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INTRODUCTION

Pressure injuries, also known as “pressure ulcers,” are le-
sions of the skin or mucosa and underlying tissues that are 
caused by external pressure [1,2]. Patients in the intensive 
care unit (ICU) are known to have a high risk for develop-
ing pressure injuries [3]. In a recent, large-scale, 1-day point 
prevalence study, the prevalence of ICU-acquired pressure 
injuries was 16.2% in 1,117 ICUs in 90 countries worldwide 
[4]. Once these pressure injuries occur, they are difficult to 
cure and can prolong hospitalization stay, increase health 
care costs, cause complications such as infection and pain, 
and lower patient quality of life [5-7]. Recently, an increase 
in mortality has been reported in patients who had devel-
oped pressure injuries during ICU admission; the mortality 
rate increased even more in patients who had a higher stage 
of ulcer [4,8]. Therefore, screening high-risk patients and 
preventing pressure injury development are important. Fac-
tors such as age, sex, hemodynamic instability, vasopressor 
use, albumin level, disease severity, ICU length of stay, me-
chanical ventilation, nutrition deficiency, and immobilization 
can affect pressure injury development [9-12]. With regard 
to the relationship between nutritional status and the de-
velopment of pressure injury, a recent prospective observa-
tional study has shown that the achievement of calorie and 
protein goals in the first 72 hours of ICU admission may 
confer a protective effect against pressure injuries in critical-

ly ill patients [13,14].
The Braden scale, which was not designed for ICU pa-

tients, is widely used to predict pressure injury development 
in hospitalized patients, including those in the ICU. By this 
model, high-risk patients receive more intensive care to pre-
vent ulcer development [15-18]. The Braden scale consists 
of six subscales that evaluate a patient’s sensory percep-
tion, activity level, mobility, nutrition status, skin exposure 
to moisture, and friction and shear forces [19]. However, 
many studies have reported that this scale has poor predic-
tive validity for screening high-risk ICU patients [15,20,21]. 
In particular, according to the recent systematic review and 
meta-analysis of the value of pressure injury risk assessment 
scales, the Braden scale was not the best risk assessment 
tool in critically ill patients [22].

Some reports have indicated that the duration of mechan-
ical ventilator use is related to the increased risk of pressure 
injury development, mainly due to patients’ immobilization 
[3,23,24]. However, other factors can increase immobiliza-
tion, such as medication. Therefore, in this study we identify 
the risk factors for the development of pressure injury in ICU 
patients, especially the influence of mechanical ventilation 
and the medications that sedate or paralyze patients. 

Background/Aims: Patients in the intensive care unit (ICU) are at high risk for developing pressure injuries, which can cause 
severe complications and even increase the mortality risk. Therefore, prevention of pressure injuries is most important. In this 
study, we investigated the risk factors of pressure injury development in patients admitted to the ICU.
Methods: We retrospectively analyzed patients ages > 18 years admitted to the medical ICU in a tertiary hospital between 
January and December 2019. We collected patient baseline characteristics, medications received, mechanical ventilation or 
hemodialysis use, laboratory findings, and date of pressure injury onset and characteristics.
Results: We analyzed 666 patients who did not have pressure injuries at ICU admission. Pressure injuries developed in 102 
patients (15%). The risk of pressure injury development increased as the administration days for neuromuscular blocking 
agents (NMBAs; odds ratio [OR], 1.138; p = 0.019) and opioids (OR, 1.084; p = 0.028) increased, and if the patient had prob-
lem with friction and shear (OR, 2.203; p = 0.011).
Conclusions: The prolonged use of NMBAs and opioids can increase the risk of pressure injury development. Because 
these medications are associated with immobilization, using both should be minimized and patient early mobilization should 
be promoted. Among the Braden subscales, “friction and shear” was associated with the development of pressure injuries in 
ICU patients.
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METHODS

Study patients
We conducted this retrospective cohort study at a sin-
gle-center tertiary hospital in Korea. We collected all the 
patients ages 18 years or older who were admitted to the 
medical ICU from January to December 2019. Among 825 
patients, we enrolled 666 patients in the study, excluding 
those whose pressure injury was confirmed at the time of 
admission or the next day after. We enrolled only the case 
of the first ICU admission per patient.

Prevention and management guidelines
The guidelines for the prevention and management of pres-
sure injuries used in this center are as follows. The Braden 
scale consists of 6 subscales with a total score of 23. Pa-
tients with pressure injury scores of < 18 were classified in 
the high-risk group. The ICU nurses evaluated and record-
ed the Braden scale at least three times a day, once per 
duty shift, after evaluating for the first time at admission for 
every patient. Patients in the high-risk group received pre-
ventive nursing activities, including assessing and managing 
the patient’s skin conditions, repositioning the patient every 
2 hours and using air cushions for pressure redistribution, 
providing nursing incontinence care, and educating about 
and encouraging the following of the prevention guidelines. 
Patients who already had developed pressure injuries were 
reported to the attending physician and, if necessary, con-
sulted to the relevant departments, including the advanced 
practice wound/ostomy/continence nurses. In addition, the 
ICU nurse evaluated and classified the location, stage, and 
size of the pressure injury according to the National Pressure 
injuries Advisory Panel (NPUAP) clinical guidelines, re-evalu-
ating them daily [6].

Data collection
We compared the patients who developed pressure inju-
ries to those who did not. We collected the following pa-
tient data from electronic medical records: age; sex; height, 
weight, body mass index (BMI) and body surface area; 
dates of hospital and ICU admission and discharge; date 
of death; medications received during ICU stay (e.g., vaso-
pressors, sedatives, opioids, neuromuscular blocking agents 
[NMBAs], steroids); mechanical ventilator and continuous 
renal replacement therapy application during ICU stay; date 
of pressure injury diagnosis; ulcer size, location, and stage; 

details of the nursing intervention; Braden scale scores; 
blood pressure, pulse, and respiratory rates; temperature; 
percutaneous oxygen saturation; Glasgow Coma Scale 
score; Richmond Agitation Sedation Scale (RASS) score; 
muscle strength; and serial values of hemoglobin, albumin, 
white blood cells, blood urea nitrogen, creatinine, and C-re-
active protein.

Statistical analysis
Variables are presented either as means with standard devi-
ations or medians with an interquartile range, as appropri-
ate. We used the Student’s t test to compare the continuous 
variables and the chi-square or Fisher’s exact tests to com-
pare the categorical variables. We used multivariable logis-
tic regression analysis to identify the risk factors correlated 
with the development of pressure injury. We deleted the 
covariate with the highest p value repeatedly until only 10 
covariates remained with p values less than 0.15. Following 
that, we performed a multivariable logistic regression anal-
ysis with just 10 covariates that had a reasonable relation-
ship with pressure injury. We compared the areas under the 
receiver operating characteristic (AUROC) curves to predict 
ulcer development among the Braden scale and a simplified 
Braden scale. All p values were two tailed; p values of < 0.05  
were considered statistically significant. We used SPSS ver-
sion 25.0 (IBM Corp., Armonk, NY, USA) and MedCalc 
(MedCalc Software Inc., Mariakerke, Belgium) for all statis-
tical analyses.

Ethical statement
The study protocol was reviewed and approved by the In-
stitutional Review Board of the Asan Medical Center (IRB 
2020-0112), which waived the requirement for informed 
consent because of the retrospective nature of this study.

RESULTS

Of the 666 patients, 102 (15%) developed pressure injuries 
during their ICU stay, and 564 patients did not (Table 1).  
When comparing the patients with and without pressure 
injuries, the proportion of men were higher (80.4% vs. 
61.5%, p < 0.001) in the pressure injury group. No differ-
ences in age and BMI occurred between the two groups. 
The mean administration days of vasopressors (6.5 days vs. 
3.0 days), sedatives (5.6 days vs. 2.6 days), steroids (7.2 days 
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vs. 3.7 days), NMBAs (2.7 days vs. 0.9 days), and opioids 
(10.6 days vs. 5.3 days) were longer in the pressure injury 
group (all p < 0.001). In addition, the mean days of hemo-
dialysis (2.7 days vs. 1.5 days, p = 0.009) and mechanical 
ventilator use (9.4 days vs. 4.5 days, p < 0.001) were longer 
in the pressure injury group. At the time of admission, albu-
min level (2.5 vs. 2.6, p = 0.031) was slightly lower in the 
pressure injury group, but hemoglobin, and creatinine levels 
were not significantly different. The proportion of duration 
for which patients were in deep sedation (RASS, −3 to −5) 
during the entire ICU stay was significantly higher (42.9% 
vs. 23.8%, p < 0.001) and the ICU mortality rate (33.3% vs. 
18.8%, p < 0.001) was higher in the pressure injury group.

In the 102 patients with pressure injuries, the median 
time from ICU admission to ulcer development was 8 days 
(Table 2). The patients’ mean body weight on the day of 
development decreased by 1.3 kg from the day of admis-
sion. A total of 84.3% developed one pressure injury during 
ICU stay, 12.7% of patients developed two pressure inju-
ries, and 2.9% developed three pressure injuries. Among 

the 121 pressure injuries, the sacrococcygeal area was the 
most common site for ulcer development (72.7%). Among 
the 117 pressure injuries with information about the initial 
stage, stage II ulcers were the most common (45.3%), fol-
lowed by deep-tissue injury (30.8%) at the time of diagno-
sis, and 14.0% were healed when the patients left the ICU 
(Supplementary Table 1).

We used multivariate logistic regression analysis to an-
alyze the factors influencing pressure injury development 
(Table 3). The risk of pressure injury development increased 
by 13.8% (p = 0.019) and 8.4% (p = 0.028) as the admin-
istration days of NMBAs and opioids increased. In addition, 
pressure injury development risk increased with patient had 
problem with friction and shear (odds ratio [OR], 2.203;  
p = 0.011).

When comparing the Braden scale scores between the 
groups with and without pressure injuries, the scores were 
not different at the time of ICU admission (13.5 vs. 14.0,  
p = 0.117), but the lowest score was significantly lower in 
the pressure injury group (9.6 vs. 12.0, p < 0.001) (Sup-

Table 1. Patient baseline characteristics

Characteristic Pressure injury group (n = 102) Non-pressure injury group (n = 564) p value

Male sex 82 (80.4) 347 (61.5) < 0.001

Age, yr 65.0 ± 12.1 63.0 ± 15.1 0.208

BMI, kg/m2 22.9 ± 4.8 22.9 ± 4.6 0.978

BSA, m2 1.69 ± 0.2 1.65 ± 0.21 0.074

Medication, day

Vasopressors 6.5 ± 6.3 3.0 ± 4.1 < 0.001

Sedatives 5.6 ± 6.9 2.6 ± 5.3 < 0.001

Steroids 7.2 ± 9.8 3.7 ± 7.6 < 0.001

NMBAs 2.7 ± 3.8 0.9 ± 1.6 < 0.001

Opioids 10.6 ± 9.4 5.3 ± 7.0 < 0.001

Hemodialysis, day 2.7 ± 5.5 1.5 ± 3.8 0.009

Mechanical ventilator, day 9.4 ± 9.3 4.5 ± 7.8 < 0.001

Initial laboratory findings

Hemoglobin, g/dL 10.0 ± 2.4 10.2 ± 2.5 0.427

Albumin, g/dL 2.5 ± 0.5 2.6 ± 0.6 0.031

Creatinine, mg/dL 1.5 ± 1.6 1.7 ± 1.9 0.372

RASS −2.2 ± 1.42 −1.4 ± 1.4 < 0.001

Deep sedation (RASS −3 to −5), % 42.9 ± 35.2 23.8 ± 32.8 < 0.001

ICU mortality 34 (33.3) 106 (18.8) < 0.001

Values are presented as number (%) or mean ± standard deviation.
BMI, body mass index; BSA, body surface area; NMBA, neuromuscular blocking agent; RASS, Richmond Agitation Sedation Scale; 
ICU, intensive care unit. 
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plementary Table 2). We performed a multivariate logistic 
regression analysis for pressure injury development with six 
subscales of the Braden scale, identifying only three sub-
scales (sensory perception, mobility, friction/shear) as risk 
factors (Supplementary Table 3). As compared with the 
original Braden scale, the simplified Braden scale using these 
three subscales showed similar predictive validity (AUROC, 
0.732 vs. 0.712, p = 0.1227) (Table 4). 

DISCUSSION

The prevalence of pressure injuries identified in this study 
was 15.0%, a finding similar to a recent a 1-day point prev-
alence study of 16.8% [4]. In our study, we identified that 
the risk of pressure injury development in ICU patients is 
related to the number of days of NMBA and opioid use. 
NMBAs often are used in addition to analgesics and sed-
atives for severe acute respiratory distress syndrome to 
achieve lung-protective ventilation, improve oxygenation, or 
maintain a prone position [25,26]. NMBAs are known to 
cause various adverse events, but studies about their effects 
on pressure injuries are rare [27]. Use of a mechanical venti-
lator has been reported to be a risk factor in previous studies 
[3,23,24]. However, in our study, mechanical ventilator use 
did not increase the risk of pressure injury development di-
rectly, but the administration of NMBAs was highly associat-
ed with development. This finding may be explained by pa-
tients’ immobilization and loss of sensory perception when 

Table 2. Pressure injury characteristics of 102 patients

Characteristic Pressure injury

Time to first pressure injury diagnosis, day 8 (4–15.25)

Weight loss from ICU admission to pressure 
injury diagnosis, kg

1.3 ± 10.5

No. of pressure injuries per person 1.17 ± 0.4

1 pressure injury 86 (84.3)

2 pressure injuries 13 (12.7)

3 pressure injuries 3 (2.9)

Total number of pressure injuries 121

Location 121 (100)

Sacrococcygeal 88 (72.7)

Ischium/trochanter 7 (5.8)

Ear 6 (5.0)

Nose 3 (2.5)

Occiput 3 (2.5)

Heel 3 (2.5)

Others 11 (9.1)

Stage 117 (100)

I 2 (2.0)

II 53 (45.3)

III 6 (5.1)

IV 0 

Unstageable 20 (17.1)

Suspected DTI 36 (30.8)

Values are presented as median (interquartile range), mean ± 
standard deviation, or number (%).
ICU, intensive care unit; DTI, deep-tissue injury.

Table 3. Multivariate logistic regression analysis of risk for pressure injury development

Univariate Multivariate

OR 95% CI p value OR 95% CI p value

Vasopressor administration, day 1.128 1.085–1.172 < 0.001 1.033 0.975–1.095 0.271

Sedative administration, day 1.070 1.038–1.103 < 0.001 1.003 0.954–1.054 0.910

Steroid administration, day 1.040 1.018–1.062 < 0.001 0.959 0.916–1.004 0.071

NMBA administration, day 1.333 1.210–1.470 < 0.001 1.138 1.021–1.269 0.019

Opioid administration, day 1.070 1.045–1.095 < 0.001 1.084 1.009–1.164 0.028

Mechanical ventilator use, day 1.054 1.032–1.077 < 0.001 0.966 0.911–1.023 0.237

Problem with sensory perception 2.366 1.810–3.094 < 0.001 1.355 0.890–2.063 0.157

Problem with activity 0.142 0.057–0.353 < 0.001 1.382 0.456–7.188 0.567

Problem with mobility 7.057 2.831–17.590 < 0.001 1.615 0.858–3.039 0.138

Problem with friction and shear 3.134 1.817–5.407 < 0.001 2.203 1.198–4.051 0.011

OR, odds ratio; CI, confidence interval; NMBA, neuromuscular blocking agent. 
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receiving NMBAs. Physicians administer NMBAs in patients 
with hypoxemia or hemodynamic instability. However, 
whether hypoxemia and hypoperfusion influence localized 
pressure injury development is still controversial [28-31]. As 
NMBA use increases by 1 day, the development of pressure 
injuries increases by 14.0%.

Among the 102 patients who developed pressure inju-
ries, 99 (97.1%) received cisatracurium, and the other three 
received vecuronium or rocuronium. Because cisatracurium 
is removed through Hofmann elimination without renal or 
hepatic metabolism, this drug does not have a cumulative 
effect [25]. However, amino steroidal drugs such as rocuro-
nium and vecuronium do have cumulative effects, especially 
in hepatic or renal dysfunction. In the current study, only 
three patients received rocuronium and vecuronium for just 
1 to 2 days, so we could not determine whether amino ste-
roidal drugs have a greater effect on pressure injury devel-
opment than does cisatracurium.

We also found that prolonged use of opioids increases 
the risk of the development of pressure injury, whereas 
sedatives did not. In this study, the mean total administra-
tion days for opioids and sedatives was 6.13 and 3.09 days, 
respectively, in which opioid use was doubled. Because a 
protocol-based, analgesia-first approach is recommended in 
patients with mechanical ventilation, the duration of opi-
oid administration was lengthened, and the concentration 
also was increased to maintain proper RASS scores [32]. In 
addition, opioids themselves can reduce patients’ pain, dis-
comfort, and sensory perception, thereby reducing mobility 

in the pressured area. Therefore, the effect of opioids rather 
than of sedatives on pressure injuries was increased. Proper 
pain management for patients is essential in the ICU, but 
long-term use is associated with pressure injuries. Therefore, 
active mobilization must be performed for patients with 
prolonged opioid use.

When we validated the Braden scale in this study, the 
AUROC was 0.712 (0.676 to 0.746), and the optimal cut-
off point was 11. When the Braden scale was first reported 
in 1987, the model’s predictive sensitivity was 100%, and 
the specificity was 64% to 90% at the cut-off point of 16 
[33]. When we set the cut-off point to 16 in this study, the 
sensitivity was 100%, but the specificity was 6.0%, which 
was extremely low. According to a meta-analysis by Wei et 
al. [18], in 11 studies that validated the Braden scale in ICU 
patients, the overall weighted area under the curve (AUC) 
was 0.7812 ± 0.0331, and the cut-off point was 11 to 18 
points, which varied in each study. As such, the clinical ap-
plicability and optimal cut-off point of the Braden scale in 
ICU patients have been controversial [21]. In our study, we 
found that some subscales of the Braden scale were not as-
sociated with the development of pressure injury in the ICU. 
Therefore, we simplified the model with three subscales of 
the Braden scale that have been confirmed to be associated 
with the development of pressure injury and found that no 
significant difference in predictive validity existed between 
the simplified and original models (AUROC, 0.732 vs. 0.712, 
p = 0.1227). One study has reported that, among the six 
subscales of the Braden scale, moisture had low interrat-

Table 4. Performance of the original Braden scale and the simplified Braden scale

Variable Original Braden scale Simplified Braden scalea

Sample size 666 666

Event 102 102

Best cutoff ≤ 11 ≤ 5

AUROC (95% CI) 0.712 (0.676–0.746) 0.732 (0.697–0.766)

Sensitivity 86.3 80.39

Specificity 52.7 56.74

PPV 24.8 25.2

NPV 95.5 94.1

LR+ 1.82 1.86

LR– 0.26 0.35

AUROC, area under the receiver operating characteristic curve; CI, confidence interval; PPV, positive predictive value; NPV, negative 
predictive value; LR+, positive likelihood ratio; LR–, negative likelihood ratio.
aAUROC comparisons: original Braden scale versus simplified Braden scale, p = 0.1227.
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er reliability [34]. As the moisture subscale is divided into 
“constantly,” “often,” “occasionally,” or “rarely moist,” 
no objective indicator exists, and nurses may find it diffi-
cult to judge and choose the scores. In addition, the activity 
subscale determines whether a patient can walk or sit on a 
chair, which is not suitable for ICU patients. For the nutrition 
subscale, as ICU patients usually receive enteral or parenter-
al nutritional support, it is difficult for nurses to check how 
much of the recommended calories per day each patient 
receives. For these reasons, because the Braden scale was 
not made for ICU patients, its application in the ICU is lim-
ited, and even a simplified scale showed similar predictive 
validity. 

This study has several limitations. First, because we tar-
geted only patients admitted to a single-center medical ICU, 
our findings do not represent all ICU patients. As the causes 
for admission to the medical ICU mainly were sepsis, shock, 
or respiratory failure, the patients’ baseline characteristics 
were different from those admitted to the surgical or neu-
rosurgical ICUs or from neurologic patients. Deschepper et 
al. [2,35] demonstrated that the typical heterogeneity of 
an ICU population impedes the development of a universal 
prediction scale, and the same investigators demonstrated 
in another study the potential risk factors for pressure in-
jury acquisition differ significantly depending on the type 
of ICU admission, either medical, surgical-elective, or sur-
gical-emergency. Therefore, the prevalence and risk factors 
for pressure injuries can be different in other ICUs. Second, 
in this center, even though the nurses were educated and 
trained on the NPUAP guidelines, the proportion of pressure 
injuries diagnosed as Stage I was quite small. Because the 
incidence of Stage I pressure injuries can be underestimated, 
their total prevalence also can be underestimated. Third, as a 
retrospective study, we did not monitor the performance of 
pressure injury prevention for each patient. Furthermore, we 
don’t have any information regarding the underlying condi-
tion at the time of ICU admission. As a result, determining 
the association between the development of pressure inju-
ries and underlying disorders is challenging in this study. As 
these factors can also affect the development of pressure 
injuries, future studies should include them. Despite these 
limitations, our study is meaningful in that it is the first to 
reveal a statistical relationship between NMBAs or opioids 
and the occurrence of pressure injuries. To prevent ulcer 
development, ICU physicians should evaluate daily whether 
patients require NMBAs or opioids and discontinue these 

medications as soon as possible.
In conclusion, prolonged use of NMBAs and opioids can 

increase the risk of developing pressure injuries. Since these 
medications can be associated with immobilization, mini-
mizing their use and promoting early patient mobilization 
are important. In addition, among the Braden subscales, 
“friction and shear” was associated with the development 
of pressure injury in ICU patients.

KEY MESSAGE
1.	 As the day of neuromuscular blocking agents and 

opioids administration increased, the risk of pres-
sure injury development increased by 13.8% and 
8.4%, respectively.

2.	Among the Braden subscales, “friction and shear” 
was associated with the development of pressure 
injury in intensive care unit patients. 
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Supplementary Table 1. Changes in pressure ulcer stage when leaving the ICU

Initial stage
Stage when leaving the ICU

I II III IV Unstageable Suspected DTI Healing

I 1 (50) 1 (50)

II 19 (35.8) 5 (9.4) 1 (1.9) 13 (24.5)

III 3 (50) 1 (16.7)

Unstageable 3 (15) 2 (10) 1 (5) 10 (50) 1 (5)

Suspected DTI 3 (8.3) 3 (8.3) 1 (2.8) 4 (11.1) 17 (47.2) 2 (5.6)

Total 0 25 (20.7) 13 (10.7) 2 (1.7) 16 (13.2) 18 (14.9) 17 (14.0)

Values are presented as number (%).
ICU, intensive care unit; DTI, deep-tissue injury.
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Supplementary Table 2. Braden score at ICU admission and lowest value during ICU stay

Score Pressure ulcer Non-pressure ulcer p value

Braden score at admission 13.5 ± 3.2 14.0 ± 3.3 0.117

Braden score of lowest value 9.6 ± 2.5 12.0 ± 2.8 < 0.001

Braden score categories < 0.001

≤ 9 41 (40.2) 126 (22.3)

10–12 55 (53.9) 217 (38.5)

13–14 5 (4.9) 109 (19.3)

15–18 1 (1.0) 108 (19.1)

≥ 19 0 4 (0.7)

Values are presented as mean ± standard deviation or number (%).
ICU, intensive care unit.
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Supplementary Table 3. Multivariate logistic regression analysis of the Braden Scale subscales for risk of pressure ulcer 

development

Braden scale subscale OR 95% CI p value

Sensory perception 1.564 1.046–2.338 0.029

Moisture 1.119 0.792–1.579 0.524

Activity 1.444 0.487–4.285 0.508

Mobility 1.794 0.974–3.305 0.061

Nutrition 0.952 0.692–1.308 0.759

Friction/Shear 1.930 1.065–3.495 0.030

OR, odds ratio; CI, confidence interval.
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