
1. Introduction

Life expectancy has gradually increased worldwide.1 Longer life

expectancy brings increased frequency and duration of hospitaliza-

tion and a greater need for palliative care centers.2

Palliative care patients are exposed to various factors that lead

to deterioration of physiological function and autonomy during the

course of their disease.3 These people often become bedridden at

the end of life due to required positioning and sedative treatment,

all of which lead to an increase in pressure injuries (PI).4

In addition, xeroderma, malnutrition, and end-stage disease

also contribute to the development of PI.3 PI can cause many compli-

cations such as pain, depression, and infection. The presence of

these complications leads to further deterioration of health, pro-

longed healing and hospital stays, increased health expenditures,

and early mortality.5

In our palliative care center, all patients and families are in-

formed about PI regardless of whether the patient has PI at admis-

sion. One of the most important PI prevention strategies is to evenly

distribute and reduce the pressure on the patient. The most effec-

tive method to reduce the intensity and duration of pressure is posi-

tioning, and specialized pads that reduce or relieve pressure can be

used. The pressure exerted by medical devices such as masks, tubes,

and catheters can be reduced by changing their position and apply-

ing prophylactic wound dressing where there is skin contact. Water-

based moisturizers should be applied at least once a day, especially

for patients with very dry skin, and a barrier cream can be used with

older patients at risk of moisture-related skin damage. Patients with

incontinence should be reminded to go to the toilet at regular inter-

vals, and for patients using diapers, the perineal and sacral areas

should be cleaned carefully. After the development of PI, care is

based on the use of appropriate wound care products and pressure

reduction. Isotonic saline solution is often utilized in wound care,

while strong wound cleansers such as betadine and hydrogen perox-

ide are not used. In the presence of necrotic tissue, debridement is

beneficial.

The incidence of PI among hospital inpatients varies between

4% and 38%; the rate of mortality associated with PI depends on ex-

isting comorbidities, especially in older patients, and can be up to

68%.6 The presence of PI in ventilator-dependent patients in the in-

tensive care unit is an independent risk factor for mortality.7 The

most important predictors of PI are neurodegenerative conditions

such as dementia and stroke, and other chronic diseases such as car-

diovascular disease and diabetes mellitus (DM). The most common

factors precipitating PI are low body mass, high inflammatory bio-

markers, low cardiac output, immobilization, and hemodynamic in-

stability such as hypotension.8,9
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proportional hazard analysis, thrombocytopenia, anemia, elevated C-reactive protein, and elevated
procalcitonin were significantly associated with increased mortality. Being single or widowed, having
diabetes mellitus, and the presence of thrombocytopenia were found to be independent risk factors for
mortality, while receiving antibiotic therapy was found to be a protective factor.
Conclusion: Diabetes mellitus, marital status and thrombocytopenia were identified as independent
risk factors for mortality in patients hospitalized for PI in the palliative care unit.
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Although the prevention of PI is a very important goal, it is often

unavoidable in patients receiving palliative care.10,11 In patients for

whom wound healing is not fully possible, the aim should be to sta-

bilize and prevent further worsening of the wound.12,13 In addition,

assessing risk factors to predict the prognosis of patients with PI will

play a key role in selecting an appropriate treatment and care strat-

egy.12,14,15 Therefore, our study aimed to determine the factors as-

sociated with mortality in geriatric patients with PI receiving pallia-

tive care.

2. Materials and methods

This prospective observational study included patients with PI

who were hospitalized in the palliative care unit of a tertiary univer-

sity hospital between January 1, 2021 and June 1, 2024. Inclusion cri-

teria were being a geriatric patient, being admitted for PI, and stay-

ing in the unit for 24 hours or more. Exclusion criteria were being

hospitalized for less than 24 hours and repeated admission to the

palliative care unit.

The patients’ demographic characteristics, chronic diseases,

number of diseases, medications used, where the patients were be-

fore admission to palliative care, their height, weight, and body mass

index (BMI) at admission to palliative care, mode of nutrition intake,

and presence of urinary incontinence and urinary catheter were re-

corded.

The Barthel Index (BI) was also calculated at the time of hospital

admission. The BI was first applied by Mahoney and Bartel in 1965.16

The Turkish validity and reliability studies of the BI were conducted

by Küçükdeveci et al. in 2000 in patients with stroke and spinal cord

injuries.17

The nutritional status of the patients was evaluated using the

Full Mini Nutritional Assessment (MNA).18 Patients with PI were

staged according to the Braden scale, Norton scale, and European

Pressure Ulcer Advisory Panel (EPUAP). The Braden scale comprises

6 subheadings: sensory perception, humidity, mobility, physical ac-

tivity, nutrition, friction, and shearing.19 In the Norton scale, 5 risk

factors (physical status, mental status, activity status, mobility, and

incontinence) are rated between 1 and 4, with a total score of 5–

20.20

According to the EPUAP grading system, PIs have four stages. In

stage 1, the skin is intact with non-blanchable erythema, usually

over a bony protrusion. In stage 2, there is partial loss of the dermis,

with a pink/red wound bed and a superficial ulcer without necrosis.

In stage 3, there is full-thickness skin loss and exposed subcutaneous

adipose tissue but no exposure of bone, tendon, or muscle. In stage

4, there is full-thickness tissue loss with exposed bone, tendon, or

muscle.4

Blood, urine, superficial scrape samples, and especially deep tis-

sue samples obtained from wounds that underwent surgical de-

bridement were obtained for culture upon admission to the unit.

Biomarker results obtained on the first day of hospitalization, PI loca-

tion, treatments received while hospitalized, length of hospital stay,

and outcome were recorded.

2.1. Statistical analysis

Descriptive statistics are presented as median and range for

nonparametric continuous data. Categorical data were presented as

frequency and percentage and were compared using the chi-square

test. The Mann-Whitney U test was used to evaluate differences in

score values. A probability (p) value of less than 0.05 was considered

statistically significant. Additional adjusted curves were plotted for

risk factors associated with mortality. Cox proportional hazards an-

alysis with and without adjustments for age and sex was used to

determine the hazard ratio for mortality in individuals with PI. A

multivariate Cox regression model was created with variables found

to be significant in the adjusted Cox proportional hazards analysis:

being single/widowed, comorbid DM, antibiotic use, hospital onset

of PI, thrombocytopenia, anemia, C-reactive protein (CRP) elevation,

and procalcitonin elevation. To estimate mortality risk, a survival

curve was first obtained by the Kaplan-Meier method. Cut-off values

for biomarkers were obtained from the literature.21 ROC analysis

was performed to determine cut-off points for biomarkers if not in-

cluded in the literature. The cut-off value with the highest sensitivity,

specificity, and diagnostic power were determined using the Youden

J index. To identify independent factors associated with mortality in

our patient group, all predictive variables with a p-value of < 0.005

were entered into the proportional hazards model. All statistical

analyses were performed using SPSS 21.0.

Approval to conduct the study was obtained from the Atatürk

University Faculty of Medicine Clinical Research Ethics Committee

(date: 17/12/2020, meeting no: 10, decision no: 21).

3. Results

A total of 92 patients were evaluated. Their mean age was 74

(65–99) years and 49 (53.3%) were male. The mean length of hospi-

tal stay was 41 (2–550) days. Sixty-five patients (70.7%) had a single

PI and 27 patients (29.3%) had PI at multiple sites. The most common

site was the sacrum (n = 88, 95.4%). The distribution of PI locations is

presented in Figure 1.

Mortality occurred in 42 patients (45.7%) during the hospital

follow-up period, of which 14 patients (15.2%) died within the first

30 days. The sociodemographic and clinical characteristics of the

patients with and without 30-day mortality are presented in Table

1. In the adjusted Cox proportional hazard analysis, being single or

widowed and having DM increased the risk of mortality, while anti-

biotic use and in-hospital onset of PI reduced the risk (Table 1). In ad-

dition, 40 (43.5%) of the patients had PI infection, and polymicrobial

infection was detected in 19 patients (19.6%). The most frequently

isolated microorganisms were Klebsiella pneumonia (n = 15, 16.3%),

Pseudomonas aeruginosa (n = 8, 8.6%), and Escherichia coli (n = 7,

7.6%).

Risk scores and biomarker levels at admission in patients with

and without 30-day mortality are presented in Table 2. In the ad-

justed Cox proportional hazard analysis, thrombocytopenia, anemia,

elevated CRP, and elevated procalcitonin were significantly associ-
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Figure 1. Causes of death.
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Table 1

Comparison of patient characteristics and comorbidities according to 30-day mortality.

30-day mortality

Yes (n = 14) No (n = 78)

Unadjusted hazard ratio
(95% CI)

p value
Adjusted hazard ratio

(95% CI)
a p value

Age (years), median (range) 71 (66–92) 75 (65–99) 0.97 (0.92–1.04) 0.519 0.98 (0.91–1.03)
b
0.353

b

Gender, n (%), female 09 (64.3) 34 (43.6) 2.28 (0.76–6.80) 0.140 2.49 (0.82–7.35)
c
0.104

c

Body mass index, n (%), � 25 kg/m
2

06 (42.9) 22 (28.2) 1.77 (0.61–5.12) 0.290 1.40 (0.45–4.32) 0.550
Marital status, n (%)

Married (reference) 03 (21.4) 48 (61.5)
Single/widowed 11 (76.6) 30 (38.5) 05.64 (1.56–20.30) 0.008 06.60 (1.69–25.63) 0.006

Place of residence, n (%)
Home (reference) 13 (92.9) 74 (94.9)
Nursing home 1 (7.1) 4 (5.1) 0.94 (0.12–7.13) 0.954 01.33 (0.17–10.60) 0.784

Where PI occurred, n (%)
Home (reference) 10 (71.4) 25 (32.1)
Nursing home - 5 (6.4) 0.01 0.987 0.01 0.981
Hospital 04 (28.6) 48 (61.5) 0.20 (0.06–0.65) 0.008 0.17 (0.05–0.57) 0.004

Comorbidities, n (%)
HT 11 (78.6) 39 (50.0) 03.18 (0.88–11.42) 0.076 02.86 (0.78–10.43) 0.110
DM 09 (64.3) 19 (24.4) 05.44 (1.81–16.29) 0.002 05.03 (1.66–15.23) 0.004
COPD 04 (28.6) 11 (14.1) 2.50 (0.78–8.02) 0.122 2.22 (0.69–7.17) 0.182
CKD 02 (14.3) 4 (5.1) 03.10 (0.68–14.03) 0.141 03.24 (0.69–15.14) 0.135
CVD 03 (21.4) 36 (46.2) 0.35 (0.99–1.27) 0.114 0.32 (0.08–1.19) 0.090
Dementia 05 (35.7) 32 (41.0) 0.72 (0.24–2.15) 0.557 0.73 (0.24–2.21) 0.586
Parkinson’s 02 (14.3) 7 (9.0) 1.33 (0.29–5.96) 0.706 1.61 (0.35–7.44) 0.536
Postoperative immobilization 02 (14.3) 10 (12.8) 1.01 (0.22–4.51) 0.993 0.92 (0.20–4.23) 0.923
Malignancy 1 (7.1) 20 (25.6) 0.23 (0.03–1.82) 0.167 0.23 (0.03–1.76) 0.157

Mode of nutrition, n (%)
Parenteral 03 (21.4) 10 (12.8) 1.53 (0.42–5.53) 0.509 2.20 (0.56–8.53) 0.254
Oral 13 (92.9) 51 (65.4) 06.61 (0.86–50.64) 0.069 06.00 (0.72–49.40) 0.096
PEG tube - 23 (29.5) 0.29 (0.01–4.19) 0.163 0.17 (0.02–1.35) 0.095

Infectious disease, n (%)
Bloodstream infection 02 (14.3) 7 (9.0) 1.63 (0.36–7.32) 0.519 1.94 (0.42–8.93) 0.392
Urinary tract infection 06 (42.9) 19 (24.4) 2.15 (0.74–6.20) 0.156 2.44 (0.83–7.17) 0.104
PI infection 04 (28.6) 36 (46.2) 0.45 (0.14–1.46) 0.187 0.53 (0.16–1.71) 0.284
Polymicrobial PI infection 04 (28.6) 14 (17.9) 1.62 (0.50–5.20) 0.495 1.64 (0.51–5.27) 0.400

Treatments received, n (%)
Surgical debridement 1 (7.1) 19 (24.4) 0.23 (0.03–1.79) 0.161 0.26 (0.03–2.02) 0.199
Negative pressure wound dressing 1 (7.1) 21 (26.9) 0.19 (0.02–1.48) 0.113 0.21 (0.03–1.67) 0.142
Antibiotic therapy 12 (85.7) 77 (98.7) 0.09 (0.01–0.42) 0.002 0.05 (0.02–0.44) 0.004
Antipseudomonal beta lactam 67 (85.9) 07 (50.0) 0.16 (0.05–0.56) 0.004 0.20 (0.07–0.61) 0.005
Carbapenem 53 (67.9) 06 (42.9) 0.35 (0.11–1.13) 0.079 0.40 (0.13–1.12) 0.121
Glycopeptide 14 (17.9) - - - - -
Aminoglycoside or polymyxin 6 (7.7) - - - - -
Red cell transfusion 08 (57.1) 50 (64.1) 0.59 (0.20–1.73) 0.340 0.66 (0.22–1.97) 0.465

CI, confidence interval; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVD, cerebrovascular disease; DM, diabetes mellitus; HT,
hypertension; PEG, percutaneous endoscopic gastrostomy, PI, pressure injury.
Antipseudomonal beta lactam (meropenem, imipenem, piperacillin tazobactam, ceftazidime, cefepime), Carbapenem (imipenem, meropenem, ertapenem).
a

Adjusted for age and sex.
b

Adjusted for sex.
c

Adjusted for age.

Table 2

Risk scores and biomarkers levels at admission according to 30-day mortality.

30-day mortality

Yes (n = 14) No (n = 78)

Unadjusted hazard ratio
(95% CI)

p value
Adjusted hazard ratio*

(95% CI)
p value

Biomarker, n (%)
Hypoalbuminemia (albumin < 2.5 g/dL) 07 (50.0) 30 (38.5) 1.55 (0.54–4.44) 0.407 1.52 (0.53–4.36) 0.428
Creatinine > 1.2 mg/dL 12 (14.0) 05 (35.7) 2.84 (0.95–8.50) 0.061 2.36 (0.76–7.26) 0.134
Anemia (Hg < 12 g/dL) 13 (92.9) 51 (65.4) 06.52 (0.85–50.07) 0.071 08.77 (1.12–67.31) 0.038

Neutrophilia (neutrophils > 11 � 10
3
/�L) 05 (35.7) 18 (23.1) 2.10 (0.67–6.04) 0.210 2.56 (0.82–8.00) 0.105

Lymphopenia (lymphocytes < 1.5 � 10
3
/�L) 11 (78.6) 49 (62.8) 2.35 (0.64–8.77) 0.192 2.63 (0.71–9.72) 0.145

Thrombocytopenia (platelets < 150 � 10
3
/�L) 05 (35.7) 09 (11.5) 03.42 (1.14–10.24) 0.028 03.81 (1.26–11.55) 0.018

CRP > 79.75 mg/dL 12 (85.7) 41 (52.6) 04.41 (0.98–19.73) 0.052 04.89 (1.07–22.16) 0.040

PCT > 0.32 (ng/mL) 11 (78.6) 34 (43.6) 04.20 (1.16–15.09) 0.028 04.69 (1.25–17.53) 0.022

Risk scores, n (%)
MNA score � 7 (malnourished) 09 (64.3) 65 (83.3) 0.41 (0.13–1.23) 0.114 0.53 (0.17–1.69) 0.289
Braden score � 12 (high-risk group) 10 (71.4) 47 (60.3) 1.50 (0.47–4.80) 0.490 1.96 (0.59–6.46) 0.266
Barthel index < 40 (very dependent) 13 (92.9) 72 (92.3) 1.05 (0.14–8.09) 0.961 01.43 (0.18–11.34) 0.732
Norton score < 10 (very high risk) 08 (57.1) 53 (67.9) 0.63 (0.22–1.83) 0.403 0.77 (0.26–2.29) 0.644

EPUAP PI stage, n (%)
Stage 2 (reference) 08 (57.1) 28 (35.9)
Stage 3 03 (21.4) 15 (19.2) 0.77 (0.20–2.96) 0.712 0.64 (0.16–2.49) 0.644
Stage 4 03 (21.4) 35 (44.9) 0.30 (0.81–1.15) 0.081 0.31 (0.08–1.18) 0.087

CI, confidence interval; CRP, C-reactive protein; EPUAP; European Pressure Ulcer Advisory Panel; Hg, hemoglobin; MNA, Mini Nutritional Assessment, PCT,
procalcitonin; PI, pressure injury.
* Adjusted for age and sex.



ated with increased mortality. Receiving antibiotic treatment was an

independent protective factor for mortality. The Cox proportional

hazard analysis model for mortality in patients with PI is presented in

Table 3 (Figure 2).

4. Discussion

Preventing or managing PI involves not only appropriate assess-

ment tools but also the development of preventive strategies and

the education of family and staff.

Palliative patients with PI often have delayed healing because of

immune dysfunction, biochemical abnormalities, physiological stress,

systemic and local hypoxia, and critical or end-stage disease. In addi-

tion, these patients commonly receive steroids for symptomatic

treatment and chemotherapeutics for malignancy.22 Hypotension or

dehydration may also impair blood circulation to the PI, and exces-

sive humidity and incontinence increases the risk of PI infection.23

These are all important precipitating factors of mortality in palliative

care units, where PI is a common struggle.

In a study of geriatric patients hospitalized for PI, the mortality

rate was shown to be 15.2%.24 A 2019 meta-analysis by Song et

al.25 showed that mortality was twice as high in patients with PI

compared to those without. In a study including 684 patients ad-

mitted to a geriatric unit, during 12 weeks of follow-up the preva-

lence of PI was found to be 15.5% and the mortality rate was 66%.21

In our sample of 92 geriatric patients with PI treated in a palliative

care unit, 45.7% died during hospital follow-up and 15.2% died

within the first 30 days of admission to palliative care. Being single

or widowed, having DM, and the presence of thrombocytopenia

were identified as independent risk factors associated with increased

mortality.

The prevalence of DM has steadily increased in recent decades.

Sensory loss in diabetic neuropathy is a risk factor for diabetic foot

and PI. Diabetic neuropathy can also lead to Charcot foot, which

causes bone destruction, deformity, and infection.26 With longer du-

ration of DM, there is increased glycosylation in the vessel walls,

leading to impaired perfusion of the skin and local ischemia. Most

diabetic patients develop vascular complications that lead to dam-

age in the target organs.27 Oral antidiabetic drugs that cause hypo-

glycemia result in decreased physical activity and often lead to

weight gain. The risk of infection is also increased in diabetic pa-

tients. In the literature, DM is the most commonly identified disease

in patients with PI, and DM has been clearly shown to increase the

risk of developing PI. Lyder et al.28 detected diabetes in 42.2% of

2313 patients with PI, while Margolis et al.29 reported that patients

with DM had a 1.75 times higher risk of developing PI. Other contri-

butors to PI in the feet of diabetic patients include dry skin30 and

hard, thinner tissue.31 Moreover, diabetes is associated with obesity,

and hospital inpatients with morbid obesity were shown to be at

higher risk of PI.32 The direct relationship between the presence of

DM and organ damage and infection is also expected to increase the

risk of mortality in these patients. In the present study, the presence

of DM was an independent risk factor associated with a 7.48-fold in-

crease in mortality.

Care services consist of formal care provided by public and pri-

vate institutions, as well as the informal care provided by family,

neighbors, and friends.33 In the literature, higher mortality has been
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Table 3

Cox proportional hazard analysis model for mortality in patients with

pressure injury.

Variable Hazard ratio (95% CI) p value

Marital status: single/widowed 9.305 (1.305–45.261) 0.006

Where PI occurred: hospital 0.200 (0.045–0.895)0 0.155

Presence of DM 7.476 (1.657–33.724) 0.009

Treatments received: antibiotic therapy 0.010 (0.001–0.250)0 0.005

Anemia (Hg < 12 g/dL) 8.031 (0.834–77.353) 0.071

CRP > 79.75 mg/dL 2.085 (0.386–11.252) 0.393

Presence of thrombocytopenia 5.641 (1.259–25.265) 0.024

PCT > 0.32 (ng/mL) 11.253 (1.173–107.959) 0.056

Figure 2. Kaplan-Meier survival curves according to mortality predictors for individuals with pressure injury.



reported in nursing home residents with PI due to immobilization,

incontinence, and higher comorbidity.34 In our study, there was no

difference in mortality according to the patients’ location before

admission to the palliative care unit, which we attribute to the low

number of patients coming from nursing homes. However, being sin-

gle or widowed was found to be an independent risk factor for

higher mortality, which may be related to a lack of social support. A

study investigating informal caregivers’ degree of relationship to pa-

tients showed that patients in Taiwan were mostly cared for by their

spouses.35 In contrast, studies by Tuna et al.36 and Akgün37 showed

that in our country, children generally provide informal care. This can

be explained by the traditional Turkish family structure, strong fam-

ily ties, and the expectation that adult children care for their aging

parents.

In patients with infected PI, neutrophil count increases second-

ary to acute infection. Previous studies have shown that neutrophilia

is associated with recurrent ischemic events and vascular death. The

authors of these studies suggested infection or systemic inflamma-

tory conditions as possible causes of increased mortality. The higher

mortality in patients with stage 4 PI may also be explained by the fact

that these PI are more easily infected.21 In our study, the presence of

neutrophilia in patients with PI was not associated with mortality.

Thrombocytopenia is an important laboratory marker of a severe

systemic response secondary to infectious diseases such as sepsis.

This marker can be considered a negative acute phase indicator, and

has been identified as an independent mortality marker in multi-

variate analysis. In addition, it was revealed that platelet counts can

be used as a prognostic factor to predict mortality among commu-

nity-dwelling older people, regardless of the presence of PI.38 In our

study, thrombocytopenia was an independent factor that increased

the risk of mortality by 5.64-fold.

Serum albumin levels are affected by inflammation, hydration,

wound severity, and disease status.39 Although hypoalbuminemia

has been identified in the literature as a risk factor for PI,21 no rela-

tionship was found between hypoalbuminemia and mortality in our

study.

In our study, 43.5% of the patients had infected PI, and poly-

microbial infections were detected in 19.6% of those patients. It was

reported in the literature that mortality is 3.8 times higher in pa-

tients with multiple microorganisms in PI cultures.40 However, this

had no effect on mortality in our study. This difference was explained

by the high rate of antibiotic use among our patients. In particular,

the use of beta lactam drugs with antipseudomonal activity was pro-

tective in terms of mortality. When the causes of death are analyzed,

it is seen that infectious diseases and related complications are re-

markably high. This suggests that limiting the use of invasive devices

and implementing infection control measures will be effective in re-

ducing mortality. It also indicates that the protective effect of anti-

biotic use against mortality observed in our analysis is a reflection

of infectious disease control.

Strengths of our study are that it was prospective and is one of

the few studies conducted among patients receiving palliative care

treatment in our country. Limitations of our study are that it was

conducted in a single center and there was no control group. Fur-

thermore, the duration and complications of comorbid diseases

were not questioned, which may be particularly relevant in terms of

diabetes control and renal function.

In conclusion, marital status, DM, and thrombocytopenia were

identified as independent risk factors for mortality in patients hospi-

talized for PI in the palliative care unit. These risk factors should be

considered to develop an effective care plan to prevent negative out-

comes and unnecessary hospitalizations and readmissions.
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