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Hypothermia and blood coagulation 
biomarkers and their implications for 
perioperative nursing: A systematic review
Supplement 1: Search strategies by database
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intraoperative OR postoperative Hypothermia*)) AND (Hemostasis OR Hemostases OR coagul*)) AND 
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(perioperative* OR surger* OR intraoperative OR postoperative OR preoperative)

Cochrane CENTRAL ((((Hypothermia*) AND (Hemostasis OR Hemostases OR coagul*)) AND (perioperative* OR surger* OR 
intraoperative OR postoperative Hypothermia*)) AND (Hemostasis OR Hemostases OR coagul*)) AND 
(perioperative* OR surger* OR intraoperative OR postoperative OR preoperative) in Title Abstract Keyword
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intraoperative OR postoperative Hypothermia*)) AND (Hemostasis OR Hemostases OR coagul*)) AND 
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OR Hemostase OR coagulation OR coagulopathy OR coagulation* OR coagulopathy OR coagulopathy* 
OR coagulation*) AND (perioperative* OR perioperative* OR perioperative* OR surgery* OR cirurg* 
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Web Of Science Core 
Collection

((((Hypothermia*) AND (Hemostasis OR Hemostases OR coagul*)) AND (perioperative* OR surger* OR 
intraoperative OR postoperative Hypothermia*)) AND (Hemostasis OR Hemostases OR coagul*)) AND 
(perioperative* OR surger* OR intraoperative OR postoperative OR preoperative)

OpenGrey Hypothermia AND Hemostasis
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Supplement 3: Summary of the studies included in the systematic review (n = 5)

Authors  
(year) Title

Study design, 
sample, control 
and experimental 
groups, type of 
anaesthesia

Objective (control 
and experimental 
treatment)

Temperature parameter 
(average), place of 
measurement, blood 
assessments, time of 
collection Main results

Cavallini 
et al.1 
(2005)

Effects of mild 
hypothermia on 
blood coagulation 
in patients 
undergoing 
elective plastic 
surgery 

•	 randomised 
clinical trial

•	 n = 76
•	 general 

anaesthesia

To evaluate 
the effects of 
coagulation and 
the use of warming 
methods during 
plastic surgery 
lasting more than 
two hours.
The control group 
received passive 
heating with 
cotton sheets and 
sterile fields. The 
experimental group 
received active 
heating with fluid 
heating.

Pre-operative:
•	 control group 36.0 °C
•	 experimental group 36.1 °C
End of procedure:
•	 control group 34.0 °C
•	 experimental group 36.0 °C
Temperature measurement site: 
tympanic membrane.
Temperature was measured 
when blood samples were 
collected.
Blood assessments were 
coagulation activity, PT, 
APTT, ACT, plasma fibrinogen 
concentration.
Samples were collected one 
hour before anaesthesia 
induction and at the end of 
surgery.

Pre-operative temperature in both groups 
did not differ significantly. At the end of the 
procedure, the control group had a lower core 
temperature (34.0±1.0 °C) than the experimental 
group (36.6±0.6 °C). The two groups showed 
no differences in PT and plasma fibrinogen 
concentrations.
Patients in the control group had a longer 
activated thromboplastin time (36.8–3.5 s)  
compared to those kept normothermic 
(34.0–2.9 s). Maintaining intra-operative 
normothermia allows patients to maintain normal 
coagulation function, reducing complications. 
The control group had a significantly higher APTT 
and longer bleeding time than normothermic 
patients. Bleeding time is a useful test for 
diagnosing haemostatic disorders, guiding 
therapy and warning of bleeding complications 
during and after surgery. Bleeding time is related 
to reduced platelet aggregation function.

Luo et al.2 
(2020)

Beneficial effect 
of fluid warming 
in elderly patients 
with bladder 
cancer undergoing 
da Vinci robotic 
assisted 
laparoscopic 
radical cystectomy 

•	 randomised 
clinical trial

•	 n=108
•	 general 

anaesthesia

To investigate the 
effectiveness of 
fluid warming in 
elderly patients 
with bladder cancer 
undergoing robotic 
laparoscopic radical 
cystectomy.
Participants were 
randomly divided 
into a warm-up 
group (n =53) and a 
control group (n=55).

The patient’s body temperature 
was recorded during the pre-, 
intra- and post-operative 
periods. During the intra-
operative period, body 
temperature was higher in the 
experimental group than in 
the control group. Six hours 
after the start of surgery, 
the temperature dropped to 
34.9°C in the control group 
and remained at 36.1°C in the 
experimental group.
Blood assessments were PT, 
APTT, TT, fibrinogen, white 
blood cells, platelets, total 
bilirubin, pH, glucose and 
lactose.
The samples were collected 
during the perioperative period 
(exact times not specified). 

No significant differences were observed 
in demographic and clinical characteristics 
between the groups (p > 0.05). Post-operative 
complications included chills, pneumonia, 
pulmonary embolism, urinary fistula and 
intestinal obstruction. All data were compared, 
and significant differences in pre-operative 
fibrinogen, white blood cells, total bilirubin, 
intra-operative lactose and post-operative TT 
were detected between the control and warm-up 
groups. TT was the only factor that was altered 
between the groups, with the warming group 
having a lower TT than the control group. The 
warming group had a higher post-operative 
PLT than the control group, as well as a shorter 
TT than the control group, which suggests the 
possibility that warming fluids improve post-
operative coagulation function. Patients in the 
experimental group (who received warmed fluids) 
had shorter hospital stays than those in the 
control group.

Pu et al.3 
(2014)

Warming with 
an underbody 
warming 
system reduces 
intra-operative 
hypothermia 
in patients 
undergoing 
laparoscopic 
gastrointestinal 
surgery: A 
randomised 
controlled study

•	 randomised 
clinical trial

•	 n=110
•	 general 

anaesthesia

To analyse 
the feasibility 
and efficacy/
effectiveness of 
intra-operative 
cutaneous warming 
therapy with a 
lower-body warming 
system, heated 
forced air system 
(thermal blanket), 
during laparoscopic 
gastrointestinal 
surgery.
This study included 
and analysed 55 
patients in the 
control and 55 
patients in the 
intervention group. 

Core body temperature was 
measured before anaesthesia, 
immediately after anaesthesia, 
immediately after the start 
of the operation and every 
ten minutes until the end of 
anaesthesia. Measurements 
were performed using a 
nasopharyngeal thermometer. 
The room temperature ranged 
between 22°C and 24°C.
The blood assessments were 
PT, APTT, TT and haemoglobin. 
PT, APTT and TT were measured 
at the start of anaesthesia 
induction, at the start of the 
operation, 30–60 minutes after 
the start of surgery and at the 
end of surgery. Haemoglobin 
levels were measured pre-
operatively and on post-
operative day 1.

Skin heating with a lower-body heating system 
is a viable and effective method for preventing 
hypothermia during laparoscopic gastrointestinal 
surgery. During the intra-operative period, 
when evaluating the effectiveness of active skin 
heating on the coagulation index and shivering, 
significant differences were observed between 
the groups in terms of the coagulation function 
30–60 minutes after the start of surgery and 
at the end of surgery. PT, APTT and TT were 
unaltered from the start of anaesthesia to 
the start of the operation. Anaesthesia and 
operating time increased, although no significant 
changes were observed in PT, activated partial 
PT, thromboplastin time or TT between the 
groups. A change in intra-operative coagulation 
was observed, as evidenced by intra-operative 
bleeding between the two groups. Reduced 
intra-operative bleeding was observed after 
hypothermia prevention in the intervention group 
compared with that in the control group.
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Authors  
(year) Title

Study design, 
sample, control 
and experimental 
groups, type of 
anaesthesia

Objective (control 
and experimental 
treatment)

Temperature parameter 
(average), place of 
measurement, blood 
assessments, time of 
collection Main results

Schmied 
et al.4 
(1996)

Mild hypothermia 
increases 
blood loss and 
transfusion 
requirements 
during total hip 
arthroplasty

•	 randomised 
clinical trial

•	 n=60
•	 general 

anaesthesia

To test the 
hypothesis that 
mild hypothermia 
increases blood loss 
and the need for 
transfusions during 
hip arthroplasty.
Participants 
were assigned 
to two groups – 
normothermia 
(core temperature 
maintained near 
36-5 °C) or mild 
hypothermia (core 
temperature allowed 
to decrease to about 
35 °C).

The patient’s core temperature 
was monitored in the tympanic 
region, with measurements 
obtained every 20 minutes 
during surgery and every 30 
minutes post-operatively 
for two hours. The room 
temperature was kept at 21°C.
The blood assessments were 
haemoglobin, PT, TT, APTT, 
fibrinogen, antithrombin 
concentration, platelets and 
haematocrit. Samples to assess 
haemoglobin, PT, TT, fibrinogen, 
antithrombin concentration 
and platelets were collected 
pre-operatively, immediately 
after surgery and on post-
operative day 1. Samples to 
determine the haematocrit 
were collected at 30-minute 
intervals during surgery.

The primary results of the study revealed 
that patients with hypothermia experienced 
significantly greater intra-operative and post-
operative blood loss: 2.2 (0.5) L vs. 1.7 (0.3) L 
(p < 0.001). Of the 30 patients, seven required 
8 units of red blood cells, whereas only one 
normothermic patient required 1 unit of blood. 
A typical drop in core temperature in patients 
undergoing hip arthroplasty increased blood loss 
by approximately 500 mL. Therefore, maintaining 
normothermia during the intra-operative period 
reduces blood loss and the need for transfusions 
in patients undergoing total hip arthroplasty. 
Intra-operative core temperature was 
approximately 1.5 °C higher in patients with extra 
warming. Of these, the final core temperature 
exceeded 36 °C in all but one patient. Among the 
unwarmed patients, all but two patients had final 
core temperatures below 36 °C. Two hours after 
surgery, the temperature remained significantly 
lower in the unwarmed patients.
Blood partial thromboplastin times, fibrinogen 
and antithrombin were normal and similar pre-
operatively in both groups, with no significant 
changes observed during the study. PT decreased 
from 94% (n=17) pre-operatively to 65% (n=10) 
immediately after surgery, remaining at 67% 
(n=9) the following morning. Platelet counts 
decreased from 244 000/µL pre-operatively to 
195 000/µL post-operatively and 162 000/µL the 
following morning. Patients with hypothermia 
experienced significantly greater blood loss. 
Although haemoglobin concentrations at baseline 
were similar, they were slightly lower in patients 
with hypothermia on post-operative day 1, with 
significantly larger differences observed between 
the groups.

Zheng et 
al.5 (2020)

Preventive 
intervention for 
hypothermia 
in patients 
undergoing 
thoracic 
surgery reduces 
complications

•	 case control study
•	 n=128
•	 type of 

anaesthesia  
unclear

To investigate the 
factors that lead 
to hypothermia in 
patients undergoing 
thoracic surgery. A 
total of 128 patients 
undergoing thoracic 
surgery at a single 
hospital participated 
in the study. The 
control group 
(n=58) received 
routine preventive 
approaches, and 
those in the case 
group (n=70) 
received preventive 
measures aimed 
at controlling risk 
factors associated 
with hypothermia.

Temperature was measured 
every 15 minutes during 
the operation using a 
nasopharyngeal thermometer. 
Operating room temperature 
ranged between 24°C and 26°C.
Blood assessments were PT, 
APTT and fibrinogen. The study 
does not mention when the 
laboratory tests were taken.

Identified as risk factors for hypothermia in 
patients undergoing thoracic surgery were age 
>60 years, operating time >two hours, intra-
operative infusion volume >2000 mL, open 
operation, operating room temperature <24 °C 
and rinse solution volume >2000 mL. Based on 
these risk factors, targeted measures to prevent 
hypothermia, using warming methods, could elicit 
better therapeutic effects and greater patient 
satisfaction than routine prevention.
Compared with the control group, PT and APTT 
were higher, while fibrinogen was lower in the 
case group (p<0.05).
Targeted preventive measures for hypothermia 
based on identified risk factors demonstrate 
better preventive effects and higher patient 
satisfaction than routine preventive measures.

PT = prothrombin time, APTT = activated partial thromboplastin time, ACT = activated clotting time, TT = thrombin time, PLT = platelet count
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Supplement 4: Critical appraisal of included studies
Table 1: Critical appraisal of randomised controlled trials using JBI appraisal tool for randomised 
controlled trials 
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de

d 
to

 th
e 

tr
ea

tm
en

t a
ss

ig
nm

en
t?

Q
5:

 �W
er

e 
th

os
e 

ad
m

in
is

te
rin

g 
tr

ea
tm

en
t b

lin
d 

to
 tr

ea
tm

en
t a

ss
ig

nm
en

t?

Q
6:

 �W
er

e 
th

e 
tr

ea
tm

en
t g

ro
up

s 
tr

ea
te

d 
id

en
tic

al
ly

 e
xc

ep
t f

or
 th

e 
in

te
rv

en
tio

n 
of

 in
te

re
st

?

Q7
: �W

er
e 

th
e 

ou
tc

om
e 

as
se

ss
or

s 
bl

in
de

d 
to

 tr
ea

tm
en

t a
ss

ig
nm

en
t?

Q
8:

 �W
er

e 
th

e 
re

su
lts

 m
ea

su
re

d 
in

 th
e 

sa
m

e 
m

an
ne

r a
cr

os
s 

th
e 

tr
ea

tm
en

t g
ro

up
s?

Q
9:

 A
re

 th
e 

re
su

lts
 re

lia
bl

e?

Q1
0:

 �W
as

 th
e 

fo
llo

w
-u

p 
co

m
pl

et
e 

an
d,

 if
 n

ot
, w

er
e 

th
e 

di
ffe

re
nc

es
 b

et
w

ee
n 

th
e 

gr
ou

ps
 in

 te
rm

s 
of

 
fo

llo
w

-u
p 

ad
eq

ua
te

ly
 d

es
cr

ib
ed

 a
nd

 a
na

ly
se

d?

Q1
1: 

�W
er

e 
th

e 
pa

rt
ic

ip
an

ts
 a

na
ly

se
d 

in
 th

e 
gr

ou
ps

 to
 w

hi
ch

 th
ey

 w
er

e 
ra

nd
om

is
ed

?

Q1
2:

 W
as

 a
pp

ro
pr

ia
te

 s
ta

tis
tic

al
 a

na
ly

si
s 

us
ed

?

Q1
3:

 �W
as

 th
e 

tr
ia

l d
es

ig
n 

ap
pr

op
ria

te
, a

nd
 a

ny
 d

ev
ia

tio
ns

 fr
om

 th
e 

st
an

da
rd

 R
CT

 d
es

ig
n 

(in
di

vi
du

al
 

ra
nd

om
is

at
io

n,
 p

ar
al

le
l g

ro
up

s)
 ta

ke
n 

in
to

 a
cc

ou
nt

 in
 th

e 
co

nd
uc

t a
nd

 a
na

ly
si

s 
of

 th
e 

tr
ia

l?

Score

Cavallini et al.1
Y Y Y Y Y Y Y Y Y Y Y U N 11/13

Luo et al.2 Y Y Y Y Y Y Y Y Y Y Y Y Y 13/13

Pu et al.3 Y Y Y Y Y Y Y Y Y Y Y Y Y 13/13

Schmied et al.4 Y Y Y Y Y Y Y Y Y Y Y Y Y 13/13

Percentage 100 100 100 100 100 100 100 100 100 100 100 75 75

Y = yes, N = no, U = unclear, N/A = not applicable
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Table 2: Critical appraisal of case control studies using JBI case control study checklist

Study Q1
: �W

er
e 

th
e 

gr
ou

ps
 c

om
pa

ra
bl

e 
ex

ce
pt

 fo
r t

he
 p

re
se

nc
e 

of
 d

is
ea

se
 

in
 th

e 
ca

se
s 

or
 th

e 
ab

se
nc

e 
of

 d
is

ea
se

 in
 th

e 
co

nt
ro

ls
?

Q2
: A

re
 th

e 
ca

se
s 

an
d 

co
nt

ro
ls

 a
pp

ro
pr

ia
te

ly
 m

at
ch

ed
?

Q3
: �W

er
e 

th
e 

sa
m

e 
cr

ite
ria

 u
se

d 
to

 id
en

tif
y 

th
e 

ca
se

s 
an

d 
co

nt
ro

ls
?

Q
4:

 �W
as

 e
xp

os
ur

e 
m

ea
su

re
d 

in
 a

 s
ta

nd
ar

di
se

d,
 v

al
id

 a
nd

 
re

lia
bl

e 
m

an
ne

r?
 

Q
5:

 �W
as

 th
e 

ex
po

su
re

 m
ea

su
re

d 
in

 th
e 

sa
m

e 
m

an
ne

r f
or

 b
ot

h 
ca

se
s 

an
d 

co
nt

ro
ls

? 

Q
6:

 W
er

e 
th

e 
co

nf
ou

nd
in

g 
fa

ct
or

s 
id

en
tif

ie
d?

 

Q7
: �W

er
e 

st
ra

te
gi

es
 fo

r a
dd

re
ss

in
g 

th
e 

co
nf

ou
nd

in
g 

fa
ct

or
s 

st
at

ed
? 

Q
8:

 �W
er

e 
th

e 
re

su
lts

 a
ss

es
se

d 
in

 a
 s

ta
nd

ar
di

se
d,

 v
al

id
 a

nd
 re

lia
bl

e 
m

an
ne

r f
or

 c
as

es
 a

nd
 c

on
tr

ol
s?

Q
9:

 W
as

 th
e 

ex
po

su
re

 p
er

io
d 

su
ffi

ci
en

tly
 lo

ng
 to

 b
e 

m
ea

ni
ng

fu
l?

Q1
0:

 W
as

 th
e 

ap
pr

op
ria

te
 s

ta
tis

tic
al

 a
na

ly
si

s 
us

ed
? 

Score

Zheng et al.5 Y Y Y Y Y U Y Y Y Y 9/10

Percentage 100 100 100 100 100 0 100 100 100 100

Y = yes, N = no, U = unclear, N/A = not applicable
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