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Background: Critically ill COVID-19 patients are at heightened risk for pressure ulcers (PUs), with the pandemic altering both the
frequency and location of PU development and challenging hospital preparedness. The study aimed to investigate clinical and
demographic factors associated with PUs in critically ill COVID-19 patients, compared outcomes between those who did and did
not develop PUs, and assessed the impact of septic shock, prone positioning, and other interventions on PU formation, prolonged
hospitalization, and mortality.

Materials and Methods: A retrospective analysis was conducted on 160 adults with lab-confirmed COVID-19 treated in the
intensive care unit (ICU) of the 4™ Military Clinical Hospital in Wroclaw (Poland) between September 2020 and September 2022. The
criterion for inclusion in the study was confirmed COVID-19 disease and need for invasive ventilation. Demographic data, incidence
of septic shock, use of the Extracorporeal Membrane Oxygenation (ECMO), prone positioning, colonization, survival rates, SAPS
(Simplified Acute Physiology Score) II scores, and vasopressor (argipressin) requirements were recorded. Univariate and multivariate
logistic regression identified significant predictors of PUs development.

Results: PUs occurred in 48.12% (n=77) of patients. Septic shock was more prevalent among those with PUs (30.12% vs 16.88%,
p=0.049). PUs group had higher mean SAPS II scores (56.40) and greater argipressin use (0.50 units, p=0.015). Length of stay was
significantly longer for patients with PUs (mean=14.08 days, p<0.001). Multivariate analysis showed that higher SAPS II scores, argipressin
use, and extended hospitalization were independent risk factors, while 28-day survival was protective against PUs formation.
Conclusion: PUs development in critically ill COVID-19 patients is strongly linked to disease severity, vasopressor requirements, and
prolonged hospitalization. Targeted preventive measures focusing on these risk factors could help mitigate PUs incidence and improve
patient outcomes.
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Introduction

Pressure ulcers (PUs) are one of the serious complications in critically ill patients hospitalized in intensive care units.
Circulatory and respiratory disorders, malnutrition, limited mobility, significantly increase the risk of skin damage, which
is pointed out by expert groups dealing with the problem of PUs. This ailment is observed in most health care systems
around the world." High costs of treatment prompt the analysis of the phenomenon and the search for new structured
solutions aimed at reducing their occurrence.”

According to the World Health Organization (WHO), PUs affect 5 to 10% of patients hospitalized in intensive care
units, with a significantly higher risk in critically ill people due to their general condition and concomitant conditions
(WHO 2021). A study by Smith and colleagues indicates that as many as 40% of ICU patients develop PUs within the
first 14 days of hospitalization.?
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The time of treatment of patients for COVID-19 slightly changed the image of the PU phenomenon, in the number
and place of their formation, approach to the problem, which forced additional solutions for which hospitals were not
prepared at that time. All strength was devoted to the treatment of the underlying disease, which resulted in the fact that
a small group of patients received appropriate PUs prophylaxis. Patients placed in the prone position were exposed to
pressure in the particularly sensitive area of the face and knee, covered with a small amount of subcutaneous tissue. In
addition, anatomical conditions, disturbed circulation, distribution of load in these areas intensified the problem. A well-
thought-out action aimed at reducing the pressure on this particular area should be one of many elements of management
in patients with confirmed self-care dysfunction.

The biological mechanisms linking clinical factors to PUs risk are complex and result from interactions between
mechanical, physiological and molecular factors. The authors of many publications draw attention to the multifactorial
pathogenesis of skin damage at the end of life, classifying and define wounds as “unavoidable”.* It should be noted that
the study group did not only concern elderly patients, nor were they people with multimorbidity.

In the case of patients with COVID-19, the worsening critical condition progressed at a very rapid pace: respiratory
disorders, hypoxia, circulatory disorders, including perfusion. In addition to standard procedures, it required the
implementation of forced positioning of patients in a forced position on the stomach without the possibility of
repositioning, which was a significant risk factor.” The prone position has become a key element in the fight for survival
of patients during respiratory therapy, often taking the lead or accompanying pharmacological treatment. However, the
effectiveness of the prone position is linearly dependent on the length of its application. According to the guidelines of
the WHO, NIH, EDCD, PTChP, SCCM it is from 12 to 24 hours in cycles for 3 to 7 days.6

A higher degree of disease severity measured by available scales (APACHE II, SAPS II, SOFA, GCS), laboratory
biomarkers, doses of vasoactive drugs and prolonged hospitalization time have a significant impact on the formation of PU.

It is widely believed that more than 80% of incidents can be avoided by early detection of threat.” Prevention of in-
hospital acquired PUs reduces patient harm and healthcare costs. Domestic and foreign initiatives help healthcare
professionals focus on key activities and have ready-made solutions in relation to reducing the occurrence of PU. All
patients admitted to hospital should have a risk assessment using an appropriate scale within six hours of admission and
every day thereafter, and those at risk should be given an adjusted regimen. ICU patients undergoing sedation treatment
do not report symptoms of deep tissue injury, which significantly hinders prevention in the prevention of PUs.’

Early identification of people at risk of PUs and the implementation of preventive programs are recommended by
national and global experts dealing with the prevention and treatment of wounds. Actions such as: relieving, reposition-
ing, maintaining proper circulation, breathing, nutrition, and eliminating infections are key defensive measures.® These
activities are also the basis for keeping the patient in a stable and safe state at every stage of the underlying disease.

The primary objective of this study was to investigate the clinical and demographic factors associated with the
development of PUs in critically ill patients. Specifically, the study aimed to compare the clinical outcomes, severity of
illness, and interventions between patients who developed PUs and those who did not. Additionally, the study sought to
assess the impact of septic shock, prone positioning, and other clinical interventions on the development of PUs, as well
as their association with prolonged hospitalization and mortality.

Materials and Methods
Participants and Settings

Adult patients with clinical symptoms and lab-confirmed COVID-19 infection (irrespective of gender) who were treated
in the ICU of the 4th Military Clinical Hospital in Wroclaw (Poland) during the period from September 2020 to
September 2022 were enrolled in the present study. The study group consisted of 160 individuals, with a predominance
of male patients (65%, n = 104), while females represented 35% (n = 56).

The criterion for inclusion in the study was confirmed COVID-19 disease and need for invasive ventilation; the severity of
the disease was analyzed on the basis of laboratory tests, drugs used, treatment methods, scales used. We monitored PUs using
their medical records: Pressure Ulcer Monitoring Cards, Waterlow Pressure Ulcer Risk Assessment tools, current medical
history, and medical history. The data collected and analyzed on an ongoing basis by the authors of the article.
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Ethical Considerations

The study was conducted in accordance with the Declaration of Helsinki, and approved by the Bioethics Committee at
The Military Medical Chamber in Warsaw, Poland (approval no.: KB-3/21, approval date: 21.05.2021). Informed and
written consent was obtained from all patients. The standards for Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) were followed.

Measured Outcomes
The following clinical and demographic variables were analyzed: age, height, weight, BMI; clinical severity scores
(APACHE II, SAPS II, SOFA, GCS); inflammatory and organ function biomarkers (CRP, procalcitonin, leukocytes,
albumin, lactate, bilirubin, creatinine, urea); metabolic control variables (maximum and minimum blood glucose levels);
indicators of renal function (daily urine output); vasoactive drug dosages (norepinephrine, argipressin, adrenaline); other
therapeutic interventions (loop diuretics dosage, prone positioning, ECMO use); clinical conditions (sepsis, septic shock);
infection and colonization status; lactate category; 28-day and overall survival rates; and duration of ICU hospitalization.
Also, the analysis included clinical conditions (sepsis, septic shock); 28-day survival and overall survival; use of
ECMO and prone positioning; infection and complications; lactate — septic shock category (<2mmol/l vs >2mmol/l). In
our study, we used prone position for 16 hours a day for 3 to 5 days.

Statistical Analysis

Sample size. Prior to data collection, a sample size estimation was conducted based on the primary objective of
identifying factors associated with the development of PUs in critically ill patients hospitalized in the ICU. Assuming
an expected incidence of PUs of approximately 30% among ICU patients, a confidence level of 95%, and a statistical
power of 80%, it was determined that a minimum of 140 participants would be required to detect significant associations
with relevant clinical predictors. Accordingly, the final sample of 160 patients included in this study was deemed
sufficient to achieve the study objectives and support robust multivariate logistic regression analysis.

Statistical analysis. Descriptive statistics were used to summarize the characteristics of the study population.
Continuous variables are presented as means and standard deviations (SD) for normally distributed data, and as medians
with interquartile ranges (Q1, Q3) for non-normally distributed data. The normality of the distribution was assessed using
the Shapiro—Wilk test. Categorical variables are presented as counts and percentages. The dataset was examined for
missing values. Variables with substantial missingness (>10%) were excluded from the analysis. For the purposes of
multivariate analysis, single imputation was applied for variables with less than 10% missing data (using the median for
continuous variables and the mode for categorical variables). However, in descriptive and univariate analyses, no
imputation was performed; hence, sample sizes may vary slightly across variables. To compare categorical variables
between groups (eg, gender, sepsis, septic shock, survival), the chi-square test (Pearson chi-square) was employed. For
continuous variables (eg, age, BMI, clinical scores, laboratory biomarkers), comparisons between the two groups
(patients with and without PUs) were performed using the Mann—Whitney U-test, as the majority of variables did not
meet the assumptions of normal distribution. A p-value of less than 0.05 was considered statistically significant. All
statistical analyses and visualizations were conducted using Python (version 3.11.2), ensuring reproducibility and
transparency in the analysis.

Data visualizations were created using both matplotlib and seaborn for static plots, and plotly for interactive
visualizations. Matplotlib and seaborn were used for generating histograms, box plots, and scatterplots to illustrate the
distribution and relationships of the continuous variables, while plotly was employed for interactive graphs to enhance
data presentation.

The analysis conducted a multivariate logistic regression aimed at estimating the effect of selected variables on the
risk of PUs. The Maximum Likelihood Estimation (MLE) method was used to estimate the model parameters. The model
included variables selected based on univariate regression analysis, where variables with a p-value < 0.3 were included in

the multivariate model.
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Results

The incidence of septic shock occurred in 23.75% (n = 38) of the patients, while 76.25% (n = 122) did not experience this
condition. The survival rate after 28 days was 27.5% (n = 44), with 72.5% (n = 116) of patients not surviving. Overall survival
during the study period was recorded at 26.25% (n = 42), while 73.75% (n = 118) of patients did not survive. ECMO
(Extracorporeal Membrane Oxygenation) was implemented in 6.37% of cases (n = 10), whereas 93.63% (n = 147) did not
require ECMO. Prone positioning was applied to 45.22% (n = 71) of patients, while 54.78% (n = 86) did not undergo this
intervention. Colonization was observed in 15.62% of patients (n = 25), with the remaining 84.38% (n = 135) not showing
colonization. PUs were present in 48.12% of patients (n = 77), and 51.88% (n = 83) were free of PUs (Table 1).

Table 2 includes a set of quantitative variables measured within the study group. The summary statistics provided for
each variable include the mean, standard deviation (SD), minimum (Min), first quartile (Q1), median (Me), third quartile
(Q3), and maximum (Max) values, giving a comprehensive overview of the distribution and range for each measured
parameter across the study population (Table 2).

Table 3 compares the distribution of several key clinical and demographic variables between two groups of patients: those
who did not develop PUs (Group without PUs) and those who did (Group with PUs). The analysis includes gender, septic
shock, 28-day survival, overall survival, use of ECMO, prone position, colonization, septic shock lactate category. The
statistical significance of the differences between the two groups is evaluated using the Pearson chi-square test (p-value).

Statistically significant results are: (1) Septic Shock: The proportion of patients with septic shock was significantly
higher in the group with PUs (30.12%) compared to the group without PUs (16.88%) (p = 0.049), indicating that septic
shock may be more common in patients who develop PUs. (2) Prone Positioning: A significantly higher proportion of

Table | Characteristics of the Study

Group
Variables n %
Gender Male 104 | 65
Female | 56 35
Septic shock No 122 | 76.25
Yes 38 | 23.75
28-days survival | No 116 | 72.5
Yes 44 | 275
Survival No 118 | 73.75
Yes 42 | 26.25
ECMO No 147 | 93.63
Yes 10 6.37
Prone position | No 86 54.78
Yes 71 45.22
Colonization No 135 | 84.38
Yes 25 15.62
PUs No 83 51.88
Yes 77 | 48.12

Abbreviations: ECMO, Extracorporeal Membrane
Oxygenation; PUs, pressure ulcers.
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Table 2 Descriptive Statistics of Quantitative Variables in the Study Group

Variables n Mean SD Min Ql Me Q3 Max
Age (years) 160 | 63.57 12.76 | 27.00 | 57.00 | 67.00 72.00 86.00
Height (cm) 160 | 171.34 | 9.59 150.00 | 164.00 | 174.00 180.00 194.00
Weight (kg) 160 | 88.14 22.19 | 42.00 | 73.00 | 85.00 100.00 193.00
BMI (kg/m?) 160 | 29.96 6.95 15.62 | 24.89 | 2855 34.20 65.24
APACHE II 160 | 21.10 9.16 1.00 15.00 19.00 25.00 49.00
SAPS Il 160 | 53.54 20.50 1200 | 37.75 | 50.50 66.00 116.00
SOFA 160 | 8.38 3.86 0.00 5.00 8.00 11.00 19.00
GCS 160 | 8.90 3.83 3.00 6.00 6.00 13.00 15.00
CRP (mg/L) 160 | 160.75 116.58 | 1.50 68.73 154.50 | 230.00 | 579.00
Procalcitonin (ng/mL) 157 | 831 35.22 0.03 0.18 0.72 2.10 354.00
Leukocytes (x10%/uL) 161 | 15.27 842 1.00 9.30 13.90 19.30 45.70
Albumin (g/dL) 154 | 3.03 249 1.10 2.53 2.90 3.10 33.00
Lactate (mmol/L) 158 | 2.34 3.34 0.50 1.02 1.40 2.10 29.00
Bilirubin (mg/dL) 156 | 1.36 230 0.00 0.58 0.90 1.42 25.00
Creatinine (mg/dL) 160 | 1.99 2.52 0.35 0.74 1.07 2.11 17.76
Urea (mg/dL) 159 | 84.21 61.00 18.00 | 41.00 | 64.00 105.50 | 322.00
Maximum Blood Glucose (mg/dL) | 156 | 202.15 | 78.13 100.00 | 148.00 | 180.50 | 23225 | 556.00
Minimum Blood Glucose (mg/dL) | 157 | 144.78 | 73.20 | 28.00 112.00 | 130.00 168.00 | 780.00
Urine Output (mL/day) 157 | 135524 | 971.64 | 0.00 500.00 | 1420.00 | 2015.00 | 3650.00
Norepinephrine (pg/kg/min) 157 | 0.20 0.27 0.00 0.02 0.09 0.25 1.36
Argipressin (units) 157 | 0.28 1.06 0.00 0.00 0.00 0.00 8.00
Adrenaline (ug/kg/min) 155 | 0.0l 0.03 0.00 0.00 0.00 0.00 0.27
Loop Diuretics (dose, mg) 155 | 0.25 0.44 0.00 0.00 0.00 0.50 1.00
Hospitalization (days) 160 | 11.40 9.40 0.00 5.00 9.00 14.00 45.00

Abbreviations: BMI, Body Mass Index; APACHE II, Acute Physiology and Chronic Health Evaluation II; SAPS II, Simplified Acute

Physiology Score Il; SOFA, Sequential Organ Failure Assessment; GCS, Glasgow Coma Scale; CRP, C-reactive protein.

Table 3 Comparison of Group Characteristics Between Patients with and without PUs

Variables Group without PUs | Group with PUs p-value
(chi? Pearson)
n % n %
Gender Male 46 59.74 58 69.88 0.179
Female 31 40.26 25 30.12
Septic Shock No 64 83.12 58 69.88 0.049
Yes 13 16.88 25 30.12
(Continued)
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Table 3 (Continued).

Variables Group without PUs | Group with PUs p-value
N % N % (chi? Pearson)

28-Days Survival No 52 67.53 64 77.11 0.175
Yes 25 32.47 19 22.89

Survival No 53 68.83 65 7831 0.173
Yes 24 31.17 18 21.69

ECMO No 73 94.81 74 925 0.554
Yes 4 5.19 6 7.5

Prone Position No 41 53.25 30 375 0.048
Yes 36 46.75 50 62.5

Colonization No 68 88.31 67 80.72 0.187
Yes 9 11.69 16 19.28

Lactate — septic shock category <2 56 72.73 60 72.29 1.00

Notes: Bold value indicates a statistically significant result.
Abbreviations: ECMO, Extracorporeal Membrane Oxygenation, PUs, pressure ulcers.

patients in the PU group (62.5%) underwent prone positioning compared to the group without PUs (46.75%) (p = 0.048).
This suggests a potential relationship between prone positioning and the development of PUs.

The other variables, including gender, sepsis, 28-day survival, overall survival, ECMO use, colonization and lactate
level, did not show statistically significant differences between the two groups.

Table 4 presents the comparison of quantitative variables between two groups of patients: those without PUs and
those with PUs. Statistically significant results are: (1) SAPS II Score: patients with PUs had a significantly higher SAPS
II score (mean = 56.40) compared to those without PUs (mean = 50.45), indicating a greater severity of illness in the PUs
group (p = 0.034); (2) argipressin: the use of argipressin was significantly higher in the PUs group (mean = 0.50 units)
compared to the group without PUs (mean = 0.05 units) (p = 0.015), suggesting a more frequent need for vasopressors in
patients with PUs; (3) hospitalization duration: patients with PUs had significantly longer hospital stays (mean = 14.08
days) compared to those without PUs (mean = 8.51 days) (p < 0.001), highlighting the association between PUs and
prolonged hospitalization; (4) other variables, such as age, height, weight, BMI, CRP, procalcitonin, leukocytes, urine
output, and glucose levels, did not show statistically significant differences between the two groups.

In a univariate logistic regression analysis to assess risk factors for PUs, several variables were identified with
p-values indicating potential statistical significance (p < 0.05) or close to statistical significance (Table 5). The analysis
identified two statistically significant risk factors for PUs development: use of argipressin and length of hospitalization.
Argipressin significantly increased the risk of developing PUs (OR = 2.22; 95% CI: 1.05-4.69; p = 0.036). Additionally,
each extra day of hospitalization significantly raised the likelihood of PUs (OR = 1.09; 95% CI: 1.04—1.14; p = 0.001).

The following variables approached, but did not reach statistical significance: prone positioning, SAPS II score, and
GCS. Patients placed in prone position showed a nearly doubled risk of PUs (OR = 1.87; 95% CI: 0.96-3.64; p = 0.066),
indicating a potentially important clinical relationship worthy of further study. Additionally, higher SAPS II scores were
slightly associated with increased PU risk (OR = 1.01; 95% CI: 1.00-1.03; p = 0.106). Lower GCS scores also showed
a trend toward higher risk of developing PUs (OR = 0.93; 95% CI: 0.85-1.02; p = 0.107). While these findings were not
statistically significant, their proximity to significance thresholds suggests that further investigation in larger studies may

be warranted.

11888 ‘= Journal of Inflammation Research 2025:18



81:5707 YoJeasay uopewwepyu| jo jeuanof

sdyy

68811

Table 4 Comparison of Quantitative Variables Between Patients with and without PUs

Variables Group without PUs Group with PUs p-value
Mean Min Max SD Me Ql Q3 Mean Min Max SD Me Ql Q3 ::Is:;m—Whitney

Age (years) 62.68 27.0 86.00 13.9 67.00 53.0 71.00 64.40 35.00 86.00 11.63 66.00 58.00 72.00 0.735
Height (cm) 171.09 150.0 194.00 9.77 172.00 160.00 | 180.00 171.57 | 150.00 | 190.00 9.46 175.00 165.00 | 180.00 0.698
Weight (kg) 90.28 52.00 193.00 2337 86.00 73.00 105.00 86.16 42.00 170.00 20.98 84.00 73.00 96.25 0.297
BMI (kg/m?) 30.83 19.93 65.24 7.72 2891 25.50 34.94 29.15 15.62 49.67 6.09 28.26 24.76 32.86 0.215
APACHE I 19.97 1.00 49.00 9.29 19.00 14.00 24.00 22.14 7.00 46.00 8.97 20.00 16.00 25.00 0.123
SAPS Il 50.45 12.00 116.00 20.81 46.00 36.00 59.00 56.40 24.00 105.00 19.90 55.00 39.00 70.00 0.034
SOFA 7.88 0.00 19.00 3.96 7.00 5.00 11.00 8.84 2.00 18.00 3.72 9.00 5.00 12.00 0.096
GCS 9.42 3.00 15.00 4.02 6.00 6.00 14.00 8.42 3.00 15.00 3.60 6.00 6.00 12.00 0.104
CRP (mg/L) 149.47 1.50 579.00 119.71 142.00 51.00 195.00 171.20 | 3.90 557.70 113.33 | 160.00 86.70 240.35 0.166
Procalcitonin (ng/mL) 9.18 0.03 354.00 42.45 0.53 0.12 2.10 7.53 0.03 201.00 27.46 0.97 0.24 2.16 0.095
Leukocytes (x10%/puL) 15.62 1.50 41.60 893 14.00 9.00 19.20 15.06 1.00 45.70 7.94 13.40 9.75 19.60 0.918
Albumin (g/dL) 2.86 1.10 3.80 051 2.90 2.63 3.18 3.18 1.40 33.00 342 2.85 2.50 3.10 0.404
Lactate (mmol/L) 221 0.50 29.00 3.58 1.40 1.00 2.00 247 0.60 20.00 3.1 1.40 1.20 2.40 0.222
Bilirubin (mg/dL) 1.48 0.00 25.00 2.83 1.00 0.61 1.49 1.25 0.00 13.10 1.66 0.74 0.57 1.40 0.187
Creatinine (mg/dL) 2.10 0.48 17.76 3.12 1.04 0.75 1.70 1.88 0.35 9.08 1.82 1.1l 0.73 2.57 0913
Urea (mg/dL) 79.42 18.00 282.00 57.22 62.00 38.00 97.00 88.71 24.00 322.00 64.37 65.50 43.50 115.50 0.282
Maximum Blood Glucose (mg/dL) | 198.57 100.00 | 540.00 76.00 175.00 147.00 | 229.00 205.65 | 112.00 | 556.00 80.49 187.00 152.50 | 233.00 0.476
Minimum Blood Glucose (mg/dL) 136.71 28.00 349.00 54.54 122.00 107.00 | 169.00 152.54 | 35.00 780.00 87.15 133.50 114.50 | 165.75 0.18
Urine output (mL/day) 1303.03 | 0.00 3450.00 | 949.03 | 1300.00 | 470.00 | 2010.00 | 14055 | 0.00 3650.00 | 996.28 | 1500.00 | 557.50 | 2062.50 | 0.607
Norepinephrine (ug/kg/min) 0.18 0.00 1.36 0.28 0.08 0.00 0.21 0.21 0.00 1.33 0.26 0.10 0.04 0.28 0.177
Argipressin (units) 0.05 0.00 1.80 0.29 0.00 0.00 0.00 0.50 0.00 8.00 1.44 0.00 0.00 0.00 0.015
Adrenaline (ug/kg/min) 0.01 0.00 0.12 0.02 0.00 0.00 0.00 0.0l 0.00 0.27 0.04 0.00 0.00 0.00 0.772
Loop Diuretics (dose, mg) 0.26 0.00 1.00 0.44 0.00 0.00 1.00 0.24 0.00 1.00 0.43 0.00 0.00 0.00 0.784
Hospitalization (days) 851 0.00 40.00 6.84 7.00 4.00 11.00 14.08 0.00 45.00 10.62 12.00 7.50 16.00 >0.001

Notes: Bold value indicates a statistically significant result.

Abbreviations: BMI, Body Mass Index; APACHE I, Acute Physiology and Chronic Health Evaluation Il; SAPS Il, Simplified Acute Physiology Score Il; SOFA, Sequential Organ Failure Assessment; GCS, Glasgow Coma Scale; CRP,

C-reactive protein; PUs, pressure ulcers.
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Table 5 Univariate Logistic Regression Analysis to Assess Risk Factors for PUs

Variables P-value | OR Cl Lower | CI Upper
Age (years) 0.32 1.013 | 0.987 1.04
Height (cm) 0.543 .01l | 0.976 1.048
Weight (kg) 0.368 0.993 | 0.978 1.008
BMI (kg/m?) 0.201 0.969 | 0.923 1.017
APACHE Il 0.218 1.023 | 0.986 1.062
SAPS Il 0.106 1.014 | 0.997 1.03
SOFA 0.193 1.057 | 0.972 1.15
GCS 0.107 0.931 | 0.853 1.015
CRP (mg/L) 0.167 1.002 | 0.999 1.005
Procalcitonin (ng/mL) 0.864 0.999 | 0.99 1.008
Leukocytes (% 10%/uL) 0.953 0.999 | 0.96 1.039
Albumin (g/dL) 0.478 1.084 | 0.867 1.356
Lactate (mmol/L) 0.591 1.027 | 0.931 1.134
Bilirubin (mg/dL) 0.71 0.973 | 0.844 1.122
Creatinine (mg/dL) 0.579 0.964 | 0.849 1.096
Urea (mg/dL) 0.396 1.002 | 0.997 1.008
Maximum Blood Glucose (mg/dL) n/a n/a n/a n/a
Minimum Blood Glucose (mg/dL) 0.196 1.004 | 0.998 1.009
Urine output (mL/day) 0.826 | | |
Norepinephrine (ug/kg/min) 0.74 1.222 | 0.373 4
Argipressin (units) 0.036 2.223 | 1.053 4.69
Loop Diuretics (dose, mg) | | 0.47 2.126
Hospitalization (days) 0.001 1.088 | 1.036 1.144
Septic Shock 0.168 1.746 | 0.791 3.852
Survival 28 days 0.139 0.571 | 0.272 1.199
ECMO 0.471 1.716 | 0.395 7.467
Prone Position 0.066 1.87 0.96 3.644
Colonization 0.357 1.542 | 0.614 3.874
Lactate — septic shock category (<2mmol/l vs 22mmol/l) | n/a n/a n/a n/a

Notes: Bold value indicates a statistically significant result.

Abbreviations: BMI, Body Mass Index; APACHE I, Acute Physiology and Chronic Health Evaluation II; SAPS Il, Simplified
Acute Physiology Score Il; SOFA, Sequential Organ Failure Assessment; GCS, Glasgow Coma Scale; CRP, C-reactive protein;
PUs, pressure ulcers.
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The association between CRP levels and PUs risk was not statistically significant (OR = 1.002; 95% CI: 0.999-1.005;
p = 0.167). However, the direction of the association suggests that higher CRP levels might slightly increase the risk of
developing PUs, warranting further exploration in future research with larger cohorts.

A univariate logistic regression analysis identified argipressin and hospitalization time as significant risk factors for
PUs. In addition, variables such as prone position, SAPS II, GCS, and CRP showed p-values close to the significance
threshold, which may suggest their role in the risk of PUs, but requires further verification in multivariate analyses.

In the logistic regression analysis, several factors significantly influenced PUs risk. Higher SAPS II scores signifi-
cantly predicted increased PU risk (OR = 1.05; 95% CI: 1.01-1.09; p = 0.014), meaning each additional SAPS II point
raised PU risk by approximately 5.3%. Argipressin use was also strongly associated with PU development, more than
tripling the risk (OR = 3.37; 95% CI: 1.38-8.21; p = 0.008). Longer hospitalization was significantly related to higher PU
risk, with each additional day increasing the risk by about 19% (OR = 1.19; 95% CI: 1.11-1.28; p < 0.001). Finally,
patients surviving beyond 28 days showed a significantly reduced risk of developing PUs, indicating that improved
clinical condition was protective (OR = 0.22; 95% CI: 0.06-0.79; p = 0.021).

The logistic regression analysis identified several variables approaching statistical significance. Higher BMI showed
a trend toward slightly lower risk of PUs (OR = 0.94; 95% CI: 0.88—1.01; p = 0.116). Elevated CRP levels demonstrated
a slight, though not statistically significant, increase in PUs risk (OR = 1.003; 95% CI: 0.999-1.007; p = 0.107).
Additionally, prone positioning was associated with more than double the risk of PUs (OR = 2.14; 95% CI: 0.77-5.96;
p = 0.132), suggesting clinical relevance that merits further investigation.

A multivariate logistic regression model showed that the most important factors associated with an increased risk of
PUs were a higher SAPS II score, the use of argipressin and a longer duration of hospitalization. In addition, survival
after 28 days was found to be a protective factor against PUs. Some variables, such as BMI, CRP or prone position, have
shown trends close to significance and may require further analysis in larger research samples (Table 6).

Table 6 Multivariate Logistic Regression Analysis to Assess Risk
Factors for PUs

Variables OR Cl Lower | Cl Upper | P-value
BMI (kg/m?) 0.951 | 0.888 1.019 0.155
Septic shock 2.465 | 0.824 7.369 0.106
APACHE I 0.95 | 0.877 1.03 0.213
SAPS Il 1.053 | 1.0l 1.097 0.014
SOFA 0.92 | 0.755 1.122 0.412
GCs 0913 | 0.792 1.052 0.209
CRP (mg/L) 1.003 | 0.999 1.007 0.117
Argipressin (units) 3.214 | 1.362 7.585 0.008
Prone position 2413 | 0.908 6.41 0.077
Hospitalization (days) | 1.193 | 1.109 1.284 <0.001
Survival 28 days 0.234 | 0.068 0.805 0.021

Notes: Bold value indicates a statistically significant result.

Abbreviations: BMI, Body Mass Index; APACHE Il, Acute Physiology and Chronic
Health Evaluation II; SAPS I, Simplified Acute Physiology Score II; SOFA, Sequential
Organ Failure Assessment; GCS, Glasgow Coma Scale; CRP, C-reactive protein;
PUs, pressure ulcers.
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Discussion

PUs represent a significant healthcare challenge, particularly in intensive care units (ICUs), where critically ill patients face
multiple risk factors for their development. These wounds not only impact patient outcomes and quality of life but also
substantially increase healthcare costs and resource utilization. Recent studies indicate that ICU-acquired PUs can increase
hospital length of stay by an average of 4.3 days and add significant additional costs to patient care.” Extended stay in the
intensive care unit is additionally associated with an increased risk of hospital infection, including multidrug-resistant
strains.' This leads to an increased risk of death, the need for prolonged hospitalization, and the risk of complications.

The COVID-19 pandemic has introduced new challenges in PU prevention and management, particularly in critical
care settings. The unique characteristics of COVID-19 patient care, including prolonged mechanical ventilation, prone
positioning requirements, and complex hemodynamic support, have potentially altered the traditional risk profile for PUs
development.'' Notably, the implementation of prone positioning as a crucial intervention for severe COVID-19 has
introduced new anatomical areas at risk for pressure injury, particularly the face, anterior chest, and knees.'?

Current literature suggests that ICU patients are particularly vulnerable to PUs development, with reported prevalence
rates ranging from 6% to 18% in general ICU populations.'* However, these rates may be significantly higher in COVID-19
patients due to their complex care requirements. Multiple risk factors contribute to this increased vulnerability, including
impaired tissue perfusion, prolonged immobility, altered consciousness, and the use of vasoactive medications.'*

In our study a logistic regressions analysis identified argipressin use, high SAPS II score and hospitalization time as
significant risk factors for PUs which is similar result to other studies.”*"!!!3-14

The pathophysiology of PU development in critically ill patients is multifaceted, involving both extrinsic and intrinsic
factors. While mechanical forces such as pressure, shear, and friction play crucial roles, systemic factors including
inflammation, hypoxemia, and altered tissue perfusion significantly contribute to tissue vulnerability.'> The COVID-19
disease process, characterized by severe inflammatory responses and endothelial dysfunction, may further exacerbate
these pathophysiological mechanisms.

Prevention strategies have traditionally focused on regular repositioning, pressure redistribution surfaces, and skin
assessment protocols. However, the implementation of these preventive measures has become more challenging in
COVID-19 patients due to prone positioning requirements, staffing constraints, and the need for personal protective
equipment.'® The European Pressure Ulcer Advisory Panel (EPUAP) guidelines emphasize the importance of risk
assessment and preventive interventions, yet their application in COVID-19 patients often requires modification to
accommodate specific care requirements. In our analysis, despite the fact that no statistical significance was found in the
development of PU in the group of patients with prone positioning in the multivariate analysis, a higher risk of their
development was shown in a simple demographic analysis and almost twice as high risk of their development in the
univariate analysis. Due to the risk of PU in locations in the front part of the body (head, face, knees), it seems important
to pay attention to this aspect of the care of patients with COVID-19. In the available literature, the use of the prone
position technique increases the risk of PUs, mainly on the anterior parts of the body.®'”"'® In 2020, Moore et al'? pointed
to the need for close observation, skin care and use of special dressings to reduce the risk of PU formation in this group
of patients ie in the study of Yoshimura et al,'” the positive effect of the use of soft silicone, multilayered foam dressings
and their effect on the reduction of PU in patients in prone position after neurosurgery was demonstrated.

Recent studies have highlighted the economic impact of hospital-acquired PUs, with estimated costs ranging from
$20,900 to $151,700 per PU.%° In COVID-19 patients, these costs may be even higher due to extended hospital stays and
additional care requirements. Understanding the specific risk factors and patterns of PU development in COVID-19
patients is crucial for developing targeted prevention strategies and optimizing resource allocation (22).

Despite existing research on PUs in critical care, there remains a significant knowledge gap regarding the specific risk factors
and patterns of PU development in COVID-19 patients. The unique characteristics of COVID-19 patient care, including
prolonged prone positioning and complex hemodynamic support, necessitate a detailed examination of PU risk factors in this
population. This understanding is crucial for developing targeted prevention strategies and improving patient outcomes.

This study provides valuable insights into PU risk factors specific to COVID-19 ICU patients, contributing to the
evolving body of knowledge in critical care medicine. These findings can inform evidence-based prevention strategies and
resource allocation in critical care settings, potentially improving patient outcomes during current and future health crises.
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Study Limitations
The main limitation of the study was the relatively small and single-center size of the study group. Future research
directions should focus on prospective validation of these risk factors in larger, multicenter populations and the
development of targeted preventive strategies. Additionally, investigation into the mechanistic relationships between
identified risk factors and PU formation could enhance our understanding of tissue injury in critical illness.
Continuation of the study using the effective pronation position during the COVID-19 pandemic is quite difficult due
to the rarity of the method. The study would require multicenter study in patients with severe respiratory failure covering
a longer period of time.

Clinical Implications
These findings have substantial implications for clinical practice, suggesting the need for enhanced preventive strategies
in patients with identified risk factors. The results support the implementation of comprehensive risk assessment
protocols that specifically consider disease severity scores, vasopressor requirements, and anticipated length of stay.
Furthermore, our findings indicate the importance of tailored preventive measures for patients requiring prone positioning
or extended critical care support.

Conclusion

This study demonstrates that PU development in COVID-19 patients treated in intensive care units is influenced by
multiple interrelated factors. Our findings reveal a notably high prevalence of PUs in this population, substantially
exceeding typical rates reported in general intensive care settings. Through multivariate analysis, we identified several
independent risk factors that significantly impact PU formation, notably higher SAPS II scores, argipressin administra-
tion, and extended hospitalization duration.

The strong association between disease severity, as measured by SAPS 1II scores, and PU development underscores
the complex relationship between systemic illness and tissue vulnerability. The marked impact of argipressin use on PU
formation suggests that hemodynamic support measures, while essential for patient survival, may compromise tissue
perfusion and increase susceptibility to pressure injury. Furthermore, the correlation between extended hospitalization
and PU development emphasizes the cumulative nature of tissue damage risk during critical illness.

Our analysis revealed an inverse relationship between 28-day survival and PU development, suggesting potential
interactions between overall patient outcomes and tissue integrity. While prone positioning demonstrated a trend toward
increased PU risk, this finding, though not achieving statistical significance in multivariate analysis, warrants careful
consideration in clinical practice.
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