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The Optimal Dose, Efficacy and Safety of
Tranexamic Acid and Epsilon-Aminocaproic Acid to
Reduce Bleeding in TKA: A Systematic Review and
Bayesian Network Meta-analysis

Che Zheng, MD, Jun Ma, MD, Jiawen Xu, MD, Mingyang Li, MD, Liming Wu, MD, Yuangang Wu, MD, Yuan Liu, MD,
Bin Shen, MD

Department of Orthopaedics, West China Hospital, Sichuan University, Chengdu, China

Objective: The optimal dose and efficacy of tranexamic acid (TXA) and epsilon-aminocaproic acid (EACA) in total knee
arthroplasty (TKA) were under controversial, and we aimed to make comparisons between different doses of TXA and
EACA in intravenous (IV) or intra-articular (IA) applications in patients undergoing TKA.

Methods: This network meta-analysis was guided by the Priority Reporting Initiative for Systematic Assessment and
Meta-Analysis (PRISMA). According to the administrations of antifibrinolytic agents, patients in eligible studies were
divided into three subgroups: (i) IA applications of TXA and EACA; (ii) IV applications (g) of TXA and EACA; (iii) IV appli-
cations (mg/kg) of TXA and EACA. Total blood loss (TBL), hemoglobin (HB) drops and transfusion rates were the pri-
mary outcomes, while drainage volume, pulmonary embolism (PE) or deep vein thrombosis (DVT) risk were the
secondary outcomes. A multivariate Bayesian random-effects model was adopted in the network analysis.

Results: A total of 38 eligible trials with different regimens were assessed. Overall inconsistency and heterogeneity
were acceptable. Taking all primary outcomes into account, 1.0-3.0 g TXA were most effective in IA applications, 1—
6 g TXA and 10-14 g EACA were most effective in IV applications (g), while 30 mg/kg TXA and 150 mg/kg EACA were
most effective in IV applications (mg/kg). None of the regimens showed increasing risk for pulmonary embolism
(PE) or deep vein thrombosis (DVT) compared with placebo.

Conclusion: 0 g IA TXA, 1.0 g IV TXA or 10.0 g IV EACA, as well as 30 mg/kg IV TXA or 150 mg/kg IV EACA were most
effective and enough to control bleeding for patients after TKA. TXA was at least 5 times more potent than EACA.
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Introduction
Total knee arthroplasty (TKA) is a common surgical pro-
cedure for the treatment of patients with end-stage oste-
oarthritis of the knee,"> which was estimated to grow to
1.26 million in 2030.”> After TKA surgery, the patient will
experience a lot of bleeding, so a lot of blood transfusion is
needed.* Blood transfusion has many adverse clinical risks,
including transfusions related infection, intravascular hemo-
lysis, kidney damage, immune incompatibility, and even

death.>® In addition, massive bleeding in the knee cavity will
also aggravate the swelling and pain of the affected limb after
surgery, affect the patient’s postoperative rehabilitation exer-
cise and satisfaction with the operation.”

Perioperative bleeding in TKA is associated with post-
operative hyperfibrinolysis.® Tranexamic acid (TXA) and
epsilon-aminocaproic acid (EACA) are antifibrinolytic agents
with similar mechanisms of action.” Although the clinical
effect of TXA in reducing bleeding has been demonstrated in
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patients with TKA,'"™'? there are few data on the anti-
fibrinolytic effect of EACA in joint surgery.”>”'> Intravenous
(IV) or intra-articular (IA) administrations of TXA and
EACA were most commonly used and studied, but the opti-
mal dosage and efficacy of TXA and EACA to control bleed-
ing for patients after unilateral TKA are still controversial.
Although several meta-analyses have compared the blood-
sparing effects of TXA and EACA, the enrolled patients
consisted of total hip arthroplasty and total knee
arthroplasty, which may lead to confounding results.'*™"®
Another two studies did not take the dosage of anti-
fibrinolytic drugs into account and only focus on the intra-
venous administration.'” Fillingham et al.*' compared the
efficacy of different administrations of TXA regarding the
blood loss after total knee arthroplasty but did not make
comparison among the EACA. Because of the contradictory
evidence and limitations in previous studies, the optimal
regimens of antifibrinolytic agents and relative effects of
EACA compared with TXA were needed to be further
investigated.

To date, there were few clinical randomized controlled
trials (RCTs) comparing the efficacy and safety of EACA and
TXA in TKA. In addition, the dosage and applications of
TXA and EACA ranged among different studies. Through
direct and indirect comparison, network meta-analysis
(NMA) allows a comprehensive analysis of the effects of
EACA and TXA in different regimens. Taking total blood

Records identified through
database searching
(n=5403)
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loss (TBL), hemoglobin (HB) drops, transfusion rates, drain-
age volume and pulmonary embolism (PE) or deep vein
thrombosis (DVT) risk into account, we aimed to:
(i) determine the optimal doses of TXA and EACA in IA or
IV applications; and (ii) and make comparisons of EACA
and TXA through NMA and subgroup analyses.

Method

his network meta-analysis was reported in line with PRI-

SMA** guidelines. After collecting characteristics of
included studies, our group members used Cochrane Collab-
oration’s tools and Newcastle-Ottawa Score to assess the risk
of bias for eligible studies (Data S2). This meta-analysis was
registered prospectively in the INPLASY database (registry
number 202210094).

Search Strategy

We searched Cochrane, PubMed, Web of Science, Embase,
Chinese National Knowledge Infrastructure and CBM with
the following mesh terms: (“tranexamic acid” or “aminocaproic
acid” or ‘epsilon aminocaproic acid’ or “AMCHA” or “trans-
amin” or “AMCA” or “anvitoff” or “amchafibrin” or “exacyll”
or “6 aminohexanoic acid” or “epsikapron” or “capralense” or
“capramol” or “caproamin” or “caprocid” or “epsamon”) and
“total” and “knee” and (“arthroplasty” or “replacement”).

Records after

duplicates removed
(n=1792)

Excluded by tittles and abstracts

> (n=2730)

Full-text articles excluded, with relevant reasons
(n=743)

10 conference articles
221 lack of reporting the outcomes of interest

195 inaccessible data
127 not having access to the full text

110 no intravenous or intra-articular administration
80 non-English articles

Fig. 1 PRISMA flow chart of the study selection
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208 TXAIA 205 TXA IV
05g TXAIA 10g TXA IV 20mg/kg TXA IV 10mg/kg TXA IV
5.0g EACA IV
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4 @ PLACEBO
Network graph of pairwise comparisons between Network graph of pairwise comparisons between Network graph of pairwise comparisons between
intra-articular administrations on total blood loss intravenous (g) administrations on total blood loss intravenous (mg/kg) administrations on total blood loss @
15 TXAIA 20mg/kg TXA IV
) LOg TXAIA 1402 EACAIV @ @ 10gTXAIV
205 TXAIA
05 TXAIA 100gEACAIV  30mgkg TXAIV 150mg/kg EACA IV
202 TXAIV @ @ @ @
30g TXAIA @
50 g EACAIA ©) PLACEBO
505 EACAIV @ © PLACEBO © PLACEBO
Network graph of pairwise comparisons between Network graph of pairwise comparisons between Network graph of pairwise comparisons between
intra-articular administrations on HB drop intravenous (g) administrations on HB drop @ intravenous (mg/kg) administrations on HB drop @
15g TXAIA 5.0g EACAIV 205 TXAIV 15mg/kg TXA IV 150mg/kg EACA IV
@ 10gTXAIA
20g TXAIA
052 TXAIA 10.0g EACA IV 10gTXAIV  20mgkg TXA IV 10mg/kg TXA TV
30g TXAIA
50 g EACATA ©) PLACEBO
@ 140g EACAIV® © PLACEBO 30mg/kg TXAIV.Q) 0 PLACEBO
Network graph of pairwise comparisons between Network graph of pairwise comparisons between Network graph of pairwise comparisons between
intra-articular administrations on transfusion rates @ intravenous (g) administrations on transfusion rates @ intravenous (mg/kg) administrations on transfusion rates @
15g TXAIA 1L0g TXAIA l.l)gg\XA v 15me/kg TXA IV
)
e @ 20g TXAIV 20mg/kg TXA IV
100g EACA TV 10mg/kg TXA IV
208 TXAIA DSETRAIL ® @
50g EACA IV 30mg/kg TXA TV
® o
) PLACEBO PLACEBO
M0gTXAIA O pLaceso (& [ J
Network graph of pairwise comparisons between Network graph of pairwise comparisons between Network graph of pairwise comparisons between
intra-articular administrations on drainage volume @ intravenous (¢) administrations on drainage volume @ intravenous (mg/kg) administrations on drainage volume @
15g TXAIA 20g TXAIV 15mg/kg TXA IV 150mg/kg EACA IV
20g TXAIA e 1.0g TXAIA 60g TXATV 15g TXAIV
) ® )
30gTXAIA N\ 055 TXAIA 10gTXAIV 20mg/kg TXA IV 10mg/kg TXA IV
® @ [ ]
50g EACAIV
40gEACAIA N 10.0g EACA IV
@ SOEEACAIA ©) PLACEBO — © PLACEBO
Y e é 3mgkg TXAIV @ 0 PLACEBO
Network graph of pairwise comparisons between @ Network graph of pairwise comparisons between @ Network graph of pairwise comparisons between
intra-articular administrations on DVT/PE rates intravenous (g) administrations on DVT/PE rates intravenous (mg/kg) administrations on DVT/PE rates

Fig. 2 Network plots of treat comparisons. TXA, tranexamic acid; EACA, aminocaproic acid; IV, intravenous; IA, intra-articular; PE, pulmonary
embolism; DVT, deep vein thrombosis; HB, hemoglobin

Inclusion and Exclusion Criteria without anemia, coagulation disorders, history of anticoagu-
According to PICOS guideline, the inclusion criteria were: | lant drugs preoperatively; (ii) interventions: choosing pla-
(i) participants: enrolled patients were 55 years older and | cebo, EACA or TXA to control bleeding; (iii) control:
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Placebo

1.0 g TXA 1A 1.5 g TXA IA 2.0 TXA 1A 3.0gTXAIA 5.0 g EACA IA

0.5g TXA IA

0.193 (0.055,

~0.016 (—0.192,

~0.164 (~0.306, —0.021)

~0.13(~0.321, 0.065)  —0.237 (—0.394, —0.087)

~0.119 (—0.263, 0.023)

0.5g TXA IA

0.335)
0.311 (0.238,

0.17)
0.103 (—0.03,

—0.119 (—0.243,0.003)  —0.045 (—0.151, 0.064)

~0.011 (~0.166, 0.147)

0.119 (~0.023, 0.263)

1.0 g TXA 1A

0.391)
0.322 (0.183,

0.248)
0.114 (~0.064,

~0.034 (~0.185, 0.117)

—0.108 (—0.285, 0.065)

0.13 (~0.065, 0.321)  0.011 (—0.147, 0.166)

1.5 g TXAIA

0.464)
0.431 (0.322,

0.299)
0.222 (0.068,

0.074 (~0.05, 0.203)

0.237 (0.087, 0.394)  0.119 (—0.003,0.243)  0.108 (—0.065, 0.285)

2.0 g TXA IA

0.544)
0.356 (0.266,

0.389)
0.148 (0.005,

—0.074 (—0.203, 0.05)

0.045 (—0.064, 0.151)  0.034 (—0.117, 0.185)

0.164 (0.021, 0.306)

3.0gTXA IA

0.449)
0.208 (0.09,

0.3)

—0.103 (—0.248, 0.03)  —0.114 (—0.299, 0.064) —0.222 (—0.389, —0.068)  —0.148 (—0.3, —0.005)

0.016 (~0.17, 0.192)

5.0 g EACA IA
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comparing one antifibrinolytic agent with placebo or
another; (iv) outcomes: reported transfusion rates, total
blood loss (TBL), HB drop, drainage volume or pulmonary
embolism (PE) or deep vein thrombosis (DVT) rates after
TKA; and (v) study: randomized controlled trial (RCT) or
retrospective studies.

The exclusion criteria were: (i) patients who did not
underwent unilateral TKA, such as bilateral TKA and revi-
sion knee surgery; (ii) in vitro studies or animal research;
(iii) review or meta-analysis; and (iv) patients with treat-
ments other than TXA and EACA that may affect the out-
comes, such as autologous blood transfusion.

Subgroups and Outcomes

Based on three different applications of TXA and EACA,
patients in eligible studies were divided into subgroups as
follows: (i) IA applications of EACA and TXA; (ii) IV appli-
cations of EACA and TXA (g); and (iii) IV applications of
EACA and TXA (mg/kg). In the TA administrations sub-
group, 0.5 g TXA, 1.0 g TXA, 1.5g TXA, 20g TXA, 30¢g
TXA and 5.0g EACA were evaluated. In the IV
(g) applications subgroup, 1.0 g TXA, 1.5 g TXA, 2.0 g TXA,
6.0 g TXA, 5.0 g EACA, 10.0 g EACA and 14.0 g EACA were
evaluated. 10 mg/kg TXA, 15 mg/kg TXA, 20 mg/kg TXA,
30 mg/kg TXA and 150 mg/kg EACA were evaluated in
another intravenous (mg/kg) subgroup. TBL, HB drop and
transfusion rates were the primary outcomes, while drainage
volume and PE/DVT rates were the secondary outcomes.

Data Extraction and Quality Assessment

Once eligible studies were selected, two investigators (ZC and
XJW) independently assessed the quality by Jadad score (all
eligible studies scored>3 and showed high quality). Then char-
acteristics of studies including sample size, mean age, anti-
fibrinolytic drugs, administration and dosage of the drugs and
proportion of female patients were collected. Finally, primary
and secondary outcomes were collected. Any inconsistencies
will be adjudicated by a senior researcher (LY).

Statistical Analysis

The effect of continuous variables was evaluated by mean
difference (MD) and 95% Cls, while the effect of categorical
variables was evaluated by odds ratios (OR) and 95%
CI. Statistical significance (o) was set at 0.05. We use gemtc
(R-Project, Vienna, Austria, version 0.8-2) package of R stu-
dio (version February 1, 2019) to evaluate data homogeneity,
transitivity and consistency of this network meta-analysis.*®

First, we did pairwise meta-analysis and used I* metric
to evaluate the heterogeneity of included studies. After sensi-
tivity analysis, we picked out and removed studies with obvi-
ously high heterogeneity (I* > 75%).

Then, Bayesian Markov chain Monte Carlo method
with a random-effect or fixed-effect model was used and the
data were entered into R software in gemtc package. Transi-
tivity covers the validity of the logical inference and should
be satisfied for all cases in an NMA. Convergence status
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0.5g TXA 1A

1.0g TXA 1A

1.5g TXATA 2.0g TXAIA 3.0g TXA IA 5.0g EACAIA PLACEBO

Rank of probability between intra-articular administrations for less total blood loss after TKA @

1.0g TXA IV

:Jmmmef

14.0g EACA IV

1.5g TXAIV  2.0g TXA IV 5.0¢ EACAIV  6.0g TXAIV PLACEBO

Rank of probability between intravenous (g) administrations for less total blood loss after TKA

Fig. 3 Rank of probability for less total
blood loss after TKA

reflected the results of Markov chain Monte Carlo simula-
tions. Brocks-Gelman-Rubin plots, trace graph and density
graph were adopted to evaluate the transitivity and conver-
gence, while a node-splitting method was to evaluate the
consistency of direct and indirect comparisons. The rank
probability diagrams and matrix of pairwise comparisons
tables were provided by gemtc software package.

Results

A total of 38'>**"%" studies, which consisted of 29 RCTs
and 9 non-RCTs, were included in the network analysis.

Based on previously described research strategy, we identified

5403 studies. After removing 1792 studies for duplication,

2730 were excluded for meeting the exclusion criteria.

'ﬂtﬂﬂhf

10mg/kg TXA IV 150mg/kg EACA IV 15mg/kg TXAIV  20mg/kg TXA IV
Rank of probability between intravenous (mg/kg) administrations for less total blood loss after TKA @

30mg/kg TXA IV PLACEBO

Through the screening of the full text, 10 conference articles,
221 articles lacking interested outcomes, 195 articles with
inaccessible data, 127 articles lacking access to the full text,
110 articles in oral or combined administrations of TXA and
EACA, and 80 non-English articles were excluded.

The PRISMA flow chart demonstrating the electronic
search process is presented in the Fig. 1. The PRISMA Checklist
is provided in Data S1. The basic characteristics and regimens
of TXA and EACA are summarized in Data S2, Table S1, and
the risk of bias for eligible studies is summarized in Data S2.

Total Blood Loss
Formulas described by Nadler et al®' and Brecher et al.** to cal-
culate the TBL were adopted in eligible studies. Twenty-two
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Placebo

1.0g TXA 1A 1.5g TXA IA 20gTXAIA 3.0gTXAIA 5.0 g EACA IA

0.5g TXA IA

0.84 (0.48, 1.2)

0.47 (~0.01, 0.98)
0.61 (0.18, 1.03)
0.67 (0.1, 1.24)
0.59 (0.11, 1.06)
0.53 (0.03, 1.03)
1

~0.06 (—0.54, 0.45)

0.08 (—0.3, 0.46)

—0.11 (~0.58, 0.38)
0.02 (—0.34, 0.38)
0.08 (—0.47, 0.64)

1

~0.19 (~0.76, 0.38)
~0.06 (~0.58, 0.45)

~0.13 (—0.55, 0.31)

A

58 TXA
0gTXA
5gTXA
0gTXA

0

1
1
1
1
V]

S

97
03
95
89

0
1
0
0
0

0.14 (—0.43, 0.71)
0.06 (—0.35, 0.45)
1
~0.53 (~1.03,

—0.06 (~0.45, 0.35)
~0.59 (—1.06, —0.11)

1
—0.08 (—0.64, 0.47)
~0.14 (-0.71, 0.43)

_0.67 (-1.24,

1
0.06 (—0.45, 0.58)
~0.02 (~0.38, 0.34)
~0.08 (—0.46, 0.3)
~0.61 (-1.03, —0.18)

0.13 (~0.31, 0.55)
0.19 (~0.38, 0.76)
0.11 (~0.38, 0.58)
0.06 (—0.45, 0.54)

—0.47 (—0.98, 0.01)

A
A
A
A
A lA

1
1
2
3
5

~0.03)
~0.89 (~1.24,

~0.1)
~1.03 (-1.48,

~0.36 (—0.71,

~0.95 (-1.27, —0.62)

~0.97 (-1.21, —0.72)

~0.84 (-1.2, —0.48)

Placebo

—0.01)

~0.54)

—0.58)

Note: Bold results mean statistically significance.; Abbreviations: IA, intra-articular; TXA, tranexamic acid; EACA, aminocaproic acid.
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L 12,24-26,28,29,32,33,36,37,40,43,44,49-53,55—

eligible studies reported TB
7 Network diagrams of comparisons on TBL are presented in
Fig. 2A-C. Estimated effects of EACA and TXA were respec-
tively shown in Tables 1-3.

IA TXA and EACA Subgroup

From the matrix (Table 1), all doses of IA EACA and TXA
showed significant efficacy in reducing TBL compared with
placebo. 2.0 g IA TXA and 3.0 g IA TXA were significantly
superior to 5.0 g IA EACA (MD —0.222, 95%CI —0.389 to
—0.068; MD —0.148, 95%CI —0.3 to —0.005) and 0.5 g IA
TXA (MD —0.237, 95%CI —0.394 to —0.087; MD —0.164,
95%CI —0.306 to —0.021). Intra-articular administrations of
1.0 g-3.0 g TXA did not show inferiority to other regimens
and were most effective,

Treatment rankings based on direct plot of rank prob-
ability for less TBL (Fig. 3A), from largest to smallest, were
2.0 g TA TXA, 3.0 g IA TXA, 1.5 g IA TXA, 1.0 g TA TXA,
5.0 g IA EACA, 0.5 g IA TXA and placebo.

IV TXA and EACA (g) Subgroup
Table 2 showed the six interventions resulted in a significant
reduction in TBL after TKA compared with placebo. Intrave-
nous administrations of 1.5 g TXA, 2.0 g TXA, 6.0 g TXA,
5.0g EACA and 14.0 g EACA were most effective, while
1.0 g IV TXA was significant inferior to 2.0 g IV TXA
(MD 0.331, 95%CI 0.121 to 0.537).

Rank of probability for less TBL (Fig. 3B), from largest
to smallest, were 2.0 g IV TXA, 6.0 g IV TXA, 140g IV
EACA, 1.5g IV TXA, 5.0 g IV EACA, 1.0 g IV TXA and
placebo.

IV TXA and EACA (mg/kg) Subgroup

As for intravenous applications based on patients’ weight
(Table 3), 15 mg/kg TXA, 20 mg/kg TXA, 30 mg/kg TXA
and 150 mg/kg EACA showed significant efficacy compared
with placebo, while 10 mg/kg TXA were inefficient. Among
the efficient regimens, efficacy of 30 mg/kg IV TXA and
150 mg/kg IV EACA were comparable, while 15 mg/kg IV
TXA and 20 mg/kg IV TXA were significant inferior to
150 mg/kg IV EACA (MD 0.493, 95%CI 0.117 to 0.882; MD
0.45, 95%CI 0.05 to 0.841).

Rank of probability for less TBL (Fig. 3C), from largest
to smallest, were 150 mg/kg IV EACA, 30 mg/kg IV TXA,
20 mg/kg IV TXA, 10 mg/kg IV TXA, 15 mg/kg IV TXA
and placebo.

HB Drop

A total of 23
44,46,48,49,51,52,57-59

o . 24.26-28,30,32-34,37-39,41 -
eligible  studies

reported HB drop. Network plots of com-
parisons on HB drop are shown in Fig. 2D-F.

IA TXA and EACA Subgroup

As the estimated effects table for HB drop presented
(Table 4), all six regimens were effective compared with pla-
cebo. In addition, 5.0 g IA EACA was significantly inferior
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1.5¢ TXA TA 2.0g TXATA 3.0g TXA TA 5.0g EACAIA PLACEBO

Rank of probability between intra-articular administrations for less HB drop after TKA @

10.0g EACA IV

Rank of probability between intravenous (g) administrations for less HB drop after TKA

SﬂmLhﬂJ

1.0g TXA IV

14.0g EACA 1V 2.0g TXA TV 5.0g EACA IV PLACEBO

=

. 150mg/kg EACA IV
Fig. 4 Rank of probability for less HB drop

after TKA

to 1.0g, 1.5g, 2.0g and 3.0 g TXA in reducing HB drop
(MD 0.61, 95%CI 0.18 to 1.03; MD 0.67, 95%CI 0.1 to 1.24;
MD 0.59, 95%CI 0.11 to 1.06; MD 0.53, 95%CI 0.03 to 1.03).
The efficacy of 0.5-3.0 g TXA were comparable and did not
show inferiority to others.

As for rank of probability for less HB drop in IA appli-
cations (Fig. 4A), 1.5 g TXA ranked first while 5.0 g EACA
ranked last.

IV TXA and EACA (g) Subgroup
1.0 g IV TXA, 2.0 g IV TXA, 10.0 g IV EACA and 14.0 g IV
EACA showed significant efficacy in reducing HB drop and

20mg/kg TXA IV 30mg/kg TXA IV PLACEBO

Rank of probability between intravenous (g) administrations for less HB drop after TKA @

their efficacy were comparable (Table 5), while 5.0 g IV
EACA was inefficient compared with placebo.

Treatment rankings based on direct plot of rank prob-
ability for less HB drop (Fig. 4B), from largest to smallest,
were 14.0 g IV EACA, 1.0 g IV TXA, 2.0 g IV TXA, 5.0 g IV
EACA, 10.0 g IV EACA and placebo.

IV TXA and EACA (mg/kg) Subgroup

Compared with placebo, all three regimens were effective in
reducing HB drop and their efficacy were comparable
(Table 6). Rank of probability for less HB drop (Fig. 4C),
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Placebo

1.0g TXA IV 14.0 g EACA IV 2.0g TXA IV 5.0 g EACA IV

10.0 g EACA IV

0.44 (0.2, 0.73)

~0.05 (~0.88, 0.8)
0.17 (—0.65, 1.02)
0.37 (—0.27, 1.01)
0.2 (—0.23, 0.64)

—0.22 (~0.52, 0.06) —0.42 (—1.28, 0.46) —0.25 (—0.97, 0.48)
~0.19 (~1.05, 0.67)

10.0 g EACA IV
1.0gTXA IV

0.67 (0.48, 0.9)
0.87 (0.04, 1.71)
0.7 (0.01, 1.39)
0.5 (-0.31, 1.31)

~0.02(-0.73,0.7)
0.17 (~0.3, 0.64)

1
0.19 (—0.67, 1.05)

0.02 (-0.7,0.73)

0.22 (~0.06, 0.52)
0.42 (~0.46, 1.28)
0.25 (—0.48, 0.97)
0.05 (~0.8, 0.88)

~0.44 (-0.73, —0.2)

14.0 g EACA IV
2.0g TXA IV

1
—0.2 (—0.64, 0.23)
~0.7 (—1.39, —0.01)

~0.17 (~0.64, 0.3)
~0.37 (~1.01, 0.27)
—0.87 (-1.71, —0.04)

1
~0.5(~1.31, 0.31)

~0.17 (-1.02, 0.65)
~0.67 (~0.9, —0.48)

5.0 g EACA IV

Placebo

1

Note: Bold results mean statistically significance.; Abbreviations: IA, intra-articular; TXA, tranexamic acid; EACA, aminocaproic acid.
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from largest to smallest, were 30 mg/kg IV TXA, 150 mg/kg
IV EACA, 20 mg/kg IV TXA and placebo.

Transfusion Rates

Transfusion rates of 31 studies
>3350 yrere evaluated in the network. Network plots of
comparisons on transfusion rates are shown in Fig. 2G-L
Estimated effects of EACA and TXA regimens were respec-
tively shown in Tables 7-9.

12,24-28,30,32-34,37-44,46,47,49—

IA TXA and EACA Subgroup

As the Table 7 shows, all six regimens except 5.0 g IA
EACA showed significant efficacy in reducing transfusion
rates compared with placebo. Among the effective regimens,
none of them showed superiority to each other.

Treatment rankings based on direct plot of rank prob-
ability for less transfusion (Fig. 5A), from largest to
smallest, were 0.5 g IA TXA, 2.0 g TA TXA, 1.5 g IA TXA,
3.0 g IA TXA, 1.0 g IA TXA, 5.0 g IA EACA and placebo.

IV TXA and EACA (g) Subgroup

According to Table 8, in intravenous applications, 1.0 g
TXA, 2.0 g TXA, 10.0 g EACA and 14.0 g EACA can reduce
transfusion rates compared with placebo, while 5.0 g EACA
was not effective enough to control transfusion rates. 14.0 g
IV EACA ranked first for probability of less transfusion
rates in the network (Fig. 5B).

IV TXA and EACA (mg/kg) Subgroup

As for intravenous applications based on patients’ weight
(Table 9), 15 mg/kg-30 mg/kg TXA and 150 mg/kg EACA
can reduce transfusion rates compared with placebo and
their efficacy were comparable. However, the rest in the net-
work were not effective enough.

Treatment rankings based on direct plot of rank prob-
ability for less transfusions (Fig. 5C), from largest to
smallest, were 30 mg/kg IV TXA, 150 mg/kg IV EACA,
20 mg/kg IV TXA, 15 mg/kg IV TXA, 10 mg/kg IV TXA
and placebo.

Drainage Volume

Thirteen studies!>293032353943:4447.4952.5560 o ted drain-
age volume. Network diagrams of comparisons on drainage
volume are shown in Fig. 2J-L. Rank of probability for less
drainage volume in IA or IV applications are shown in
Data S3.

In intra-articular applications (Table 10), all five regi-
mens can reduce drainage volume compared with placebo
and their efficacy was comparable. In intravenous TXA and
EACA (g) subgroup (Table 11), 1.0 g TXA and 2.0 g TXA
showed significant efficacy compared with placebo, the rest
were inefficient. In another subgroup, 20 mg/kg IV TXA
and 30 mg/kg IV TXA were most effective, while the rest in
the network were inefficient compared with placebo
(Table 12).
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TABLE 6 Matrix of pairwise comparisons on HB drop (g/dL) in intravenous (mg/kg) administration (shown as mean difference and 95%

confidence intervals)

150 mg/kg EACA IV 20 mg/kg TXA IV 30 mg/kg TXA IV Placebo
150 mg/kg EACA IV 1 0.18 (~0.74, 1.05) ~0.33 (~1.37, 0.88) 1.02 (0.16, 1.93)
20 mg/kg TXA IV ~0.18 (~1.05, 0.74) 1 ~0.51 (—1.29, 0.5) 0.84 (0.33, 1.46)
30 mg/kg TXA IV 0.33(-0.88, 1.37) 0.51 (~0.5, 1.29) 1 1.36 (0.6, 1.98)
Placebo ~1.02 (—1.93, —0.16) —0.84 (-1.46, —0.33) ~1.36 (~1.98, —0.6) 1

Note: Bold results mean statistically significance.; Abbreviations: IA, intra-articular; TXA, tranexamic acid; EACA, aminocaproic acid.

TABLE 7 Matrix of pairwise comparisons on transfusion rates in intra-articular administration (shown as odds ratios and 95% confidence

intervals)

0.5gTXAIA 1.0g TXAIA 1.5 g TXAIA 2.0 g TXA IA 3.0gTXAIA 5.0 g EACA IA Placebo
0.5 g TXA IA 1 1.54 (0.5, 5.5) 1.21(0.29, 5.29) 0.95 (0.27, 3.46) 1.33(0.39, 4.87) 3.13(0.94, 13.35) 6.04 (2.64, 16.78)
1.0g TXAIA 0.65 (0.18, 2.01) 1 0.79 (0.18, 3.13) 0.62(0.18, 2.08) 0.86 (0.25,2.83) 2.04 (0.6, 7.93) 3.94 (1.68, 10.1)
1.5 g TXAIA 0.83(0.19, 3.46) 1.26 (0.32, 5.5) 1 0.79(0.18,3.47) 1.1(0.26, 4.81) 2.59 (0.66, 12.56) 4.96 (1.76, 16.65)
2.0 g TXA IA 1.05 (0.29, 3.65) 1.62(0.48,5.7) 1.27(0.29, 5.54) 1 1.39 (0.4,5.07) 3.34(0.9,14.17) 6.3 (2.56,18.4)
3.0g TXAIA 0.75(0.21, 2.56) 1.16 (0.35,3.97) 0.91(0.21,3.82) 0.72(0.2,2.51) 1 2.39 (0.66, 9.78) 4.58 (1.83, 12.4)
5.0 g EACA IA 0.32(0.07,1.07) 0.49(0.13, 1.68) 0.39 (0.08,1.52) 0.3 (0.07,1.11) 0.42 (0.1, 1.52) 1 1.91 (0.72, 4.86)
Placebo 0.17 (0.06,0.38) 0.25(0.1,0.6) 0.2(0.06,0.57) 0.16 (0.05, 0.39) 0.22(0.08, 0.55) 0.52 (0.21, 1.39) 1

Note: Bold results mean statistically significance.; Abbreviations: IA, intra-articular; TXA, tranexamic acid; EACA, aminocaproic acid.

TABLE 8 Matrix of pairwise comparisons on transfusion rates in intravenous (g) administration (shown as odds ratios and 95% confidence

intervals)

1.0gTXA IV 208 TXA IV 5.0 g EACA IV 10.0 g EACA IV 14.0 g EACA IV Placebo
1.0g TXA IV 1 0.19 (0, 4.49) 0.17 (0, 34.84) 0.58 (0.1, 2.64) 0.04 (0, 4.1) 5.01 (1.53, 17.07)
2.0gTXA IV 5.29 (0.22, 294.29) 1 0.99 (0.02, 61.65)  3.02 (011, 165.14) 0.26 (0, 5.89) 26.44 (1.46, 1255.83)
5.0 g EACA IV 5.73(0.03, 1598.32) 1.01 (0.02, 62.88) 1 3.28(0.01, 849.81) 0.25(0,45.47)  28.86 (0.17, 7239.88)
10.0 g EACA IV 1.72 (0.38, 10.23) 0.33(0.01, 9.2) 0.31 (0, 68.22) 1 0.08 (o, 8.13) 8.65 (2.5, 40.17)
14.0 g EACA IV 22.54 (0.24, 3.89(0.17, 4.05 (0.02, 12.99 (0.12, 114.61 (1.46,

5155.59) 202.23) 1091.86) 2905.01) 23256.29)

Placebo 0.2 (0.06, 0.65) 0.04 (0, 0.69) 0.03 (0, 6.04) 0.12 (0.02, 0.4) 0.01 (0, 0.68) 1

Note: Bold results mean statistically significance.; Abbreviations: IA, intra-articular; TXA, tranexamic acid; EACA, aminocaproic acid.

TABLE 9 Matrix of pairwise comparisons on transfusion rates in intravenous (mg/kg) administration (shown as odds ratios and 95% confi-

dence intervals)

10mg/kg TXAIV 150 mg/kg EACA IV 15 mg/kg TXA IV 20 mg/kg TXA IV 30 mg/kg TXA IV Placebo
10 mg/kg TXA IV 1 0.29(0.03,2.55)  0.91(0.28, 2.8) 0.49 (0.14,1.67)  0.26 (0.07, 1.1) 2.25 (0.85, 6.38)
150 mg/kg EACA IV 3. 47 (0.39, 38.79) 1 3.18(0.36,32.75)  1.7(0.21,17.12) 0.91(0.11,10.19) 7.88 (1.13, 73.73)
15 mg/kg TXA IV 1(0.36, 3.59) 0.31(0.03, 2.78) 1 0.54(0.15,1.92)  0.28(0.08, 1.21)  2.48 (1.1, 6.32)
20 mg/kg TXA IV 2. 06 (0.6, 7.25) 0.59 (0.06, 4.73)  1.85(0.52, 6.67) 1 0.53(0.15,2.18)  4.61 (1.85, 12.86)
30 mg/kg TXA IV 3.91(0.91, 13.86) 1.1 (0.1, 9.24) 3.56(0.83,12.16) 1.9 (0.46, 6.5) 1 8.78 (2.95, 23.98)
Placebo 0.44 (0.16, 1.18) 0.13 (0.01, 0.88) 0.4(0.16,0.91)  0.22(0.08,0.54)  0.11 (0.04, 0.34) 1

Note: Bold results mean statistically significance.; Abbreviations: IA, intra-articular; TXA, tranexamic acid; EACA, aminocaproic acid.




940

ORTHOPAEDIC SURGERY
VoOLUME 15 « NUMBER 4 « Aprir, 2023

08
)

06
I

04

THE OPTIMAL APPLICATIONS OF TRANEXAMIC ACID AND EPSILON- AMINOCAPROIC
Aco v TK

05 TXATA 1.0g TXA A 15g TXAIA 20gTXAIA  3.0gTXAIA

50g EACAIA

PLACEBO

Rank of probability between intra-articular administrations for less transfusion rates after TKA

'y

Lkmﬂ

100g EACA TV 10g TXA IV 140g EACA IV 20g TXAIV

50g EACA IV

PLACEBO

Rank of probability between intravenous (g) administrations for less transfusion rates after TKA

E ) li‘[lj;

10mgkg TXATV  150mgkg EACATV  15mgkg TXAIV  20mg/kg TXA TV

Rank of probability between intravenous (mg/kg) administrations for less transfusion rates after TKA @

PE/DVT Rates

Twenty-nine studies reported
PE/DVT rates. Network diagrams of comparisons on
PE/DVT rates are shown in Fig. 2M-0O. From the matrix
(Tables 13-15), none of the antifibrinolytic regimens showed
increasing risk for PE/DVT compared with placebo. Treat-
ment rankings based on direct plot of rank probability are
shown in Data S3.

12,24,25,29-33,36,37,39-45,47,49-59

Data Homogeneity, Transitivity and Consistency

After removing the studies with obviously high heteroge-
neity, none of the I> were > 75%, which is shown in Data
S4. The density plots, trace plots as well as Brocks-

30mg/kg TXA TV

o |

PLACEBO

Fig. 5 Rank of probability for less
transfusion rates after TKA

Gelman-Rubin plots (Data S4) showed good transitivity.
The relative Bayesian P values of the node-splitting
method in this network are all > 0.05(Data S4), indicating
consistency of direct and indirect comparisons in our
analysis. Based on these, we concluded that our model was
established well.

Discussion
his study identified the optimal dosages of TXA and
EACA in IV or IA applications in TKA. In addition,
through direct and indirect comparisons, we determined the
relative effect of EACA compared to TXA.
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Lowest and most Effective Dose of TXA and EACA

Taking all primary outcomes into account, including total
blood loss, HB drop and transfusion rates, 1-3 g TXA were
most effective in intra-articular administrations. In the IV
TXA and EACA (g) subgroup, 1-6 g TXA and 10-14 g
EACA were most effective and their efficacy were compara-
ble. 30 mg/kg IV TXA and 150 mg/kg IV EACA were most
effective in another intravenous subgroup. Assuming the
weights of patients after TKA were among 60-70kg, the most
effective doses in intravenous applications based on patients’
weights were 1.8-2.1 g TXA and 9-10.5 g EACA, which was
in consistency with the results that 1-6 g IV TXA and 10-
14 g IV EACA were most effective.

Two network meta-analyses'®*' have compared the effi-
cacy of different administrations of TXA, both of them con-
cluded that all regimens of TXA had significantly lower blood
loss and transfusion rates compared with control and showed
comparable effects. Their findings were in partial consistency
with our results that both intravenous and intra-articular
administrations showed significantly efficacy in conserving
blood compared with placebo. However, one of the two net-
work meta-analyses®' defined high dose TXA as any dose >20
mg/kg or > 1 g. No significant differences were found in results
of comparisons, even between high dose IV TXA versus low
dose IV TXA, as well as high dose IA TXA versus low dose 1A
TXA. Considering the large range of TXA dosages in eligible
studies, our group members believed the dividing line between
high and low dose TXA was wrong and yielded potential con-
founding factors. Therefore, we chose the specific dose of anti-
fibrinolytic agents in the network analysis. In addition, to
diminish the influences of patients” weight on dosage, intrave-
nous administrations of TXA and EACA were divided into
two subgroups. Another network meta-analyses'® enrolled
patients after total knee and hip replacements and did not
make subgroup analysis. Thus, the conclusion might be less
convincing and we only focused on the patients after TKA.

Relative Effect of EACA Compared to TXA in TKA

For the efficacy between TXA and EACA, two conventional
meta-analyses' >’ concluded that TXA was not superior to
EACA in controlling bleeding in TKA. Their conclusions were
partially consistent with ours, regardless of dosage and admin-
istration. According to our results, 1 g IA TXA was most effec-
tive and superior to 5 g IA EACA, while 1 g or 30 mg/kg IV
TXA was most effective and comparable with 10 g or 150 mg/
kg IV EACA. We summarized the blood conserving effects of
EACA and TXA in TKA were comparable only when the dose
of EACA was at least five times more than TXA.

EACA and TXA share similar mechanisms by inter-
acting with plasminogen.®® After saturating the lysine bind-
ing sites of plasminogen, the two drugs inhibiting
plasminogen from binding to the surface of fibrin.”>"®
EACA and TXA had similar elimination half-life.** However,
TXA’s ability to bind to plasminogen was stronger than
EACA.®> TXA was estimated to be 6-10 times more potent
than EACA, which is consistent with our conclusion.®*

THE OPTIMAL APPLICATIONS OF TRANEXAMIC ACID AND EPSILON- AMINOCAPROIC
Acmo W TK

Differences between 1V and IA Applications

TBL for patients with TKA ranges from 1300 to 1500 ml,*® which
consisted of apparent and hidden blood loss (HBL).””*® HBL
composed half of TBL,* leading to the limb swelling and postop-
erative inflammation. HBL is formed from extravasation of blood
into the tissues in significant amounts, residual blood in the joint,
and blood loss owing to hemolysis. Topical TXA administration
directly targets the bleeding site in a surgical wound and reduces
the intraoperative and drainage blood loss, while intravenous
administrations could reduce hidden and systemic blood loss.
Regarding the safety profile of TXA and EACA regimens, the
major concern is about potential risk of deep vein thrombosis or
pulmonary embolism. Some hypothesized that topical application
of TXA can be as efficacious as IV administration, with lower hid-
den blood loss and lower risk of venous thromboembolism
because of lower systemic absorption. Nonetheless, none of EACA
and TXA regimens, including intravenous and intra-articular,
showed increasing risk for PE and DVT according to our results,
which is consistent with some studies and meta-analyses.'®

Strengths and Limitations
There are some strengths in the current study. To our knowl-
edge, this is the first Bayesian network meta-analysis of TXA
and EACA in TKA. Through subgroup analysis and exhaus-
tive literature reviews, we determined the most effective and
lowest dosage of TXA and EACA in IA and IV applications,
and provided relative efficacy estimates of EACA and TXA in
TKA. Our work could offer guidelines for orthopedic surgeons
in selecting optimal regimen of antifibrinolytic agents.
Limitations existed in this network analysis. First, we can-
not adequately take all treatment regimens into account for lack
of original data, especially oral TXA and EACA. Second, a vari-
ety of factors other than TXA and EACA that had influence in
blood loss still existed, such as supplement of tourniquet and
anticoagulant drugs, which may result in unexpected heteroge-
neity in the network. Third, if there were fewer studies proving
direct connections between some nodes, the results of compari-
sons will rely more heavily on indirect comparison.

Conclusions

In intra-articular applications, 1.0 g TXA was most effective
and enough to control bleeding in TKA. In intravenous
applications (g), 1.0 g TXA or 10.0 g EACA were enough in
reducing bleeding. In another intravenous subgroup (mg/kg),
30 mg/kg TXA or 150 mg/kg EACA were most effective and
enough. None of regimens showed higher risk for PE/DVT,
and TXA was at least five times more potent than EACA.
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