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Abstract. – OBJECTIVE: The aim of the 
study was to evaluate the efficacy of aggressive 
warming combined with tranexamic acid (TXA) 
during total hip arthroplasty (THA).   

PATIENTS AND METHODS: A total of 832 pa-
tients who underwent THA from October 2013 
to June 2019 were divided into three groups ac-
cording to the order of admission. There were 
210 patients from October 2013 to March 2015 
in group A, 302 patients from April 2015 to April 
2017 in group B, and 320 patients from May 2017 
to June 2019 in group C. Group A was the con-
trol group and was not given any measures. 
Group B was administered intravenously with 
15 mg/kg TXA before skin incision and 3 h lat-
er without aggressive warming. Group C was 
administered intravenously with 15 mg/kg TXA 
before skin incision and 3 h later with aggres-
sive warming. We evaluated the differences in 
the intraoperative blood loss, changes in core 
body temperature of patients at different stag-
es during the operation, postoperative drainage, 
hidden blood loss, transfusion rate, drop of he-
moglobin (Hb) on postoperative day 1 (POD1), 
prothrombin time (PT) of POD1, average hospi-
talization day, and complications.  

RESULTS: There were statistically significant 
differences among the three groups during the 
intraoperative blood loss, intraoperative chang-
es in core body temperature, postoperative 
drainage, hidden blood loss, blood transfusion 
rate, drop of Hb on POD1 and average hospi-
tal stay (p<0.05). There was no statistical differ-
ence in PT on POD1 and the incidence of com-
plications (p>0.05). 

CONCLUSIONS: Aggressive warming com-
bined with TXA can significantly reduce the blood 
loss and transfusion rate of THA, and accelerate 
the recovery. We also observed that it does not 
increase the postoperative complications.

Key Words:
Aggressive warming, Tranexamic acid, Total hip ar-

throplasty.

Introduction

Total hip arthroplasty (THA) often requires 
extensive stripping of soft tissues, and large sur-
gical wounds cause much blood loss during the 
perioperative period. Normally, excessive blood 
loss affects patients’ postoperative recovery 
increases the length of hospital stay and hospi-
talization costs and may also increase the risk 
of serious complications, such as postoperative 
infections1. Therefore, it is important to take ef-
fective measures to reduce blood loss and accel-
erate recovery during the perioperative period 
of THA. Tranexamic acid (TXA) is a synthet-
ic anti-fibrinolytic drug, and some of reports2-5 
have shown that it has a significant hemostatic 
effect in THA and total knee arthroplasty (TKA) 
without increasing the incidence of thrombotic 
complications. However, there are few studies4 
on the hemostatic effect of TXA combined with 
aggressive warming. Hypothermia is a com-
mon problem that we easily ignore during the 
perioperative period. The literature6 reports that 
the incidence of hypothermia is as high as 60%. 
The low temperature environment of the oper-
ating room and various anesthesia and surgical 
operations can easily lead to hypothermia6. The 
studies6,7 pointed out that even mild hypothermia 
could cause a serious series of problems, such 
as increasing the risk of postoperative wound 
infection, prolonging the resuscitation after an-
esthesia, slowing the speed of postoperative re-
covery, and increasing the amount of bleeding 
in patients. However, there are few studies6 on 
the hemostatic effect of TXA combined with ag-
gressive warming. The purpose of this study was 
to evaluate the efficacy of thermal intervention 
combined with TXA during the perioperative 
period of THA.
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Patients and Methods

There were 846 patients, of whom 8 were not 
eligible and 4 declined to participate (Figure 1), 
including 520 male patients and 312 female pa-
tients. Patients who received THA from October 
2013 to June 2019 were divided into three groups 
according to the order of admission. There were 
210 patients from October 2013 to March 2015 in 
group A, 302 patients from April 2015 to April 
2017 in group B, and 302 patients from May 
2017 to June 2019 in group C. Among them, in 
group A there were 131 males and 79 females, 
aging from 28 to 76 years, with an average age of 

(61.71±7.81) years. There were 106 cases of asep-
tic necrosis of the femoral head (ANF), 50 cases 
of osteoarthritis (OA), and 33 cases of develop-
ment dysplasia hip (DDH), 16 cases of femoral 
neck fracture (FNF) and 5 cases of rheumatoid 
arthritis (RA). Group B were 190 males and 
112 females, aging from 46 to 78 years, with an 
average of (62.66±7.45) years, and 147 cases of 
which were ANF, 75 cases were OA, 47 cases 
were DDH, 27 cases were FNF, and 6 cases were 
RA. Group C were 203 males and 117 females, 
aging from 23 to 77 years, with an average age of 
(62.66±7.68) years. Among them, 172 were ANF, 
77 OA, 35 DDH, 28 FNF and 8 RA.

Figure 1. The CONSORT 2010 flow diagram.
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Inclusion Criteria
We included in the study the patients who un-

derwent primary unilateral THA. 

Exclusion Criteria
The exclusion criteria were: 1) total hip revi-

sion or bilateral THA; 2) severe liver and kidney 
damage and coagulopathy; 3) hematological dis-
ease; 4) preoperative Hb below 90 g/L; 5) use of 
anticoagulants past 1w.

All operations were performed by the same 
group of senior physicians. As the control group, 
the group A had no TXA or thermal intervention. 
Group B was given 15 mg /kg TXA for reoper-
ation, 3 h after operation, without any thermal 
intervention. Group C was given thermal inter-
vention based on group B. All patients were given 
anticoagulant therapy (low molecular weight hep-
arin sodium, 3,500 IU, subcutaneous injection) 8 
hours after surgery. 10 mg rivaroxaban were giv-
en at discharge, until 35 days after surgery.

Aggressive Warming Methods
Axillary temperature measurement was 

used to observe the patient’s body temperature 
change. Anesthesiologists and circuit nurses 
assisted to record the temperature changes of 
the three groups before surgery and at various 
time periods after anesthesia started. Aggressive 
warming measures include controllable electric 
heating blankets, infusion heating, and operat-
ing room temperature control (24°C). During the 
operation, the temperature of the controllable 
thermal blanket and the infusion were adjusted 
according to the changes of the patient’s body 
core temperature, and the temperature should be 
kept above 36°C.

After returning to the ward, routine ankle pump, 
functional exercises and limb barometric therapy 
were used to prevent deep vein thrombosis (DVT). 
The drainage tubes were removed within 48 hours 
post operation, and abduction-free functional train-
ing was performed. Parecoxib and sequential cele-
coxib were served as perioperative analgesia drugs.

Statistical indicators: Armpit temperature 
(preoperative 30 mins, 60 mins, 90 mins after 
anesthesia, end of surgery), intraoperative blood 
loss, postoperative drainage, hidden blood loss, 
average hospitalization day, drop of hemoglobin 
(Hb) and prothrombin time (PT) on postoperative 
day1 (POD1), the incidence of venous thrombus 
(VTE) before discharge and the hidden blood loss 
were calculated according to Nadler et al8.

Statistical Analysis 
Sample size calculations were analyzed by 

PASS 2011 (NCSS, LLC. Kaysville, UT, USA; 
available at https://www.ncss.com/software/
pass/) software, based on the analysis of variance. 
All data were analyzed by SPSS 22.0 (IBM Corp., 
Armonk, NY, USA; available at https://www.ibm.
com/analytics/spss-statistics-software) and Pear-
son’s Chi-square test or Fisher exact test were 
used to analyze qualitative comparative data; 
p<0.05 was considered statistically significant.

Results

Baseline Data (Table I)
There were no significant differences in age, sex, 

body mass index (BMI), etiology, preoperative Hb, 
and PT among the three groups (p>0.05). The tem-
perature of the three groups is shown in Figure 2.

Table I. Comparison of baseline data. 

BMI: body mass index, Hb: hemoglobin, PT: prothrombin time.

  A  B C 
Baseline data  (n=210) (n=302) (n=320) p

Gender M 131 190 203 0.97
 F 79 112 117 
Years  61.71±7.81 62.66±7.45 62.66±7.68 0.30
BMI (kg/m2)  25.37±3.18 25.22±3.20 25.31±3.15 0.86
 ANF 106 147 172 
 OA 50 75 77 
Etiology DDH 33 47 35 0.81 
 FNF 16 27 28 
 RA 5 6 8 
Hb (g/L)  125.16±7.92 125.05±7.61 124.51±7.67 0.56
PT (s)  13.02±0.46 13.06±0.48 13.08±0.51 0.44
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Temperature at different stages 
There was no significant difference in the pre-

operative temperature among the three groups 
(F=0.35, p>0.05).

The difference in temperatures of the three 
patients’ groups under anesthesia for 30 mins, 60 
mins, 90 mins, and at the end of the operation was 
statistically significant (p<0.05). Among them, 
group C was (36.47±0.25)°C, (36.38±0.22)°C, 
(36.29±0.21)°C, and (36.21±0.19)°C under anes-
thesia at 30 mins, 60 mins, 90 mins, and at the end 
of the operation, which were significantly higher 
than those in group A and B, and the differences 
were statistically significant (p<0.05). There was 
no significant difference in temperature between 
groups A and B at different stages of surgery 
(p>0.05).

Comparison of Various Data 
of the Three Groups

Intraoperative blood loss (IBL)
The difference in intraoperative blood loss 

among the three groups was statistically signifi-
cant (F=105.63, p=0.00). Among them, the intra-
operative blood loss was the highest in group A, 
which was (354.70±48.70) mL, and that was sig-
nificantly higher than group B [(311.89±54.50) 
ml] and group C [(282.22±61.97) ml]; the com-
parison was statistically significant (p<0.05) 
(Figure 3).

Postoperative drainage volume (PDV)
The difference in postoperative drainage 

volume among the three groups was statisti-
cally significant (F=8.94, p=0.00). Specifical-
ly, the postoperative drainage volume of the 
group A [(464.09±66.78) mL] was the highest, 
which was significantly higher than the group B 
[(445.97±57.77) ml] and group C [(441.29±63.50) 
ml]; the difference was statistically significant 
(p<0.05), but the difference between group B and 
C was not statistically significant (p>0.05) (Fig-
ure 3).

Hidden blood loss (HBL)
The differences in hidden blood loss among 

the three groups were statistically significant 
(F=55.66, p=0.00). Specifically, the hidden blood 
loss of patients in group A [(360.25±48.84) mL] 
was the highest, which was significantly higher 
than group B [(324.12±49.94) ml] and group C 
[(308.98±63.11) ml]; the difference was statisti-
cally significant (p<0.05). Besides, the difference 
between the three groups of patients was also sta-
tistically significant (p<0.05) (Figure 3).

Drop of Hb
The drop of Hb on POD1 was significantly dif-

ferent among the three groups (F=63.08, p=0.00). 
Among them, the POD1 of Hb drop after oper-
ation in group A was the highest [(32.98±8.55) 
g/L], being significantly higher than group B 

Figure 2. The compar-
ison of various tempera-
tures at different stages 
among the three groups. 
The One-way ANOVA 
was performed to detect 
the difference among the 
groups. *: A vs. C p<0.05; 
#: B vs. C, p<0.05.
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[(30.13±6.08) g/L] and group C [(26.80±4.48) 
g/L]; the difference was statistically significant 
(p<0.05). Besides, the comparison among the 
three groups of patients was also statistically sig-
nificant (p<0.05) (Figure 4).

PT on POD1
There was no significant difference in PT 

among the three groups (p>0.05) (Table II).

Blood transfusion rate
The difference of blood transfusion rate of the 

three groups was statistically significant (2=6.91, 
p=0.032). Among them, the blood transfusion 

rate of group A was 10.48% (22/210), which was 
significantly higher than that of group C [4.69% 
(15/320)]; the difference was statistically signifi-
cant (p<0.05), which was also higher than group 
B [6.29% (19/302)], but the difference was not sta-
tistically significant (p=0.063). The transfusion 
rate of group C was lower than that of group B, 
but the difference was not statistically significant 
(p=0.424) (Table II).

Average hospitalization days (AHDs)
The differences between the average hospital-

ization days in the three groups were statistically 
significant (F=6.78, p=0.01). Among them, the 

Figure 3. The comparison 
of various blood loss volumes 
among the three groups. The 
One-way ANOVA was per-
formed to detect the difference 
among the groups. D: A vs. B, 
p<0.05; *A vs. C, p<0.05; #: B 
vs. C, p<0.05. 
IBL: intraoperative blood loss; 
PDV: Postoperative drainage vol-
ume; HBL: Hidden blood loss.

Figure 4. The comparison of 
the drop of Hb on POD1 among 
the three groups. The One-way 
ANOVA was performed to detect 
the difference among the groups. 
D: A vs. B, p<0.05; *: A vs. C, 
p<0.05; #: B vs. C, p<0.05. 
POD1: Postoperative Day1.
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average hospitalization day of group C was the 
shortest [(10.38±4.44) d], which was significantly 
lower than that of group A [(11.92±4.99) d] and B 
group [(11.14±4.93) d]; the difference was statisti-
cally significant (p<0.05), but the difference be-
tween the A and B was not statistically significant 
(p>0.05) (Table II).

Comparison of complications (Table III)
There was no significant difference of com-

plications among the three groups (p>0.05). The 
incidence of VTE was little difference among the 
three groups and there was not any PE. The inci-
sion complications of group A were 4.28% (9/210), 
mildly higher than group B [3.00% (9/302)] and 
group C [2.5% (8/320)], but the difference was not 
statistically significant (p>0.05).

Discussion

THA is one of the most effective treatments 
for the end of the hip, which can effectively im-
prove the hip function and improve the patients’ 
quality of life. ANF is the most common reason 
for THA, which is usually related to hormone or 
alcohol abuse. Blood interruptions in the femoral 
head, such as intravascular embolization and ex-
travascular compression, are the most commonly 

recognized mechanisms9. In modern times, the 
pathogenesis theory of abnormal lipid metabo-
lism in vascular coagulation, audiogenic differ-
entiation, apoptosis, autophagy, osteoporosis, 
and gene polymorphism, have been supported 
by a wide scientific basis10. However, none of the 
mechanisms has been approved with the consen-
sus of most scholars so far.

It is well known1 that blood is a natural re-
source with very poor regenerative capacity. 
With the development of surgical technology, 
there are more and more difficult, complex and 
traumatic surgical operations11. Large blood loss 
and high transfusion rate during THA are the 
concerns of most joint surgeons, and the risk of 
infection will increase because of blood trans-
fusions. Therefore, we are working to improve 
our strategy to further reduce blood loss and 
the incidence of allogeneic blood transfusions14. 
The studies15-17 point out that TXA is an effec-
tive drug in reducing blood loss and allogeneic 
blood transfusion during THA perioperative pe-
riod and does not increase the risk of thrombosis 
in patients after surgery, which has become an 
important strategy for blood protection of joint 
replacement. Our study confirmed the results of 
previous studies16 and proved a favorable effect 
on TXA. Besides, TXA could reduce blood loss 
and blood transfusion rate.

Table II. Comparison of various data. 

 Group A Group B Group C 
  (n=210) (n=302) (n=320) p pAB pAC pBC
 
PT on POD1 (s) 13.27±0.67 13.29±0.70 13.20±0.64 0.25 0.67 0.30 0.10
Transfusion 22 19 15
No transfusion 188 283 305 0.032 0.063 0.009 0.42
Transfusion rate 10.48% 6.29% 4.69%    
AHDs 11.92±4.99 11.14±4.93 10.38±4.44 0.01 0.07 0.00 0.04

AHD: average hospitalization days, PT: prothrombin time, POD1: postoperative Day 1.

Table III. Comparison of complications.

  Group A Group B Group C 
   (n=210) (n=302) (n=320) p pAB pAC pBC
 
VTE ITE 6 7 7 0.88 0.70 0.62 0.92
 DVT 2 1 2 0.67 0.37 0.63 0.64
Complications Fat liquefaction 2 3 1
 Thrum reaction 2 1 2 

0.54 0.41 0.28 0.77 Infection 3  2 2 
 Others 2  3 2

IVT: Intermuscular venous thrombosis, DVT: deep vein thrombosis.
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The low temperature environment of the oper-
ating room and various anesthesia, infusion, and 
surgical operations can easily lead to hypother-
mia18,19. Regarding perioperative hypothermia, 
there is no clear definition. Usually, the core body 
temperature after anesthesia is between 32°C and 
36°C. The incidence of hypothermia is also rarely 
reported, and varies widely, ranging from 20% to 
74%20-22. Hypothermia often leads to coagulopa-
thy, which reduces the enzymatic kinetic activity 
of prothrombin, affects the morphology and func-
tion of platelets, damages platelet aggregation, 
inhibits the coagulation cascade, reduces the ac-
tivity of coagulation substances, the activation of 
fibrinolytic system, blood viscosity and blood loss 
during surgery. Even mild hypothermia (reduc-
ing core temperature <1°C) may increase blood 
loss during surgery and increase the risk of peri-
prosthetic joint infection(PJI)23,24. Besides, the 
research pointed out that hypothermia may lead 
to aggravation of coagulation disorders, and the 
degree of hypothermia is closely related to mor-
tality25,26. We maintained the normal temperature 
range by adjusting the room temperature, warm-
ing blanket and infusion heating devices during 
the perioperative period. In vitro experiments 
have found that hypothermia can inhibit the activ-
ity of platelets, coagulation factors, and thrombin, 
affecting the generation of blood thrombin over 
40%, which may cause increased blood loss27-

29. Rajagopalan et al18 also found that even mild 
hypothermia (reducing core body temperature 
<1°C) could increase intraoperative blood loss 
up to 16%, and the relative risk of intraoperative 
blood transfusion increased up to 22%. The great-
est temperature reduction usually occurs within 
40-60 minutes after surgery. Inhalation of gas 
(such as isoflurane, sevoflurane, or nitrous ox-
ide) or the use of intravenous anesthesia inducers 
(such as propofol or opioids) can cause peripheral 
vasodilation and lead to core temperature shift-
ing to the periphery, which causes to dropping of 
the temperature rapidly compared to induction of 
anesthesia. In addition, the effect related to in-
duction of anesthesia is usually unavoidable30,31. 
Therefore, it is particularly important to maintain 
the temperature within the normal range by ad-
justing the room temperature, using temperature 
changing blankets or infusion heaters, and reduce 
the risk of blood loss and transfusion during the 
operation.

Generally, it is believed that the important indi-
cators for evaluating the effect of thermal interven-
tion combined with TXA are blood loss and trans-

fusion rate. In this study, the differences in blood 
loss, postoperative drainage, hidden blood loss, 
drop of Hb on POD1, and transfusion rate among 
the three groups of patients were calculated. For 
the application of TXA, many efforts have been 
made by predecessors. Many scholars32-34 have 
confirmed that TXA can effectively reduce blood 
loss during the perioperative period of joint re-
placement without increasing complications, such 
as DVT or PE. Reina et al35 observed that 941 cases 
underwent THA in a prospective case study to in-
vestigate the effects of mild hypothermia on TXA 
and record blood transfusions and complications. 
Studies35 have shown that the incidence of hypo-
thermia in THA is as high as 84.2%, and mild hy-
pothermia does not affect the effect of TXA, which 
can effectively reduce perioperative blood loss and 
blood transfusion rate. Compared with groups A 
and B in this study, intraoperative blood loss, post-
operative drainage volume, hidden blood loss and 
blood transfusion rate were also reached similar 
conclusions. However, Reina35 also showed that 
mild hypothermia would not increase the blood 
loss of THA, which was contrary to the conclusion 
of this study. The author believes that the concept 
of mild hypothermia has not been clearly clarified 
in that study, and there are whether significant 
differences between groups in the temperature of 
different cases have not been statistically referred, 
which needs further research to confirm. Schmied 
et al36 conducted a prospective controlled trial 
about 60 patients under unilateral THA, divided 
into a normal temperature group [core temperature 
(36.6±0.4)°C] and mild hypothermia group [core 
temperature (35.0±0.5)°C], and the intraoperative 
blood loss was (1.7LVS2.2L), postoperative drain-
age volume was (0.3LVS0.5L), and mild hypother-
mia increased blood loss up to 500 ml, which was 
statistically significant difference (p<0.001). Thus, 
it was confirmed that maintaining normal tem-
perature during surgery could reduce blood loss 
and transfusion rate in THA and further explain 
the adverse consequences of hypothermia during 
THA. Winkler et al37 studied the changes of core 
temperature, blood transfusion rate, and length of 
hospital stay about 143,157 patients during THA. 
The study found that the core temperature de-
creased during the first hour and then increased. In 
the first hour, the average minimum core tempera-
ture was (35.7±0.6)°C. 64% of patients had a core 
temperature threshold below 36°C after induction 
and 29% reached the core temperature threshold 
below 35.5°C. Besides, nearly half of the patients 
had a low core temperature below 36°C and 20% 
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of patients had a core temperature below 35.5°C 
for more than 1 hour. 20% of patients had a core 
temperature below 36°C for more than 2 hours, and 
8% of which had a core temperature below 35.5°C 
for more than 2 hours. Hypothermia is normal 
during the first hour of anesthesia even with high 
body temperature, which confirms that hypother-
mia may increase the transfusion rate, and aggres-
sive warming can reduce the blood loss of THA 
and reduce complications. Steelman et al38 reached 
similar conclusions. Compared to the previous 
ones, this study not only confirms the efficacy of 
TXA, but also the efficacy of thermal interven-
tion. In our study, group A was considered as the 
blank group, and group B was administered intra-
venously with 15 mg/kg TXA. The intraoperative 
blood loss, postoperative drainage volume, hidden 
blood loss, and drop of Hb on POD1 after oper-
ation were (360.25±48.84) ml vs. (311.89±54.50) 
ml, (464.09±66.78) ml vs. (445.97±57.77) ml, 
(360.25±48.84) ml vs. (324.12±49.94) ml, 
(32.98±8.55) g/L vs. (30.13±6.08) g/L. The differ-
ences between them were statistically significant 
(p<0.05), but there was no statistical difference 
between the two groups in terms of postoperative 
coagulation function (p>0.05). Besides, the effect 
of thermal intervention could be confirmed by an-
alyzing groups B and C. The intraoperative blood 
loss, postoperative drainage volume, hidden blood 
loss, drop of Hb on POD1 and average hospital-
ization days of group C were (282.22±61.97) ml, 
(441.29±63.50) ml, (308.98±63.11) ml, (26.80±4.48) 
g/L and (10.38±4.44) d, which were statistically 
significant when compared to group B (p<0.05). 
Besides, the transfusion rate of group C was 4.69% 
(15/320), while it was 10.48% (22/210) in group 
A. The difference was statistically significant 
(p<0.05), confirming that the effect of thermal in-
tervention combined with TXA could reduce the 
blood loss of THA, the transfusion rate and the 
complications caused by transfusion, shorten the 
average hospital stay, and accelerate recovery after 
surgery. However, there was no statistical differ-
ence in postoperative drainage between groups B 
and C (p>0.05), which raised the following ques-
tion: Is the TXA sufficient after surgery?

There was no significant difference in the in-
cidence of perioperative DVT or PE among the 
three groups in this study (p>0.05), which is the 
same result of previous studies32-34,39, further con-
firming the safety of TXA. Many previous stud-
ies24,25,38,39 have pointed out that hypothermia in 
THA increases the risk of PJI. Among the three 
groups, the incidence of postoperative incisional 

infection in group C was 0.63% (2/320), which 
was mildly higher than group B [0.66% (2/302)] 
and group A [1.43% (3/210)], but there was no 
statistical significance (p>0.05), being consistent 
with the results of Deren et al40. We still believe 
that hypothermia may increase the risk of postop-
erative infection. We considered that the differ-
ence was mainly caused by the poor cases and the 
little incidence of PJI in this study.

It should be noted that some studies41-43 have 
pointed out that forced air heating systems might 
interfere with laminar airflow in the operating 
room and increase the risk of infection. In addi-
tion, Moretti et al44 clearly emphasized that main-
taining normal temperature during the perioper-
ative period of THA will increase the number of 
bacteria per unit volume, but the active heating 
system does not increase the risk of incision in-
fection, which should be vigilant.

Conclusions

In summary, this study confirms that aggres-
sive warming combined with TXA can signifi-
cantly reduce blood loss, transfusion rate, ac-
celerate postoperative recovery, and shorten the 
average hospital stay during THA, which is a reli-
able and worthy technique.

Clinical Trial Registration
Clinical trial registration number: ChiCTR2000034377; 
date of registration: 4/7/2020.

Funding
This research was funded by the Guangxi Science and 
Technology Plan Project (AB16380230), the Research and 
Development Project of suitable medical technology in 
Guangxi (S201544), and the Research Project of Guangxi 
Health Commission (Z2016597).

Authors’ Contributions
Fulin Li performed the data collection and analysis and par-
ticipated in manuscript writing. Yu Huang, Xiao Huang, 
Bingfeng Mo, Wenhui Liu, Wenwen Huang performed the 
database setup and statistical analysis. Dong Yin performed 
the operations and participated in the study design and co-
ordination and helped to draft the manuscript. All authors 
have read and approved the final manuscript.

Conflict of Interests  
The authors declare that they have no competing interests.



F.-L. Li, Y. Huang, X. Huang, B.-F. Mo, W.-H. Liu, W.-W. Huang, D. Yin

1296

Ethics Approval
We confirmed that all experimental protocols were ap-
proved by the the Medical Ethics Committee of the Guangxi 
Zhuang Autonomous Region People’s Hospital. All meth-
ods were carried out in accordance with the relevant guide-
lines and regulations in the manuscript. 

Informed Consent
The informed consent was obtained from our responsible 
Investigational Ethics Review Board and all patients agreed 
to be included in the study and signed informed consent.

References

  1) Urban MK, Beckman J, Gordon M, Urquhart B, 
Boachie-Adjei O. The efficacy of antifibrinolyt-
ics in the reduction of blood loss during complex 
adult reconstructive spine surgery. Spine (Phila 
Pa 1976) 2001; 26: 1152-1156.

  2) Gao F, Sun W, Guo W, Li Z, Wang W, Cheng L. 
Topical application of tranexamic acid plus diluted 
epinephrine reduces postoperative hidden blood 
loss in total hip arthroplasty. J Arthroplasty 2015; 
30: 2196-2200.

  3) Hourlier H, Fennema P. Single tranexamic acid 
dose to reduce perioperative morbidity in primary 
total hip replacement: A randomised clinical trial. 
Hip Int 2014; 24: 63-68.

  4) Hu M, Liu ZB, Bi G. Efficacy and safety of 
tranexamic acid in orthopaedic trauma surgery: A 
meta-analysis. Eur Rev Med Pharmacol Sci 2019; 
23: 11025-11031.

  5) Ekmekyapar M, Sahin L, Gur A. Comparison of 
the therapeutic efficacy of topical tranexamic ac-
id, epinephrine, and lidocaine in stopping bleed-
ing in non-traumatic epistaxis: A prospective, ran-
domized, double-blind study. Eur Rev Med Phar-
macol Sci 2022; 26: 3334-3341.

  6) Benson EE, Mcmillan DE, Ong B. The effects of 
active warming on patient temperature and pain 
after total knee arthroplasty. Am J Nurs 2012; 112: 
26-33.

  7) Piccioni A, Tarli C, Cardone S, Brigida M, D’Ad-
dio S, Covino M. Role of first aid in the manage-
ment of acute alcohol intoxication: A narrative 
review. Eur Rev Med Pharmacol Sci 2020; 24: 
9121-9128.

  8) Nadler SB, Hidalgo JH, Bloch T. Prediction of 
blood volume in normal human adults. Surgery 
1962; 51: 224-232.

  9) Moya-Angeler J, Gianakos AL, Villa JC, Ni A, 
Lane JM. Current concepts on osteonecrosis of 
the femoral head. World J Orthop 2015; 6: 590-
601.

 10) Cohen-Rosenblum A, Cui Q. Osteonecrosis of 
the femoral head. Orthop Clin North Am 2019; 50: 
139-149.

 11) Shin HJ, Na HS, Do SH. The effects of acute nor-
movolaemic haemodilution on peri-operative co-
agulation in total hip arthroplasty. Anaesthesia 
2015; 70: 304-309.

 12) Akonjom M, Battenberg A, Beverland D, Choi JH, 
Fillingham Y, Gallagher N. General assembly, 
prevention, blood conservation: Proceedings of 
international consensus on orthopedic infections. 
J Arthroplasty 2019; 34: S147-S155.

 13) Budak AB, Mccusker K, Gunaydin S. A structured 
blood conservation program in pediatric cardiac 
surgery. Eur Rev Med Pharmacol Sci 2017; 21: 
1074-1079.

 14) Morais S, Ortega-Andreu M, Rodriguez-Merchan 
EC, Padilla-Eguiluz NG, Perez-Chrzanowska H, 
Figueredo-Zalve R. Blood transfusion after pri-
mary total knee arthroplasty can be significantly 
minimised through a multimodal blood-loss pre-
vention approach. Int Orthop 2014; 38: 347-354.

 15) Frisch NB, Wessell NM, Charters MA, Yu S, Jef-
fries JJ, Silverton CD. Predictors and complica-
tions of blood transfusion in total hip and knee ar-
throplasty. J Arthroplasty 2014; 29: 189-192.

 16) Sukeik M, Alshryda S, Haddad FS, Mason JM. 
Systematic review and meta-analysis of the use 
of tranexamic acid in total hip replacement. J 
Bone Joint Surg Br 2011; 93: 39-46.

 17) Chauhan S. Comparison of tranexamic acid with 
aprotinin in pediatric cardiac surgery. Ann Card 
Anaesth 2015; 18: 27-28.

 18) Rajagopalan S, Mascha E, Na J, Sessler DI. 
The effects of mild perioperative hypothermia on 
blood loss and transfusion requirement. Anesthe-
siology 2008; 108: 71-77.

 19) Kurz A. Thermal care in the perioperative period. 
Best Pract Res Clin Anaesthesiol 2008; 22: 39-62.

 20) Kurz A, Sessler DI, Lenhardt R. Perioperative 
normothermia to reduce the incidence of sur-
gical-wound infection and shorten hospitaliza-
tion. Study of Wound Infection and Temperature 
Group. N Engl J Med 1996; 334: 1209-1215.

 21) Kurz A. Physiology of thermoregulation. Best 
Pract Res Clin Anaesthesiol 2008; 22: 627-644.

 22) Kiekkas P, Poulopoulou M, Papahatzi A, Souleles P. 
Effects of hypothermia and shivering on standard PA-
CU monitoring of patients. AANA J 2005; 73: 47-53.

 23) Simpson JB, Thomas VS, Ismaily SK, Muradov 
PI, Noble PC, Incavo SJ. Hypothermia in total 
joint arthroplasty: A Wake-Up call. J Arthroplasty 
2018; 33: 1012-1018.

 24) Sessler DI. Mild perioperative hypothermia. N En-
gl J Med 1997; 336: 1730-1737.

 25) Bock M, Muller J, Bach A, Bohrer H, Martin E, 
Motsch J. Effects of preinduction and intraoper-
ative warming during major laparotomy. Br J An-
aesth 1998; 80: 159-163.

 26) Mallet ML. Pathophysiology of accidental hypo-
thermia. QJM 2002; 95: 775-785.

 27) Martini WZ. The effects of hypothermia on fi-
brinogen metabolism and coagulation function in 
swine. Metabolism 2007; 56: 214-221.

 28) Eddy VA, Morris JJ, Cullinane DC. Hypothermia, 
coagulopathy, and acidosis. Surg Clin North Am 
2000; 80: 845-854.

 29) Darlington DN, Kremenevskiy I, Pusateri AE, 
Scherer MR, Fedyk CG, Kheirabaldi BS. Effects 
of in vitro hemodilution, hypothermia and rFVI-
Ia addition on coagulation in human blood. Int J 
Burns Trauma 2012; 2: 42-50.



The efficacy of aggressive warming combined with tranexamic acid during total hip arthroplasty

1297

 30) Sessler DI. Perioperative thermoregulation and 
heat balance. Lancet 2016; 387: 2655-2664.

 31) Matsukawa T, Sessler DI, Sessler AM, Schroed-
er M, Ozaki M, Kurz A. Heat flow and distribution 
during induction of general anesthesia. Anesthe-
siology 1995; 82: 662-673.

 32) Hsu CH, Lin PC, Kuo FC, Wang JW. A regime 
of two intravenous injections of tranexamic ac-
id reduces blood loss in minimally invasive total 
hip arthroplasty: A prospective randomised dou-
ble-blind study. Bone Joint J 2015; 97: 905-910.

 33) Chen JY, Lo NN, Tay DK, Chin PL, Chia SL, Yeo 
SJ. Intra-articular administration of tranexamic 
acid in total hip arthroplasty. J Orthop Surg (Hong 
Kong) 2015; 23: 213-217.

 34) Machin JT, Batta V, Soler JA, Sivagaganam K, 
Kalairajah Y. Comparison of intra-operative re-
gimes of tranexamic acid administration in prima-
ry total hip replacement. Acta Orthop Belg 2014; 
80: 228-233.

 35) Reina N, Fennema P, Hourlier H. The impact of 
mild peri-operative hypothermia on the effective-
ness of tranexamic acid in total hip arthroplasty. 
Int Orthop 2017; 41: 55-60.

 36) Schmied H, Kurz A, Sessler DI, Kozek S, Reit-
er A. Mild hypothermia increases blood loss and 
transfusion requirements during total hip arthro-
plasty. Lancet 1996; 347: 289-292.

 37) Winkler M, Akca O, Birkenberg B, Hetz H, Scheck 
T, Arkilic CF. Aggressive warming reduces blood 
loss during hip arthroplasty. Anesth Analg 2000; 
91: 978-984.

 38) Steelman VM, Perkhounkova YS, Lemke JH. The 
gap between compliance with the quality perfor-
mance measure “perioperative temperature man-
agement” and normothermia. J Healthc Qual 
2015; 37: 333-341.

 39) Fillingham YA, Ramkumar DB, Jevsevar DS, 
Yates AJ, Shores P, Mullen K. The efficacy of 
tranexamic acid in total hip arthroplasty: A net-
work meta-analysis. J Arthroplasty 2018; 33: 
3083-3089.

 40) Deren ME, Machan JT, Digiovanni CW, Ehrlich 
MG, Gillerman RG. Prewarming operating rooms 
for prevention of intraoperative hypothermia 
during total knee and hip arthroplasties. J Arthro-
plasty 2011; 26: 1380-1386.

 41) Avidan MS, Jones N, Ing R, Khoosal M, Lundgren 
C, Morrell DF. Convection warmers--not just hot 
air. Anaesthesia 1997; 52: 1073-1076.

 42) Huang JK, Shah EF, Vinodkumar N, Hegarty MA, 
Greatorex RA. The Bair Hugger patient warming 
system in prolonged vascular surgery: An infec-
tion risk? Crit Care 2003; 7: R13-16.

 43) Lidwell OM, Lowbury EJ, Whyte W, Blowers R, 
Stanley SJ, Lowe D. Airborne contamination of 
wounds in joint replacement operations: The re-
lationship to sepsis rates. J Hosp Infect 1983; 4: 
111-131.

 44) Moretti B, Larocca AM, Napoli C, Martinelli D, 
Paolillo L, Cassano M. Active warming systems 
to maintain perioperative normothermia in hip re-
placement surgery: A therapeutic aid or a vector 
of infection? J Hosp Infect 2009; 73: 58-63.


