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Abstract

loss in THA patients.

Background: The standard protocol to achieve haemostasis during total hip arthroplasty (THA) is uncertain.
Tranexamic acid plus diluted epinephrine (DEP) and tranexamic acid (TXA) alone are the two most common
alternatives. The purpose of this study was to compare the efficacy and safety of TXA plus DEP to treat blood

Methods: Published randomized controlled trials (RCTs) were identified from the following electronic databases:
PubMed, Embase, Web of Science, Cochrane Library and Google from inception to July 10, 2018. Studies comparing

TXA plus DEP with TXA alone to treat blood loss were included. Either a random-effects model or a fixed-effects model
was used for meta-analysis depending on the heterogeneity. We used the need for transfusion as the primary
outcome. Stata 12.0 was used for meta-analysis.

Results: Six studies involving 703 patients were included in the present meta-analysis. The pooled results demonstrated
that TXA plus DEP was associated with a lower transfusion rate than TXA alone (RR=0.57, 95% Cl 0.38-0.86, P = 0.006).
Furthermore, TXA plus DEP was associated with less total blood loss and hidden blood loss by approximately 209.79 ml
and 297.74 ml, respectively, than TXA alone. There was no significant difference in terms of intraoperative blood loss or
the occurrence of deep venous thrombosis or haematoma between the TXA plus DEP and TXA alone groups (P> 0.05).

Conclusions: Our meta-analysis suggested that TXA plus DEP significantly decreased the need for transfusion, total blood
loss and hidden blood loss among THA patients. Furthermore, TXA plus DEP did not increase the occurrence of DVT or

haemostasis. Additional long-term follow-up RCTs are needed to identify the optimal doses of TXA and DEP.
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Introduction

Total hip arthroplasty (THA) is an effective treatment
for end-stage hip osteoarthritis (OA) [1]. By 2030, the
demand for primary THA is estimated to increase to
572,000 [2]. THA is associated with a large amount of
intraoperative blood loss and hidden blood loss [3]. Ex-
tensive blood loss results in cardiovascular complications
and the need for a blood transfusion [4, 5]. Blood trans-
fusion carries the risk of hepatitis virus transmission and
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immunomodulation, increasing economic costs and
prolonging the length of hospital stay [6]. Therefore,
there is an urgent need to identify a safe, effective
method of reducing blood loss and blood transfusions
after THA.

Several alternatives are available for minimizing blood
loss after THA. These include topical fibrin sealants, top-
ical or intravenous tranexamic acid (TXA) [7, 8], aminoca-
proic acid [3, 9] or diluted epinephrine (DEP) [10].
Recently, administration TXA plus DEP has become
popular for THA patients [11]. DEP enhances coagulation
by several mechanisms [12]. Nevertheless, whether TXA
plus DEP is superior to TXA alone remains unclear. To
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further explore these issues and to identify the best
haemostatic techniques for THA, we performed a
meta-analysis of all the available randomized controlled
trials (RCTs) of patients with THA.

Methods

This review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
Statement issued in 2011 [13]. Ethical approval was not ne-
cessary for this study, as only de-identified pooled data
from individual studies were analysed.

Search strategies

We searched PubMed, Embase and Cochrane CEN-
TRAL for relevant studies from the time of inception
of these databases to July 10, 2018. The following
groups of keywords and medical terms were used for
the literature search: “tranexamic acid” AND “epi-
nephrine” (OR “total hip arthroplasty” OR “total hip
replacement” OR arthroplasty OR “THA” “THR”)
AND (random* OR prospective* OR trial*). The
language was not restricted to English. We also con-
ducted an additional search by screening the refer-
ences of eligible studies.
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Study eligibility
We evaluated each identified RCT against the following
predetermined selection criteria:

i. Study population: adults with hip OA eligible for
primary THA.

ii. Interventions: the review focused on topical or
intravenous TXA plus topical DEP, which are
commonly used in the management of blood loss
after THA, as commonly reported in the literature.

iii. Comparator: direct comparisons among any of the
four core therapeutic interventions (i.e. DEP alone,
topical or intravenous TXA alone and a control
group).

iv. Outcome measures: the primary outcomes for this
review were the need for transfusion, total blood
loss, blood loss in drainage and the occurrence of
deep venous thrombosis (DVT).

Data extraction

Two authors independently extracted the general char-
acteristics and outcomes from the included studies. The
following data were extracted from each study: first
author, publication year, location, age and number of
patients in the intervention and control groups, doses of
TXA and DEP, outcomes, transfusion threshold and
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follow-up. The differences in the extracted data were
discussed by a panel of all the reviewers. When there
were no clear data or missing data from the included
studies, we tried to contact the corresponding author to
obtain the relevant data.

Quality assessment

Two reviewers independently evaluated the risk of bias
using the Cochrane risk-of-bias tool. Seven major domains
of bias (selection bias (random sequence generation), se-
lection bias (allocation concealment), performance bias,
detection bias, attrition bias, reporting bias and other bias)

Page 4 of 11

in each trial were reviewed. Disagreements between the
reviewers were resolved by discussion.

Statistically analysis

The risk ratios (RRs) with 95% confidence intervals (Cls)
were calculated for the need for transfusion and the
occurrence of DVT. The weighted mean difference
(WMD) and corresponding ClIs were calculated for con-
tinuous data (total blood loss, blood loss in drainage).
Heterogeneity was explored for all the meta-analyses
and quantified using I statistics. When I* value was >
50%, this was considered substantial heterogeneity
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Fig. 2 Risk of bias summary for the included RCTs. +, low risk of bias; —, high risk of bias; ?, unclear risk of bias
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Fig. 3 Risk of bias graph for the included RCTs

between studies. If there was a large clinical heterogen-
eity, a random-effects model was applied to pool the
outcome data. A P value <0.05 was considered statisti-
cally significant. All statistical analyses were performed
using Stata 12.0 (Stata Corp., College Station, TX). Sub-
group analysis was further performed according to the
following variables: risk of bias (low or unclear/high), IV
TXA dose (=2 g or <2 g), topical dose (22 g or <2 g)
and transfusion protocol (strict or loose). We catego-
rized the TXA dose of 30 mg/kg into the subgroup of >
2 g. Sensitivity analysis was also performed by omitting
each of the studies in turn.

Quality of evidence assessment

We used the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) methodology to
assess the quality of evidence. The assessment includes
five items: risk of bias, inconsistency, indirectness, im-
precision and publication bias. Each outcome was rated
as high, moderate, low or very low. Summary tables were

constructed using GRADE Pro version 3.6 (GRADE
Working Group).

Results

Search results

A flowchart of study search and selection is presented in
Fig. 1. We identified 320 references (PubMed = 185,
Embase = 20, Web of Science = 80, Cochrane Library =
35) in our initial literature search. There were no add-
itional records identified through other sources. After
removing duplicates using Endnote X7 software, there
were 206 studies remaining. Subsequently, 200 studies
were excluded according to the inclusion criteria. Finally,
6 trials with 703 patients met our inclusion criteria and
were included in the meta-analysis [14—19]. The general
characteristics of the included studies can be seen in
Table 1. All trials were published after the year 2015.
Five studies were performed in China, and one was per-
formed in Denmark. The mean age of the patients

Study %
D RR (95% CI) Weight
TXA+DEP DEP
Gao F 2015 —0—;— 0.20 (0.02,1.69) 9.00
LiuJL 2018 —0—§ 0.14(0.02,1.13) 12.73
LiuJL 2018 —0—;— 0.29 (0.06, 1.32) 12.73
Wang JW 2017 —j’—— 0.60 (0.15,2.36) 9.09
Zhang JK 2017 —i*— 0.81(0.16,4.04) 5.55
Zhang JZ 2017 —j‘—— 0.64 (0.31,1.35) 2545
Zhang JZ 2017 ‘3—*— 0.93 (0.48,1.78) 2545
Overall (I-squared =0.0%, p = 0.441) <> 0.57 (0.38,0.86) 100.00
P=0.006 ‘
T * T
.0181 1 553

Fig. 4 Forest plot for the comparison of the need for transfusion between the TXA plus DEP and TXA alone groups
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Table 2 Subgroup analysis for the need for transfusion
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Subgroup No. trials RR (95% Cl) P value (%) Test of interaction, P
Risk of bias
Low 4 0.60 (0.38, 0.95) 0.028 355 0.047
Unclear/high 3 0.50 (0.21, 1.16) 0.105 0
Dose of TXA
Low 4 0.60 (0.38, 0.93) 0.014 341 0.125
High 3 050 (0.16, 0.84) 0.023 0
Transfusion protocol
Strict 3 043 (0.18, 1.05) 0.064 0 0.043
Loose 4 0.63 (040, 0.98) 0.041 14.5

ranged from 50.0 to 69 years. Patients’ ages ranged from
21 to 65 years, and all were less than 100 years old.

Quality assessment

Data regarding the risk of bias summary and risk of bias
graphs for each study are presented in Figs. 2 and 3,
respectively. Three studies had a low risk of bias. The
other studies were considered to have an unclear risk of
bias.

Quality of evidence assessment

The GRADE evidence profiles are presented in
Additional file 1. The GRADE level of evidence was
low for total blood loss, hidden blood loss and intra-
operative blood loss; it was moderate for the need for
transfusion and the occurrence of DVT and haematoma.

Results of the meta-analysis

Need for transfusion

Five studies were available with information regarding
transfusion rate. The pooled results demonstrated that
TXA plus DEP was associated with a lower transfusion
rate than TXA alone (RR =0.57, 95% CI 0.38-0.86, P =
0.006, Fig. 4). No heterogeneity was detected (I* = 0%, P
=0.441), and thus, a fixed-effects model was used. The
results of the subgroup analysis are shown in Table 2.
The findings of a decreased need for transfusion were
consistent for different doses of TXA except for the risk
of bias and transfusion protocol.

Total blood loss
Five studies were available for analysis of total blood
loss. TXA plus DEP led to significantly less total blood

Study %
D WMD (95% Cl) Weight
TXA+DEP TXA

i
i

Gao F 2015 — —241.20 (~399.30, -83.10) 1161
i

LiuJL2018 i —— 24.70 (—45.43, 94.83) 14.22
I

LiuJL 2018 E — —92.30(-171.32,-13.28) 14.01
i

Wang JW 2017 —0—%— —272.10 (-441.65, —102.55) 11.23
i

Zhang JK 2017 —0—5— —277.60 (-397.07,-158.13) 12.87
i

Zhang JZ 2017 — i —406.94 (-539.25, —274.63) 1246
I

Zhang JZ 2017 —0—5— —284.64 (-421.52, -147.76) 1232
I

Jans 02016 —— —180.00 (-347.87,-12.13) 11.28
|

Overall (I-squared = 86.5%, p = 0.000) Q —209.79 (-322.58, -97.01) 100.00

P=0.000 5
NOTE: Weights are from random effects analysis :
T : T
—539 0 539

Fig. 5 Forest plot for the comparison of total blood loss between the TXA plus DEP and TXA alone groups
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p
Study %
D WMD (95% CI) Weight
TXA+DEP TXA
i
:
Gao F 2015 —.0— —284.70 (-417.06, —152.34) 17.15
i
Wang JW 2017 —:0— —278.20 (-421.56, —134.84) 15.90
i
Zhang JK 2017 : - ~208.40 (-277.85,-138.95) 25.57
i
Zhang JZ 2017 —— : -413.31 (-509.84, -316.78) 21.78
'
Zhang JZ 2017 —Ol— -313.09 (-425.75, -200.43) 19.60
1
Overall (I-squared = 65.8%, p = 0.020) ® —297.74 (-379.06, —216.42) 100.00
P=0.000 '
'
NOTE: Weights are from random effects analysis H
'
T : T
=510 510
Fig. 6 Forest plot for the comparison of hidden blood loss between the TXA plus DEP and TXA alone groups
J

loss than TXA alone (WMD = - 209.79, 95% CI - 322.58
to — 97.02, P =0.000; I* = 86.5%, P = 0.000, Fig. 5). Thus,
we used a random-effects model to pool the relevant
data.

Hidden blood loss
Five studies were available for analysing hidden blood loss.
TXA plus DEP led to significantly less hidden blood loss

than TXA alone (WMD = - 297.74, 95% CI - 379.06 to —
21642, P=0.000; I* = 65.8%, P =0.020, Fig. 6). Thus, we
used a random-effects model to pool the relevant data.

Intraoperative blood loss

Four studies were available for analysis of intraoperative
blood loss. TXA plus DEP led to significantly less hidden
blood loss than TXA alone (WMD = - 74.35, 95% CI -

Study %
ID WMD (95% Cl) Weight
TXA+DEP TXA

i
|

Gao F 2015 - -33.90 (-74.59, 6.79) 19.97
'
i

LiuJL2018 - nal 11.20 (-5.06, 27.46) 20.64
'
|

LiuJL2018 i nal 10.70 (-6.17, 27.57) 20.63
I
i

Wang JW 2017 - i —323.80 (-365.22, -282.38) 19.94
I
i
'

Jans 02016 —:—0—— —40.00 (-105.40, 25.40) 18.82
'
|

Overall (I-squared = 98.3%, p = 0.000) ! d —74.35 (-166.90, 18.19) 100.00
'

P=0.115 ;

'

NOTE: Weights are from random effects analysis i
H

T T
—365 0 365

Fig. 7 Forest plot for the comparison of intraoperative blood loss between the TXA plus DEP and TXA alone groups
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Study %
ID RR (95% Cl) Weight

TXA+DEP DEP
Gao F 2015 —*—15— 0.34(0.04, 3.16) 3597
LiuJL 2018 3.00(0.12,72.31) 6.05
LiuJL 2018 —'g—'— 3.00(0.12,72.31) 6.05
Wang JW 2017 —1-— 1.50 (0.26, 8.55) 24.20
Zhang JK 2017 —o— 1.08 (0.20, 5.94) 27.73
Jans 0 2016 i (Excluded) 0.00
Overall (I-squared =0.0%, p = 0.747) <> 1.15(0.46, 2.85) 100.00
P=0.767

T : T
.0138 1 723
Fig. 8 Forest plot for the comparison of the occurrence of DVT between the TXA plus DEP and TXA alone groups

166.90 to 18.19, P=0.115; I* =98.3%, P = 0.000, Fig. 7).
Thus, we used a random-effects model to pool the rele-
vant data.

The occurrence of DVT and haematoma
Five studies reported the occurrence of DVT. There was
no significant difference in the occurrence of DVT

between the TXA plus DEP and TXA alone groups (RR
=1.15, 95% CI 0.46-2.85, P =0.767, Fig. 8). No hetero-
geneity was detected (> =0%, P=0.747); thus, a
fixed-effects model was used. Four studies reported the
occurrence of haematoma. There was no significant dif-
ference in the occurrence of DVT between the TXA plus
DEP and the TXA alone groups in terms of the

Study %
ID RR (95% CI) Weight
TXA+DEP DEP
|
Gao F 2015 —_— 0.34(0.01,8.15) 2767
|
Wang JW 2017 —-O-E— 0.67 (0.12, 3.80) 55.84
1
|
Zhang JK 2017 —i—’— 4.77 (0.20, 112.03) 7.18
|
Jans 02016 ———f—+—— 3.00(0.13,71.92) 9.31
i
Overall (I-squared = 0.0%, p = 0.561) <> 1.09 (0.35,3.38) 100.00
P=0.884 :
I
i
i
T T
.00893 1 112

Fig. 9 Forest plot for the comparison of the occurrence of haematoma between the TXA plus DEP and TXA alone groups
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\

Meta—analysis estimates, given named study is omitted
Lower Cl Limit OEstimate Upper Cl Limit
Gao F 2015
LiuJL 2018
LiuJL 2018
Wang JW 2017
Zhang JK 2017
Zhang JZ 2017
Zhang JZ 2017
0.27 0.38 0.57 0.86 0.96
Fig. 10 Sensitivity analysis for the need for transfusion after omitting each study in turn

occurrence of haematoma (RR = 1.09, 95% CI 0.35-3.38,
P=0.884, Fig. 9). No heterogeneity was detected (I* =
0%, P =0.561); thus, a fixed-effects model was sued.

Sensitivity analysis, publication bias

We performed a sensitivity analysis for the need for
transfusion (Fig. 10. The results showed that after omit-
ting the included studies, in turn, the overall effects did
not change. The funnel plots were visually assessed and
revealed no asymmetry (Fig. 11); no evidence of publica-
tion bias was determined by the Egger linear regression
test for the need for transfusion (P = 0.72, Fig. 12),

Discussion

In the current meta-analysis, we evaluated the efficacy
and safety of TXA plus DEP for patients with THA. On
the basis of the pooled estimates, TXA plus DEP was as-
sociated with significantly less total blood loss and sub-
sequent need for transfusion than TXA alone. The use
of tanezumab was not associated with a significantly in-
creased risk of DVT or haematoma.

This was not the first meta-analysis. Yu et al. [20] con-
ducted a meta-analysis comparing TXA plus DEP for
blood loss after total joint arthroplasty (THA and total
knee arthroplasty). Thus, we could not determine
whether TXA plus DEP was certain to have a significant

se(logRR)
N

Funnel plot with pseudo 95% confidence limits

Fig. 11 Funnel plot of the need for transfusion

RR
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Egger’s publication bias plot

standardized effect

-2
0 1

Fig. 12 Egger’s test for publication bias for the need for transfusion

precision

influence on controlling blood loss among patients
undergoing THA alone. Moreover, Yu et al. [20] only in-
cluded two studies that focused on THA. In this
meta-analysis, we ultimately included six studies total-
ling 703 patients, adding the statistical power of at least
535 cases. Our meta-analysis was the latest and the most
comprehensive one, and it generally concurs and further
reinforces the results of the previous meta-analysis. Fi-
nally, we performed a subgroup-analysis and evaluated
the quality of evidence using GRADE to help healthcare
professionals make clinical decisions.

The current meta-analysis demonstrated that TXA
plus DEP has a beneficial effect on total blood loss. TXA
plus DEP was associated with less total blood loss by
209.79 ml than TXA alone. Several meta-analyses have
found that TXA has a beneficial role in reducing blood
loss in THA patients without increasing DVT occur-
rence [21, 22]. TXA can be administered by several
routes including topical [23], intravenous [24] and oral
[25]. Studies have shown that there was no significant
difference among these routes in terms of the total blood
loss. Concerning DEP, Jans O et al. [15] strongly sug-
gested that intravenous DEP could be beneficial for re-
ducing blood loss after THA. The administration of
low-dose DEP could act as a procoagulant by increasing
platelet aggregation, resulting in an instant 20-30% in-
crease in platelet count [26]. Furthermore, DEP could
activate a-adrenergic and B-adrenergic receptors; there-
fore, DEP could stimulate the release of several coagula-
tion factors [27].

We measured hidden blood loss between the TXA
plus DEP and TXA alone groups. We found that TXA
plus DEP significantly reduced hidden blood loss by
297.74 ml compared with TXA alone. In THA patients,
significant blood loss can occur after wound closure, and

the proportion of this blood loss is called hidden blood
loss. Hidden blood loss accounts for as much as 60% of
the total perioperative blood loss [28]. With the adminis-
tration of DEP, the procoagulant effects could last for 1-
2 h; therefore, oozing could be decreased.

Regarding complications, we measured the occur-
rences of DVT and haematoma formation. We found
that there was no significant difference between the oc-
currences of DVT and haematoma formation. Regarding
the administration of TXA, DVT was the major concern.
Several meta-analyses have identified that administration
with TXA does not increase the occurrence of DVT
[29]. Due to the incidence rate being relatively small,
there is a need for studies to further clarify the risk [30].

There were several limitations in this meta-analysis:
(1) the doses of TXA and DEP varied among the in-
cluded studies, and the optimal doses of TXA and DEP
require further exploration; (2) heterogeneity was large
in terms of total blood loss and hidden blood loss, and
these two outcomes should be interpreted cautiously; (3)
the follow-up period varied among the included studies;
thus, complications of TXA plus DEP may have been
underestimated; and (4) the sample size was relatively
small in the included studies; therefore, high-quality
large-scale sample RCTs are needed.

Conclusion

This meta-analysis suggests that TXA plus DEP has ben-
efits in terms of total blood loss, hidden blood loss and
the need for transfusion. Furthermore, TXA plus DEP
had no influence on the occurrence of DVT or haema-
toma formation. Given all the shortcomings of this
meta-analysis, further research and analysis are required
to draw more reliable conclusions.
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Cls: Confidence intervals; DEP: Diluted epinephrine; DVT: Deep venous
thrombosis; OA: Osteoarthritis; RCTs: Randomized controlled trials; RR: Risk
ratio; THA: Total hip arthroplasty; TXA: Tranexamic acid; WMD: Weighted
mean difference
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