcers develop during hospitalisation explain 
their development by skin failure associated with 
perfusion disorders in critically ill patients [1, 2, 9].

The intensive care unit is a unique place where 
pressure ulcers in patients occur frequently. This is 
due to factors related to severe clinical conditions, 
immobilisation, frequent malnutrition and the need 
to implement specialised life-saving procedures. Al-
though the PTLR recommendations indicate the tools 
available in Poland, there is still no specific, dedicated 
tool for risk assessment in the intensive care unit. 
This is despite the fact that several questionnaires 
are available. The intensive care unit is a place with 
a specific patient profile where risk factors are diffi-
cult or impossible to eliminate. Recently, researchers 
have shown an increased interest in the risk and 
occurrence of pressure ulcers in intensive care units, 
with several studies pointing to specific assessment 
tools that have not yet undergone psychometric eval-
uation in Poland [15, 16]. These observations suggest 
ample scope for further scientific research into the 
evaluation of new risk assessment tools recommend-
ed for perioperative prevention. Understanding and 
quickly identifying risk factors, and implementing 
preventive protocols, creates opportunities to reduce 
the risk of pressure ulcers. However, despite the im-
plementation of preventive measures, pressure inju-
ries often occur, not as a result of negligence in care 
or prevention, but due to general clinical factors. 

Patient assessment should be carried out according 
to protocol and based on a physical examination, as 
well as a skin assessment using the recommended 
pressure ulcer risk assessment scales. Relying solely 
on questionnaire-based assessments can lead to po-
tential skin damage being underestimated [15, 17]. 
Using specialised tools such as thermal imaging cam-
eras or scanners is also recommended [18].

One serious factor that medical personnel initially 
find very difficult to assess is impaired peripheral per-
fusion associated with atherosclerosis, the patient’s 
position, a lack of muscle stimulation and ongoing 
pharmacotherapy that affects peripheral circulation. 
Atherosclerosis is asymptomatic in its initial stage, 
especially in patients with diabetes who do not exhib-
it the classic symptoms of peripheral artery disease 
(PAD), and in situations of general deterioration and 
serious, life-threatening conditions. Catecholamine 
administration exacerbates this problem, posing 
a high risk of bedsores, difficult healing processes, 
and even amputation. The presence of comorbidities, 
including diabetes, significantly impacts lower ABI 
values [8]. Using ABI assessment as a screening test, 
especially in diabetic ICU patients, can effectively 
contribute to identifying low ABI values as an addi-
tional risk factor for pressure ulcer development in 
the heels and influencing the development of effective 
pressure ulcer prevention strategies [17, 19].

Our research has confirmed the link between 
distal perfusion disorders and the risk of pressure 
ulcers. We observed differences in the incidence of 
very high-risk bedsores depending on the ABI val-
ue. A very high risk of bedsore development was 
demonstrated, particularly among patients whose 
ABI assessment in one or two limbs corresponded 
to PAD (p = 0.026). Pressure ulcers occurred more 
frequently in the PAD group than in patients with 
normal results (p = 0.008). Haemodynamic parame-
ters were assessed, including mean arterial pressure 
(MAP), which averaged 88.71 in the first stage of the 
study in the study group. Catecholamine infusion 
was administered to 91.7% of patients in the study 
group, with an average output of 3.37 ml/h. The most 
commonly used catecholamines were norepinephrine 
(86.7%) and dobutamine (10%). A strong correlation 
was observed between amine treatment and pressure 
ulcer incidence (p < 0.001). During our research, we 
observed the actual occurrence of pressure ulcers in 
the heel area. Grade 1 pressure ulcers according to 
the NPIAP were confirmed in the right heel in 20.8% 
of cases (n = 25) and in the left heel in 15% of cases 
(n = 18). Grade 2 pressure ulcers were found in the 
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right heel in 4.2% of patients (n = 5) and in the left 
heel in 2.5% of patients. Grade 3 pressure ulcers were 
present on the right heel of 0.8% (n = 1) of patients 
and on the left heel of 1.7% (n = 2). These accounted 
for 40% of the pressure ulcers observed in the study 
group. The study confirmed a relationship between 
catecholamine use and pressure ulcer frequency; 
pressure ulcers occurred more frequently in patients 
requiring catecholamine infusion than in those not 
requiring pharmacological circulatory stabilisation 
(p < 0.001). When the risk of developing pressure 
ulcers was assessed using the Braden scale in the 
second stage of the study, a very high risk (47.4%, 
amounting to 9 points on the Braden scale) was found 
in patients who received catecholamine infusions. 
A high risk (36.8%, amounting to 10–12 points) and 
a moderate risk were also identified. Analysis of the 
data confirmed a correlation between catecholamine 
infusion and actual changes to the heels in this pa-
tient group (p < 0.001). Further research is needed in 
several centres using specific assessment scales and 
scanners or thermal imaging cameras to confirm 
these observations.

Caring for a patient in an intensive care unit 
is associated with certain limitations in terms of 
prevention. These limitations may result from the 
patient’s critical condition, intolerance to changes 
in position, rapid deterioration of vital signs and 
sudden health deterioration. Pressure ulcer preven-
tion should be based on an assessment of the pa-
tient’s condition, conducted through physical ex-
amination and the use of simple assessment tools, 
questionnaires and documentation of actions [16]. 
Side-to-side rotation, heel elevation, skin care, foam 
dressings and protective footwear, alongside regu-
lar skin condition assessments, should be standard 
procedures to effectively relieve areas particularly 
vulnerable to simple pressure, friction and shear  
forces [19–21]. 

Superficial pressure ulcers are not a clinical prob-
lem. Every effort should be made in professional care 
to prevent deep tissue damage becoming infected. An 
infected pressure ulcer can have serious consequenc-
es for patient care and can create a risk of tendon and 
bone infection, especially in the foot area, which can 
lead to sepsis and potential limb amputation.

Conclusions
The development of pressure ulcers on the heels of 
critically ill patients is the result of many factors 
and is not due to negligence in care and prevention. 
The fact that pressure ulcers occur means that the 

development of wounds is unavoidable. Patients hos-
pitalised in the intensive care unit are particularly 
at risk of developing pressure ulcers in the heel area. 
Impaired distal perfusion indicates a high risk of 
pressure ulcers. Using the ABI is an effective and 
inexpensive way to screen for peripheral blood flow 
disorders.
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