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Background: Risk factors for intraoperative acquired pressure injury (IAPI) in patients undergoing various surgical proce-
dures have been described in previous studies. However, whether risk factors for IAPI in patients undergoing
neurosurgery differ remains unknown. The aim of the present study was to explore independent risk factors
for IAPI in patients undergoing neurosurgery.

Material/Methods: Data from 465 patients who underwent neurosurgery between October 2017and December 2018 and who
were at high risk of IAPIs were retrospectively analyzed. Independent risk factors for IAPI were evaluated us-
ing univariate and multivariate logistic regression models.

Results: Sixty-nine 1APIs (14.8%) in 465 patients undergoing neurosurgery were assessed. Multivariate logistic regres-
sion analyses showed that being overweight (odds ratio [OR] 2.685; 95% confidence interval [CI] 1.206-5.975;
P=0.016), prone position (OR 7.502, 95% Cl 2.470-22.787. P<0.001), lateral position (OR 15.301, 95% Cl
4.903-47.753, P<0.001), use of a head frame (OR 3.716, 95% Cl 1.431-9.653, P=0.007), surgical times of 4 to
8 h (OR 7.276, 95% Cl 2.249-23.542, P<0.001), and surgical times >8 h (OR 173.248, 95% Cl 32.629-919.896,
P<0.001) all were associated with an increased risk of IAPI in patients undergoing neurosurgery. The factors
associated with reduced risk of IAPI were high serum albumin levels (OR 0.099, 95% Cl 0.016-0.608, P=0.013)
and use of memory sponge pads (OR 0.064, 95% Cl 0.020-0.202, P<0.001).

Conclusions: The present study indicates that being overweight, prone and lateral positioning, use of a head frame, and lon-
ger surgical times are associated with an increased risk of IAPI in patients undergoing neurosurgery. Prospective
studies should be conducted to verify these findings and consideration should be given to use of these factors
in clinical practice to identify high-risk patients.
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Background

Patients undergoing surgery can develop intraoperative ac-
quired pressure injuries (IAPIs) in healthy skin and deeper tis-
sue. Studies indicate that the prevalence of pressure injuries
varies, the occurrence is higher in the operating room, and
these injuries are associated with increased morbidity, longer
hospital stays, and higher healthcare costs [1-3]. Direct and in-
direct costs of hospital-acquired pressure injuries were nearly
$11 billion in 2009 and increased by 44% in 2016 [4-6]. Long
surgeries are associated with an increased risk of 1APIs be-
cause of the increased risk of ischemia and perfusion-reper-
fusion injury [7]. Risk factors for IAPIs have already been de-
scribed in several studies [8-11], but no research has focused
on patients undergoing neurosurgery. These individuals have
a high risk of 1APIs because their procedures are longer, con-
tinuous irrigation with saline is used during these surgeries,
and craniotomy requires use of air and electric drills, which
results in vibration.

Several intrinsic and extrinsic risk factors for IAPIs already
have been identified in patients undergoing surgery [7] and
they differ by procedure [12,13]. In patients undergoing uro-
logic surgery, Connor et al found that anesthesia duration
(odds ratio [OR] 1.005) and total time of diastolic blood pres-
sure <50 mmHg (OR: 1.007) were significantly associated with
IAPI [14]. In patients undergoing cardiovascular surgery, Lu
et al found that risk of IAPI was significantly affected by dis-
ease category (valvular disease of the heart [OR 6.427], coro-
nary artery disease [OR 8.800], and thoracic aortic aneurysms
[OR 5.736]), and surgery length (OR 1.005) [15]. However, no
study has focused on risk factors for IAPI in patients under-
going neurosurgery. Therefore, we conducted a retrospective
study to identify independent risk factors for IAPI in patients
undergoing neurosurgery.

Material and Methods

Population

A total of 465 patients screened using the Scott Triggers
Preoperation Evaluation Scale [16] who were undergoing neu-
rosurgery between October 2017 and December 2018 were
enrolled in the present study. Patients with 2 or more of the
following characteristics were considered to be at high risk for
IAPI: age >62.0 years, serum albumin level <35.0 g/L, body mass
index (BMI) <19.0 or >40.0 kg/m?, estimated surgery length
>3.0 h, and American Society of Anesthesiologists (ASA) score
>3. All patients undergoing neurosurgery for cerebrovascular
disease, brain tumors, spinal cord disease, craniocerebral trau-
ma, or congenital malformations also were considered to be
at high risk. The exclusion criteria for the present study were:
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(1) presence of pressure injuries before admission; (2) dam-
age to the skin other than at the incision site; (3) presence of
a skin disease that made it difficult to monitor the condition
of the skin; (4) treatment with a second surgery after admis-
sion, transfer from another hospital to our hospital, or death
during the study; and (5) mental illness.

Data Collection

Guidelines, systematic reviews, original articles, and existing
evaluation scales related to pressure injuries were screened on
the basis of level of evidence for them. Factors in the Braden,
Norton, Waterlow, and Munro scales related to IAPI were ex-
tracted to construct a questionnaire for patients undergoing
neurosurgery. The tool was used to collect data on: (1) gener-
al patient characteristics (age, sex, BMI, smoking status, hy-
pertension, and diabetes); (2) preoperative characteristics (his-
tory of surgery, physical activity, and hemoglobin and serum
albumin levels); and (3) intraoperative characteristics (intra-
operative position, type of position pad, use of a head frame,
blood transfusion, use of vasoactive agents, ASA score, sur-
gery length and type, and amount of blood loss).

Endpoints

The primary outcome of the present study was the incidence of
IAPI, which was assessed based on criteria from the National
Pressure Ulcer Advisory Committee, which were updated in
2016. IAPI was considered stage 1 when the skin was intact
at the bony protuberance with localized erythema that did not
fade under pressure; in stage Il, part of the dermis was miss-
ing; and stage Il IAPI constituted a full-thickness skin defect.

Ethical Considerations

The present study was reviewed and approved by the Ethics
Committee of the First Affiliated Hospital of Nanchang
University (2019-103). No informed consent was required be-
cause of the retrospective nature of the research, which re-
quired no patient contact.

Statistical Analysis

Continuous data are presented as median and interquartile
ranges, if the data were non-normally distributed. Categorical
data are presented as event rates. The characteristics of pa-
tients with and without IAPI were compared using Kruskal-
Wallis and chi-square tests for continuous and categorical
data, respectively. Univariate logistic regression models then
were applied to explore independent risk factors for IAPI in pa-
tients undergoing neurosurgery. Variables found to be statisti-
cally significant on the univariate analyses were entered into
a stepwise logistic regression model for multivariate analysis
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(0=0.05; B=0.10). All reported P values are 2-sided and the
significance level was set at 0.05. All analyses in the present
study were performed using IBM Statistical Package for the
Social Sciences software for Windows, version 19.0.

Results

Patient Characteristics

A total of 465 patients were enrolled, 69 of whom were diag-
nosed with IAPI (14.8%). Baseline characteristics of the par-
ticipants are summarized in Table 1. The median age of the
patients was 52.0 years and 185 of them (39.8%) were men.
Prevalence of diabetes (P=0.230), history of surgery (P=0.171),
physical activity level (P=0.817), use of vasoactive agents
(P=0.654), and ASA scores (P=0.054) were not statistically dif-
ferent between the patients with and without IAPI. However,
there were significant differences between the 2 groups in
terms of age (P=0.038), sex (P=0.001), BMI (P<0.001), smoking
status (P<0.001), hypertension (P=0.027), hemoglobin levels
(P=0.015), serum albumin levels (P=0.010), intraoperative posi-
tioning (P<0.001), position pad use (P<0.001), head frame use
(P<0.001), composition of blood transfusion (P<0.001), length
of surgery (P<0.001), and amount of blood loss (P<0.001).

Univariate Logistic Regression

The univariate results for the potential risk factors of IAPI in-
cidence in patients undergoing neurosurgery are summarized
in Table 2. We noted that being underweight (OR 3.365, 95%
confidence interval [CI] 1.491-7.595, P=0.004) or overweight
(OR 3.485, 95% Cl 1.980-6.135, P<0.001), a current smok-
er (OR: 2.400; 95% Cl 1.137-5.067, P=0.022), prone position-
ing (OR 6.724, 95% Cl 2.895-15.613, P<0.001), lateral posi-
tioning (OR 17.777, 95% Cl 8.697-36.340, P<0.001), use of a
head frame (OR 13.000, 95% Cl 7.232-23.369, P<0.001), com-
position of blood transfusion (OR 2.510, 95% Cl 1.349-4.673,
P=0.004), autologous blood transfusion (OR 3.331, 95% CI
1.717-6.465, P<0.001), surgical time of 4 to 8 h (OR 5.090,
95% Cl 1.787-14.494, P=0.002), surgical time >8 h (OR 26.932,
95% Cl 8.453-85.805, P<0.001), treatment for neurovascular
disease (OR 4.335, 95% Cl 1.546-12.348, P=0.005), blood loss
of 500 to 1000 mL (OR 2.603, 95% Cl 1.466-4.621, P=0.001),
and blood loss >1000 mL (OR 5.364, 95% Cl 2.497-11.524,
P<0.001) were associated with an increased risk of IAPI in pa-
tients undergoing neurosurgery. Conversely, being male (OR
0.553, 95% Cl 0.331-0.925, P=0.024) and the use of a memo-
ry sponge pad (OR 0.203, 95% Cl 0.089-0.461, P<0.001) were
associated with a reduced risk of IAPI in patients undergoing
neurosurgery. However, age, hypertension, diabetes, history
of surgery, physical activity, hemoglobin level, serum albumin
level, use of a general sponge mat, use of vasoactive agents,
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and ASA score were not associated with the risk of IAPI in pa-
tients undergoing neurosurgery (P>0.05).

Multivariate Logistic Regression

The results of multivariate logistic regression for potential
risk factors for IAPI incidence in patients undergoing neuro-
surgery are summarized in Table 3. The identified indepen-
dent risk factors for IAPI in patients undergoing neurosurgery
included: being overweight (OR 2.685, 95% Cl 1.206-5.975,
P=0.016), prone positioning (OR 7.502, 95% Cl 2.470-22.787,
P<0.001), lateral positioning (OR 15.301, 95% Cl 4.903-47.753,
P<0.001), use of a head frame (OR 3.716, 95% Cl 1.431-9.653,
P=0.007), surgery length of 4 to 8 h (OR 7.276, 95% Cl 2.249-
23.542, P<0.001), and surgery length of >8 h (OR 173.248,
95% Cl 32.629-919.896, P<0.001). Having a high serum albu-
min level (OR 0.099, 95% Cl 0.016-0.608, P=0.013) and use of
a memory sponge pad (OR 0.064, 95% Cl 0.020-0.202, P<0.001)
were associated with a reduced risk of IAPI in patients under-
going neurosurgery.

Discussion

Systematic exploration of the risk factors for IAPI in patients
undergoing neurosurgery is important because these factors
have not yet been defined. Data from a total of 465 patients
undergoing neurosurgery with a wide range of characteristics
were retrospectively analyzed in the present study. The results
show that risk factors for IAPI in patients undergoing neuro-
surgery include being overweight, prone or lateral position-
ing, use of a head frame, and surgery duration of 4 to 8 or >8
h. Moreover, having a high serum albumin level and use of a
memory sponge pad could lower the risk of IAPI in patients
undergoing neurosurgery.

Several studies have already identified risk factors for IAPI in
patients undergoing various types of surgery [8-11]. Celik et
al recruited 151 patients undergoing elective procedures and
found that intraoperative vasopressor usage, skin turgor, and
diastolic blood pressure <60 mmHg were linked with excess
risk of pressure injuries [8]. However, these results were based
on univariate analyses, and after adjusting for potential con-
founders, the authors could not detect any significant risk fac-
tors. Luo et al conducted a retrospective study and enrolled
3834 patients undergoing spinal surgery. After adjusting for
potential confounders, they found that risk factors for IAPI in-
cluded: age »60.0 years, being underweight (BMI <18.0 kg/m?),
cumulative Braden Scale score <13.0, and prolonged preop-
erative and postoperative times [9]. Xiong et al conducted a
retrospective study of 5136 patients undergoing gastrointes-
tinal surgery. They found that preoperative skin compression,
physical activity, surgical positioning, and extra intraoperative
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Table 1. Baseline patient characteristics.

Patient status

Variable P value

Age (vears) 52.00 (44.00, 60.00) 52.00 (44.00, 60.00) 54.00 (44.00, 62.00) 0.380
"""" 1840  ss@8s) 74 (se) 14 @29)
"""" aes 324 (6968 281 (0% 43 (6230 0038
"""" s s3aie) 403 12 739
CSex
"""" Male 185 (979 149 G7e) 36 (210
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 0.001

Female 280 (60.22) 247 (62.37) 33 (47.83)
Cemikgm) 2170 (2000,2390) 2160 (20.10,2360) 2300 (1940,2540) 0059
"""" ass  39.@% 22032 10 @)
"""" 180230 312 (740 283 (7149 29 @203 <0001
"""" 230 114 450 84 @u2) 30 (4348

No 425 (91.40) 367 (92.68) 58 (84.06)
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" <0.001
Yes 40 (8.60) 29 (7.32) 11 (15.94)
Hypertension
No 282 (60.65) 246 (62.12) 36 (52.17)
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 0.027
Yes 183 (39.35) 150 (37.88) 33 (47.83)
Diabetes
No 441 (94.84) 377 (95.20) 64 (92.75)
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 0.230
Yes 24 (5.16) 19 (4.80) 5 (7.25)
History of surgery
No 358 (76.99) 308 (77.78) 50 (72.46)
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 0.171
Yes 107 (23.01) 88 (22.22) 19 (27.54)
Physical activity
No 436 (93.76) 371 (93.69) 65 (94.20)
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 0.817
Yes 29 (6.24) 25 (6.31) 4 (5.80)
Hemoglobin 132.00 (122.00, 143.00) 131.00 (122.00, 142.00) 141.00 (123.00, 149.00) 0.001
Low 37 (7.96) 34 (8.59) 3 (4.35)
Normal 411 (88.39) 350 (88.38) 61 (88.41) 0.015
High 17 (3.66) 12 (3.03) 5 (7.25)
Serum albumin (g/L) 43.00 (40.70, 45.20) 43.10 (40.70, 45.25) 42.90 (40.90, 45.00) 0.458
<35 11 (2.37) 7 (1.77) 4 (5.80)
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 0.010
>35 454 (97.63) 389 (98.23) 65 (94.20)
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Table 1 continued. Baseline patient characteristics.

Patient status

Variable Overall (n=465) P value
Non-IAPI (n=396) IAPI (n=69)

Intraoperative position

Supine 291 (62.58) 280 (70.71) 11 (15.94)
Prone position 67 (14.41) 53 (13.38) 14 (20.29) <0.001
Lateral position 107 (23.01) 63 (15.91) 44 (63.77)

Gel pad 247 (53.12) 197 (49.75) 50 (72.46)
"""" Generalspongemat 75 (1613) 63 (1591) 27 (17.39) <0001
"""" Memoryspongepad 143 (3075 136 (3434 7 (1014)
Headfame [N 0000009090900 B 000
"""" N 390 (8387 360 (091) 30 (4348)
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— <0.001

Yes 75 (16.13) 36 (9.09) 39 (56.52)
Blood transfusion
"""" N 232 (4989) 212 (5354) 20 (899
"""" Composition of the blood 141 (30.32) 114 (879 27 (39.13)  <0.001
"""" Autologousblood 92 (1978 70 (1768) 22 (3188)
Useofvasoactiveazent [ 000000000 B 000
"""" N 275 (5914 233 (5884) 42 (087)
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.654

Yes 190 (40.86) 163 (41.16) 27 (39.13)
asAscore N 09090099 N 0
"""" > 110 2366) 99 (25000 11 (594
"""" s 3 (7441 290 (5323 56 (8116  0.054
"""" s+ eqe 7 Qam 2@
B e 475 (383,642 450 (375588 708 (550,883 ©001
"""" w4 122 @624 118 (980 4 (8
"""" 48 299 (6430) 255 (6439) 44 (6377)  <0.001
"""" 8 a4 (46 23 (58) 21 (3043
sugeywpe (RN 000000909090 N 0
"""" Oncological 377 (8L08) 312 (879 65 (94200
"""" Newovascular | 88 (1892 s @uon | 4eso %
Boodless@mt W 400.00 (200.00,600.00) 350.00 (200.00,500.00) 500.00 (400.00,800.00)  <0.001
"""" @00 285 (6129) 259 (65.40) 26 (7.68)
"""" s00-1000 140 (3041 111 (2803 29 (4203 <0001
"""" »1000 40 860 26 657 14 029

ASA — American Society of Anesthesiologists; BMI — body mass index; IAPI — intraoperative acquired pressure injury.
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Table 2. Risk factors for incidence of IAPI in univariate logistic regression analysis.

Variable § OR (95% Cl) P value

>1000 vs <500 1.68 5.364 (2.497-11.524) <0.001

ASA — American Society of Anesthesiologists; Cl — confidence interval; IAPI — intraoperative acquired pressure injury; OR — odds ratio.
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Table 3. Risk factors for incidence of IAPI in multivariate logistic regression analysis.

Variable B OR (95% CI) P value
BMI (kg/m?)
"""" A85vs180230 002 1024 (0337-3.107 0967
"""" >230vs180230 099 2685 (12065975 0016
Serumalbumin (335vs <35) 231 0099 (0016-0.608) 0013
Cintraoperative positon
 Prone position vs supine 200 7502 (2470-22787) 0001
lateral position vs supine 273 15301 (4903-47.753) 0001
CPositonpad
"""" General sponge matvsgelpad 013 1135 (03973239 0813
"""" Memory sponge pad vs gelpad 275 0064 (00200202 <0001
" Head frame (yesvsno) 131 3716 (1431-9.653) 0007
Csurgicaltime (h)
"""" 48vs14 198 7276 (224923542 <0001
"""" sevs14 515 173248 (32629-919.89) <0001

BMI — body mass index; Cl — confidence interval; IAPI — intraoperative acquired pressure injury; OR — odds ratio.

pressure were independent risk factors for IAPI [10]. A retro-
spective study conducted by Chen et al of 803 patients under-
going major hepatobiliary surgery found that pancreaticodu-
odenectomy, open surgery, surgery length, and intraoperative
hypotensive episodes were associated with an increased risk
of IAPI[11]. No previous studies have investigated risk factors
for IAPI in patients undergoing neurosurgery. Therefore, we
conducted a retrospective study to explore potential indepen-
dent risk factors for IAPI in patients undergoing neurosurgery.

The present study showed that risk factors for IAPI associated
with neurosurgery included being overweight, prone or later-
al positioning, use of a head frame, and surgery length of 4 to
8 h and >8 h. The potential reasons are as follows. The influ-
ence of BMI on the risk of IAPI may be U-shaped because the
exposure to internal soft tissue loads under bony prominenc-
es was increased in patients with high or low BMI [17,18]. The
main pressure points for patients in the supine position were
the shoulder, sacral tail, and heel; for patients in the prone
position, they were the 2 shoulder peaks on the side, both
sides of the rib cage, iliac spine, and knees; and for patients
in the lateral position, they were the temporal head, shoulder,
axillary, iliac spine, interior and exterior of the knee, and ar-
eas such as the external ankle. The stress point areas for pa-
tients in the prone and lateral positions were small while the
pressure was great, which was associated with an increased
risk of IAPI[19]. The intraoperative position could be restrict-
ed by using a head frame, which can increase the risk of IAPI.
Hypoperfusion or ischemia of locally compressed tissues last-
ed longer in patients whose surgeries were longer. Moreover,

the epidermal temperature at the compression site was low-
er in patients who had longer surgeries, which was associat-
ed with an increased risk of pressure injuries [20].

The present study also showed that high serum albumin levels
and use of a memory sponge pad could protect against IAPI
in patients undergoing neurosurgery. Albumin levels are con-
sidered an important indicator of nutritional status and mal-
nutrition is significantly associated with risk of pressure inju-
ries [21,22]. Moreover, sponge mats used during surgery are
light and soft, but can be easily deformed, which can result in
uneven force. Gel pads have good elasticity and they are soft
and can relieve pressure, but they can be heavy and have poor
air permeability. Memory sponge pads have a slow rebound
and are soft, comfortable, and skin-friendly. Their use, there-
fore, was associated with a reduced risk of IAPI, and it should
be recommended in clinical practice.

Several limitations of the present study should be acknow!-
edged. First, it was retrospective and the results could be af-
fected by selection and recall biases. Second, the severity of
IAPI was not assessed because the number of patients with
stage Il IAPI (6 of 465) was smaller than expected and the pow-
er was insufficient to detect potentially significant associations.
Third, the specific areas of injury were not addressed and they
should be explored in a future study. Fourth, intraoperative
variables may modify the risk of IAPI and further studies are
needed to assess their potential role. Finally, analyses strati-
fied according to patient characteristics were not conducted
because our analysis was based on comprehensive risk profiles.
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Conclusions

In conclusion, the present study found that being overweight,
use of prone or lateral positioning, use of a head frame, and
longer surgery increased the risk of IAPI in patients under-
going neurosurgery. High serum albumin levels and use of
a memory sponge pad were found to protect against IAPI.
Prospective studies should be conducted to verify the find-
ings from our study.
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