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Abstract 

Inadvertent hypothermia, defined as a body temperature lower than 36 °C, remains to be a critical issue dur‑
ing the perioperative period. Despite of the development of the active warming devices, the incidence of periopera‑
tive hypothermia has been reported to varying between 10%–80%. The top five risk factors of perioperative hypo‑
thermia include advanced age, low body mass index, duration of anesthesia or surgery, preoperative hypothermia 
and large amount of fluid or blood product. A prediction scoring system may be helpful in identifying the population 
with high risk of perioperative hypothermia. Perioperative hypothermia is associated with shivering, postoperative 
infection, increased amount of intraoperative blood loss and infusion of fluid or blood products, and delayed recovery 
after anesthesia. The most accepted warming intervention is forced‑air warmers, which has been reported to be asso‑
ciated with elevated intraoperative temperature and reduced intraoperative bleeding and postoperative infection. 
The present review will focus on the mechanism, incidence, risk factor, adverse outcome, monitoring and warming 
strategies of perioperative hypothermia.
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1 Introduction
Body temperature is one of the most important vital 
signs, being rigorously regulated to maintain normal cel-
lular and molecular activities in mammals [1]. Homeo-
stasis of temperature is determined by the balance of 
production and dissipation of heat. However, the tem-
perature homeostasis may be disrupted by anesthetic or 
surgical conditions during the perioperative period, and 
inadvertent hypothermia is quite common in patients 
undergoing surgery and anesthesia [2, 3]. The incidence 
of inadvertent perioperative hypothermia has been 
reported to vary from about 10% to 80% in patients 
undergoing different anesthesia and surgery types [4, 
5]. Inadvertent perioperative hypothermia is not simply 
a phenomenon of reduced body temperature, but has a 
great impact on postoperative outcome [6]. Although 
inadvertent hypothermia is usually mild in the periopera-
tive period, it has been well accepted that mild hypother-
mia will increase the risk of bleeding and infection during 
perioperative period [7, 8]. Moreover, some other studies 
even established a correlation of hypothermia with the 
leakage of gastrointestinal anastomosis and myocardial 
injury [9–11]. Therefore, inadvertent perioperative hypo-
thermia is far more complicated than transient abnormal 
body temperature, and it should be treated as important 
as other vital signs such as blood pressure and breath.

Fortunately, surgeons and anesthesiologists are paying 
more and more attention on the management of body 
temperature. The National Institute for Health and Care 
Excellence (NICE) in the United Kingdom has released a 
guideline to improve the clinical management of periop-
erative hypothermia [12]. In the newest standard of med-
ical quality control for anesthesiology in China in 2022, 
there are four terms regarding temperature manage-
ment, including incidence of hypothermia when arriving 
at post-anesthesia care unit (PACU), rate of tempera-
ture monitoring during general anesthesia, rate of active 
warming during surgery and incidence of hypothermia 
during anesthesia and surgery [13]. These documents 
showed that temperature management had been empha-
sized by multiple dimensions, from the health man-
agement agencies to academic society. The aim of the 
present manuscript was to review the recent progresses 
in the perioperative management of body temperature.

2  Thermoregulation during anesthesia 
and surgery

Hypothermia is generally defined as a core tempera-
ture lower than 35  °C and it can be divided into mild 
(< 35  °C, ≥ 32  °C), moderate (< 32  °C, ≥ 28  °C), severe 
(< 28  °C, ≥ 20  °C), profound (< 20  °C, ≥ 14  °C) and deep 
(< 14  °C) based on the value of core temperature. But 
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the criteria for hypothermia is different for trauma 
patients to increase the detection rate. Hypothermia in 
trauma is classified into mild (< 36  °C, ≥ 34  °C), moder-
ate (< 34  °C, ≥ 32  °C), severe (< 32  °C) [14]. In the perio-
perative settings, hypothermia is generally considered 
as lower than 36  °C because the core body temperature 
lower than 36 °C but higher than 35 °C was sufficient to 
induce undesired adverse effects. Therefore, in most of 
the perioperative studies, a core body temperature lower 
than 36  °C was considered as hypothermia requiring 
warming intervention [15, 16].

It has been concluded that body temperature is con-
trolled by three levels, temperature sensation, activity in 
the central nervous system and peripheral effector [17, 
18]. The thermoreceptor, composed mainly by transient 
receptor potential (TRP) family proteins [19], can be 
activated by heat or cold, and the afferent thermal sig-
nals can be transduced through the superficial laminae of 
the spinal dorsal horn, lateral parabrachial nucleus, and 
finally reach the thermoregulatory center, the preoptic 
area of the hypothalamus [20], where the core tempera-
ture will be centrally controlled. The thermoeffector will 
be evoked by the thermoregulatory center, in a nega-
tive feedback manner, to accommodate the body to the 
temperature changes in the environment, including voli-
tional and autonomic responses. The volitional responses 
include posture changes, clothing, movement, and even 
using the air conditioners, and the autonomic responses 
include activation of brown fat, sweating, vasodilation, 
vasoconstriction and shivering [21]. The activation of 
brown adipocytes may contribute to long-term thermo-
genesis and it has been seldom discussed in perioperative 
hypothermia. The autonomic responses are transmitted 
through the raphe pallidus, rostral ventrolateral medulla, 
or rostral ventromedial medulla. Then sympathetic regu-
lation of brown adipose tissue, vessels and sweat gland is 
activated through the interomediolateral column of spi-
nal cord, and the shivering is regulated through the ven-
tral horn of spinal cord [22, 23]. Some other brain region 
and nucleus may also participate the thermoregulation, 
but the exact central regulation of hypothermia is beyond 
the scope of this review.

Several factors may induce hypothermia during the 
perioperative period. The most apparent factor for hypo-
thermia is the relatively cold environment in the operat-
ing room, especially in those with laminar flow [24]. The 
direct exposure of the skin and incision to the cold air 
and cold disinfectant is another factor increasing the heat 
loss. The large amount of cold intravenous fluid, irriga-
tion fluid and even inhalational gas may increase the heat 
loss by conduction. But other than these physical factors, 
anesthesia itself is a crucial factor to induce hypothermia. 

First, different general anesthetics, including both vola-
tile and intravenous, are inhibitory to the thermoregula-
tory center and can decrease the thermal threshold in a 
concentration dependent manner. The vasoconstriction 
threshold can be reduced to 34.5 °C under general anes-
thesia. Second, shivering can be inhibited or diminished 
by anesthetics, especially by neuromuscular blockade 
agents. Third, thermoreceptor can be directly inhibited 
by volatile anesthetics. Fourth, afferent signals of cold 
and efferent signals of vasoconstriction and shivering 
can be blocked by neuraxial blockade [25]. Even the ther-
moregulatory center has been also be reported to be 
inhibited by neuraxial blockade, although the mechanism 
remains unclear [26].

Intraoperative hypothermia can be divided into three 
stages, including redistribution stage, linear stage and 
plateau stage [16, 27]. In the redistribution stage, hypo-
thermia occurs rapidly after induction of general anes-
thesia or neuraxial anesthesia because the responses of 
vasoconstriction are inhibited by anesthesia. The heat 
in the core compartment of the body redistributed into 
the peripheral compartment with the dilation of vessels, 
where the temperature was normally 2–4  °C lower than 
in the core compartment. Therefore, the total heat loss 
may not be significant shortly after anesthesia induction, 
but the core temperature is diluted and reduced rap-
idly. In the linear stage, the body temperature is reduced 
gradually because of the gradient between thermogen-
esis and heat loss. Heat is produced mainly by energy 
metabolism, which is reduced by 15%–40% by general 
anesthetics, while heat loss is increased by radiation, con-
duction, convection, and evaporation, mainly induced by 
the increased exposure of skin and incision. The plateau 
stage usually occurs at 2–4 h after anesthesia and surgery, 
when the core temperature is maintained at a relatively 
stable level, at about 34.5  °C. The homeostasis is main-
tained by a new balance of heat generation and loss. 
Although the thermoregulatory threshold can be reduced 
by general anesthesia, the vasoconstriction capacity is 
not fully diminished and the arterio-venous shunt can be 
completely shut down when hypothermia happens. Thus, 
the heat can be well retained in the core compartment 
to maintain a plateau temperature. But the plateau stage 
may not be present in neuraxial anesthesia, because after 
neuraxial blockade, the vasoconstriction and shivering 
cannot be induced in the lower limbs, which play a more 
important role in maintaining body temperature than the 
upper limbs. Therefore, hypothermia will be more severe 
when general anesthesia is combined with neuraxial 
blockade [28]. The Fig. 1 shows a summarizing diagram 
how anesthesia affects the occurrence of intraoperative 
hypothermia.
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3  Incidence and risk factors for perioperative 
hypothermia

The issue of inadvertent perioperative hypothermia has 
been proposed for more than 30 years and the incidence 
varied greatly in different surgeries and different popu-
lation, with disparity in the degree of emphasis on this 
issue. In order to review the incidence and risk factors 
for perioperative hypothermia, we retrieved the Pubmed 
database with “(risk factor or prediction) and periopera-
tive hypothermia” and finally identified 22 publications 
with potential reports on the risk factors [4, 5, 29–48], 
one of which was a meta-analysis of cohort and case–
control studies [48] (Table 1). The incidence of inadvert-
ent hypothermia ranged from 12% to 81%. The lowest 
incidence of hypothermia occurred in a retrospective 
study including patients undergoing total knee or hip 
arthroplasty, in which routine forced air warming was 
applied [4]. But in another retrospective study performed 
in total knee or hip arthroplasty without routinely-used 
active warming strategy showed an incidence of 37% 
[33]. The highest incidence of 81% happened in a neonate 
study [5]. The highest incidence of hypothermia in the 
adults appeared in a study including patients undergoing 
mixed types of surgeries under general anesthesia, with 
an incidence of 79% [43]. It was discouraging to notice 

that the incidence of hypothermia remained higher than 
50% despite of the routine use of active warming devices 
in 6 studies [5, 35–38, 42], among which 1 was performed 
in neonates [5].

The risk factors for hypothermia identified by differ-
ent studies also varied remarkably because of the great 
discrepancies in the population involved. But among 
the risk factors identified in the publications with origi-
nal data, advanced age was considered as a risk factor in 
12 studies. The second most frequent risk factor is body 
mass index (BMI), which was reported in 9 studies, and 
weight was reported in 2 studies. Duration of anesthe-
sia or surgery was identified as a risk for hypothermia in 
10 studies. Preoperative core temperature was reported 
in 8 studies, and pre-existing hypothermia before anes-
thesia was considered as a risk factor. Large amount 
of fluid or blood product administered was reported in 
7 studies. Active warming measures was reported to be 
associated with lower incidence of intraoperative hypo-
thermia in 6 studies. Surgery type or grade was reported 
in 6 studies, and compared with endoscopy surgery, open 
surgery was a risk factor for hypothermia according to 
3 studies. Ambient temperature in the operating room 
was reported in 4 studies and another study showed 
that laminar airflow operating room was associated with 

Fig. 1 The thermoregulatory mechanism and the mechanism of intraoperative hypothermia facilitated by anesthesia. Hypothermia sensed 
by thermoreceptors can be transmitted to the thermoregulatory center (POA of hypothalamus) by afferent signaling through SDH and LPB. 
Efferent signaling can be transmitted to the thermoeffector through RPA, RVLM or RVMM. Thermogenesis by brown adipocytes, vasoconstriction 
and reduced sweating are regulated by sympathetic nerve, innervated by the IML in spinal cord. The involuntary contraction of skeletal muscle 
(shivering) was regulated by SVH in the spinal cord. General anesthetics may act on the thermoregulatory center to reduce the threshold 
temperature of vasoconstriction and shivering. Thermoreceptor can also be directly inhibited by volatile anesthetics. Shivering can be completely 
inhibited by neuromuscular blockade agents. Neuraxial anesthesia can inhibit the afferent and efferent pathways of thermoregulation. 
Thermoregulatory may also be directly inhibited by neuraxial anesthesia. POA, preoptic area; LPB, lateral parabrachial nucleus; RPA, raphe pallidus; 
RVLM, rostral ventrolateral medulla; RVMM, rostral ventromedial medulla; SDH, spinal dorsal horn; IML, interomediolateral column; SVH, spinal 
ventral horn



Page 5 of 13Wang and Deng  Anesthesiology and Perioperative Science            (2023) 1:24  

Ta
bl

e 
1 

In
ci

de
nc

e 
an

d 
ris

k 
fa

ct
or

s 
of

 in
ad

ve
rt

en
t i

nt
ra

op
er

at
iv

e 
hy

po
th

er
m

ia
 re

po
rt

ed
 in

 th
e 

re
fe

re
nc

es

Re
fe

re
nc

es
Su

rg
er

y
St

ud
y 

de
si

gn
Sa

m
pl

e 
si

ze
Su

bj
ec

ts
In

ci
de

nc
e

W
ar

m
in

g 
in

te
rv

en
tio

n
Ri

sk
 fa

ct
or

A
na

ly
si

s 
m

et
ho

d

A
lfo

ns
i 2

01
9 

[2
9]

M
ix

ed
pr

os
pe

ct
iv

e
89

3
ad

ul
t

58
%

no
t r

ou
tin

el
y

ag
e,

 d
ur

at
io

n 
of

 a
ne

st
he

si
a 

(>
 6

0 
m

in
 a

nd
 ≤

 1
20

 m
in

), 
pr

e 
& 

in
tr

ao
pe

ra
tiv

e 
‑w

ar
m

in
g,

 T
c 

be
fo

re
 in

du
c‑

tio
n 

of
 a

ne
st

he
si

a,
 c

or
e 

te
m

pe
ra

tu
re

 d
iff

er
en

ce
 

be
tw

ee
n 

su
rg

ic
al

 in
ci

si
on

 
an

d 
an

es
th

es
ia

 in
du

ct
io

n

m
ul

tiv
ar

ia
te

 a
na

ly
si

s

C
ha

la
ri 

20
19

 [3
0]

TU
RP

 o
r T

U
Ri

s
pr

os
pe

ct
iv

e
16

8
ad

ul
t

TU
Ri

s 
64

%
, T

U
RP

 6
0%

no
t m

en
tio

ne
d

ag
e,

 B
M

I, 
su

ge
ry

 d
ur

at
io

n,
 

bl
oo

d 
pr

es
su

re
 (t

im
e 

po
in

t 
no

t d
efi

ne
d)

un
iv

ar
ia

te
 a

na
ly

si
s

Em
m

er
t 2

01
8 

[3
1]

th
or

ac
ic

 s
ur

ge
ry

re
tr

os
pe

ct
iv

e
33

9
ad

ul
t

64
%

no
t r

ou
tin

el
y

BM
I, 

in
du

ct
io

n 
tim

e,
 in

tr
a‑

op
er

at
iv

e 
flu

id
 s

ub
st

itu
‑

tio
n,

 lu
ng

 im
pa

irm
en

t, 
ep

id
ur

al
 a

ne
st

he
si

a,
 o

pe
n 

th
or

ac
ot

om
y

m
ul

tiv
ar

ia
te

 a
na

ly
si

s

Fr
is

ch
 2

01
6 

[3
2]

su
rg

ic
al

 fi
xa

tio
n 

of
 h

ip
 

fra
ct

ur
es

re
tr

os
pe

ct
iv

e
15

25
ad

ul
t

17
%

no
t r

ou
tin

el
y

lo
w

er
 b

od
y 

m
as

s 
in

de
x,

 
in

cr
ea

si
ng

 a
ge

, C
A

D
 

an
d 

A
rr

hy
th

m
ia

un
iv

ar
ia

te
 a

na
ly

si
s

Fr
is

ch
 2

01
7 

[3
3]

to
ta

l h
ip

 a
nd

 k
ne

e 
ar

th
ro

‑
pl

as
ty

re
tr

os
pe

ct
iv

e
23

97
ad

ul
t

37
%

no
t r

ou
tin

el
y

O
R 

tim
e,

 s
ur

ge
ry

 ti
m

e,
 re

‑
w

ar
m

er
 u

se
, t

ra
ns

fu
si

on
un

iv
ar

ia
te

 a
na

ly
si

s

Ka
sa

i 2
00

2 
[3

4]
op

en
 a

bd
om

in
al

 s
ur

ge
ry

re
tr

os
pe

ct
iv

e
40

0
ad

ul
t

no
t m

en
tio

ne
d

a 
ci

rc
ul

at
in

g‑
w

at
er

 
m

at
tr

es
s 

w
ar

m
ed

 
at

 3
8 

°C
, h

ea
t‑

m
oi

st
ur

e 
ex

ch
an

ge
r f

or
 v

en
til

at
io

n 
an

d 
w

ar
m

ed
 IV

 fl
ui

ds

ag
e,

 w
ei

gh
t, 

pr
eo

pe
ra

‑
tiv

e 
lo

w
 S

BP
, P

re
op

er
at

iv
e 

lo
w

 H
R

m
ul

tiv
ar

ia
te

 a
na

ly
si

s

Ki
m

 2
01

4 
[3

5]
ab

do
m

in
al

 s
ur

ge
ry

pr
os

pe
ct

iv
e

14
7

ad
ul

t
54

%
ai

rw
ay

 h
ea

tin
g 

ex
ch

an
ge

r 
an

d 
a 

ci
rc

ul
at

in
g 

w
at

er
 

m
at

tr
es

s 
se

t t
o 

38
 °C

ag
e,

 p
re

op
er

at
iv

e 
he

ar
t 

ra
te

, w
ei

gh
t, 

pr
eo

pe
ra

tiv
e 

ba
se

lin
e 

co
re

 te
m

pe
ra

tu
re

m
ul

tiv
ar

ia
te

 a
na

ly
si

s

Li
 2

02
0 

[3
6]

vi
de

o‑
as

si
st

ed
 th

or
ac

o‑
sc

op
ic

 s
ur

ge
ry

re
tr

os
pe

ct
iv

e
14

67
ad

ul
t

73
%

a 
ci

rc
ul

at
in

g‑
w

at
er

 m
at

‑
tr

es
s 

w
ar

m
ed

 a
t 3

8 
°C

ag
e,

 B
M

I, 
th

e 
du

ra
tio

n 
of

 p
re

pa
ra

tio
n,

 th
e 

du
ra

‑
tio

n 
of

 s
ur

ge
ry

, t
im

in
g 

of
 s

ur
ge

ry
, a

m
bi

en
t 

te
m

pe
ra

tu
re

 in
 th

e 
op

er
‑

at
in

g 
ro

om
 a

nd
 g

en
er

al
 

an
es

th
es

ia
 c

om
bi

ne
d 

w
ith

 p
ar

av
er

te
br

al
 b

lo
ck

 
af

te
r i

nd
uc

tio
n 

of
 a

ne
s‑

th
es

ia

m
ul

tiv
ar

ia
te

 a
na

ly
si

s

Lo
ng

 2
01

3 
[3

7]
ov

ar
ia

n 
cy

to
re

du
ct

iv
e 

su
rg

er
y

re
tr

os
pe

ct
iv

e
29

7
ad

ul
t

72
%

bo
th

 w
ar

m
ed

 in
tr

av
en

ou
s 

flu
id

s 
an

d 
a 

fo
rc

ed
‑a

ir 
w

ar
m

in
g 

de
vi

ce

es
tim

at
ed

 b
lo

od
 lo

ss
, 

in
tr

ao
pe

ra
tiv

e 
va

so
pr

es
‑

so
rs

, t
ra

ns
fu

si
on

 o
f f

re
sh

 
fro

ze
n 

pl
as

m
a,

 a
nd

 e
pi

‑
du

ra
l a

ne
st

he
si

a

un
iv

ar
ia

te
 a

na
ly

si
s



Page 6 of 13Wang and Deng  Anesthesiology and Perioperative Science            (2023) 1:24 

Ta
bl

e 
1 

(c
on

tin
ue

d)

Re
fe

re
nc

es
Su

rg
er

y
St

ud
y 

de
si

gn
Sa

m
pl

e 
si

ze
Su

bj
ec

ts
In

ci
de

nc
e

W
ar

m
in

g 
in

te
rv

en
tio

n
Ri

sk
 fa

ct
or

A
na

ly
si

s 
m

et
ho

d

M
eh

ta
 2

01
3 

[3
8]

m
aj

or
 c

ol
or

ec
ta

l s
ur

ge
ry

re
tr

os
pe

ct
iv

e
25

5
ad

ul
t

74
%

w
ar

m
in

g 
bl

an
ke

ts
ag

e 
>

 7
0,

 e
le

ct
iv

e 
pr

es
‑

en
ta

tio
n,

 p
re

op
er

at
iv

e 
hy

po
th

er
m

ia

m
ul

tiv
ar

ia
te

 a
na

ly
si

s

M
ek

et
e 

20
22

 [3
9]

m
ix

ed
pr

os
pe

ct
iv

e
33

9
pe

di
at

ric
40

%
no

t r
ou

tin
el

y
ne

on
at

e 
or

 in
fa

nt
, 

op
er

at
io

n 
ro

om
 te

m
‑

pe
ra

tu
re

 <
 2

6,
 w

ar
m

ed
 

flu
id

 a
dm

in
is

te
re

d,
 

th
e 

vo
lu

m
e 

of
 fl

ui
d 

ad
m

in
is

te
r >

 5
00

 m
l, 

du
ra

‑
tio

n 
of

 s
ur

ge
ry

, d
ur

at
io

n 
of

 a
ne

st
he

si
a

m
ul

tiv
ar

ia
te

 a
na

ly
si

s

M
en

do
nc

a 
20

21
 [4

0]
m

ix
ed

pr
os

pe
ct

iv
e

31
2

ad
ul

t
57

%
no

t r
ou

tin
el

y
su

rg
ic

al
 s

pe
ci

al
ty

, 
di

ab
et

es
, f

en
ta

ny
l u

sa
ge

, 
su

rg
er

y 
tim

e,
 a

nd
 p

at
ie

nt
s’ 

te
m

pe
ra

tu
re

 o
n 

ar
riv

al
 

in
 th

e 
op

er
at

in
g 

ro
om

m
ul

tiv
ar

ia
te

 a
na

ly
si

s

M
iy

az
ak

i 2
01

9 
[4

1]
ab

do
m

in
al

 s
ur

ge
ry

re
tr

os
pe

ct
iv

e
25

74
ad

ul
t

no
t m

en
tio

ne
d

a 
fo

rc
ed

‑a
ir 

w
ar

m
in

g 
de

vi
ce

 w
as

 ro
ut

in
el

y 
us

ed
ag

e,
 B

M
I, 

se
x,

 la
pa

ro
sc

op
ic

 
su

rg
er

y,
 a

nd
 th

e 
bl

an
ke

t 
ty

pe
 o

f t
he

 fo
rc

ed
‑a

ir 
w

ar
m

er

m
ul

tiv
ar

ia
te

 a
na

ly
si

s

M
os

le
m

i‑K
eb

ria
 2

01
2 

[4
2]

op
en

 a
bd

om
in

al
 s

ur
ge

ry
 

fo
r o

va
ria

n 
ca

nc
er

re
tr

os
pe

ct
iv

e
14

6
ad

ul
t

55
%

an
 u

pp
er

 b
od

y 
fo

rc
ed

‑a
ir 

w
ar

m
er

ag
e

un
iv

ar
ia

te
 a

na
ly

si
s

Sa
ri 

20
21

 [4
3]

m
ix

ed
pr

os
pe

ct
iv

e
20

15
ad

ul
t

79
%

no
t r

ou
tin

el
y

ag
e,

 B
M

I, 
A

SA
 s

co
re

 
an

d 
ch

ro
ni

c 
di

se
as

e 
st

at
us

, 
su

rg
ic

al
 g

ra
de

, e
nd

os
co

pi
c 

su
rg

er
y 

us
e,

 a
na

es
th

es
ia

 
an

d 
su

rg
er

y 
le

ng
th

, i
rr

ig
a‑

tio
n 

ap
pl

ic
at

io
n,

 a
m

ou
nt

 
of

 ir
rig

at
io

n 
an

d 
in

fu
si

on
, 

pr
eo

pe
ra

tiv
e 

bo
dy

 te
m

‑
pe

ra
tu

re

un
iv

ar
ia

te
 a

na
ly

si
s

Sc
ho

lte
na

 2
01

8 
[4

]
to

ta
l k

ne
e 

or
 h

ip
 a

rt
hr

o‑
pl

as
ty

re
tr

os
pe

ct
iv

e
26

00
ad

ul
t

12
%

us
e 

fo
rc

ed
 a

ir 
w

ar
m

in
g 

(B
ai

r h
ug

ge
r) 

pl
ac

ed
 

ov
er

 th
e 

pa
tie

nt
’s 

ch
es

t a
nd

 a
rm

s 
as

 lo
ng

 
as

 th
e 

op
er

at
io

n 
to

ok
, 

irr
es

pe
ct

iv
e 

of
 c

or
e 

te
m

‑
pe

ra
tu

re
. T

he
 B

ai
r h

ug
ge

r 
w

as
 s

et
 o

n 
m

ax
im

um
 

te
m

pe
ra

tu
re

 (4
2 

°C
)

ge
nd

er
, t

yp
e 

of
 a

ne
st

he
si

a,
 

BM
I, 

da
te

 o
f s

ur
ge

ry
m

ul
tiv

ar
ia

te
 a

na
ly

si
s

W
et

z 
20

16
 [4

4]
N

on
‑c

ar
di

ac
pr

os
pe

ct
iv

e
49

3
ad

ul
t

21
%

no
t r

ou
tin

el
y

ag
e 

an
d 

m
al

e 
se

x
m

ul
tiv

ar
ia

te
 a

na
ly

si
s



Page 7 of 13Wang and Deng  Anesthesiology and Perioperative Science            (2023) 1:24  

Ta
bl

e 
1 

(c
on

tin
ue

d)

Re
fe

re
nc

es
Su

rg
er

y
St

ud
y 

de
si

gn
Sa

m
pl

e 
si

ze
Su

bj
ec

ts
In

ci
de

nc
e

W
ar

m
in

g 
in

te
rv

en
tio

n
Ri

sk
 fa

ct
or

A
na

ly
si

s 
m

et
ho

d

Ya
ng

 2
01

5 
[4

5]
m

ix
ed

pr
os

pe
ct

iv
e

18
40

ad
ul

t
26

%
no

t r
ou

tin
el

y
ad

va
nc

ed
 a

ge
, l

am
in

ar
 

ai
rfl

ow
 o

pe
ra

tin
g 

ro
om

s 
an

d 
ge

ne
ra

l s
ur

ge
rie

s

m
ul

tiv
ar

ia
te

 a
na

ly
si

s

Yi
 2

01
5 

[4
6]

m
ix

ed
pr

os
pe

ct
iv

e
83

0
ad

ul
t

40
%

no
t r

ou
tin

el
y

m
aj

or
 p

lu
s 

su
rg

er
y,

 IV
 fl

ui
d 

re
pl

ac
em

en
t (

>
 1

00
0 

m
l),

 
du

ra
tio

n 
of

 A
ne

st
he

‑
si

a 
>

 1
 h

, a
ct

iv
e 

w
ar

m
in

g,
 

ba
se

lin
e 

co
re

 te
m

pe
ra

‑
tu

re
 b

ef
or

e 
an

es
th

es
ia

, 
BM

I <
 2

5,
 O

R 
am

bi
en

t 
te

m
pe

ra
tu

re

m
ul

tiv
ar

ia
te

 a
na

ly
si

s

Yi
 2

01
7 

[4
7]

m
ix

ed
pr

os
pe

ct
iv

e
31

32
ad

ul
t

44
%

no
t r

ou
tin

el
y

ac
tiv

e 
w

ar
m

in
g,

 B
M

I, 
hi

gh
er

 b
as

el
in

e 
co

re
 

te
m

pe
ra

tu
re

, h
ig

he
r 

am
bi

en
t t

em
pe

ra
tu

re
, 

m
aj

or
‑p

lu
s 

su
rg

er
y,

 lo
ng

er
 

du
ra

tio
n 

of
 a

ne
st

he
si

a 
(>

 2
 h

), 
no

n‑
en

do
sc

op
ic

 
su

rg
er

y,
 IV

 fl
ui

d 
>

 1
00

0 
m

l, 
an

d 
in

tr
ao

pe
ra

tiv
e 

irr
ig

a‑
tio

n 
flu

id
 >

 5
00

 m
l

m
ul

tiv
ar

ia
te

 a
na

ly
si

s

Zh
an

g 
20

22
 [5

]
m

ix
ed

re
tr

os
pe

ct
iv

e
40

1
pe

di
at

ric
81

%
al

l p
at

ie
nt

s 
w

er
e 

w
ar

m
ed

 
pa

ss
iv

el
y 

by
 p

re
he

at
ed

 
di

si
nf

ec
ta

nt
, c

ov
er

in
g 

sh
ee

ts
, s

ur
gi

ca
l d

ra
p‑

in
g,

 o
r w

ar
m

 b
la

nk
et

s 
an

d 
w

er
e 

w
ar

m
ed

 a
ct

iv
el

y 
by

 a
ir 

he
at

er
s, 

in
fu

si
on

 
w

ar
m

in
g 

in
st

ru
m

en
ts

, 
or

 ra
di

an
t b

ed
s

ge
st

at
io

na
l w

ee
k,

 p
re

‑
op

er
at

iv
e 

te
m

pe
ra

tu
re

, 
du

ra
tio

n 
of

 a
na

es
th

es
ia

, 
an

d 
ty

pe
 o

f s
ur

ge
ry

m
ul

tiv
ar

ia
te

 a
na

ly
si

s

Pu
 2

02
2 

[4
8]

m
ix

ed
m

et
a‑

an
al

ys
is

15
,0

10
ad

ul
t

no
t m

en
tio

ne
d

no
t m

en
tio

ne
d

ag
e,

 b
od

y 
m

as
s 

in
de

x,
 

am
bi

en
t t

em
pe

ra
tu

re
, 

pr
eo

pe
ra

tiv
e 

sy
st

ol
ic

 
bl

oo
d 

pr
es

su
re

, p
re

op
er

a‑
tiv

e 
he

ar
t r

at
e,

 d
ur

at
io

n 
of

 a
ne

st
he

si
a,

 a
nd

 in
tr

a‑
ve

no
us

 fl
ui

d 
ad

m
in

is
tr

a‑
tio

n 
>

 1
,0

00
 m

L

M
et

a‑
an

al
ys

is

TU
Ri

s t
ra

ns
ur

et
hr

al
 re

se
ct

io
n 

in
 s

al
in

e,
 T

U
RP

 tr
an

su
re

th
ra

l r
es

ec
tio

n 
of

 th
e 

pr
os

ta
te

, C
AD

 c
or

on
ar

y 
ar

te
ry

 d
is

ea
se

, O
R 

op
er

at
in

g 
ro

om
, S

BP
 s

ys
to

lic
 b

lo
od

 p
re

ss
ur

e,
 H

R 
he

ar
t r

at
e,

 IV
 in

tr
av

en
ou

s, 
BM

I b
od

y 
m

as
s 

in
de

x,
 A

SA
 

A
m

er
ic

an
 S

oc
ie

ty
 o

f A
ne

st
he

si
ol

og
is

ts



Page 8 of 13Wang and Deng  Anesthesiology and Perioperative Science            (2023) 1:24 

hypothermia, which might be also due to the low ambi-
ent temperature or increased convection induced by lam-
inar airflow. Preoperative blood pressure and heart rate 
were reported in 3 studies, and comorbidities including 
coronary heart disease, arrhythmia, lung impairment, 
diabetes, other chronic disease status or a high grade 
of American Society of Anesthesiologists (ASA) physi-
cal status were reported as risk factors in 4 other stud-
ies. Male gender was correlated with hypothermia in 3 
studies. Combination of general anesthesia and epidural 
anesthesia or paravertebral anesthesia was reported to 
be associated with hypothermia in 2 studies, but hypo-
thermia was more common in general anesthesia when 
compared with neuraxial anesthesia alone in 1 study. For 
pediatric patients, neonates or infants were associated 
with hypothermia, and the gestational week of neonates 
were a determinant for intraoperative hypothermia. The 
meta-analysis of risk factors further demonstrated the 
association of intraoperative hypothermia with age, BMI, 
ambient temperature, preoperative systolic blood pres-
sure, preoperative heart rate, duration of anesthesia, and 
intravenous fluid administration > 1,000 mL, but the sig-
nificant heterogeneity might hinder our interpretation of 
the results [48].

Understanding these risk factors for intraoperative 
hypothermia might be useful in screening patients with 
high risk of hypothermia during surgery and with high 
demand of active warming treatment. Yi et al. [23] estab-
lished a risk prediction scoring system for intraoperative 
hypothermia, involving the risk factors in two of their 
independent studies including magnitude of surgery, 
BMI, amount of intravenous fluid administered, duration 
of anesthesia, mode of warming intervention, baseline 
core temperature, and ambient temperature in the oper-
ating room. In a validation cohort, they got an area under 
the receiver operating characteristic curve of 0.771. But 
other important risk factors were not included, such as 
age, surgery type, comorbidities. The clinical efficacy of 
the prediction model remained to be evaluated and mod-
ified by more large-scale multicenter studies.

4  Adverse outcome associated with intraoperative 
hypothermia

Normal temperature is a principal element of cellular 
activity, and hypothermia may inhibit cell metabolism, 
and reduce the consumption of glucose and oxygen. 
Therefore, therapeutic hypothermia has been widely used 
in treating cardiac arrest and cerebral ischemia diseases, 
although several studies failed to observe any benefits on 
survival after cardiac arrest [49, 50]. However, the clinical 
situation of perioperative patients is totally different from 
those with cardiovascular ischemia, and mild inadvert-
ent perioperative hypothermia is associated with more 

adverse events than benefits on reduced cellular metab-
olism. The most definite event induced by perioperative 
hypothermia should be the shivering in awake patients 
or anesthetized patients at recovery period. Shivering is 
an unpleasant involuntary oscillatory muscular activity, 
which is also an important determinant for the satisfac-
tion of patients [51]. Moreover, shivering will increase 
the oxygen demand and work of breath. Perioperative 
imbalance between oxygen supply and consumption 
in myocardium may be induced, and finally lead to car-
diovascular complications [52]. Immune system is also 
affected by hypothermia, which has been demonstrated 
to inhibit HLA-DR expression in monocytes. The capac-
ity of migration and phagocytosis in leukocyte can be 
compromised in hypothermic conditions [53, 54]. The 
poor perfusion of surgical site may also delay the recov-
ery of anastomosis and incision, which may increase the 
risk of contamination. Thus, the risk of postoperative 
infection may increase in patients with perioperative 
hypothermia. Hypothermia can induce coagulopathy, 
with dysfunctional platelets and reduced activity of coag-
ulation factors. It has been reported that even a reduction 
of 1  °C in body temperature will increase the bleed-
ing amount by about 20% [7, 55]. The activity of multi-
ple enzymes will be inhibited by hypothermia, including 
those in charge of drug metabolism, so that the clearance 
of anesthetics may be delayed and the recovery from 
anesthesia may be prolonged [56]. Hypothermia will also 
induce vasoconstriction, which is important in reducing 
heat loss and maintaining the body temperature. Vaso-
constriction during hypothermia may be harmful to car-
diovascular system, increasing the risks of myocardial 
ischemia and arrhythmia [57]. Other potential effects 
of perioperative hypothermia include the disturbance 
of electrolytes and delayed recovery of gastrointestinal 
function [58, 59].

The adverse effects of perioperative hypothermia have 
been confirmed by many clinical trials comparing the 
clinical outcome when using active warming intervention 
or not. A meta-analysis of randomized controlled trials 
(RCTs) including 54 papers and 6557 patients under-
going noncardiac surgery compared the postoperative 
pain, opioid use, surgery duration, intraoperative bleed-
ing, total fluids administered, patient satisfaction score, 
postoperative shivering, perioperative blood transfu-
sion, postoperative would infection, 24  h major adverse 
cardiovascular events and 3-month mortality [60]. It was 
demonstrated that active warming intervention increased 
body temperature by 0.28 (0.2–0.35), 0.38 (0.27–0.49), 
0.8 (0.59–1.01), 1.07 (0.86–1.28), 0.87 (0.62–1.11), and 
0.34 (0.19–0.49) °C at 30 min, 60 min, 2 h after anesthe-
sia induction, the end of surgery, 60  min and 4  h after 
surgery, respectively. The elevation of perioperative 
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temperature was associated with a reduction by 80%, 
36%, 66% and 79% in the incidences of postoperative 
shivering, blood transfusion, wound infection and 24  h 
major adverse cardiovascular events. The patient satisfac-
tion was also enhanced by active warming interventions. 
Another Cochrane meta-analysis found similar results 
that active body surface warming reduced the incidence 
of postoperative surgical site infection, shivering and 
improve the patient satisfaction [61]. But in this study, 
the estimated blood loss and intravenous fluid admin-
istered was reduced by warming treatment, but not the 
amount of transfusion.

There are also some observational studies suggesting 
that intraoperative hypothermia is associated with pro-
longed length of hospitalization, arrhythmia, increased 
amount of estimated blood loss, intravenous fluid admin-
istered, and 30-day readmission [62]. Some retrospective 
studies even suggested that unintended perioperative 
hypothermia was correlated with postoperative delirium 
[63]. However, a recent large-scale, multicenter, interna-
tional RCT, enrolling 5056 patients and comparing an 
aggressive intraoperative warming intervention and rou-
tine management strategy, failed to find any difference of 
outcome when maintaining a body temperature of 37 °C 
or 35.5 °C, including cardiovascular events such as myo-
cardial injury after noncardiac surgery, non-fatal cardiac 
arrest, mortality, and surgical site infection, transfusion 
requirement and hospital readmission [64]. Therefore, 
the clinical impact of intraoperative hypothermia might 
be determined by the severity degree of hypothermia.

5  Intraoperative monitoring of body temperature
The NICE guideline recommends that the body tem-
perature should be monitored before anesthesia, every 
30 min during surgery, at the end of surgery and arrival 
at the recovery room, and every 15 min in the recovery 
room. The patients who should be monitored for tem-
perature include those with general anesthesia longer 
than 30 min and those undergoing major surgery under 
neuraxial anesthesia [12]. The site of temperature moni-
toring is more important than the devices. Core temper-
ature has been considered to be the target temperature 
that we aimed to maintain during surgery, and multiple 
sites have been used for temperature monitoring during 
surgery, including pulmonary artery, distal esophagus, 
nasopharynx with the probe inserted 10–20  cm, and 
tympanic membrane. Other sites include sublingual area, 
axilla, bladder, rectum and lateral forehead. Noninvasive 
forehead temperature monitoring (such as 3  M™ Bair 
Hugger™ device) has been demonstrated to be compara-
ble to other core temperature monitoring approach, such 
as tympanic membrane [65], blood, bladder [66], esoph-
agus, or rectum [67], and may be clinically convenient 

because this monitoring method is noninvasive and con-
tinuous. Trachea temperature monitoring, using a probe 
embedded into the cuff of the trachea intubation, has 
been also evaluated, but the result remains to be con-
troversial. Matsukawa et  al. found that the accuracy of 
trachea temperature was insufficient when compared to 
distal esophageal temperature [68, 69]. But some others 
showed that trachea temperature correlated well with 
blood temperature and might be suitable for intubated 
patients [70–72].

6  Active warming against perioperative 
hypothermia

A variety of warming interventions have been applied to 
prevent or treat perioperative hypothermia. The warming 
interventions can be divided into passive warming and 
active warming. The former includes maintaining rela-
tively high ambient temperature, insulation mattresses 
and covers, closed or semi-closed ventilation circuit with 
low air flow, and the latter includes forced-air warm-
ers, heated mattresses with electric device or warm cir-
culating water, esophageal heat exchangers, warming of 
intravenous and irrigation fluids and inspiratory gas [73]. 
In some studies, fluid or gas warmers were considered 
as passive warming measures. Most of the RCTs have 
demonstrated that active body surface warming device 
was capable of increasing the core temperature dur-
ing surgery. Aggressive active warming has been shown 
to be able to maintain a body temperature above 37  °C, 
although in this study it has been demonstrated to be 
unable to induce any improvement regarding the main 
cardiovascular, infectious and bleeding complications 
when compared to maintenance of a body temperature at 
35.5  °C [64]. But it should be noticed that this RCT by 
Sessler et  al. [64] did not deny the use of active warm-
ing device to prevent intraoperative hypothermia. What 
they concerned was the right target temperature that we 
should achieved.

The most widely accepted active warming device is the 
forced-air warming device, which has been demonstrated 
to be with the highest efficacy of maintaining a proper 
core temperature during surgery in most of the clinical 
studies. Several RCTs comparing forced-air warming 
and heating mattresses showed that forced-air warming 
increased intraoperative core temperature and reduced 
the incidence of intraoperative hypothermia [74, 75]. But 
the effects of different active warming strategies were 
shown not significantly different according to a meta-
analysis of RCTs, including forced-air warming device, 
electric heating device, resisting heating device, warm-
water circulation device, and radiant heating [61]. The 
active warming interventions can be chosen based on the 
medical cost and the devices available in the institutions. 
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The site of warming was also a determinant of warming 
efficacy, and it was interesting to find that lower body 
warming was more effective in maintaining body tem-
perature than upper body warming in patients in lateral 
decubitus position [76]. Fluid warming was also widely 
used in patients receiving large amount of intravenous 
fluid. It was shown that large amount of unwarmed intra-
venous fluid (1L/h) was a risk factor for intraoperative 
hypothermia. But the NICE guideline suggested that 
intravenous administration of fluid more than 500  ml 
should be warmed to 37 °C [12]. A Cochrane meta-anal-
ysis demonstrated that warming of intravenous fluid was 
associated with a temperature increase of about 0.5  °C 
and there was still not sufficient evidence to support that 
in-line fluid warming could improve the outcome except 
shivering, including bleeding, infection and other adverse 
events [77].

What makes a difference in the clinical effects of active 
warming intervention may be the timing of the initiation 
of warming therapy. Because of the heat redistribution 
of anesthesia induction, many studies showed that active 
warming intervention should be started before anesthe-
sia induction. In the NICE guideline for perioperative 
hypothermia, it was recommended that each patient 
should be evaluated for the risk of perioperative hypo-
thermia and the baseline temperature should be meas-
ured. Active warming intervention should be started to 
maintain a preoperative temperature above 36 °C except 
for emergent surgeries. Wetz et  al. [44] found that pre-
operative hypothermia was present in 21% patients 
undergoing noncardiac surgery, and Alfonsi et  al. [29] 
showed that pre-anesthesia use of warming intervention 
was associated with a lower incidence of hypothermia 
in the recovery room. An RCT performed by Horn et al. 
showed that even a short time of prewarming treatment 
for 10 or 20 min would significantly reduce the incidence 
of hypothermia (from 69% without prewarming to 13% 
with prewarming for 10 min, 7% for 20 min and 6% for 
30 min) [78]. The prewarming was also suggested in the 
NICE guideline, but cost‐benefit of forced-air warming 
should be taken into consideration if the patients were 
anesthetized in the preoperative induction room.

It should be aware that prevention of perioperative 
hypothermia was a systemic project which required an 
interprofessional collaboration between anesthesiolo-
gists, surgeons, nurses and staffs in the ward. The work-
ing conditions of the surgeons are always influenced by 
the ambient temperature and the NICE guideline recom-
mend a unique equipment to cool the surgical team [12]. 
The temperature of the irrigation fluids should be closely 
concerned by the surgeons and nurses. Therefore, the 

anesthesiologists should work on the consensus of team-
work in maintaining a normal perioperative temperature.

The cost of active warming may be a problem for some 
institutes because of the disposable use of blankets for 
forced-air warming. A cost–benefit analysis showed that 
the cost of intraoperative hypothermia was $363.8 and 
the use of active warming device might save $152.8 [79]. 
The cost issue of active warming varies among different 
countries or regions, and for instances, the disposable 
blanket for forced-air warming cannot be charged due to 
policy of health committee in Shanghai. The cost‐benefit 
analysis should be further evaluated for the use of active 
warming interventions.

When using the body surface warming techniques, 
it should be cautious that the temperature of warming 
device should be not higher than 41 °C. A high tempera-
ture may lead to thermal injury to the skin, and periph-
eral hypoperfusion, induced by hypothermia, may further 
worsen the condition. Therefore, there are still some case 
reports of ulcer occurring with the use of body surface 
warming devices [80].

7  Conclusions
Inadvertent perioperative hypothermia is not only a 
phenomenon of reduced body temperature, but also an 
undesirable adverse event which may lead to compro-
mised perioperative outcome, including uncomfortable 
shivering, infection, bleeding, delayed recovery and even 
adverse cardiovascular events. The patients undergo-
ing general anesthesia longer than 30  min or undergo-
ing major surgery under neuraxial anesthesia should 
be monitored for core temperature, and active warm-
ing intervention should be applied from pre-induction 
to recovery period to maintain a proper target, which 
remains to be investigated by future studies. One recent 
large-scale multicenter RCT showed that 35.5  °C might 
be sufficient to prevent hypothermia-associated com-
plications. A variety of active warming interventions 
are available, and the most effective one appears to be 
the forced-air warming device according to the cur-
rent evidence-based studies. Despite the use of active 
warming measures, incidence of hypothermia remains 
unexpected high in some studies. Several factors may 
influence the warming efficacy of active warming device, 
including the timing of warming, target temperature, 
warming site. Future studies are warranted to establish 
a standard warming strategy against perioperative hypo-
thermia. Nevertheless, the current evidences have told 
us that perioperative hypothermia is quite common and 
we should pay more attention and effort to prevent this 
perioperative issue.
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