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The Effect of Inadvertent Perioperative Hypothermia
on Surgical-Site Infection in Bariatric Surgery Patients

Pinar Yilmaz Eker, PhD and Ezgi Yildiz, PhD, MSc

Background and Objective: There are differing results as to whether inadvertent perioperative hypothermia
(IPH) is associated with the risk of surgical-site infection (SSI). This study was carried out to determine the
effect of IPH developing in bariatric surgery patients on SSI.
Materials and Methods: The study is a descriptive/cross-sectional/prospective study. The study group consisted
of 102 patients who underwent bariatric surgery. The body temperatures of the patients were measured tym-
panically and recorded in the perioperative period and patients were followed up for SSI postoperative and 30
days after discharge.
Findings: In this study, it was found that all patients aged 31–40 years developed IPH and SSI. All patients with
chronic disease developed IPH, and the presence of chronic disease affected the development of SSI at a rate of
88.9%. IPH developed in all patients with a body mass index >45 kg/m2, and the rate of SSI development was 76.9%
in these patients. A statistically significant difference was found between IPH and SSI in patients ( p = 0.001).
Conclusion: It was found that IPH after bariatric surgery affected the development of SSI. The results confirm the
relevance of intraoperative and postoperative hypothermia as an independent risk factor for SSI.
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Introduction

Surgical-site infection (SSI) is defined by the Ameri-
can Centers for Disease Control and Prevention as in-

fections that can develop at the surgical site within 30 or 90
days following surgery. SSI is a common complication that
can affect patients undergoing anesthetic-surgical proce-
dures, especially resulting in increased morbidity, mortality
rate, and health care costs.1 Despite the increased awareness
of infection control practices, SSI continues to be among the
most common postoperative complications.2 Hypothermia
may impair immune function and trigger subcutaneous
vasoconstriction and the subsequent tissue hypoxia impairing
neutrophil function, thereby increasing the risk of developing
SSI. Hypothermia also increases the risk of SSI by impairing
granulocyte activation.3,4 The Institute for Health care Im-
provement and the Implementation Guideline for SSI have
recognized inadvertent perioperative hypothermia (IPH) as a
risk factor for SSI.5–8

IPH is a decrease in body temperature below 36�C between
1 h before anesthesia and the first 24 h after anesthesia.9 Some
studies show that 50–90% of patients experience IPH.10–12

Given the high incidence and potential preventability of SSI,
studies have generally focused on perioperative risk factors
that contribute to the risk of SSI. However, the link between
IPH and the risk of SSI remains controversial. Kurz et al13

reported that a 2�C decrease in a patient’s normal body
temperature could increase the incidence of SSI threefold. In
addition, Geiger et al14 showed that low intraoperative tem-
peratures are associated with lower rates of SSI. On the
contrary, Baucom et al15 and Bu et al16 found no correlation
between IPH and SSI. These conflicting results raise the
question of whether IPH is associated with the risk of SSI in
surgical patients.

As with any surgical procedure, SSI is a potentially dev-
astating complication. The severity of SSI can range from a
relatively mild surface incisional infection to a severe in-
fection, such as an intra-abdominal abscess involving a deep
organ cavity.17 According to Topaloglu et al,18 while bar-
iatric surgery alone does not carry the risk of infection, an-
other study19 in the literature showed that the incidence of
SSI is higher in obese patients than in nonobese patients.
These findings suggest that bariatric surgical procedures
performed in obese patients are associated with higher rates
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of SSI.15 The incidence of SSI after bariatric surgery ranges
from 1% to 21.7%, depending on the surgical intervention
(laparoscopy or laparotomy).20

Studies have determined that perioperative normothermia
should be maintained to prevent SSI in surgical patients who
received anesthesia for at least 60 min.21 In addition, the
Surgical Care Improvement Project stated that ensuring
normothermia within the first 15 min after the patient leaves
the operating room is critical in preventing SSI.22,23 Despite
safe and inexpensive methods being designed to maintain
normothermia, IPH is still common.12 Besides, there is no
study in the literature showing the relationship between IPH
and SSI in bariatric surgery patients. Therefore, this study
was carried out to determine the effect of IPH developing in
bariatric surgery patients on SSI.

Materials and Methods

Desing and sample

This research is a descriptive/cross-sectional/prospective
study. The study group of this research consisted of patients
who underwent bariatric surgery due to morbid obesity in
Sivas Cumhuriyet University Health Services Practice and
Research Hospital General Surgery Service. This study was
conducted from August 10, 2021, to June 10, 2022. During
the implementation period of this study, a bariatric surgical
procedure was applied to a total of 112 patients. The study
was completed with 102 patients who met the inclusion cri-
teria and volunteered to participate in the study.

Inclusion criteria

Participants who underwent one type of surgical procedure
(sleeve gastrectomy) so that the operative time was similar.

Participants who underwent a surgical procedure under
general anesthesia.

ASA score of II and below.
No premedication.
Prophylaxis.
Older than 18 years.
Participants who speak and understand Turkish.

Exclusion criteria

Participants who underwent minigastric bypass surgery.
Participants who did not undergo general anesthesia.
ASA score of III and above.
Administering premedication.
No prophylaxis.
Younger than 18 years.
Participants who do not speak Turkish.

Data collection

The body temperatures of the patients were tympanically
measured and recorded three times at 60-min intervals in the
preoperative period, five times at 15-min intervals during
the operation, and at 15-min intervals in the first hour of the
postoperative period, at 30-min intervals in the second 1 h,
and every hour for the next 8 h. The same thermometer was
used throughout the application and attention was paid to its
calibration. The incision area was observed in the patients,

and the wound classification was made taking into account
the surgeon’s operation note. Except for the routine proce-
dures in the hospital, no application was made to the patients
by the researchers. After discharge, the patients were called at
least once a week for 30 days and questioned whether there
was any sign of infection (discharge, swelling, redness, pain)
in the surgical site.

During these 30 days, patients were encouraged to come
to the outpatient clinic every 15 days and the wound site was
examined by the researchers. The patients with SSI at these
outpatient controls were recorded, and the type of SSI was
determined according to the condition of the wound. Pa-
tients who were thought to have developed SSI were re-
ferred to the surgeon and SSI treatment was started for these
patients.

A single data collection tool, a patient information form
developed by the researchers, was used in the study.

Patient information form. This form, developed by the
researchers in line with the literature,7,12,21 consists of three
parts. The first part consists of six questions on the patient’s
age, gender, weight, height and body mass index (BMI), and
the presence of any chronic disease. The second part contains
information about the patient’s body temperature follow-up
chart (preoperative, intraoperative, and postoperative), whe-
ther the patient has developed hypothermia, and, if so, the
type of hypothermia. The third part includes questions about
wound classification according to the contamination status,
whether SSI has developed in the patients, and, if so, its type
and characteristics.

Surgical technique

The operations were performed under general anesthesia
(Thiopental, IV, 5 mg · kg). All patients had an ASA score of
II. No patient received premedication. Before the incision,
antibiotics containing 1 g of cefazolin were given to all pa-
tients for prophylactic purposes. Hair removal was not per-
formed on any of the patients and iodopovidone antiseptic
was used in skin preparation. None of the patients was
warmed during the perioperative period, as there was no
device in the institution to warm the patients. The surgical
area was prepared with iodopovidone and covered in a sterile
manner. All patients underwent laparoscopic sleeve gas-
trectomy. All surgical procedures were completed within
30–60 min. All bariatric surgeries were performed by an
expert surgeon who was an associate professor.

Statistical analysis

SPSS (Statistical Package for Social Science) version 22.0
software package was used for data analysis. Descriptive
statistics were used in the analysis of the data obtained from
the patient information form, such as ‘‘age, gender, body
mass index, presence of chronic disease, IPH development
status, SSI development status’’ of the participating patients,
and the number and percentage distribution were determined.
In addition, the chi-square test was used in 2 · 2 and multi-
way designs to determine the relationship between IPH and
SSI in demographic data, and the significance level was ac-
cepted as 0.05.
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Ethics committee approval

Before the data collection, approval from the Ethics
Committee of the Sivas Cumhuriyet University, where the
study was conducted (Decision No.: 2021-08/19), and written
permission were obtained from the institutions where the
research was conducted. After individuals were informed
according to the informed consent principle, their verbal and
written informed consent was obtained.

Results

Table 1 presents the demographic data of bariatric surgery
patients. Of the patients, 43.1% were between the ages of 18
and 30, 62.7% were female, 52.9% had a chronic disease and
70.6% had a BMI of >45.00. The mean BMI was 47.37 – 4.42.

The numbers of hypothermic and normothermic patients in
the perioperative period are given in Table 2. As seen in the
table, all patients were normothermic in the preoperative period.
They all went into hypothermia intraoperative period. In the
postoperative period, 94.1% of the patients were hypothermic.

Table 3 shows the distribution of IPH and SSI development
status by individual characteristics. As seen in Table 3, the
development of IPH and SSI differed statistically significantly
by age, presence of chronic disease, and BMI ( p < 0.05).

Table 4 shows the SSI status of patients with and without
IPH. The development of SSI was found to be 81.3% in
individuals with IPH, and the relationship between IPH and
SSI was statistically significant (p = 0.001).

In the preoperative period, the first, second, and third tem-
perature measurements were 36.22 – 0.24, 36.36 – 0.20, and
36.38 – 0.25, respectively. In the intraoperative period, the
first, second, third, fourth, and fifth measurements were
35.31 – 0.21, 35.12 – 0.12, 35.03 – 0.05, 35.01 – 0.11, and
35.14 – 0.20, respectively. Postoperative temperature mea-
surements were as follows: minute 0 (35.12 – 0.55), minute 15
(35.36 – 0.36), minute 30 (35.63 – 0.37), minute 45 (35.99 –
0.36), minute 60 (36.26 – 23.55), minute 90 (36.36) – 0.22),
minute 120 (36.51 – 0.21), minute 180 (36.35 – 0.20), minute
240 (36.42 – 0.25), minute 300 (36.41 – 0.28), minute 360
(36.37 – 0.21), minute 480 (36.36 – 0.27), minute 600 (36.40 –
0.24), hour 16 (36.36 – 0.28), hour 20 (36.34 – 0.32), and hour
24 (36.39 – 0.29).

According to the surgical notes in the postoperative period,
the wound class of the patients was clean-contaminated. In
the 30-day follow-up of the patients, superficial incisi-
onal infection was detected in all of the patients who devel-
oped SSI.

Limitations of the study

This study is limited only because of the varying body
temperatures of the patients in the postoperative period.
Obtained data reveal the effects of postoperative hypother-
mia duration on SSI. The absence of hypothermia in the
preoperative period in the patients included in the study and
the development of hypothermia in each patient in the in-
traoperative period limit the comparisons in the study.

Discussion

All surgical wounds get contaminated. It is largely the
adequacy of host defense that determines whether inevitable
contamination progresses to clinical infection. Morbidly
obese patients are at high risk for complications related to
wound infection and healing. IPH can also trigger this risk.
Therefore, this study aimed to determine the effect of IPH
development on SSI in bariatric surgery patients.

Consistent with many risk factors, wound infections and
infection-related complications are common in obese indi-
viduals.24 Despite recent advances in surgical techniques for
abdominal surgery, SSI is still one of the most common
complications, and prevention of IPH is recommended to
reduce this type of infection.25 To the best of our knowledge,
there is no study in the literature evaluating IPH in the same
way as our study. Our findings revealed a statistically sig-
nificant difference between the development of IPH and SSI
in bariatric patients.

Preoperative body temperature below 36�C is a risk factor
for IPH.26–28 Based on accumulated evidence to date,28,29

maintaining the patient’s normal body temperature during the
perioperative period is considered a preventive measure
against SSI.30,31 In this research, preoperative hypothermia
cannot be modeled for the overall study, as the preoperative
body temperature of the patients was above 36�C. Since none
of the patients was warmed up during the intraoperative pe-
riod, they all went into hypothermia. It can be said that the
IPH status in the postoperative period was selective in this
study.

A study showed no association between perioperative
hypothermia and 30-day SSI in patients who underwent
ventral hernia repair.15 Another study using continuous in-
traoperative temperature measurements to examine 1008
colorectal surgery patients also found no association between
IPH and SSI.32 On the contrary, another study examining the

Table 1. Demographic Characteristics of Patients

Descriptives n (%)

Age
18–30 44 (43.1)
31–40 40 (39.2)
41 years and older 18 (17.7)

Gender
Female 64 (62.7)
Male 38 (37.3)

Having a chronic illness
Yes 54 (52.9)
No 48 (47.1)

BMI (kg/m2)
40.00–44.99 30 (29.4)
>45.00 72 (70.6)

BMI, body mass index.

Table 2. Number of Hypothermic

and Normothermic Patients During

the Perioperative Period

Body
temperature

Preoperative
period

Intraoperative
period

Postoperative
period

n (%) n (%) n (%)

<36�C 0 102 (100) 96 (94.1)
‡36�C 102 (100) 0 6 (5.9)
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development of SSI after colorectal surgery found a rela-
tionship between IPH and SSI.14 A study investigating the
relationship between IPH and SSI after elective abdominal
surgery found no statistically significant relationship.33 In a
study examining the outcomes of the plastic surgery popu-
lation, it was shown that IPH was not associated with wound
complications.12 These studies in different procedures have
shown that the relationship between IPH and SSI may differ
in clinical significance.

In this study, the effect of IPH on SSI in bariatric surgery
patients makes this study important in terms of adding new
information to the literature. Because even the fact that bar-
iatric surgery patients are morbidly obese is considered a
condition that should be examined alone.

The type of anesthesia affects the development of IPH and
SSI. Spinal anesthesia may be an independent protective
factor for SSI. There is no study in the literature comparing

and discussing this finding. As the thermoregulatory distur-
bance caused by each type of anesthesia is different, com-
bined anesthesia (general anesthesia+epidural anesthesia)
increases the risk of hypothermia in patients.34 Since general
anesthesia was administered intravenously to all participating
patients, this study does not explain the relationship of an-
esthesia type with IPH and SSI alone.

One study found that the risk of developing IPH increases
with age.35 A previous study investigating the risk factors for
hypothermia concluded that being older than 70 years poses a
risk for developing IPH.36 Recent studies also support this
finding.37,38 However, in our study, the risk of developing
IPH increased in individuals between the ages of 31 and 40.
This finding reveals that, contrary to the literature, young
individuals are also at risk for IPH. Considering that the pa-
tients in this study were morbidly obese, it can be thought that
BMI has a greater effect on IPH than age. No study has been
found showing that IPH development is high in this age
group. It is thought that this situation should be supported by
the results of more studies. The fact that this finding, which is
also supported by recent studies, brings different up-to-date
information to the literature reveals the importance of the
study.

A recent large-sample study examining the development
of SSI in patients after bariatric surgery determined that the
group of patients who developed SSI the most was between
the ages of 40 and 49, and the group of patients who devel-
oped SSI the least was between the ages of 18 and 29.39 The
same study determined that advanced age is protective
against SSI.39 In this study, we also found that those who
developed IPH between the ages of 31 and 40 developed SSI

Table 3. Inadvertent Perioperative Hypothermia and Surgical-Site Infection Development Status

According to the Demographic Data of the Patients

Descriptives

IPH SSI

Development No development Development No development
n (%) n (%) n (%) n (%)

Age
18–30 (n = 44) 38 (86.4) 6 (13.6) 22 (50.0) 22 (50.0)
31–40 (n = 40) 40 (100.0) 0 40 (100.0) 0
41 years and older (n = 18) 18 (100.0) 0 16 (80.0) 2 (20.0)
Total (n = 102) 96 (94.1) 6 (5.9) 78 (76.5) 24 (23.5)

Test w2 = 8.403 p = 0.038* w2 = 31.973 p = 0.001**
Gender

Female (n = 64) 62 (96.9) 2 (3.1) 52 (81.3) 12 (18.7)
Male (n = 38) 34 (89.5) 4 (10.5) 26 (68.4) 12 (31.6)
Total (n = 102) 96 (94.1) 6 (5.9) 78 (76.5) 24 (23.5)

Test w2 = 2.359 p = 0.125 w2 = 2.181 p = 0.140
Having a chronic illness

Yes (n = 54) 54 (100) 0 48 (88.9) 6 (11.1)
No (n = 48) 42 (87.5) 6 (12.5) 30 (62.5) 18 (37.5)
Total (n = 102) 96 (94.1) 6 (5.9) 78 (76.5) 24 (23.5)

Test w2 = 7.172 p = 0.007* w2 = 9.835 p = 0.002*
BMI

40.00–44.99 (n = 30) 24 (25.0) 6 (75.0) 18 (60.0) 12 (40.0)
>45.00 (n = 72) 72 (100.0) 0 60 (83.3) 12 (16.7)
Total (n = 102) 96 (94.1) 6 (5.9) 78 (76.5) 24 (23.5)

Test w2 = 15.300 p = 0.001** v2 = 6.408 p = 0.011*

*p < 0.05, **p = 0.001
IPH, inadvertent perioperative hypothermia; SSI, surgical-site infection.

Table 4. Surgical-Site Infection Status

in Patients With and Without Inadvertent

Perioperative Hypothermia

SSI

Development No development

Participants with IPH 78 (81.3) 18 (18.8)
Participants without IPH 0 6 (100.0)
Total (n = 102) 78 (76.5) 24 (23.5)
Test w2 = 20.719 p = 0.001**

**p = 0.001.
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more, and the incidence of SSI decreased over the age of 40.
Since it has been reported in previous studies that the risk of
SSI increases with age, it is crucial and necessary to support
the current results of studies conducted in recent years with
more studies.

Humans generate heat based on body muscle mass and
dissipate heat over the surface area. In women, body surface
area is larger than body mass, and subcutaneous fat content is
higher. Therefore, their response to thermoregulation is dif-
ferent from that of men.40 Studies have determined that the
incidence of IPH is higher in women.38,41 In this study, al-
though there was no statistical difference, the development of
IPH and SSI was found to be higher in women than in men.
This finding supports the existing literature. In this case, it
can be thought that excess subcutaneous adipose tissue will
pose a risk for SSI. Studies inadequate in explaining why
women are at higher risk than men also emphasize the need
for more evidence in this area.39

In this study, all patients with chronic disease developed
IPH. The presence of chronic disease also affected the de-
velopment of SSI. A study examining the effect of IPH on SSI
found that patients with type 2 diabetes and hypertension
showed no statistically significant difference in the devel-
opment of IPH, and this did not affect the development of
SSI.33 In another study examining postbariatric SSI, the de-
velopment of SSI was found to be statistically significantly
higher in people with chronic diseases such as type 2 dia-
betes, hypertension, chronic obstructive pulmonary disease,
and hyperlipidemia.39 Accordingly, the results of our study
can be interpreted as the presence of chronic disease in bar-
iatric surgery patients increases IPH and therefore IPH con-
tributes to the development of SSI.

A study examining the development of SSI in patients who
underwent gastrointestinal surgery found that the risk of
developing SSI increased as the BMI increased.42 In their
study in which they followed up on SSI in bariatric patients,
Ferraz et al found that those with a BMI of 40–49.9 kg/m2

were the riskiest group for SSI.43 Due to obesity, bariatric
surgery patients have an increased risk of SSI.44–46 The in-
cidence of SSI in bariatric surgery varies between 1.4% and
30%, depending on the bariatric procedure and tech-
nique.47–51 Bariatric surgery can be performed with an open
or laparoscopic approach.

Also, in our study, IPH and SSI developed statistically
significantly in patients with BMI >45 kg/m2 compared with
patients with BMI between 40 and 44.9 kg/m2. This finding
suggests that an increase in BMI always triggers IPH and the
development of IPH causes SSI, as all 72 patients with BMI
>45 kg/m2 in the study developed IPH, and of those patients,
83.3% (n = 60) developed SSI.

Conclusion

Bariatric surgery carries a low risk of SSI when performed
laparoscopically, but our findings suggest that postbariatric
surgery IPH affects the development of SSI. These results
confirmed the relevance of IPH as an independent risk factor
for SSI. Maintaining patient normothermia during surgery
still poses a challenge for health care professionals, as it re-
quires the use of technologies as well as collaboration be-
tween surgeons, anesthesiologists, and nurses. In this context,
nurses should focus on identifying factors associated with

IPH, implementing interventions to prevent this condition,
and educating health care professionals on how to maintain
patients’ normothermia. The nurse’s knowledge and skills
can help reduce the number of IPH cases, which will be a
momentous step toward preventing SSI.

Continuing education, training, competence development,
and institutional support to implement current hypothermia
management guidelines are essential aspects of nurses’ roles.
Providing the necessary materials to ensure normothermia in
hospitals will be a great start in preventing the development
of SSI.
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