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Background: Perioperative patients are potentially at risk for pressure injuries due to anes-
thetic agents and surgical positioning. Pressure injury increases discomfort and pain in pa-
tients and causes complications, which lead to an increase in mortality and hospitalization
duration. Most previous studies did not focus on specific types of surgery or surgical posi-
tioning. We tried to identify the incidence of perioperative pressure injury during spinal sur-
gery and perioperative risk factors that contribute to pressure injury.

Methods: We retrospectively analyzed electronic medical records of 663 patients who un-
derwent spinal surgery between March 2016 and May 2018. The primary outcome was oc-
currence of pressure injury. Potential risk factors of pressure injury were selected based on
previous studies and expert opinion, and divided into two sub-categories: preoperative and
intraoperative risk factors. We compared the clinical characteristics of patients in the pres-
sure injury and non-injury groups. Perioperative risk factors for pressure injury were analyzed
by logistic regression.

Results: Among 663 patients, the incidence of all stages of pressure injury was 5.9%. The
face and inguinal regions were the most injured sites (both 28.6%). The pressure injury
group showed a 13% longer hospitalization period. Preoperative plasma concentration of
protein was associated with 0.5-fold lower pressure injury (OR: 0.50; 95% CI: 0.27 to 0.95;
P =0.034).

Conclusions: The incidence of pressure injury was similar to that previously reported and
occurred in the direct weight-bearing areas, which led to longer hospitalization. We found
that a lower preoperative serum protein level is significantly associated with intraoperative
pressure injury occurrence during spinal surgery.
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INTRODUCTION bony prominences. The severity of pressure injury varies
from erythema to tissue destruction. The National Pressure
Pressure injury, also called pressure ulcer or pressure Injury Advisory Panel (NPUAP) defines a 4-stage classifica-
sore, is defined as localized cellular necrosis caused by tion system as follows: Stage 1, non-blanchable erythema
constant compression between external materials and of intact skin; Stage 2, partial-thickness skin loss involving
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epidermis or dermis, such as abrasion, blister, or shallow
crater; Stage 3, full-thickness skin loss involving damage or
necrosis of subcutaneous tissue; and Stage 4, full-thickness
skin loss with extensive destruction, tissue necrosis, and
damage to muscle, bone, and supporting structures [1].

Perioperative patients are at risk of developing pressure
injuries since anesthetic agents interrupt normal relaxation
and contraction of blood vessels and reduce perfusion at
the site of the bony prominence. The patient’s surgical po-
sition is another factor that increases incidence of pressure
injury, as anatomical structures such as nerves, muscles,
and tendons are extended or compressed for a long period,
which interferes with capillary perfusion. The incidence
varies from 3.7% to 23.8% [2,3] in surgical patients, which
may depend on the patients’ characteristics (age, comor-
bidities, etc.), type of surgery, injury stage, and time after
surgery when the injury was discovered .

Previous literature have typically reported stage 2 pres-
sure injuries or higher as these injuries are associated with
bacterial infections, osteomyelitis, and squamous cell car-
cinoma and contribute to increased mortality [4]. However,
stage 1 pressure injury should not be overlooked as it may
lead to patient discomfort, pain, prolonged hospital stay,
and subsequent pressure ulcer development [5,6]. Al-
though surgical factors, such as type of procedure and po-
sitioning, are important factors associated with pressure
injury, most previous studies did not focus on a specific
type of surgery or surgical position. In our clinical experi-
ence, pressure injuries more frequently occurred in pa-
tients undergoing spinal surgery than in patients undergo-
ing other surgeries. Spinal surgeries are mostly performed
in a prone position, and many of them are for spinal fusion,
which usually cause a considerable amount of bleeding
and are associated with prolonged surgery duration, which
are associated with the known perioperative risk factors for
pressure injury, To date, very few studies have been con-
ducted on pressure injury in spinal surgery; additionally,
analysis of the risk factors associated with pressure injury
have shown inconclusive results.

Moreover, previous studies have mostly included the in-
jury found immediately after surgery as well as the injuries
that were discovered during the postoperative period of 24
h to several months. To minimize the postoperative effect
and analyze only the intraoperative factors, it is necessary
to limit the study to injuries found immediately after sur-
gery.

The relatively high incidence of pressure injury reported
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so far indicates that risk assessment and the use of protec-
tive measures should be improved [7]. Additionally, the lit-
erature shows that approximately 95% of all pressure inju-
ries in perioperative patients can be prevented with early
risk assessment and appropriate interventions [8]. There-
fore, it is important to particularly target reversible factors
through prior risk assessment for the patient group with a
high risk of pressure injury. This study aimed to identify
the incidence of perioperative pressure injury during spi-
nal surgery and explore the perioperative risk factors that

may potentially contribute to pressure injury.

MATERIALS AND METHODS

This study analyzed the data of 692 patients who under-
went spinal surgery from March 2016 to May 2018 at a sin-
gle university teaching hospital. Ethical approval from the
Institutional Review Board (IRB no. 2019-08-004) was re-
ceived. Data were retrospectively analyzed from the data-
base of the institution's electronic medical records (EMR).

There were 20 duplicate cases in the initial data prepara-
tion stage, which were duplicated due to reoperation two
(18 patients) and three times (1 patient) in the same pa-
tient, and repeat surgery by the same person may intro-
duce a bias against the risk of pressure injury. In all cases,
only the first spinal surgery was included in the analysis.

Patients aged 18 years and older, of both sexes, undergo-
ing elective or emergency spinal surgeries were included in
the study. We excluded 9 cases of cervical spine operation,
supine/lateral position, simple short procedures such as
‘wound debridement’ or ‘incision & drain’ Ultimately, 663
patients were included in the study (Fig. 1).

Outcome and risk factor evaluation

The primary outcome was the occurrence of pressure in-
jury. Attending anesthesiologists, surgeons, and scrub
nurses examined the patient’s whole body before and after
the surgery. The injury site, size, and characteristics of the
pressure injury were obtained from the description in the
EMR. We categorized the pressure injuries into 4 stages ac-
cording to the NPUAP classification system [1].

Potential risk factors for pressure injury were selected
based on previous studies and expert opinions. The au-
thors first considered the common and known risk factors,
obtained from previous studies of risk assessment for pres-

sure injury [2,3,9-11]. These commonly known risk factors
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Fig. 1. CONSORT flow diagram of study. CONSORT: consolidated standards of reporting trials.

can classified into three categories: preoperative, intraop-
erative, and postoperative factors. We focused on the pre-
operative and intraoperative factors that might be mediat-
ed by an anesthesiologist to prevent pressure injury.

We explored the following characteristics as preoperative
risk factors for pressure injury: demographic data (age, sex,
body mass index), current status regarding smoking/alco-
hol consumption, history or presence of various comorbid-
ities (cardiovascular, respiratory, renal, hepatic, diabetes,
malignancy, and neurologic disease), preoperative labora-
tory test results (hemoglobin, hematocrit, protein, albu-
min, glucose, blood urea nitrogen, creatinine, sodium, po-
tassium, etc.), and American Society of Anesthesiologists
classification.

Additionally, intraoperative risk factors consisted of an-
esthesia duration, total amount of intraoperative fluid ad-
ministration, total amount of all intraoperative blood prod-
uct transfusion, total amount of intraoperative bleeding,
average body temperature during surgery, and the total
dose of vasopressor agent administered. These risk factors
were selected based on consensus among experts and sur-
geons on the likelihood of these factors affecting the devel-

opment of a pressure injury [10].

110

Statistical analysis

All statistical analyses were performed using R software
(version 3.6.1, R Foundation for Statistical Computing,
Austria; https://www.R-project.org/). We compared the
clinical characteristics between the pressure injury group
and the non-injury group using a Student’s ¢-test or Mann-
Whitney U test for continuous variables based on the re-
sults of a Shapiro-Wilk normality test, and we used a Fish-
er’s exact test or chi-square test for categorical or propor-
tional variables.

A multivariable logistic regression analysis based on a
binomial generalized linear model was performed to iden-
tify the risk factors associated with perioperative pressure
injury. We explored the relationship between each variable
and the pressure injury through a univariate logistic regres-
sion analysis, and then performed multivariable logistic re-
gression, which consisted of variables with P < 0.1 from
the univariate logistic regression. Independent risk factors
with P < 0.05 in the multivariable analysis were considered
statistically significant. To produce the final logistic regres-
sion model, the risk factors were selected by weighting

their clinical implications and statistical values (e.g., Akaike
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Table 1. Sites and Grades of Pressure Injury Founded Right after Surgery

Injury area Stage-1 Stage-2 Stage-3 or higher Total
Face 3 11 0 14 (28.6)
Inguinal region 3 11 0 14 (28.6)
Chest 0 12 0 12 (24.5)
ASIS 1 2 0 3(6.1)
Abdomen 1 2 0 3(6.1)
Forearm 0 2 0 2(4.1)
Femur 1 0 0 1(2.0)
Total 9 (18) 40 (82) 0 49 (100)*

Values are presented as number (%). ASIS: anterior superior iliac spine. *Pressure injury occurred in 39 patients, with 2 regional injuries in 8
patients, and 3 regional injuries in 1 patient, resulting in a total of 49 regional injuries.

Information Criterion). Hosmer-Lemeshow goodness-of-
fit tests were used to assess the fitness of the logistic regres-
sion model. The optimal cut-off point of the explored risk
factor was determined by maximizing the sum of sensitivi-
ty and specificity using a receiver operating characteristic
(ROC) curve to measure association and evaluate the pre-
diction accuracy of a significant risk factor for the occur-

rence of pressure injury.

RESULTS

All results are expressed as mean * standard deviation
or median (interquartile range; 1Q, 3Q) as appropriate. The
incidence of all stages of pressure injury was 5.9% (39/663).
All patients had a relatively low stage of pressure injury;
nine patients (18%) had stage-1 and 40 patients (82%) had
stage-2 injuries, while none had a stage-3 injury or higher.
Eight patients had two different sites of injuries, and one
patient had three different sites of injuries. The face and in-
guinal regions were the most injured sites (both 28.6%).
Other sites, in order of frequency of injury occurrence, in-
cluded the following: chest (24.5%), anterior superior iliac
spine (6.1%), abdomen (6.1%), arm (4.1%), and femur
(2.1%) (Table 1).

Table 2 shows a comparison of the general characteris-
tics of patients from the pressure injury and non-pressure
injury groups. These characteristics include factors that
could potentially be considered as risk factors for pressure
injury, general physiological information of the patient,
and the characteristics related to the patient's surgical out-
come, such as total duration of hospital stay.

The pressure injury group showed a 13% longer hospital-
ization period and a 3% lower protein plasma concentra-
tion than the non-pressure injury group. There were a total

of 3 (7.7%) cases of malignancy in the pressure injury
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group, which included solid tumors in organs such as the
prostate, uterus, and lung. They also had 25% longer sur-
gery time and larger volumes of fluid and blood product
than the other group. Intraoperative bleeding was also 20%
higher than that of the non-pressure injury group (Table 2).

Table 3 presents the results of the univariate and base-
line/final multivariable logistic regression analyses for the
perioperative risk factors of pressure injury. All previously
known and clinically estimated risk factor candidates were
explored using univariate analyses. Through univariate
analysis, the following seven independent variables with a
cut-off value of P < 0.1 were included in the multivariate
analysis: preoperative plasma concentration of protein,
surgery time, total infused volume of fluids, total adminis-
tered volume of blood product, total volume of intraopera-
tive bleeding, total administered amounts of vasopressor,
and comorbidity of malignancy. The final reduced model
indicated that a preoperative plasma concentration of pro-
tein was associated with a 0.5-fold lower pressure injury
(adjusted odds ratio: 0.502; 95% confidence interval, 0.267-
0.953; P = 0.034) (Table 3).

The Hosmer-Lemeshow goodness-of-fit test showed that
the fitted values of the multivariable logistic regression
model (final reduced model) showed chi-squared =
9.3867, df = 8, and P value = 0.311 and, therefore, was a
valid model. All variables in our final reduced regression
model had a variance inflation factor value below 10,
which showed no collinearity. In the ROC analysis, the fi-
nal reduced model showed an area under the curve of
0.711 in pressure injury, with an optimal cut-off value of
5.17, and 68.6% sensitivity and 65.2% specificity.

DISCUSSION

The incidence of pressure injury in this study was approxi-

111




Anesth Pain Med Vol. 16 No.1

Table 2. Basic Characteristics of Patients with/without Pressure Injury

Variable Non-pressure injury (n = 624) Pressure injury (n = 39) P value
Demographic data
Age (yr) 65.0 (55.0, 73.5) 67.0 (55.5, 74.0) 0.741
Sex (M/F) 257/367 16/23 1
Body mass index (kg/m?) 24.0 (21.8, 26.4) 17.0 (15.0, 32.5) 0.017
Smoking 109 (17.5) 6 (15.4) 0.908
Alcohol drinking 190 (30.4) 10 (25.6) 0.649
Hospitalization period 15.0 (13.0, 20.0) 17.0 (15.0, 32.5) 0.017
Comorbidities
Diabetes mellitus 148 (23.7) 9(23.1) 1
Cardiovascular 315 (50.5) 22 (56.4) 0.580
Respiratory 22(3.5) 2(5.1) 0.938
Hepatic 31 (5.0) 3(7.7) 0.708
Renal 16 (2.6) 0(0) 0.635
Neurologic 33(5.3) 1(2.6) 0.708
Malignancy 15 (2.4) 3(7.7) 0.143
ASA class 6 (1.0) 0(0.0) 0.214
Class 1 439 (72.0) 27 (71.1)
Class 2 163 (26.7) 10 (26.3)
Class 3 2(0.3) 1(2.6)
Class 4
Preoperative test
Hemaoglobin (g/dl) 12.6 (116, 13.9) 12.4 (11.6, 13.5) 0.771
Hematocrit (%) 40.0 (36.8, 43.1) 39.1(37.1, 41.6) 0.559
WBC (10°/ul) .9 (5.8, 8.5) 3(5.9,9.7) 0.378
Platelet (10%/pl) 239.0 (200.0, 288.0) 258.5 (198.5, 295.0) 0.517
PTINR .0(0.9, 1.0 0(0.9, 1.0) 0.516
AST (IU) 25.0 (21.0, 33.0) 25.0 (21.0, 28.5) 0.754
ALT (lU) 19.0 (13.0, 28.0) 20.0 (15.5, 25.0) 0.351
Plasma concentration of protein (g/dl) .3(6.9,7.6) .1(6.8,7.3) 0.042
Plasma concentration of albumin (g/dl) .2(4.0,4.5) .1(4.0,4.4) 0.132
Glucose (mg/dl) 118.0 (101.0, 139.0) 126.0 (114.5, 147.0) 0.019
BUN (mg/dl) 15.6 (12.5, 20.3) 17.7 (13.6, 21.1) 0.209
Cr (mg/dl) .7 (0.6, 0.9) .7 (0.6, 0.9) 0.459
Na" (mEq/L) 138.0 (136.0, 139.0) 138.0 (136.5, 139.0) 0.301
K" (mEq/L) .0(3.8,4.2) 4.0(3.8, 4.3) 0.742
Cl” (mEq/L) 105.0 (103.0, 106.0) 105.0 (102.0, 106.0) 0.622
Intraoperative factors
Anesthesia time (h) .9 (3.0,5.0) .8(3.8,5.8) 0.001
Surgical operation time duration (h) .8(2.0,3.8) .5(2.8,4.5) 0.002
Total infused volume of fluids (L) .0 (1.4,2.6) .7(1.9,3.3) < 0.001
Total administered volume of blood product (L) .0 (0.0, 0.2) .1 (0.0, 0.2) 0.004
Total volume of intraoperative bleeding (L) .5(0.2,0.7) .6 (0.5, 1.0) < 0.001
Average body temperature (°C) 36.1(35.9, 36.3) 36.1(35.9, 36.3) 0.774
Total administered amounts of vasopressor (mg) 50.0 (0.0, 200.0) 75.0 (0.0, 225.0) 0.425

Values are expressed as median (1Q, 3Q), number of patients (%). ASA: American Society of Anesthesiologists, WBC: white blood cell count,
PT INR: prothrombin time international normalized ratio, AST: aspartate aminotransferase, ALT: alanine aminotransferase, BUN: blood urea
nitrogen, Cr: creatinine.
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ulin and fibrinogen exist in plasma, and the colloid oncotic
pressure (COP) is determined by the total amount of pro-
teins present in plasma. When a specific protein in the
plasma decreases, COP may also decrease, resulting in in-
terstitial edema, which is a major cause of pressure injury
[10].

Choi et al. [3] reported that the risk increased 4.5 times in
surgeries with a duration greater than 4 h, and Hicks [18]
reported twice the incidence in surgeries that lasted longer
than 4 h. In this study, the average surgery time was 3.5 h,
which may have contributed to the low association be-
tween this factor and pressure injury occurrence. Large in-
traoperative bleeding can cause both hypotension and low
hemoglobin levels, which may decrease tissue perfusion
and oxygenation. Consequently, it may increase the risk of
pressure injury. In this study as well as previous studies,
the intraoperative total amount of fluid and blood prod-
ucts, the total volume of bleeding, and the total amount of
vasopressor, showed a positive correlation with pressure
injury occurrence (Table 3) [3,11,19]. Nutritional deficits,
such as cachexia and low activity levels due to fatigue, are
usually accompanied by malignancy [20]. These factors are
highly related to the previously known risk factors of pres-
sure ulcers, and Ranzani et al. showed its correlation [21].
However, although some patients have completed chemo-
therapy and radiation therapy and are in a complete remis-
sion state, it is still difficult to explain why pressure injury
occurred in these patients.

Pressure injury can cause prolonged hospitalization.
Han et al. [22] reported that pressure injuries influenced
mortality (OR 2.18) and increased the risk of increased
hospital stay (OR 5.55), along with increased risk of read-
mission (OR 1.30) and emergency department visits after
discharge (OR 1.70). Analysis of the association between
pressure injury and medical costs requires further research
using substantial data.

There are a few limitations to this study. Since this is a
study performed with patients from a single institution
with a relatively small number of patients, differences in
surgery time, operating tables, protective equipment, and
comorbidities of patient groups may have affected the re-
sults. There may have been other potential confounders.
The area under the curve value of 0.711 may indicate that
the model used was not optimal. Therefore, our model may
not fully explain the risk factors for intraoperative pressure
injury, and it is expected that there are more potential risk

factors that we were unable to identify.

114

In conclusion, the incidence of pressure injury was con-
siderable and mainly lower-stage injuries occurred. Pres-
sure injury mainly occurred in the region directly receiving
weight load during spinal surgery. In the cases of pressure
injuries occurred within a relatively short period of time as
like as intraoperative period, preoperative risk factors such
as plsma protein level rather than intraoperative factors
may be more closely related to the pressure injury. Al-
though further follow-up studies are needed to prove this
assumption, it is believed that the patient's nutritional sta-
tus and fluid status related to colloid oncotic pressure have
a substantial influence on the incidence of pressure injury
[10,16]. Therefore, proper correction of plasma protein lev-
el before surgery is very important in preventing pressure
injuries.
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