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Abstract

Objective: To develop and compare four predictive models for intraoperative acquired pressure
injury (IAPI) in surgical patients.

Methods: One hundred patients undergoing various surgeries (hepatobiliary, pancreas, spleen,
gastrointestinal, and cardiac surgeries) at Ruijin Hospital from November 2021 to September
2022 were included in this prospective cohort study. Four pressure injury risk assessment scales
were used to measure the pressure injury risk: the Braden scale, Munro Pressure Injury Risk
Assessment Scale, Scott Triggers tool, and CORN Intraoperative Acquired Pressure Injury Risk
Assessment Scale. The patients were divided into the IAPI group and non-IAPI group.

Results: In total, 37% of patients (37/100) developed class |/stage pressure injury (erythema)
after surgery, which resolved within 2 hours after surgery in 86.49% of cases and further pro-
gressed to class Il/stage or higher pressure injury within 6 days in 15.63% of cases. The application
effects of the four commonly used risk assessment tools were compared with the sensitivity,
specificity, and area under the receiver operating characteristic curve. The Munro Scale showed
the best sensitivity and area under the receiver operating characteristic curve among the four
tools for postoperative assessment, but its specificity was only 20.63.

Conclusions: More appropriate assessment tools are required for IAPI risk evaluation.
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Background

A pressure injury (PI) is a local skin and/or
soft tissue lesion at a bony prominence or at
the site of contact with a medical instru-
ment." Pls are associated with increased
morbidity rates, hospital stays, and health
care costs.” Such injuries are adverse events
that can affect surgical patients.®> A 2016
study showed that 3.5% of major surgical
patients developed hospital-acquired Pls
and that these PIs added $8200 to the cost
of a surgical stay after adjusting for comor-
bidities, patient characteristics, procedures,
and hospital characteristics. These ulcers
increased hospital costs by 44% per hospi-
tal stay.*>

Patients who undergo prolonged surgery
also easily develop PIs, which are called
intraoperative acquired PIs (IAPIs).® A sys-
tematic review showed that the incidence
of IAPI ranged from 0.3% to 57.4%."%
Moreover, the occurrence rate of Pl is two
to three times higher in surgical patients
(8.1%-54.8%)>'" than in all admitted
patients (3.3%—14.7%).!1:1

It is generally agreed upon that the key
to reducing the incidence of IAPI is to find
an objective, noninvasive, automatic, and
consistent scientific method for predicting
IAPL" Although several risk assessment
scales for PI are available, the Braden
scale is the most commonly used measure
in China and abroad. However, some stud-
ies have indicated that this scale has a lim-
ited ability to predict the risk of ulcers in
different populations and clinical environ-
ments.'* The Munro Pressure Injury Risk

Assessment Scale is the first PI scale to be
specifically developed for surgical patients.
However, its use is relatively cumbersome
because of the large number of assessment
items and the need for some items to be
evaluated with the assistance of anesthesiolo-
gists. As a result, the Munro Pressure Injury
Risk Assessment Scale is not widely used in
the clinical setting.'” The Scott Triggers tool
includes four items, namely age, serum albu-
min level, estimated surgery time, and
American  Society of Anesthesiologists
(ASA) score,'® which can reduce the work-
load of clinical nurses; however, its efficacy
needs to be further studied. Finally, the
CORN Intraoperative Acquired Pressure
Injury Risk Assessment Scale was developed
by the Operating Room Nursing Committee
of the Chinese Nursing Association in recent
years to assess the risk of TAPI during the
perioperative period. The effect of its applica-
tion needs to be further studied. Therefore,
selection of the most appropriate assessment
tool is an important clinical problem for peri-
operative nurses.

Aims

The incidence of surgery-acquired PI is an
important indicator of the quality of nurs-
ing in the operating room and has received
significant attention from operating room
managers.'” Risk screening and assessment
are essential methods for reducing the inci-
dence of IAPI. Four main risk assessment
scales are currently used in perioperative PI
risk assessment: the Braden scale, Munro
scale, Scott Triggers tool, and CORN
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Intraoperative Acquired Pressure Injury
Risk Assessment Scale. This study was per-
formed to compare the effectiveness of these
four risk assessment scales in predicting the
incidence of IAPI in adult patients undergo-
ing surgery under general anesthesia. The
overall aim was to provide a reference for
screening patients at high risk of TAPI.

Methods
Sample

A prospective study was conducted in
Ruijin Hospital from November 2021 to
September 2022 and included 100 patients
undergoing hepatobiliary, pancreas, spleen,
gastrointestinal, and cardiac surgery. No
participants had any PIs upon admission,
and all underwent surgery with an opera-
tion time of >3 hours during their hospital
stays. The occurrence of PI was considered
when such injuries appeared within 3 days
after surgery. Patients who developed post-
operative erythema that resolved within
2 hours were also included. All patients
were required to provide written informed
consent and volunteer to participate in the
study. Patients who underwent repeated
surgery were excluded.

Data collection

A preoperative assessment was conducted
by uniformly trained researchers using the
four risk assessment tools upon patient
entry into the operating room. After the
surgery, the researchers completed a post-
operative evaluation based on the actual
procedure and examined the skin condition
at the compression site. The patients were
categorized into the IAPI group if they pre-
sented with erythema or more severe Pls at
the compression site, and patients with no
skin damage were categorized into the non-
TAPI group. Based on the scores obtained
from the different risk assessment scales

before, during, and after the operation, the
patients were divided into the low-risk group
and the medium- to high-risk group.
Regardless of their risk of developing IAPI,
the patients’ body position and skin protec-
tion were managed according to the operat-
ing room nursing guide, while preventive
measures were implemented to manage any
potential IAPIs. All patient details have been
de-identified. The reporting of this study
conforms to the STROBE guidelines.'®

Instruments

Four scales were used to measure the risk of
PI in this study: the Braden scale, Munro
Pressure Injury Risk Assessment Scale, Scott
Triggers tool, and CORN Intraoperative
Acquired Pressure Injury Risk Assessment
Scale.

The Braden scale consists of six assess-
ment categories: sensory perception, mobil-
ity, nutrition status, activity level, moisture
exposure, and friction/shear force. Patients
receive a score of 6 to 23, with lower scores
indicating a higher risk of developing PI.
A cutoff score of 16 is used to categorize
patients into two risk groups. A score of
<16 indicates a significant risk for PI devel-
opment, while a score of >17 indicates a
lower risk."”

The Munro scale is used to assess patients
during the preoperative, intraoperative, and
postoperative phases, and it contains a sum-
mary section that calculates the total score
based on the variables assessed.'” The risk
factor assessment and scores are cumulative,
with each assessment phase yielding a low-,
medium-, or high-risk score. The total peri-
operative risk score is obtained by adding up
the scores from each assessment phase. The
preoperative risk assessment includes six fac-
tors: mobility, preoperative fasting, BMI,
history of weight loss, age, and comorbid-
ities. Each variable is assigned a score of 1,
2, or 3 with corresponding cutoffs and refer-
ence intervals. The total score determines the
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risk level, which is classified as low (score of
5 or 6), moderate (score of 7 to 14), or high
(score of >15). The intraoperative assess-
ment includes the physical status/ASA
score, anesthesia type, changes in body tem-
perature, episodes of hypotension, skin
moisture levels, surface/motion variables,
and patient position, with each variable
receiving a score of 1, 2, or 3. The sum of
the intraoperative scores (ranging from 7 to
21) is added to the preoperative score, result-
ing in a low (score of 13), moderate (score of
14 to 24), or high (score of >25) risk classi-
fication. The postoperative assessment
includes the perioperative duration and
blood loss, which are scored using a
3-point descriptive rating scale. The sum of
both postoperative and intraoperative scores
yields the total Munro risk score, grouped as
low (score of 15), moderate (score of 16 to
28), or high (score of >29).2°

Finally, the Scott Triggers tool uses four
items: age of >62 years, serum albumin
level of <3.5 g/dL, ASA score of >3, and
surgery time of >3 hours. These items pre-
dict the risk of developing IAPI in surgical
patients, with a score of >2 indicating
high risk.

The CORN risk factor assessment scale
for IAPI includes 2 dimensions, 12 risk fac-
tors, and 37 items. The two dimensions are
a preoperative PI risk factor assessment and
dynamic intraoperative PI risk factor
assessment. The 12 risk factors are the anes-
thesia grade, body mass index (BMI), com-
pression site, skin status, preoperative
physical activity, estimated operation time,
diabetes mellitus, decrease in body temper-
ature, operative blood loss, intraoperative
pressure, shear force change, and operation
time. Patients with preoperative evaluation
scores of >14 were classified as high-risk,
those with scores of 9 to 14 were classified
as medium-risk, and those with scores of
<9 were classified as low-risk. Patients
with intraoperative evaluation scores of
>12 were classified as high-risk, those

with scores of 8 to 12 were classified as
medium-risk, and those with scores of
<8 were classified as low-risk.

Statistical methods

The data were analyzed using SPSS 22.0
software (IBM Corp., Armonk, NY,
USA). The chi-square test, Fisher’s exact
probability method, and t-tests were used
to compare the basic characteristics and
risk scores of the 100 patients between the
TAPI and non-IAPI groups. The predictive
performance of each assessment tool was
measured using the sensitivity, specificity,
positive predictive value (PPV), negative
predictive value (NPV), and area under
the receiver operating characteristic (ROC)
curve (AUCQC). Sensitivity refers to the prob-
ability of the model classifying a patient as
at risk of TAPI development given that they
have TAPI. Specificity represents the prob-
ability of the model classifying a patient as
not at risk of TAPI development given that
they do not have IAPI. The PPV is the pro-
portion of patients classified at risk who
actually develop TAPI, while the NPV is
the proportion of patients classified as not
at risk who do not have IAPI. The ROC
curve illustrates the trade-off between sen-
sitivity and specificity for various test
scores. Sensitivity is plotted on the vertical
axis against (1 — specificity) on the horizon-
tal axis over a range of potential cut-off
scores. The AUC is a measure of how well
the model can differentiate between the two
groups.”’ A P-value of <0.05 was consid-
ered statistically significant.

Ethical principles

This study was reviewed and approved by
the Institutional Review Board of Ruijin
Hospital Affiliated to Shanghai Jiao Tong
University School of Medicine (IRB No.
2021-410). Informed consent forms were
signed by either the patients or their
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legal guardian. Verbal informed consent
was obtained from the patients.

Results

This study involved 100 patients who under-
went elective surgery at the study site from
November 2021 to September 2022, includ-
ing 61 (61%) men and 39 (39%) women. The
patients’ mean age was 62.19 4+ 12.21 years,
and their mean operation time was
244.60 £73.12 minutes. Sixty-four (64%)
patients underwent cardiovascular surgery,
22 (22%) underwent pancreatic surgery,
and 14 (14%) underwent gastrointestinal
surgery.

Of the 100 patients, 37 (37%) developed
class I/stage PI (erythema) after surgery.
Among these 37 patients, the erythema in
32 (86.49%) resolved within 2 hours after
surgery, whereas that in 5 (15.63%) pro-
gressed to class Il/stage or higher PI
within 6 days after surgery. The patients
were subsequently divided into two
groups, the TIAPI group (37 patients) and
the non-IAPI group (63 patients), based
on the presence or absence of erythema.
Table 1 presents a comparison of the gen-
eral characteristics between the two groups,
revealing no differences in age, weight,
BMI, or sex. However, patients with TAPI
had significantly longer operation times
than those without IAPI (P < 0.05).

The four above-described risk assess-
ment scales were used to assess the periop-
erative risk of PI, and the scores were
compared between the IAPI and non-IAPI
groups. The intraoperative Braden score
showed no significant differences between the
two groups. However, the mean scores of the
other three risk assessment scales were signifi-
cantly different between the groups (P < 0.01).
These findings are shown in Table 2.

We also compared the incidence of IAPI
among various groups using the scores
obtained from the four distinct risk assess-
ment tools. The patients were categorized
into either a no-risk group or high-risk
group based on the results of their Braden
scale assessments before and after their pro-
cedures. The rates of TAPI in each group
were examined and compared, and no sig-
nificant differences were found between the
two. Details are shown in Table 3.

The patients were divided into low-risk
and medium- to high-risk groups based on
their CORN perioperative risk assessment
scale results before and after their opera-
tions. A statistical analysis was performed
to evaluate the incidence of IAPI in each
group, and the results showed significant
differences between the two groups
(P <0.01). Details are shown in Table 4.

Based on the results of the Scott Triggers
risk assessment scale, the patients were cat-
egorized into either the no-risk group or the

Table I. Baseline characteristics of patients with and without |API.

Variables Without IAPI (n=63) With IAPI (n=37) 1:/)(2 P
Age, years 57.97 +16.05 62.30+11.06 —1.520 0.129
Weight, kg 6475+ 11.38 61.87+12.98 1.169 0.249
BMI, kg/m? 23.52+3.08 22.67 £4.24 1.149 0.253
Operating time, minutes 213.57 +:85.70 252.97 +67.61 —2.392 0.019*
Sex

M 35 (55.56) 25 (67.57) 1.401 0.236

F 28 (44.45) 12 (32.43)

Data are presented as mean = standard deviation or n (%).

IAPI, intraoperative acquired pressure injury; BMI, body mass index; M, male; F, female.

“Statistically significant.
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Table 2. Comparison of perioperative risk assessment scale scores in patients with and without IAPI.

Scale score Without IAPI (n=63) With IAPI (n=37) t P
Braden (preoperative) 2227 £2.17 20.62 4+ 3.30 3.010 0.003*
Braden (intraoperative) 849 £ 1.19 8.11£0.88 1.709 0.091
CORN (preoperative) 9.32£291 11.86+2.69 —4.343 <0.001*
CORN (intraoperative) 8.17£2.03 9.19+£0.88 —2.884 0.005%*
Scott Triggers tool 0.38+0.49 0.73 £0.45 —3.542 0.001*
Munro (preoperative) 841+1.72 9.65+1.92 —3.325 0.001*
Munro (intraoperative) 22.38+2.74 2549 +2.04 —5.990 <0.001*
Munro (postoperative) 25.89+2.95 29.57 £2.69 —6.219 <0.001*

Data are presented as mean =+ standard deviation.
IAPI, intraoperative acquired pressure injury.
*Scatistically significant.

Table 3. Comparison of incidence of IAPI in different groups with preoperative and intraoperative Braden

score.
Without IAPI With IAPI
(n=63) (n=37) $? P
Braden preoperative score no-risk group 59 (93.65) 31 (83.78) 2.522 0.166
Braden preoperative score risk group 4 (6.35) 6 (16.22)
Braden intraoperative score no-risk group 0 (0.00) 0 (0.00) / /
Braden intraoperative score risk group 63 (100) 37 (100)

Data are presented as n (%).
IAPI, intraoperative acquired pressure injury.

Table 4. Comparison of incidence of IAPI in different groups with preoperative and intraoperative CORN

score.
Without IAPI With IAPI
(n=63) (n=37) »* P
CORN preoperative score low-risk group 28 (44.44) 3 (8.11) 14.388 <0.001*
CORN preoperative score medium- to high-risk group 35 (55.56) 34 (91.89)
CORN intraoperative score low-risk group 19 (30.16) I (2.70) 10.982 0.001*
CORN intraoperative score medium- to high-risk group 44 (69.84) 36 (97.30)

Data are presented as n (%).
IAPI, intraoperative acquired pressure injury,
*Scatistically significant.

risk group. A statistically significant differ-
ence was found in the incidence of IAPI
between the groups (P <0.01). Details are
provided in Table 5.

The Munro perioperative risk assess-
ment scale was used to categorize the
patients into low-risk and medium- to

high-risk groups before, during, and after
their operations. A comparison of the
IAPI incidence between these groups was
then conducted. We found no significant
differences between the two groups either
during or before the operation. After the
operation, however, the incidence of TAPI
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Table 5. Comparison of incidence of IAPI in different groups with Scott Triggers scores.

Without IAPI (n=63)  With IAPI (n=37) $ P
Scott Triggers score no-risk group 39 (61.90) 10 (27.03) 11.347  0.001*
Scott Triggers score risk group 24 (38.10) 27 (72.97)

Data are presented as n (%).
IAPI, intraoperative acquired pressure injury.
“Statistically significant.

Table 6. Comparison of incidence of IAPI in different groups of patients with Munro perioperative risk

assessment scale scores.

Without IAPI  With IAPI

(n=63) (n=37) x> P
Munro preoperative score low-risk group 10 (15.87) 2 (5.41) 2.349  0.201
Munro preoperative score medium- to high-risk group 53 (84.13) 35 (94.59)
Munro intraoperative score low-risk group I (1.59) 0 (0.00) 0.587 1.000
Munro intraoperative score medium- to high-risk group 62 (98.41) 37 (100)
Munro postoperative score low-risk group 13 (20.63) 0 (0.00) 8.688  0.002*
Munro postoperative score medium- to high-risk group 50 (79.37) 37 (100)

Data are presented as n (%).
IAPI, intraoperative acquired pressure injury.
“Statistically significant.

differed significantly between the two
groups (P <0.01). Further details are pro-
vided in Table 6.

We established the occurrence of IAPI as
the standard for diagnosis and used this
measure to compare the efficacy of the
four different assessment tools for predict-
ing the IAPI risk. Our analysis was based
on a range of measures, including sensitiv-
ity, specificity, PPV, NPV, and AUC. Based
on these criteria, the Munro postoperative
score produced the highest AUC, rendering
it the most effective of the four tools eval-
uated in predicting the incidence of TAPI.
The results are presented in detail in Table 7
and Figure 1. The Hosmer—Lemeshow test
was used to assess the goodness of fit of the
four assessment tools. The observed and
predicted incidences were compared by the
chi-square (%) goodness-of-fit test for cali-
bration power. The results are presented in
detail in Table 8.

Results analysis

The use of perioperative risk assessment is
critical to effectively reduce the incidence of
IAPI. In this study, we compared four com-
monly used risk assessment tools and cate-
gorized patients by IAPI occurrence
(including erythema). Our analysis com-
pared the risk scores and IAPI incidence
of the four different assessment tools in
the two groups of patients. The Braden
scale was the only tool used to predict the
risk of IAPI during surgery, and there was
no significant difference between the two
groups. Conversely, there were significant
differences in the risk assessment scores
for the other assessment tools at different
time points. These findings suggest that
the Braden scale may not be suitable for
assessing perioperative stress injuries.

The Braden scale is commonly used in
hospitals, nursing homes, communities,
and other institutions, and previous
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Table 7. Application effect of different assessment tools in IAPI risk prediction.

Assessment tool Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC
Braden preoperative assessment 16.22 93.65 60.00 65.56 0.630
Braden intraoperative assessment 100.00 0.00 37.00 0.00 0.549
CORN preoperative assessment 91.89 41.44 49.28 90.32 0.500
CORN intraoperative assessment 97.30 30.16 45.00 95.00 0.712
Scott Triggers assessment 72.97 61.90 52.94 79.59 0.674
Munro preoperative assessment 94.59 15.87 39.77 83.33 0.552
Munro intraoperative assessment 100.00 1.59 37.37 100.00 0.732
Munro postoperative assessment 100.00 20.63 42.53 100.00 0.790

PPV, positive predictive value; NPV, negative predictive value; AUC, area under the receiver operating characteristic curve;
IAPI, intraoperative acquired pressure injury.

ROC Curve
1.0
Source of the Curve
~—— PreoperativeBraden
— Intraoper ativeBraden
PreoperativeCORN
0.87 — IntraoperativaCORN
ST
—— PreoperativeMunro
Intraoperativehunro
PostoperativeMunro
Reference Line
o 0.6
>
|
1]
c
[
" 0.4+
0.2+
00 T T T T
00 02 04 06 08 10

1 - Specificity

Figure |. Receiver operating characteristic curve comparison of different assessment tools for prediction
of intraoperative acquired pressure injury.

Table 8. Model calibration test results for the four tools.

Hosmer—Lemeshow

Assessment tool R2 test xz P

Braden preoperative assessment 0.03 0.000 <0.001
Braden intraoperative assessment 0.00 0.000 <0.001
CORN preoperative assessment 0.22 1.001 0317
CORN intraoperative assessment 0.14 0.000 <0.001
Scott Triggers assessment 0.15 0.000 <0.001
Munro preoperative assessment 0.04 0.000 <0.001
Munro intraoperative assessment 0.26 0.031 0.860

Munro postoperative assessment 0.40 0.156 0.693
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research has shown good reliability and
validity.** %> Braden’s conceptual model of
stress injury etiology forms the basis of later
research in this field.>® This model intro-
duced the concept of tissue tolerance and
identified the joint action of stress and
tissue tolerance as the causes of stress
injury.?” PI occurs when the skin is exposed
to high levels of stress over an extended
period of time, reducing the patients’ range
of motion, mobility, and perception and lead-
ing to sustained, high levels of stress effects.
Reduced tissue tolerance can result in a
shorter duration of lower-intensity stress
leading to PI, which is affected by internal
and external factors. External factors include
increased moisture, friction, and shear force,
while internal factors include inadequate
nutrition, older age, reduced microarterial
pressure, or related factors such as mood
and smoking (Figure 2).

During the operation, the patient’s
mobility and perception are impaired by
general anesthesia, yielding a score of 0 in
the evaluation process. Thus, these items of

the Braden scale are not ideal for TAPI risk
assessment. However, this finding also
explains why surgical patients are at high
risk for the development of hospital-
acquired stress injuries. While the Braden
scale may not prove to be an effective
assessment tool in predicting the risk of
IAPI, these results are consistent with the
findings of other related studies.?*’
Different studies have yielded varying
results regarding the efficacy of the four
risk assessment tools for assessment of the
stress injury risk. The Munro scale has been
translated into multiple languages, widely
popularized, and applied in recent years.
Several studies have shown that the Munro
scale is effective for the risk assessment of
stress injury in surgical patients.'>>*3° In
our study, we used the Munro scale to
assess the risk of patients before, during,
and after surgery. The results indicated
that the evaluation effect of the Munro
scale continued to improve with the contin-
uous progress of the surgical process. The
AUC of the Munro scale before, during,

}
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and after surgery was 0.552, 0.732, and
0.790, respectively. However, the preopera-
tive predictive effect of the Munro scale was
inadequate. Early identification of patients
at high risk of TAPI before surgery and
prompt intervention are crucial in prevent-
ing IAPI. Some dressings have proven effec-
tive in TAPI prevention in recent years, but
their high cost has prevented their wide-
spread use in major medical institutions.
Therefore, the development of an accurate
preoperative TAPI risk assessment tool is
essential, and it could also be used to ratio-
nally allocate and utilize limited medical
resources, control costs, and reduce the eco-
nomic burden on patients.

The CORN scale is a relatively authori-
tative IAPI risk assessment tool in China in
recent years, and it is characterized by sim-
pler assessment items, easier data access,
and a shorter evaluation time. However,
this scale has not been widely popularized,
and few studies exist on its application effect.
Our study showed that the CORN scale
score and the incidence of IAPI were statis-
tically different between the two groups
(P <0.05). However, its AUC was not as
ideal as that of the Munro scale, and its sen-
sitivity did not include all patients with IAPI
among the high-risk groups screened. The
failure of the scale to identify all risk factors,
or to inaccurately select cut-off values, may
be responsible for these findings.

Among the four assessment tools, the
Scott Triggers tool is notable for having
the simplest assessment items and is evalu-
ated only before surgery, making it the
most convenient and time-efficient option
for the operating room nursing staff to
master. In our study, its evaluation effect
was suboptimal compared with the Munro
scale and CORN scale in terms of the AUC,
but its preoperative prediction accuracy was
better than that of the Munro scale and
CORN scale. These results indicate that
age, BMI, ASA score, operation time, and
nutritional status are key factors for

preoperative prediction of IAPI and impor-
tant critical indicators for risk screening of
IAPL3! However, the sensitivity of the
Scott Triggers tool was only 72.97, and
high sensitivity is crucial for accurately
identifying all high-risk groups. Although
some studies have acknowledged the Scott
Triggers tool as the most appropriate IAPI
risk assessment tool, further verification of
its application effect is necessary.

In addition to the four assessment tools
in this study, artificial neural networks*’
and machine learning algorithm models®?
have also been used for risk assessment of
TIAPI. However, both studies that evaluated
these techniques focused on patients under-
going cardiovascular surgery, whereas the
four assessment tools in the present study
are applicable to all surgical patients.
Although the application effects of these
two tools are better than those of the four
tools compared in this study according to
these previous studies,”*? these two tools
are highly specialized and have limitations
in clinical promotion, and they are not suit-
able for the evaluation of all surgical
patients. We look forward to applying
these two methods to the risk assessment
of TAPI in all surgical patients, which may
represent the next direction of our follow-
up research.

Some studies have also shown that the
surgical time** and use of perioperative hor-
mones™ are key factors affecting the occur-
rence of IAPI. Among the four tools in this
study, all except the Braden scale involved
analysis of the duration of surgery. However,
hormone use did not appear in the evaluation
items. This may be a key evaluation factor
especially for patients undergoing cardiovascu-
lar surgery, and it is an area where existing
evaluation tools need to be improved.

Strengths and limitations

This study compared the effectiveness of
four risk assessment tools in predicting
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patients at high risk of IAPI and evaluated
the performance of each tool at different
time points using ROC curves. This com-
parison provides important insight for peri-
operative nursing staff in selecting the most
appropriate assessment tool. However, the
study has some limitations, including the
small sample size and the lack of inclusion
of various caregivers and nursing interven-
tions, which may affect the reliability of the
results. Further studies should consider
these factors and expand the sample size
and research institutions to improve the
quality of the research.

Conclusions

This study compared the application effects
of four risk assessment tools in predicting
patients at high risk of IAPI through anal-
ysis of the tools’ sensitivity, specificity, and
AUC. The results indicate that all assess-
ment tools except the Braden scale can
effectively identify individuals at high risk
for IAPI. However, each tool has its own
strengths and limitations. Moving forward,
it will be important to identify more appro-
priate assessment tools that can accurately
screen for high-risk patients and reduce the
workload of operating room nurses. This
may lead to effective intervention measures
and a reduction in the incidence of IAPI.
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