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Abstract

Background Inadvertent perioperative hypothermia is an unintentional drop in core body temperature to less than
36 °C perioperatively and is associated with many negative outcomes such as infection, a prolonged stay in a recovery
room, and decreased patient comfort.

Objective To determine the incidence of postoperative hypothermia and to identify the associated factors with
postoperative hypothermia in patients undergoing head, neck, breast, general, urology, and vascular surgery. The
incidences of pre- and intraoperative hypothermia were examined as the intermediate outcomes.

Materials and methods A retrospective chart review was conducted in adult patients undergoing surgery at a
university hospital in a developing country for two months (October to November 2019). Temperatures below 36 °C
were defined as hypothermia. Univariate and multivariate analyses were used to identify factors associated with
postoperative hypothermia.

Results A total of 742 patients were analyzed, the incidence of postoperative hypothermia was 11.9% (95% Cl
9.7%-14.3%), and preoperative hypothermia was 0.4% (95% Cl 0.08%-1.2%). Of the 117 patients with intraoperative
core temperature monitoring, the incidence of intraoperative hypothermia was 73.5% (95% Cl 58.8-90.8%), and
hypothermia occurred most commonly after anesthesia induction. Associated factors of postoperative hypothermia
were ASA physical status Ill-IV (OR=1.78, 95%Cl 1.08-2.93, p=0.023) and preoperative hypothermia (OR=17.99,
95%Cl=1.57-206.89, p=0.020). Patients with postoperative hypothermia had a significantly longer stay in the PACU
(100 min vs. 90 min, p=0.047) and a lower temperature when discharged from PACU (36.2 °C vs. 36.5 °C, p < 0.001)
than those without hypothermia.

Conclusion This study confirms that perioperative hypothermia remains a common problem, especially in the
intraoperative and postoperative periods. High ASA physical status and preoperative hypothermia were associated
factors of postoperative hypothermia. In order to minimize the incidence of perioperative hypothermia and enhance
patient outcomes, appropriate temperature management should be emphasized in patients at high risk.
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Background

Inadvertent perioperative hypothermia is an uninten-
tional drop in core body temperature to <36 °C (96.8 °F)
in the perioperative setting, which is a common prob-
lem, particularly with general and regional anesthesia [1].
It has been implicated in negative outcomes in surgical
patients, including prolonged effects of intraoperative
anesthetic medication, increased insulin resistance, post-
operative morbidity, delayed surgical wound healing, and
prolonged stay in the recovery room and hospital [2, 3].

In the perioperative setting, heat loss can occur by
radiation, conduction, convection, and evaporation; all
of these mechanisms cause patients to have hypothermia
[4]. Many guidelines provide recommendations for avoid-
ing and managing perioperative hypothermia in surgical
patients at each stage of the surgical journey, including
the preoperative, intraoperative, and postoperative peri-
ods [2, 5-7].

Despite the fact that many active and passive warming
systems are recommended in the perioperative setting to
prevent hypothermia, such as using a preoperative warm
blanket, optimizing ambient operative theater tempera-
tures, and using various warming devices, the incidences
of hypothermia remain high, up to 70%, particularly in
the post-anesthesia care unit (PACU) [8-10]. Postopera-
tive hypothermia alters physiology and drug metabolism,
increases cardiovascular complications, shivering, nausea
and vomiting, decreases patient comfort and satisfaction,
prolongs recovery and PACU stay, and increases the cost
of surgery [3, 11-13].

The overall incidence of postoperative hypothermia
around the world ranged from 6-80% [1, 10, 12, 14—19].
Our hospital, a university-based, tertiary care hospital,
reported a high incidence of postoperative hypother-
mia in PACU up to 45.4% in a study published in 2011
[19]. The outcomes also demonstrated age, preoperative
body temperature, use of the warm blanket, abdominal
irrigation, and type of surgery as the predictive factors
of postoperative hypothermia [19]. Numerous studies
have revealed that postoperative hypothermia is associ-
ated with older age, female, emergency surgery, higher
American Society of Anesthesiology physical status,
major surgical procedure or abdominal surgery, amount
of intravenous or blood replaced, longer duration of
anesthesia or surgery, operating room temperature, pre-
operative body temperature, and anesthetic technique
[12, 20, 21]. Regarding the high incidence of postopera-
tive hypothermia, various interventions and guidelines
have been implemented at our hospital to prevent peri-
operative hypothermia in the last two decades. This study

was initiated to examine the incidence of postoperative
hypothermia in adult patients undergoing surgery at our
university hospital after implementation of preventive
measures. The incidences of perioperative hypothermia
including in the preoperative and intraoperative periods
were reported as the intermediate outcomes. The sec-
ondary objective is to identify the associated factors for
postoperative hypothermia in the PACU.

Materials and methods

Study design and population

A retrospective review of the chart was performed after
the registration of the clinical trial (NCT04307095)
(13/03/2020) and the approval of the institutional review
board (Si 040/2020) approval. In this study, adult patients
who underwent head, neck, breast, general, urological,
and vascular surgery with an anesthesia service were
included. Patients who had a local anesthesia procedure
with monitored anesthetic care, anesthetic time less
than 30 min, an operation with intentional hypothermia
or hyperthermia, admission to the PACU in less than
30 min, direct transfer to an intensive care unit or ward,
or missing temperature data in the PACU were excluded.

Hospital setting

Our hospital is a tertiary care hospital with 2154 beds
that is affiliated with a university. The faculty comprises
25 departments that cover all medical areas. All 69 oper-
ating theaters provide surgical care for patients of all ages
(general, pediatric, and geriatric patients) and all surgical
specialties, including general surgery and subspecialties
(pediatric surgery, neurological surgery, vascular surgery,
plastic surgery, cardiothoracic surgery, urology surgery),
orthopedic surgery, obstetrics and gynecology, otorhino-
laryngology, and ophthalmology.

In the preoperative holding area, all patients are given
a blanket and their core body temperature is measured
using tympanic membrane thermometers. Patients
whose temperatures are below 36 °C will be covered with
an additional warm blanket or a forced-air warmer.

All patients receive passive insulation throughout the
intraoperative period. Forced-air warmers, blood and
intravenous fluid infusion warmers, and heated surgical
tables are optional devices that can be used for intraop-
erative active warming. The anesthesiologists determine
whether to measure a patient’s temperature and where
to monitor. If the intraoperative temperature was being
monitored, a record would be made every 15 min. Before
patients are transferred from the operating theater, they
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are given two layers of a warmed blanket that are stored
in a warming cabinet.

The body temperature of all patients is measured with
tympanic membrane thermometers within 5 min of
arrival in the PACU. If the temperature is less than 36 °C
or the patient acknowledges feeling cold or is shivering,
the forced-air warmer system is applied over the whole
body. The temperature is measured repeatedly and the
patients are queried about their thermal comfort every
5 min during warming. After the body temperature
achieves 36 °C, it will be monitored every 15 min until
the patients meet the discharge criteria (modified Aldrete
score) and leave the PACU.

Data collection
All patient data was retrospectively obtained from the
hospital information technology program. One of the
authors collected perioperative data from surgical notes,
anesthetic records, and perioperative nursing records.
Patient characteristics included age, sex, body mass index
(BMI), and physical status as defined by the American
Society of Anesthesiologists (ASA). Data on patients’
preoperative temperatures in the surgical preparation
area were collected from preoperative nursing records.
Intraoperative details included the type of surgery
(general, head, neck, and breast, urological and vascular
surgery), intraabdominal surgery, anesthetic technique,
duration of surgery, estimated blood loss, amount of fluid
administered and blood component, amount of surgical
irrigation fluid, and use of warming devices. The moni-
toring and intraoperative temperatures of the patients
were recorded every 15 min. Data on postoperative tem-
peratures were also collected in the PACU on arrival and
discharge. In each period, patients with a temperature
less than 36 °C were considered hypothermic [1]. Post-
operative data included incidence of shivering and treat-
ment; and length of stay in the PACU.

Statistical analysis

All data were prepared and compiled using the Statis-
tical Package for the Social Sciences program version
18.0 for Windows (SPSS Inc, Chicago, IL). Continuous
variables were tested for normal distribution using the
Kolmogorov-Smirnov and Shapiro-Wilk tests. Data were
expressed as meanzstandard deviation (SD) or median
[interquartile; IQR], and compared using the Student’s
t-test or the Mann-Whitney U test, if appropriate. Cat-
egorical data were expressed as numbers (percentage)
and compared using the Pearson Chi-square test or the
Fisher exact test. Factors associated with postoperative
hypothermia were analyzed using univariate analysis and
the odds ratio with a 95% confidence interval (95%CI) for
each variable was determined. Significant variables with
a p-value of less than 0.2 from the univariate analysis
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were included in a multivariate binary logistic regression
model and a p-value of <0.05 was considered statistically
significant.

The sample size was calculated based on the 7.27%
incidence of postoperative hypothermia among our
275 PACU patients. With a 95% confidence interval of
7.27% £ 2%, a sample of 627 patients was required. Due
to the retrospective cohort’s design, the sample size was
increased to 815 in order to account for the estimated
30% of excluded patients and the possibility of missing
or incomplete data. Regarding the secondary objective of
assessing associated factors for hypothermia, there would
be 59 patients with hypothermia out of 815 patients.
Based on the rule of thumb of 10 EPVs (events per vari-
able; event=hypothermia) in multiple logistic regression,
59 patients with hyperthermia would allow 6 associated
factors in the multivariable analysis.

Results

This study included 815 cases of electronic data recorded
from patients who underwent surgery between Octo-
ber and November 2019. As a result of 73 cases being
excluded from the study, a total of 742 cases were exam-
ined (Fig. 1).

Incidence of postoperative hypothermia

During the postoperative period in the PACU, 88 patients
had hypothermia at admission and 6 patients still had
core temperatures less than 36 °C when discharged. The
incidence of postoperative hypothermia measured in the
PACU was 11.9% with a 95% CI of 9.7-14.3%. The distri-
bution of preoperative, intraoperative, and postoperative
temperatures is presented in Fig. 2.

Incidence of pre- and intraoperative hypothermia

The incidence of preoperative hypothermia measured in
the prep area was 0.4% (3 patients) with a 95% CI of 0.08—
1.2%. During the operation, 532 patients (71.7%) received
forced-air warming, but only 121 patients (16.3%) had
their temperature monitored intraoperatively, including
core temperature monitoring (94 patients), skin surface
monitoring (4 patients), and no record of temperature
site monitoring (23 patients). After excluding 4 patients
with skin surface monitoring, the overall incidence of
intraoperative hypothermia in patients with temperature
monitoring was 73.5% (95% CI 58.8—90.8%). 86 (73.5%) of
the 117 patients reported hypothermia after induction of
anesthesia. The duration of intraoperative hypothermia is
presented in Fig. 3. 65 patients (55.6%) of these patients
experienced hypothermia continuously for more than
60 min during an operation. However, the number of
patients with hypothermia decreased to 33 (28.2%) when
the operation was completed.
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Patients underwent surgery with an anesthesia service

(n = 815)

Excluded (n =73)
+ Anesthetic duration less than 30 minutes (n = 28)

+ Local anesthesia with monitoring of anesthetic care (n = 24)

» Missing temperature data at post-anesthesia care unit (n = 8)
» Hyperthermia with intraperitoneal chemotherapy (HIPEC) for

carcinomatosis (n= 1)

v

Included in analysis (n = 742)

l

« Transfer to intensive care unit (n = 12)

Preoperative and intraoperative period (n = 742)

!

Postoperative hypothermia
(n = 88)

i

(n = 88)

Fig. 1 Study flow diagram

Analysis of associated factors of postoperative
hypothermia

The factors associated with postoperative hypothermia
were investigated and shown in Table 1. Univariate analy-
sis revealed that advanced age (=60 years), ASA physical
status III-1V, and preoperative hypothermia were strongly
associated with postoperative hypothermia (p<0.05),
whereas factors potentially associated with postopera-
tive hypothermia were type of surgery, intraoperative
transfusion, intraoperative colloid use, and surgical irri-
gation fluid of 2500 mL. A multivariate analysis adjusted
for postoperative hypothermia risk factors revealed that
ASA physical status III-IV was an independent predictor
(OR=1.78, 95%CI=1.08-2.93; p=0.023) and preopera-
tive hypothermia was a significant risk factor (OR=17.99,
95%CI=1.57-206.89; p=0.020) (Table 2).

}

No postoperative hypothermia
(n =654)

l

Analysis (n = 654)

Patients who had postoperative hypothermia when
they arrived at the PACU stayed longer than those who
did not (100 min [IQR 80-135 min] vs. 90 min [IQR
75-120 min], p=0.047). In hypothermic patients, the
average core temperature at discharge from the PACU
was significantly lower than in normothermic patients
(36.2 °C [IQR 36.1-36.5 °C] vs. 36.5 °C [IQR 36.3—
36.8 °C], p<0.001). However, the incidence of postopera-
tive shivering in both groups was comparable (13.6% vs.
12.1%, p=0.729), as was the number of patients receiving
medications for shivering treatment (91.7% vs. 98.7%;
p=0.248).

Discussion

The results of this study demonstrated that hypothermia
still occurred in the postoperative period and occurred
more frequently intraoperatively in adult patients
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Fig. 2 Preoperative, intraoperative, and postoperative temperatures

undergoing surgery, particularly during the post-induc-
tion period. Despite efforts to actively and passively warm
patients during the operation; 11.9% of patients arrived at
the PACU with hypothermia. Preoperative hypothermia
in a prep area was a risk factor for postoperative hypo-
thermia. ASA physical status III-IV was another inde-
pendent predictor of postoperative hypothermia.

Our study still reported high incidences of inadvertent
hypothermia, especially in the intraoperative and post-
operative periods. Although interventions such as warm
blankets and forced air warming were applied to keep
our adult patients comfortably warm before surgery at
the normal temperature range of 36.0 to 37.5 °C [22]., a
few patients still had preoperative hypothermia (0.4%)
and 74.4% experienced intraoperative hypothermia. The
number of patients who had intraoperative hypother-
mia was similar to a previous report (77%) in colorectal

surgery within an enhanced recovery after surgery path-
way from our hospital published in 2019 [23]. The over-
all incidences of intraoperative hypothermia around the
world ranged from 30-50% [14, 16, 24]. but can reach
up to 75% in some specific settings [15, 25]. Our results
showed that the core temperature decreased rapidly dur-
ing the first hour of anesthesia, which can be explained
by several mechanisms, such as radiation and convection
from the skin to the cold-temperature environment in the
operating theater, conductive heat loss from body tissues
to a large amount of unwarm intravenous fluid adminis-
tration during anesthesia induction, and redistribution
of heat from the core compartment to peripheral tissue
due to vasodilating from anesthetic agents [5, 26, 27].
The active warming protocol and standardized maneu-
vers should be initiated early in the operative theater and



Wongyingsinn et al. BMC Anesthesiology (2023) 23:137

Numbers of patients (n =117)

35

31 (26.5%)
30

25

23 (19.7%)

Page 6 of 10

23 (19.7%)

20

15

11 (9.4%)
10 (853%)

10

14 (112.0%)

5 (4.3%)

No < 30 min 31-60 min

hypothermia

1-2 hr

2-3 hr 3-4 hr >4 hr

Duration of intraoperative hypothermia

Fig. 3 Duration of intraoperative hypothermia

before induction of anesthesia to prevent intraoperative
hypothermia.

Intraoperative temperature monitoring is essential for
clinicians to recognize and manage inadvertent hypo-
thermia early. However, our study showed that patients
who underwent intraoperative temperature monitor-
ing only 16.3%, which was related to several studies with
a temperature monitoring rate of 13.5-19.4% [28-30].
This study revealed that nearly 75% of patients have
intraoperative hypothermia, which is a significant num-
ber. The high incidence may be due to anesthesiologists’
bias in patient selection, as they might only monitor the
temperature in patients who were at risk for developing
hypothermia. This bias can lead to an inaccuracy in the
incidence of intraoperative hypothermia. Our incidence
of intraoperative hypothermia decreased from 75.3% at
the beginning of surgery to 28.2% when the operation

was over. These results confirmed that intraoperative
temperature monitoring is important to allow the detec-
tion of hypothermia and support immediate tempera-
ture management to promote normothermia [25, 31].
Additionally, core temperature monitoring at the naso-
pharynx, esophagus, and bladder is recommended for
intraoperative use as it provides greater precision than
skin temperature (forehead, axilla, and great toe) [32—34].

The incidence of postoperative hypothermia on admis-
sion to PACU was 11.9%. The incidence is lower than
several studies (21-53.5%) [15, 17, 18]. and also less
than a previous report from our hospital published in
2013 (45.4%) [19]. This result has been demonstrated
as a significant improvement from various intraopera-
tive patient temperature interventions performed fol-
lowing guidelines for the prevention and management
of perioperative hypothermia, such as covering patients
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Table 1 Factors associated with postoperative hypothermia
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Table 2 Univariate analysis and multivariate logistic regression

Item Postoperative hypothermia  p-value of factors potentially associated with postoperative hypothermia
Yes (n=88) No (n=654) Crude OR(95% p-value Adjusted p-value
Age (years) 0.009 a OR (95%
<60 28 (8.4%) 305 (91.6%) <)
>60 60(147%) 349 (853%) Age (Years)
Sex 0282 <60 ! 1
Male 46 (13.2%) 302 (86.8%) >60 1.87(1.17-3.01) 0.009 161 0.063
Female 42(107%) 352 (89.3%) i (098267
Body mass index (kg/m?) 0.388 :\til;\u;:hysmal
< 18.5 (underweight) 8 (15.4%) 44 (84.6%) i 1 .
W;Sﬁg%‘g (normal 39(10.0%)  350(90.0%) -V 182(1.15-2.86) 0,009 178 0023
25-29.9 (overweight) 28 (13.0%) 187 (87.0%) Type of surgery (108-299
>30 (obese) 13 (15.1%) 73 (84.9%) Head, neck, 1 1
ASA physical status 0.035 breast surgery
! 15 (10.8%) 4(89.2%) Vascular 126 (0.55-289) 0.168 077 0579
[ 35 (9.4%) 337 (90.6%) surgery (0.31-1.93)
Il 36 (16.9%) 89 (84.9%) General 1.60 (0.82-3.11)  0.580 128 0486
vV 2 (33.3%) (66.7%) surgery (0.37-2.57)
Type of surgery 0.066 Urology 230(1.19-4.46) 0.013 1.60 0.182
Head, neck, breast 4(7.9%) 164 (92.1%) (0.80-3.20)
surgery Preoperative
Vascular surgery 11 (9.7%) 02 (90.3%) hypothermia
General surgery 30 (12.0%) 220 (88.0%) No 1 1
Urology 33 (16.4%) 68 (83.6%) Yes 15.19 0.039 17.99 0.020
Intraabdominal surgery 31 (13.7%) 95 (86.3%) 0.300 (1.36-169.24) (1.57-20689)
Anesthesia technique 0.624 Intraope.rative
General anesthesia 63(121%) 456 (87.9%) transfusion
Regional anesthesia 10 (9.1%) 100 (90.9%) Seos ;55 (080-808) 0110 1 2 0377
Intravenous sedation 9 (15.8%) 48 (84.2%) ’ ' ' ’ ((5.50—625) ’
A Combined ggneral—re— 6 (10.7%) 50 (89.3%) Intraoperative
gional anesthesia colloid use
Preoperative 2 (66.7%) 1(33.3%) 0.039 NoO 1 :
:1ypothermi.a h h . 7 4% 71 (82.6% 5 Yes 2.85 0.132 213 0312
mn;:;a(cr:ie]r;;:;ve ypother- 15 (17.4%) (82.6%) 0.233 (0.74-10.95) (0.49-9.28)
Duration of surgery (min) 67.5 75[35-121.25] 0.636 .Su‘rg|c.al fluid
[40-128.5] irrigation (mL)
Estimated blood loss (mL) 10 [5, 50] 15 [5,52.5] 0384 ;288 1 55(098-243) 0059 1 45 0133
Intraope.rative 4 (25%) 2 (75%) 0.110 - ’ ' ' ' (6.89—2.34) ’
transfusion
Intraoperative colloid 3(27.3%) 8 (72.7%) 0.132
T:trr‘;l\?:\t::(f,ltud admin-  450[250-700] 445 [250-750] 0518 fmd ,Warming all irrigation f,luid 22, 27]. However, th?re
istration (mL) is still an opportunity for improvements such as using
Surgical fluid irrigation 100 (0-1000]  65[0-6625] 0189 humidified gases for anesthesia, temperature con-
(mL) trolled mattress, surgical bed warming system, setting
Forced air warming 62 (11.7%) 470 (88.3%) 0.783 the appropriate ambient operating theater temperature
Intraoperative tempera- 17 (14.0%) 104 (86.0%) 0415 at least 21 °C, or even encouraging intraoperative tem-

ture monitoring
Data presented as number (percentage) or median [interquartile range].

throughout the operation and exposing only the surgical
field, warming patients intraoperatively using a forced
air warming device, warming intravenous fluids when a
volume of more than 500 ml was planned to administer,

perature monitoring to raise awareness of intraoperative
hypothermia between surgeons, anesthesiologists, and
nurses in the operators [22, 27].

The significant predictors of postoperative hypother-
mia in this study were ASA physical status III-IV and
preoperative hypothermia. These results were consis-
tent with various studies and practice guidelines [15,
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19, 22, 27]. The probable explanation for ASA physical
status is that coexisting medical diseases might delay
the onset and diminish the efficacy of thermoregulatory
vasoconstriction. Although multivariate logistic regres-
sion showed that advanced age (=60 years) was associ-
ated with postoperative hypothermia (OR 1.61, 95% CI
0.98-2.67), there was no statistical significance (p=0.063)
as in previous studies [13, 18, 19]. Furthermore, ours did
not demonstrate a significant association between post-
operative hypothermia and body mass index [17]., type
of surgery [13, 19, 22, 27]., anesthetic technique [22, 27].,
duration of surgery and anesthesia [18]., intraoperative
temperature monitoring [17]., volume of surgical irriga-
tion fluid [19]., and use of warming devices [15, 17, 19],,
as in the literature.

Our results showed a strong association between post-
operative hypothermia and a longer stay in the PACU.
The most common use of active warming systems in
PACU is forced-air warming (e.g. Bair Hugger) which
can increase an average core body temperature of 1.7 °C
per hour [35]. This can explain why hypothermia patients
may need more time to rewarm and achieve a target
core temperature of 36.0 °C or higher. Although active
skin surface warming was used during the postopera-
tive period, the mean core temperature in hypothermic
patients, when discharged from the PACU, was still sig-
nificantly lower than those who were normothermia
upon admission to the PACU (36.2 °C vs. 36.5 °C).

Limitations

There are some limitations to this study. First, this study
investigated adult patients who underwent general, head,
neck, breast, vascular, and urological surgery only, it can
be difficult to extrapolate our results to pediatric patients
or patients undergoing other operations such as cardio-
thoracic, neurological, spine, or orthopedic surgery. Sec-
ond, some intraoperative temperatures in our study were
documented as a measure of skin surface, and some have
no record of the temperature site. Although we imply that
no record of the temperature site was a core temperature,
this can lead to imprecise results of temperature records
with a high standard deviation with respect to differ-
ent methods of temperature assessment [33, 34]. Third,
regarding the retrospective study, we have no record of
operating theater temperature, which can be another
associated factor of inadvertent hypothermia. The effect
of ambient temperature on patients’ core temperatures
has still been debated in many studies [16, 36]. A recent
study concluded that the ambient intraoperative tem-
perature has a small impact on the core temperature in
patients who were warmed with forced air [36]. However,
ambient temperature should be increased if necessary
to maintain normothermia in high-risk patients. Forth,
our sample size calculation, which was primarily based

Page 8 of 10

on the primary outcome, would cover only the estimated
six independent variables. However, when ten events
per variable (EPVs) are used, the 88 postoperative hypo-
thermia events reported in this study can cover about
nine independent variables with binary logistic regres-
sion analyses. We also identified an additional limitation,
including that data on the long-term effects of postopera-
tive hypothermia were not collected after discharge from
the PACU.

Recommendations
Our results support that perioperative medical profes-
sionals must be aware of perioperative hypothermia and
create hospital policies to develop a guideline for the pre-
vention and management of inadvertent perioperative
hypothermia. The guideline should cover the identifica-
tion of high-risk patients, accurate record of preopera-
tive, intraoperative, and postoperative temperature with
appropriate frequency and method, passive or active
warming for indicated patients, and close monitoring.
Future studies could investigate other factors that
were not included in this study that may contribute to
perioperative hypothermia, including ambient envi-
ronment temperature or the use of specific warming
devices. More studies are needed to determine the best
methods to measure temperature in all phases of periop-
erative patient care. Finally, future studies should investi-
gate postoperative recovery, morbidity, and mortality of
patients with perioperative hypothermia after discharge
from the PACU.

Conclusions

Inadvertent hypothermia still occurs in the perioperative
setting, particularly in the intraoperative and postopera-
tive periods. Patients with a high ASA physical status or
who had preoperative hypothermia in a prep area were
associated with postoperative hypothermia in the PACU.
Meticulous temperature management should be empha-
sized in patients with high risk to prevent perioperative
hypothermia and improve patients’ outcomes.

Acknowledgements

The authors express their appreciation to Assistant Professor Dr. Chulaluk
Komoltrithe for the statistical analysis. We also wish to thank Ms. Chayanan
Thanakiattiwibun and Ms. Arporn Pimtong, research assistants from the
Department of Anesthesiology, Faculty of Medicine Siriraj Hospital, for data
collection and their support throughout the research process.

Author contributions

MW designed the work, analyzed and interpreted patient data, and was

a major contributor to the writing the manuscript; VP designed the work,
analyzed and interpreted the patient data, and drafted the work; All authors
have read and approved the manuscript. Conceptualization: Mingkwan
Wongyingsinn, Varut Pookprayoon. Data curation: Varut Pookprayoon. Formal
Analysis: Mingkwan Wongyingsinn, Varut Pookprayoon. Funding acquisition:
Mingkwan Wongyingsinn. Investigation: Varut Pookprayoon. Methodology:
Mingkwan Wongyingsinn, Varut Pookprayoon. Project administration: Varut



Wongyingsinn et al. BMC Anesthesiology (2023) 23:137

Pookprayoon. Supervision: Mingkwan Wongyingsinn. Writing — original draft:
Mingkwan Wongyingsinn, Varut Pookprayoon.

Funding
This research received funding from the Faculty of Medicine Siriraj Hospital.

Data availability
The datasets generated during and/or analyzed during the current study are
available from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Siiriraj Institutional Review Board (Si
040/2020). All methods were carried out in accordance with relevant
guidelines and regulations. The information in the hospital database was
permitted to use for the purposes of this research by the director of Siriraj
Hospital. The requirement for written informed consent was waived by the
Siriraj Institutional Review Board (Si 040/2020) regarding the retrospective
nature of the study.

Consent for publication
Not applicable.

Conflict of interest
The authors of this work have nothing to disclose.

Competing interests
The authors declare no competing interests.

Author details
'Department of Anesthesiology, Faculty of Medicine Siriraj Hospital,
Mahidol University, Bangkok 10700, Thailand

Received: 4 December 2022 / Accepted: 7 April 2023
Published online: 25 April 2023

References

1. Karalapillai D, Story D, Hart GK, Bailey M, Pilcher D, Schneider A, et al. Postop-
erative hypothermia and patient outcomes after major elective non-cardiac
surgery. Anaesthesia. 2013;68(6):605-11. https://doi.org/10.1111/anae.12129.

2. Riley C, Andrzejowski J. Inadvertent perioperative hypothermia. BJA Educ.
2018;18(8):227-33. https://doi.org/10.1016/j.bjae.2018.05.003.

3. RauchS, Miller C, Brauer A, Wallner B, Bock M, Paal P. Perioperative Hypother-
mia-A Narrative Review. Int J Environ Res Public Health. 2021;18(16)10.3390/
ijerph18168749.

4. Kurz A. Thermal care in the perioperative period. Best Pract Res Clin Anaes-
thesiol. 2008;22(1):39-62. https://doi.org/10.1016/j.bpa.2007.10.004.

5. Simegn GD, Bayable SD, Fetene MB. Prevention and management of
perioperative hypothermia in adult elective surgical patients: a systematic
review. Ann Med Surg (Lond). 2021,72:103059. https://doi.org/10.1016/j.
amsu.2021.103059.

6. Crosland P Hypothermia: prevention and management in adults having
surgery. National Institute for Health and Care Excellence; 2016.

7. Early A. Clinical guideline for the prevention of unplanned perioperative
hypothermia. J Perianesth Nurs. 2001;16(5):305-14.

8. Burger L, Fitzpatrick J. Prevention of inadvertent perioperative hypothermia.
BrJ Nurs. 2009;18(18):1114. https://doi.org/10.12968/bjon.2009.18.18.44553.

9. Galvao CM, Marck PB, Sawada NO, Clark AM. A systematic review of the
effectiveness of cutaneous warming systems to prevent hypothermia. J Clin
Nurs. 2009;18(5):627-36. https://doi.org/10.1111/}.1365-2702.2008.02668 X.

10.  Mendonca FT, Lucena MC, Quirino RS, Goveia CS, Guimaraes GMN. Risk
factors for postoperative hypothermia in the post-anesthetic care unit: a pro-
spective prognostic pilot study. Braz J Anesthesiol. 2019;69(2):122-30. https://
doi.org/10.1016/j.bjan.2018.10.001.

11. Songarj P, Simcharoen P, Wongyingsinn M. Relationship between core-
peripheral temperature difference and shivering symptom in patients in
post-anesthesia care unit. J Med Assoc Thai. 2017;100(9):107.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32

Page 9 of 10

Li C, Zhao B, Li L, Na G, Lin C. Analysis of the risk factors for the onset of post-
operative hypothermia in the Postanesthesia Care Unit. J Perianesth Nurs.
2021;36(3):238-42. https://doi.org/10.1016/j,jopan.2020.09.003.

Akers JL, Dupnick AC, Hillman EL, Bauer AG, Kinker LM, Hagedorn Wonder A.
Inadvertent perioperative hypothermia risks and postoperative compli-
cations: a retrospective study. AORN J. 2019;109(6):741-7. https://doi.
0rg/10.1002/aorn.12696.

Chen HY, Su LJ, Wu HZ, Zou H, Yang R, Zhu YX. Risk factors for inadvertent
intraoperative hypothermia in patients undergoing laparoscopic surgery:

a prospective cohort study. PLoS ONE. 2021;16(9):e0257816. https://doi.
0rg/10.1371/journal.pone.0257816.

Vural F, Celik B, Deveci Z, Yasak K. Investigation of inadvertent hypother-

mia incidence and risk factors. Turk J Surg. 2018;34(4):300-5. https://doi.
0rg/10.5152/turkjsurg.2018.3992.

Yi J, Xiang Z, Deng X, Fan T, Fu R, Geng W, et al. Incidence of Inadvertent
Intraoperative Hypothermia and its risk factors in patients undergoing
General Anesthesia in Beijing: a prospective Regional Survey. PLoS ONE.
2015;10(9):0136136. https://doi.org/10.1371/journal.pone.0136136.
Motamed C, Weil G, Dridi C, Bourgain JL. Incidence of Severe Hypothermia
and Its Impact on Postoperative Surgical Complications and Time Delay to
Adjunct Treatments in Breast Surgery Cancer Patients: A Case-Controlled
Study. J Clin Med. 2021;10(16)10.3390/jcm10163702.

Alfonsi P, Bekka S, Aegerter P.investigators SRN. Prevalence of hypothermia
on admission to recovery room remains high despite a large use of forced-air
warming devices: Findings of a non-randomized observational multicenter
and pragmatic study on perioperative hypothermia prevalence in France.
PLoS One. 2019;14(12):20226038.doi:https://doi.org/10.1371/journal.
pone.0226038.

Ratanatherawichian Y, Asdornwised U, Thongkam N, Kanlayanakoop K.
Incidence and predictive factor of postoperative hypothermia of patients in
post-anesthesia care unit (PACU). Nurs Sci J Thail. 2013;31(4):34-44.
Kleimeyer JP, Harris AHS, Sanford J, Maloney WJ, Kadry B, Bishop JA. Incidence
and risk factors for postoperative hypothermia after orthopaedic surgery.

J Am Acad Orthop Surg. 2018;26(24):e497-e503. https://doi.org/10.5435/
JAAOS-D-16-00742.

Sabbag IP, Hohmann FB, Assuncao MSC, de Freitas Chaves RC, Correa TD,
Menezes PFL, et al. Postoperative hypothermia following non-cardiac high-
risk surgery: a prospective study of temporal patterns and risk factors. PLoS
ONE. 2021;16(11):20259789. https://doi.org/10.1371/journal.pone.0259789.
Excellence NNIfHaC. Hypothermia: prevention and management in adults
having surgery: clinical guideline. UK: NICE National Institute for Health and
Care Excellence; 2016.

Lohsiriwat V, Jaturanon P. Effect of intraoperative hypothermia on surgical
outcomes after colorectal surgery within an enhanced recovery after surgery
pathway. Siriraj Med J. 2019;71(1):52-8.

YiJ, LeiY, XuS,SiY, LiS, Xia Z, et al. Intraoperative hypothermia and its clini-
cal outcomes in patients undergoing general anesthesia: national study

in China. PLoS ONE. 2017;12(6):e0177221. https://doi.org/10.1371/journal.
pone.0177221.

Long KC, Tanner EJ, Frey M, Leitao MM Jr, Levine DA, Gardner GJ, et al.
Intraoperative hypothermia during primary surgical cytoreduction for
advanced ovarian cancer: risk factors and associations with postoperative
morbidity. Gynecol Oncol. 2013;131(3):525-30. https://doi.org/10.1016/j.
ygyno.2013.08.034.

Sessler DI. Perioperative heat balance. Anesthesiology. 2000;92(2):578-96.
https://doi.org/10.1097/00000542-200002000-00042.

Australian College of Perianaesthesia Nurses. Prevention and management of
inadvertent perioperative hypothermia in adults: practice Guideline. Austra-
lia: Australian College of PeriAnaesthesia Nurses; 2019.

Torossian A, Group TS. Survey on intraoperative temperature management
in Europe. Eur J Anaesthesiol. 2007;24(8):668-75. https://doi.org/10.1017/
50265021507000191.

Smith JJ, Bland SA, Mullett S. Temperature-the forgotten vital sign. Accid
Emerg Nurs. 2005;13(4):247-50. https://doi.org/10.1016/j.aaen.2005.08.002.
Brogly N, Alsina E, de Celis |, Huercio |, Dominguez A, Gilsanz F. Perioperative
temperature control: Survey on current practices. Rev Esp Anestesiol Reanim.
2016;63(4):207-11. https://doi.org/10.1016/j.redar.2015.06.006.

Cereda M, Maccioli GA. Intraoperative temperature moni-

toring. Int Anesthesiol Clin. 2004;42(2):41-54. https://doi.
0rg/10.1097/00004311-200404220-00005.

Cork RC, Vaughan RW, Humphrey LS. Precision and accuracy of intraoperative
temperature monitoring. Anesth Analg. 1983;62(2):211-4.


http://dx.doi.org/10.1111/anae.12129
http://dx.doi.org/10.1016/j.bjae.2018.05.003
http://dx.doi.org/10.1016/j.bpa.2007.10.004
http://dx.doi.org/10.1016/j.amsu.2021.103059
http://dx.doi.org/10.1016/j.amsu.2021.103059
http://dx.doi.org/10.12968/bjon.2009.18.18.44553
http://dx.doi.org/10.1111/j.1365-2702.2008.02668.x
http://dx.doi.org/10.1016/j.bjan.2018.10.001
http://dx.doi.org/10.1016/j.bjan.2018.10.001
http://dx.doi.org/10.1016/j.jopan.2020.09.003
http://dx.doi.org/10.1002/aorn.12696
http://dx.doi.org/10.1002/aorn.12696
http://dx.doi.org/10.1371/journal.pone.0257816
http://dx.doi.org/10.1371/journal.pone.0257816
http://dx.doi.org/10.5152/turkjsurg.2018.3992
http://dx.doi.org/10.5152/turkjsurg.2018.3992
http://dx.doi.org/10.1371/journal.pone.0136136
http://dx.doi.org/10.1371/journal.pone.0226038
http://dx.doi.org/10.1371/journal.pone.0226038
http://dx.doi.org/10.5435/JAAOS-D-16-00742
http://dx.doi.org/10.5435/JAAOS-D-16-00742
http://dx.doi.org/10.1371/journal.pone.0259789
http://dx.doi.org/10.1371/journal.pone.0177221
http://dx.doi.org/10.1371/journal.pone.0177221
http://dx.doi.org/10.1016/j.ygyno.2013.08.034
http://dx.doi.org/10.1016/j.ygyno.2013.08.034
http://dx.doi.org/10.1097/00000542-200002000-00042
http://dx.doi.org/10.1017/S0265021507000191
http://dx.doi.org/10.1017/S0265021507000191
http://dx.doi.org/10.1016/j.aaen.2005.08.002
http://dx.doi.org/10.1016/j.redar.2015.06.006
http://dx.doi.org/10.1097/00004311-200404220-00005
http://dx.doi.org/10.1097/00004311-200404220-00005

Wongyingsinn et al. BMC Anesthesiology

33.

34.

35.

(2023) 23:137

Sund-Levander M, Grodzinsky E. Assessment of body temperature mea-
surement options. Br J Nurs. 2013;22(16):942. https://doi.org/10.12968/
bjon.2013.22.16.942.

Mason TM, Reich RR, Carroll ME, Lalau J, Smith S, Boyington AR. Equivalence
of temperature measurement methods in the adult hematology/oncology

population. Clin J Oncol Nurs. 2015;19(2):E36-40. https://doi.org/10.1188/15.

CJON.E36-E40.

Kornberger E, Schwarz B, Lindner KH, Mair P. Forced air surface rewarming in
patients with severe accidental hypothermia. Resuscitation. 1999;41(2):105-
11. https://doi.org/10.1016/50300-9572(99)00069-6.

36.

Page 10 of 10

Pei L, Huang Y, Xu Y, Zheng Y, Sang X, Zhou X, et al. Effects of ambient
temperature and forced-air warming on intraoperative core temperature: a
Factorial Randomized Trial. Anesthesiology. 2018;128(5):903-11. https://doi.
0rg/10.1097/aln.0000000000002099.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


http://dx.doi.org/10.12968/bjon.2013.22.16.942
http://dx.doi.org/10.12968/bjon.2013.22.16.942
http://dx.doi.org/10.1188/15.CJON.E36-E40
http://dx.doi.org/10.1188/15.CJON.E36-E40
http://dx.doi.org/10.1016/s0300-9572(99)00069-6
http://dx.doi.org/10.1097/aln.0000000000002099
http://dx.doi.org/10.1097/aln.0000000000002099

	﻿Incidence and associated factors of perioperative hypothermia in adult patients at a university-based, tertiary care hospital in Thailand
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Study design and population
	﻿Hospital setting
	﻿Data collection
	﻿Statistical analysis

	﻿Results
	﻿Incidence of postoperative hypothermia
	﻿Incidence of pre- and intraoperative hypothermia
	﻿Analysis of associated factors of postoperative hypothermia

	﻿Discussion
	﻿Limitations
	﻿Recommendations
	﻿Conclusions
	﻿References


