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	 Background:	 The aim of this study was to analyze the risk factors of pressure injury (PI) in critically ill patients with cancer 
to build a risk prediction model for PI.

	 Material/Methods:	 Between January 2018 and December 2019, a total of 486 critically ill patients with cancer were enrolled in 
the study. Univariate analysis and binary logistic regression analysis were used to explore risk factors. Then, 
a risk prediction equation was constructed and a receiver operator characteristic (ROC) curve analysis model 
was used for prediction.

	 Results:	 Of the 486 critically ill patients with cancer, 15 patients developed PI. Risk factors found to have a significant 
impact on PI in critically ill patients with cancer included the APACHE II score (P<0.001), semi-reclining position 
(P=0.006), humid environment/moist skin (P<0.001), and edema (P<0.001). These 4 independent risk factors 
were used in the regression equation, and the risk prediction equation was constructed as Z=0.112×APACHE II 
score +2.549×semi-reclining position +2.757×moist skin +1.795×edema–9.086. From the ROC curve analysis, 
the area under the curve (AUC) was 0.938, sensitivity was 100.00%, specificity was 83.40%, and Youden index 
was 0.834.

	 Conclusions:	 The PI risk prediction model developed in this study has a high predictive value and provides a basis for PI pre-
vention and treatment measures for critically ill patients with cancer.
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Background

Pressure injury (PI), refers to skin or subcutaneous tissue dam-
age caused by violent impact, long-term pressure, or pressure 
combined with shear force [1]. The clinical manifestation of PI 
can be intact skin or open injury. PIs not only further aggravate 
a clinical condition and prolong treatment time, but they can 
also easily lead to infection, threatening patient safety [2,3]. 
Among the types of PIs, hospital-acquired pressure injury (HAPI) 
is regarded as an important indicator that reflects patient qual-
ity of care; HAPI can be prevented to a large extent, mainly 
with stage II PI. However, due to critical illness and other se-
lect situations, the probability of PI occurrence in the hospital 
Intensive Care Unit (ICU) is 3.8 times higher than that in pa-
tients in general wards [4]. A meta-analysis of 10 retrospective 
survey studies showed that the cumulative incidence of PI in 
critically ill patients in ICU is 10.00% to 25.90% [5]. According to 
the literature, HAPI not only causes serious harm to the phys-
ical and mental health of patients, it also creates an econom-
ic burden to society. In the US alone, the medical expenditure 
from PI reached $26.8 billion in 2016 [6]. Similarly, PI medical 
expenditure accounted for 1.9% of total expenditures in pub-
lic hospitals in Australia in 2012 and 2013 [7]. Anticancer ther-
apy includes various methods such as surgery, radiotherapy, 
chemotherapy, and targeted therapy. It is well known that skin 
damage could be present in cancer patients receiving chemo-
therapy and antineoplastic radiotherapy [8,9]. The treatment 
methods for critically ill patients with cancer are complex and 
diverse. Therefore, the risk of PI in critically ill patients with 
cancer is higher than in patients without cancer. According to 
observational research reports of dying patients, cancer his-
tory was associated with the occurrence of PI at the end of 
life [10]. However, 76% of patients with cancer had PI during 
hospitalization [11]. Longitudinal study results of the PI inci-
dence rate of patients in oncological ICU showed that the inci-
dence rate per 100 patient-days is 1.32%, and the cumulative 
incidence rate is 29.5%; moreover, it showed that the inci-
dence of PI is higher in critically ill patients with cancer who 
had at least 1 episode of diarrhea, received enteral nutrition, 
and took vasoactive or sedative drugs for an extended period 
of time [12]. At present, PI risk prediction is mainly evaluat-
ed by the Waterlow PI risk assessment form and Braden scale 
for PI risk, but the evaluation content of these assessments is 
limited, and nursing practice data showed that the results of 
these assessments need to be combined with an overall eval-
uation of clinical data to provide more accurate risk predic-
tion [13,14]. The aims of this study are to analyze PI risk factors 
and build a risk prediction model for critically ill patients with 
cancer to help clinical nurses screen high-risk populations of PI 
and carry out relevant care and intervention at an early stage.

Material and Methods

Study participants

A total of 486 critically ill patients with cancer admitted to the 
ICU of Sun Yat-Sen University Cancer Center in Guangzhou, 
China, from January 2018 to December 2019 were selected as 
the study participants, and the clinical data of all the partici-
pants were retrospectively analyzed. The participants includ-
ed in the study met the following inclusion criteria: (1) age 
³18 years; (2) ICU hospital stay ³24 h; and (3) patient diag-
nosed with cancer by pathological biopsy; and exclusion crite-
ria: (1) existing PI at admission to the ICU; (2) patient had skin 
disease at the same time; and (3) clinical data was incomplete.

Study design and setting

This study was approved by the Sun Yat-sen University Cancer 
Center IRB (Approval No. B2020-167-01). The clinical data from 
January 2018 to December 2019 were collected from the pa-
tients’ medical records for retrospective analysis using a self-
designed Microsoft Excel spreadsheet. Because of the retro-
spective data collection procedure, the ethics committee did 
not deem it necessary for patient consent to be obtained from 
the study participants. Duly trained intensivist nurses collected 
the following clinical data from the patients’ medical records: 
(1) general patient information: age and sex; (2) disease in-
formation: diagnosis of cancer complications, history of anti-
cancer therapy, acute physiology and chronic health evalua-
tion (APACHE II) score, Waterlow score, laboratory test results; 
(3) treatment situation: use of mechanical ventilation, blood pu-
rification treatment, medications taken, and length of ICU hos-
pital stay; (4) skin situation: skin abnormality and PI occurrence.

PI, diarrhea, and recurrent fever were evaluated by the ostomy 
therapist and intensivist nurses as follows: (1) PI was character-
ized according to the definition and staging of PI issued by the 
National Pressure Ulcer Advisory Panel (NPUAP) in 2016 [15]. 
Only PIs with stage II and above were included in this study, 
including stages II, III, IV, non-staging, and suspected deep tis-
sue damage; (2) diarrhea was determined when the number of 
stools per day exceeded 3 times, with trait changes [16]; (3) re-
current fever was determined according to previous reports and 
defined as an abnormal increase in body temperature resulting in 
higher than 38°C that occurred 3 or more times during the stay 
in the ICU [17,18]. For each patient, the APACHE II score was cal-
culated within 24 h of admission from patient age and 12 rou-
tine physiological measurements: PaO2, temperature (rectal), 
mean arterial pressure, arterial pH, heart rate, respiratory rate, 
Glasgow Coma Scale, and serum sodium, serum potassium, cre-
atinine, hematocrit, and white blood cell levels. The Waterlow 
score was calculated by weight for height, skin type, sex, age, 
continence, mobility, appetite, and a malnutrition screening tool. 
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Critically ill patients with cancer were divided into 2 groups ac-
cording to whether or not PI occurred, and the age, sex, compli-
cations, history of anticancer therapy, APACHE II score, Waterlow 
score, laboratory test results (hemoglobin), the presence or ab-
sence of mechanical ventilation, blood purification treatment, 
medications, and ICU hospitalization were compared between 
the 2 groups for statistical differences.

Statistical analysis

SPSS version 22.0 was used for statistical analysis. For continuous 
variables, we described the data as means and standard devia-
tions, and for categorical variables, as number of cases and per-
centages. The independent t test or c2 test were used for single 
factor analysis. The independent influencing factors of PI were 
explored through binary logistic regression analysis, and the PI 
risk prediction equations were constructed based on risk factors 
using SPSS, and receiver operator characteristic (ROC) curve anal-
ysis was used to predict the effect. Significance level a=0.05. All 
data in this study have been recorded at Sun Yat-sen University 
Cancer Center for further reference (number RDDA2020001584).

Results

Prevalence of PI in critically ill patients with cancer

Among the 486 critically ill patients with cancer enrolled in 
this study, 15 patients had stage II PI or above. The cumula-
tive incidence rate was 3.09%, the patient-day incidence rate 
was 3.14%, and the occurrence time range was 3 to 50 days 
after ICU admission, with PI occurring in 8 cases in the ICU be-
tween day 5 and day 20. Table 1 shows the specific locations 
and stages of PI occurrence. One patient with unstageable PI 
presented as stage III with removing slough.

Univariate analysis of PI in critically ill patients with 
cancer

Results of the analysis showed statistically significant dif-
ferences in APACHE II scores (P<0.001), shock (P=0.030), 

semi-reclining position (P=0.006), enteral nutrition (P=0.010), 
sedative drugs (P=0.034), vasoactive drugs (P=0.026), recur-
rent fever (P=0.033), diarrhea (P<0.001), moist skin (P<0.001), 
and edema (P<0.001) between the 2 groups. The detailed re-
sults are shown in Table 2.

Multi-factor analysis of PI in critically ill patients with 
cancer and construction of the risk prediction equation

The independent variables are shown in Table 3, and the results 
of the logistic regression analysis are shown in Table 4. The risk 
prediction equation was Z=0.112×APACHE II score +2.549×semi-
reclining position +2.757×moist skin +1.795×edema–9.086. 
The goodness-of-fit Nagelkerke R-square value was 0.469.

PI risk prediction equation verification

The areas under the curve (AUC) of the 2 ROC curves were 
0.938 and 0.555, suggesting that the constructed risk predic-
tion model had good discrimination (Figure 1). The detailed 
results are shown in Table 5. The risk prediction model con-
structed in this study had a Youden index of 0.834. The maxi-
mum value of the Youden index was used as the optimal crit-
ical value of the risk prediction equation. Its sensitivity and 
specificity were 100.00% and 83.40%, respectively.

Discussion

Prevalence of PI in critically ill patients with cancer

In this study, the incidence rate of PI per 100 patient-days in 
critically ill patients with cancer was 3.14%, and the cumulative 
incidence rate was 3.09%. Our results are quite different from 
the results of Jomar et al. in Brazil, who reported a patient-day 
incidence rate of PI in oncological ICU patients of 1.32%, and 
a cumulative incidence rate of 29.50% [12]. A PubMed, Web of 
Science, and Google Scholar search by the present authors did 
not produce relevant reports on the incidence of PI in critically 
ill patients with cancer. Therefore, the results of the study by 
Jomar et al. cannot be further discussed, and analysis of the 

Items Classification n Percentage

Location of occurrence Sacrococcygeal region 10 66.67%

Hip 4 26.67%

Back 1 6.67%

PI staging Stage II 12 80.00%

Suspected deep tissue damage 2 13.33%

Unstageable 1 6.67%

Table 1. Locations and stages of pressure injury (PI) occurrence in critically ill patients with cancer (n, %).
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Risk factors
PI

t/c2 P-value
None (n1=471) Yes (n2=15)

Age 	 59.73±13.19 	 60.73±10.82 –0.290 0.772

Gender Female 137 (97.86) 3 (2.14)
0.585 0.571

Male 334 (96.53) 12 (3.47)

Length of stay in ICU 	 18.65±12.80 	 26.00±19.32 –1.463 0.165

APACHE II score 	 12.46±5.50 	 19.60±6.59 –4.914 <0.001*

Waterlow score 	 15.13±3.89 	 15.53±2.97 –0.398 0.691

Shock None 434 (97.53) 11 (2.47)
6.659  0.030* 

Yes 37 (90.24) 4 (9.76)

Respiratory failure None 330 (97.35) 9 (2.65)
0.698 0.402 

Yes 141 (95.92) 6 (4.08)

Bone marrow suppression None 450 (96.98) 14 (3.02)
0.164 0.506 

Yes 21 (95.45) 1 (4.55)

Cardiopulmonary 
resuscitation

None 458 (97.24) 13 (2.76)
5.433 0.074 

Yes 13 (86.67) 2 (13.33)

Basic disease None 297 (96.43) 11 (3.57)
0.661 0.588 

Yes 174 (97.75) 4 (2.25)

Diabetes None 429 (97.06) 13 (2.94)
0.344 0.637 

Yes 42 (95.45) 2 (4.55)

History of radiotherapy None 389 (96.53) 14 (3.47)
0.485 0.242 

Yes 82 (98.80) 1 (1.20)

History of chemotherapy None 295 (98.01) 6 (1.99)
0.103 0.068 

Yes 176 (95.14) 9 (4.86)

Targeted therapy None 443 (97.15) 13 (2.85)
1.370 0.235 

Yes 28 (93.33) 2 (6.67)

Immunotherapy None 457 (97.03) 14 (2.97)
0.663 0.380 

Yes 14 (93.33) 1 (6.67)

Semi-reclining position None 197 (99.49) 1 (0.51)
7.744  0.006*

Yes 274 (95.14) 14 (4.86)

Mechanical ventilation None 73 (98.65) 1 (1.35)
0.879 0.712

Yes 398 (96.60) 14 (3.40)

Enteral nutrition None 319 (98.46) 5 (1.54)
7.739  0.010*

Yes 152 (93.83) 10 (6.17)

CRRT None 449 (97.19) 13 (2.81)
2.324 0.166

Yes 22 (91.67) 2 (8.33)

Table 2. Univariate analysis of pressure injury (PI) occurrence in critically ill patients with cancer (n, %).
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differences between that study and the present one revealed 
that the difference may result from our exclusion of patients 
with stage I PI. In other studies, the incidence of PI in non-spe-
cialized ICU patients or immobilized hospitalized patients was 
reported as 1.23% to 31.4% ]19–22]. For now, the cumulative 
incidence of PI in critically ill patients with cancer is 3.09% to 
29.50%; however, studies with larger sample sizes are need-
ed to provide more accuracy.

Analysis of related factors of PI occurrence in critically ill 
patients with cancer

APACHE II score

The APACHE II score is the most popular clinical evaluation 
system of critical illness in use in ICUs; it is also an important 

Table 2 continued. Univariate analysis of pressure injury (PI) occurrence in critically ill patients with cancer (n, %).

Risk factors
PI

t/c2 P-value
None (n1=471) Yes (n2=15)

Sedative drugs None 231 (98.72) 3 (1.28)
4.912  0.034*

Yes 240 (95.24) 12 (4.76)

Analgesics drugs None 228 (97.44) 6 (2.56)
0.412 0.605

Yes 243 (96.43) 9 (3.57)

Vasoactive drugs None 161 (99.38) 1 (0.62)
4.953  0.026*

Yes 310 (95.68) 14 (4.32)

Glucocorticoid None 376 (97.16) 11 (2.84)
0.378 0.520

Yes 95 (95.96) 4 (4.04)

Recurrence fever None 413 (97.64) 10 (2.36)
5.692  0.033*

Yes 58 (92.06) 5 (7.94)

Lowing temperature by ice 
blanket

None 440 (97.35) 12 (2.65)
4.023 0.080

Yes 31 (91.18) 3 (8.82)

Hb <80 None 426 (97.26) 12 (2.74)
1.782 0.177

Yes 45 (93.75) 3 (6.25)

Hypoproteinemia None 334 (97.38) 9 (2.62)
0.834 0.392

Yes 137 (95.80) 6 (4.20)

Diarrhea None 405 (98.30) 7 (1.70)
17.412  <0.001**

Yes 66 (89.19) 8 (10.81)

Humid skin None 398 (99.25) 3 (0.75)
41.910  <0.001**

Yes 73 (85.88) 12 (14.12)

Edema None 430 (98.40) 7 (1.60)
31.937  <0.001**

Yes 41 (83.67) 8 (16.33)

Variables Assignment method

APACHE II score Original score

Shock 0=none, 1=yes

Semi-reclining position 0=none, 1=yes

Enteral nutrition 0=none, 1=yes

Sedatives drugs 0=none, 1=yes

Vasoactive drugs 0=none, 1=yes

Recurrence fever 0=none, 1=yes

Diarrhea 0=none, 1=yes

Humid skin 0=none, 1=yes

Edema 0=none, 1=yes

Table 3. Variable assignment table.
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indicator of disease development and rehabilitation of critical-
ly ill patients. It is composed of an acute physiology score, age 
score, and chronic health condition score. The theoretical max-
imum score is 71 points. A higher score means a higher risk of 
death [23]. Previous studies have shown that the APACHE II risk 
of death determination is associated with the incidence of PI 
in critically ill patients [24]. The present study found that the 
APACHE II score was an independent risk factor for the occur-
rence of PI in critically ill patients with cancer. The higher the 
APACHE II score, the more critical the patient’s condition and 
the higher the risk of PI. The score showed that the occurrence 
of PI in critically ill patients was affected by the basic condition 

of patients with cancer. The results of the present study were 
consistent with previous studies. The APACHE II score helped 
predict the occurrence of PI, and the incidence of PI in criti-
cally ill patients was relatively high [25,26].

Semi-reclining position

The oncological ICU is a special ward that monitors and active-
ly treats patients with various cancer-related acute and criti-
cal illnesses and multiple system organ dysfunction or failure. 
Because of the need for treatment, it is difficult to avoid in-
tervention by mechanical ventilation. Studies recommended 
an upper body elevation >30° and have shown that a head of 
bed elevation angle <30° is an independent risk factor for ven-
tilator-associated pneumonia in patients with tracheal intuba-
tion and mechanical ventilation [27,28]. The head of bed ele-
vation is considered by the Joint Commission on Accreditation 
of Healthcare Organizations as one of the core measures to 
improve the quality of care for critically ill patients. The semi-
reclining position is conducive to blood circulation and increas-
es tidal volume; however, this particular position was associ-
ated with potential PI [29]. The results of the present study 
suggest that patients in a semi-reclining position may have PI, 
which is consistent with the aforementioned study.

Moist skin

Moist skin is an important contributing factor to the forma-
tion of PI. Our results suggest that skin in a wet environment 
is an independent risk factor for PI occurrence in critically ill 
patients with cancer. Moist skin is an item in the Braden scale, 
and studies have confirmed that it is related to the occurrence 
of PI [30]. Additionally, research showed that due to seasonal 
differences, skin is more likely to be in a humid environment 

Variables/constant b SE Wals P OR 95% CI

APACHE II score 0.112 0.054 4.273 0.039 1.118 1.006~1.244

Semi-reclining position 2.549 1.179 4.675 0.031 12.791 1.269~128.932

Humid skin 2.757 0.705 15.305 <0.001 15.750 3.958~62.674

Edema 1.795 0.681 6.956 0.008 6.022 1.586~22.867

Constant –9.086 1.706 28.364 0.000 0.000 –

Table 4. Multivariate analysis of pressure injury (PI) occurrence in critically ill patients with cancer (n, %).
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Figure 1. �Risk prediction equation score and Waterlow 
pressure injury (PI) score tested by receiver operator 
characteristic (ROC) curve analysis.

Test variable AUC SE P 95% CI

Equation prediction value Z 0.950 0.016 <0.001 0.919~0.981

Waterlow pressure ulcer score 0.555 0.066 0.471 0.426~0.683

Table 5. �Pressure injury (PI) risk prediction equation for critically ill patients with cancer and the area under the curve (AUC) of the 
Waterlow PI score.
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in the summer. This environment weakens the barrier effect 
of the human skin stratum corneum, thereby causing local 
skin edema, allowing harmful substances to pass easily, and 
increasing cell reproduction, which further damages the skin 
and leads to different degrees of PI [31].

Edema

Edema is excessive fluid retention in the interstitial space. Our 
results indicated that edema is an independent risk factor for 
PI in critically ill patients. Baker et al. conducted a survey of 
20 nursing home residents through convenience sampling and 
found that even with patients receiving continuous high-qual-
ity care, there is still a risk of PI occurrence; however, edema 
did not frequently accompany PI in these patients [32]. NPUAP 
reached a consensus in a multidisciplinary team meeting on 
the risk of edema in PI occurrence and identified a direct cor-
relation between PI and edema [33]. This supports the results 
obtained in the present study.

Construction and verification of PI occurrence risk 
prediction model for critically ill patients with cancer

In this study, binary logistic regression analysis was used to 
obtain a risk prediction model for PI in critically ill patients 
with cancer, and the prediction effect of the risk prediction 
model was tested by ROC curve analysis. The AUC was 0.938, 
which indicated that the model had a good prediction abil-
ity. Its sensitivity and specificity were 100.00% and 83.40%, 

respectively, and the Youden index was 0.834. That is to say, 
when the equation prediction value Z ³0.834, patients with 
cancer were at high risk for PI. When the score approaches 
or reaches 0.745, medical staff should give targeted interven-
tions to reduce the risk of PI.

Study limitation

This study was conducted in a single hospital, and the patient 
sample was relatively limited. The prediction effect of the risk 
model needs to be verified by further studies with larger sam-
ple sizes. Also, differences in nursing practices related to PI de-
velopment were not investigated in this study.

Conclusions

Researchers in previous studies have developed prediction 
tools for hospital-acquired PI in different patient populations 
and found them helpful [34,35]. In the present study, we an-
alyzed the risk factors related to PI occurrence and construct-
ed a risk prediction model for critically ill patients with can-
cer. The model suggested the key points of screening for the 
risk of PI in critically ill patients with cancer and it had good 
predictive ability. We recommend that clinical nurses use risk 
prediction scores to implement targeted nursing interventions. 
For high-risk patients, we also recommended position change 
and shin care to prevent PI.
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