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Abstract

Introduction: Total knee arthroplasty (TKA) surgery can be associated with significant blood loss. Among the
problems associated with such blood loss is the need for transfusions of banked blood [1]. Transfusions not only have
a financial consequence but also carry a small risk of disease transmission to the patient. Antifibrinolytics have been
successfully used to reduce transfusion requirements in elective arthroplasty patients. The objective of this meta-
analysis is to determine which of tranexamic acid (TXA) and epsilon-aminocaproic acid (EACA) is more effective for
reducing peri-operative blood loss, and lessening the need for blood transfusion following knee arthroplasty surgery.

Materials and methods: MEDLINE, Embase and CINAHL databases were searched for relevant articles published
between January 1980 to January 2018 for the purpose of identifying studies comparing TXA and EACA for TKA
surgery. A double-extraction technique was used, and included studies were assessed regarding their methodological
quality prior to analysis. Outcomes analysed included blood loss, pre- and post-operative haemoglobin, number of
patients requiring transfusion, number of units transfused, operative and tourniquet time, and complications associ-
ated with antifibrinolytics.

Results: Three studies contributed to the quantitative analysis of 1691 patients, with 743 patients included in the
TXA group and 948 in the EACA group. Estimated blood loss was similar between the two groups [95% confidence
interval (Cl) —0.50, 0.04; Z=1.69; P=0.09]. There were no differences between the two groups regarding the percent-
age of patients requiring transfusion (95% Cl1 0.14, 4.13; Z=0.31; P=0.76). There was no difference in the pre-and
post-operative haemoglobin difference between the two groups (95% Cl —0.36, 0.24; Z=10.38; P=0.70). There was
no difference in the average number of transfused units (95% Cl —0.53, 0.25;, Z=0.71; P=0.48). There was no differ-
ence in the operative (95% Cl —0.35, 0.36; Z=0.04; P=0.97) or tourniquet time (95% Cl —0.16, 0.34; Z=0.72; P=047).
Similarly, there was no difference in the percentage of venous thromboembolism between the two groups (95% Cl
0.17,2.80;Z=051; P=0.61).

Conclusions: This study did not demonstrate TXA to be superior to EACA. In fact, both antifibrinolytic therapies
demonstrated similar efficacy in terms of intra-operative blood loss, transfusion requirements and complication rates.
Currently EACA has a lower cost, which makes it an appealing alternative to TXA for TKA surgery.

Level of evidence: 3.
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Introduction

Total knee arthroplasty (TKA) surgery can be associ-
ated with significant blood loss, which can be associated
with a number of problems, including the requirement
for blood transfusions [1]. Blood transfusions incur sig-
nificant cost in terms of materials and technician and
nursing staff and pose significant risk of adverse clinical
outcomes. These risks include transfusion-related infec-
tions, intravascular haemolysis, transfusion-induced
coagulopathy, renal impairment, immunologic incom-
patibility and even mortality [2]. In addition to its asso-
ciation with blood transfusion, excessive bleeding can
impair the result of TKA surgery through haematoma,
swelling, stiffness, prolonged use of drains, increased
length of stay, delayed functional recovery and rehabilita-
tion [3, 4].

Antifibrinolytics have already been successfully used to
reduce transfusion requirements in elective arthroplasty
patients. Tranexamic acid (TXA) and epsilon-aminocap-
roic acid (EACA) are two agents that have been shown
to reduce peri-operative surgical blood loss and transfu-
sion requirements [5—10]. EACA is a lysine analog class
of antifibrinolytic which has been widely used in cardiac
procedures and has only recently been used in elective
orthopaedic surgery [11, 12]. Whilst studies have demon-
strated EACA to have a good efficacy and safety profile
[13], TXA has been preferentially used in orthopaedics.
This may in part be due to the familiarity of TXA to
orthopaedic surgeons and anaesthetists and the fact that
it was the first to be introduced onto the market. How-
ever, TXA appears to be considerably more expensive
than its newer counterpart [14, 15].

The objective of this meta-analysis is to determine
which of TXA or EACA has greater efficacy for reducing
peri-operative blood loss and transfusion requirements
associated with knee arthroplasty surgery. The secondary
objective is to compare complication rates between the
two drugs.

Materials and methods

A comprehensive search of the published literature in
MEDLINE, Embase and CINAHL databases was per-
formed for articles comparing EACA and TXA during
total knee arthroplasty. The text words “aminocaproic
acid’} “EACA’, “tranexamic acid’; and “TXA’, were used
in combination with the medical subject headings “knee
arthroplasty” and “knee replacement” All included stud-
ies directly compared EACA and TXA for total knee
arthroplasty. In addition, patients were of minimum age
of 18 years, and comprised both sexes. Irrelevant arti-
cles and studies, which failed to meet inclusion criteria,
such as reviews, evident from their titles and abstract,
were excluded. Nonclinical studies, or those assessing
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other forms of arthroplasty such as hip, were excluded.
Similarly, studies not directly comparing EACA with
TXA were also excluded. Relevant articles referenced in
these publications were obtained, and the “related arti-
cle” function was used to widen the results. No language
restriction was applied. All abstracts, comparative stud-
ies, and citations were searched comprehensively. This
study conformed to QUOROM and PRISMA guidelines
[16, 17]. A flowchart of the literature search is provided
in Fig. 1. The quality of included trials was rated using the
Scottish Intercollegiate Guidelines Network scoring sys-
tem (Table 1) [18].

We found three articles which met our inclusion cri-
teria [19-21]. Each article was critically reviewed by
two researchers (O.R., A.A.) using a double-extraction
method for eligibility. Article extraction was performed
independently, and any conflict resolved before final
analysis.

Outcome measures were chosen if they were compa-
rable to those from other papers. The primary outcome
measures included blood loss and the amount of tranfu-
sion required. Secondary objectives compared operative
time, tourniquet time and complications between the
two drug groups.

Statistical analyses were performed using Review Man-
ager version 5.0 (The Nordic Cochrane Centre Copenha-
gen, Denmark). P-value less than 0.05 was chosen as the
significance level for outcome measures. For continu-
ous data, the inverse variance method was used for the
combination of standardised mean differences (SMDs).
Binary data were summarised as risk ratios (RR) and
combined using the Mantel-Haenszel method. In each
case, a heterogeneity test was performed and a random-
effects model used for analyses for consistency and to
deal with possible population heterogeneity. Forest plots
were used for graphical representation. Funnel plots were
not constructed, as they were deemed inappropriate for
this number of studies.

Results

Three studies met the inclusion criteria. All three studies
reported outcomes which were suitable for quantitative
analysis. In total, data from 1691 patients were used in
the analysis. There were 743 patients in the TXA group
and 948 patients in the EACA group.

Estimated blood loss

Two studies contributed to the analysis of estimated
blood loss [19, 20]. There was no significant heteroge-
neity between the two trials (df=1; P=10%; Q=1.11;
P=0.29). There was no significant difference in estimated
blood loss between TXA and EACA in these two studies
(95% CI —0.50, 0.04; Z=1.69; P=10.09) (Fig. 2).



Riaz et al. J Orthop Traumatol (2019) 20:28 Page 3 of 8

Records identified
through MEDLINE,
Embase, CINHAL
searching n =351

Identification

Records after duplicates
removed n = 245

Records screened Records excluded
n=38 n=37

Screening

Full text articles
assessed for ellglblllty n

Eligibility

Full text articles
» excluded with reasons
n=4

4 N

Unrelated articles,
Technique articles,
commentary or letter
articles, other
pathologies

N )

Studies eligible for
inclusion in quanitative
synthesis (meta-
analysis)

©
[
©
>
Q
o

Fig. 1 PRISMA flowchart of study selection
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Table 1 Methodological quality of prospective studies included, adapted from the Scottish Intercollegiate Guidelines

Network
Quality variable Boese etal. Camarasa Churchill
(2017)[19] etal.(2006) etal.(2017)
[20] [21]

1.1 The study addresses an appropriate and clearly focussed question (Y/N/can't say) Y Y Y

1.2 The two groups being studied are selected from source populations that are comparable in all Y Y Y
respects other than the factor under investigation (Y/N/can't say)

1.3 The study indicates how many of the people asked to take part did so, in each of the groups being Y Y Y
studied (Y/N/NA)

1.4 The likelihood that some eligible subjects might have the outcome at the time of enrolment is N N N
assessed and taken into account in the analysis (Y/N/NA)

1.5 What percentage of individuals or clusters recruited into each arm of the study dropped out before 10% 10% 0%
the study was completed

1.6 Comparison is made between full participants and those lost to follow-up, by exposure status (Y/N/ N N NA
can't say/NA)

1.7 The outcomes are clearly defined (Y/N/can't say) Y Y

1.8 The assessment of outcome is made blind to exposure status. If the study is retrospective this may not Y Y
be applicable (Y/N/can't say/NA)

1.9 Where blinding was not possible, there is some recognition that knowledge of exposure status could N N N
have influenced the assessment of outcome (Y/N/can't say)

1.10 The method of assessment of exposure is reliable (Y/N/can't say) Y Y Y

1.11 Evidence from other sources is used to demonstrate that the method of outcome assessment is Y Y Y
valid and reliable (Y/N/can't say/NA)

1.12 Exposure level or prognostic factor is assessed more than once (Y/N/can't say/NA) N

1.13 The main potential confounders are identified and taken into account in the design and analysis

1.14 Have confidence intervals been provided where appropriate? Y

How well was the study done to minimise the risk of bias or confounding? (high quality =+, accept- +++ +++ ++
able =+, unacceptable=—)

Taking into account clinical considerations, your evaluation of the methodology used, and the statisti- Y Y Y
cal power of the study, do you think there is clear evidence of an association between exposure and
outcome? (Y/N/can't say)

Are the results of this study directly applicable to the patient group targeted in this guideline? (Y/N) Y Y Y

TXA EACA Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Boese et al. 2017 956.83 477.33 96 1,101.03 42532 92 71.1% -0.32[-0.61, -0.03] ——
Camarasa et al. 2006 1,095 473 35 1,104 603 32 28.9% -0.02 [-0.50, 0.46]
Total (95% ClI) 131 124 100.0% -0.23 [-0.50, 0.04]
Heterogeneity: Tau? = 0.00; Chi® = 1.11, df = 1 (P = 0.29); I’ = 10% 5_1 —0= 5 5 045 15
Test for overall effect: Z = 1.69 (P = 0.09) TXA EACA
Fig. 2 Estimated total blood loss

Percentage of patients requiring transfusion

Three studies contributed to the analysis of the percent-
age of patients requiring transfusion [19-21]. There was
no significant heterogeneity between the three trials
(df=1; P=62%; Q=2.61; P=0.11). There was no sig-
nificant difference in the percentage of patients requir-
ing transfusion between TXA and EACA groups in
these three studies (95% CI 0.14, 4.13; Z=0.31; P=0.76)
(Fig. 3).

Difference between pre- and post-operative haemoglobin
(Hb)

Two studies contributed to the analysis of difference
between pre- and post-operative haemoglobin levels [20,
21]. There was no significant heterogeneity between these
studies (df=1; I*=48%; Q=1.93; P=0.16). There was no
significant difference in the pre- and post-operative hae-
moglobin change between TXA and EACA groups (95%
CI —0.36, 0.24; Z=0.38; P=0.70) (Fig. 4).
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Average number of transfused units

Whilst three studies reported on this outcome, only data
from two studies were comparable in the analysis [20,
21]. There was some heterogeneity between these tri-
als, justifying the use of a random-effects model (df=1;
P=64%; Q=2.78; P=0.10). There was no significant
difference in the average number of transfused units
between TXA and EACA groups (95% CI —0.53, 0.25;
Z=0.71; P=0.48) (Fig. 5).

Operative time in minutes

Two studies contributed to the analysis of operative time
[19, 20]. There was some heterogeneity between the
two trials, justifying the use of a random-effects model
(df=1; P=43%; Q=1.77; P=0.18). There was no sig-
nificant difference in operative time between TXA and
EACA groups (95% CI —0.35, 0.36; Z=0.04; P=0.97)
(Fig. 6).
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Tourniquet time in minutes

Two studies contributed to the analysis of tourniquet
time [19, 20]. There was no significant heterogene-
ity between the two trials (df=1; P =0%; Q=0.13;
P=0.72). There was no significant difference in tour-
niquet time between TXA and EACA groups (95% CI
—0.16, 0.34; Z=0.72; P=0.47) (Fig. 7).

Percentage of patients with VTE complications

Three studies contributed to the analysis of patients
with VTE events [19-21]. There was no significant het-
erogeneity between the three trials (df=1; I*=232%;
Q=147; P=0.23). There was no significant differ-
ence in VTE events between TXA and EACA groups
in these three studies (95% CI 0.17, 2.80; Z=0.51;
P=0.61) (Fig. 8).

TXA EACA Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Boese et al. 2017 0 98 0 96 Not estimable
Camarasa et al. 2006 1 35 4 32 33.3% 0.23 [0.03, 1.94] =
Churchill et al. 2017 24 610 23 820 66.7% 1.40 [0.80, 2.46] —1—
Total (95% CI) 743 948 100.0% 0.77 [0.14, 4.13]
Total events 25 27
Heterogeneity: Tau? = 1.02; Chi? = 2.61, df = 1 (P = 0.11); I = 62% I t T t i
_ 0.2 0.5 1 2 5
Test for overall effect: Z = 0.31 (P = 0.76) TXA EACA

Fig. 3 Percentage of patients requiring transfusion

TXA EACA Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Camarasa et al. 2006 2.6 1 35 2.4 1 32 26.5% 0.20 [-0.28, 0.68] -
Churchill et al. 2017 2.7 1.38 610 29 1.28 820 73.5% -0.15][-0.26, -0.05] ‘.‘
Total (95% CI) 645 852 100.0% -0.06 [-0.36, 0.24] ’
Heterogeneity: Tau? = 0.03; Chi? = 1.93, df = 1 (P = 0.16); I’ = 48% f t 1 f i

. -1 -0.5 0 0.5 1
Test for overall effect: Z = 0.38 (P = 0.70) TXA EACA

Fig. 4 Difference in pre- and post-operative Hb

TXA EACA Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Boese et al. 2017 0 0 98 0 0 96 Not estimable
Camarasa et al. 2006 0.03 0.2 35 0.19 0.5 32 33.6% -0.42 [-0.91,0.06) ——— & ——
Churchill et al. 2017 0.05 0.28 610 0.05 0.33 820 66.4% 0.00 [-0.10, 0.10]
Total (95% ClI) 743 948 100.0% -0.14 [-0.53, 0.25]
Heterogeneity: Tau? = 0.06; Chi? = 2.78, df = 1 (P = 0.10); I* = 64% 5_1 _05 5 3 055 11'
Test for overall effect: Z = 0.71 (P = 0.48) ’ TXA EACA ’
Fig. 5 Average no. of transfused units




Riaz et al. J Orthop Traumatol (2019) 20:28 Page 6 of 8
TXA EACA Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Boese et al. 2017 76.67 25.27 98 73.78 12.71 96 63.8% 0.14 [-0.14, 0.43] —Tl—
Camarasa et al. 2006 97 22 35 102 20 32 36.2% -0.23[-0.72, 0.25] —
Total (95% CI) 133 128 100.0% 0.01 [-0.35, 0.36] ’
Heterogeneity: Tau? = 0.03; Chi’ = 1.77,df = 1 (P = 0.18); I’ = 43% I t ) t i
-1 -0.5 0.5 1
Test for overall effect: Z = 0.04 (P = 0.97) EACA TXA
Fig. 6 Operative time in minutes

TXA EACA Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Boese et al. 2017 54.36 15.76 93 53.25 18.9 95 73.8% 0.06 [-0.22, 0.35]
Camarasa et al. 2006 88 16 35 85 20 32 26.2% 0.16 [-0.32, 0.64]
Total (95% CI) 128 127 100.0% 0.09 [-0.16, 0.34]
Heterogeneity: Tau? = 0.00; Chi? = 0.13, df = 1 (P = 0.72); I* = 0% !_1 _0! 5 5 0=S 1!
Test for overall effect: Z = 0.72 (P = 0.47) ’ EACA TXA :
Fig. 7 Tourniquet time in minutes
TXA EACA Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Boese et al. 2017 1 98 4 96 31.5% 0.24 [0.03, 2.15] ¢ L
Camarasa et al. 2006 0 35 0 32 Not estimable
Churchill et al. 2017 5 610 6 820 68.5% 1.12 [0.34, 3.65]
Total (95% CI) 743 948 100.0% 0.69 [0.17, 2.80]
Total events 6 10
ity: z = - Chi? = = = S I t t t t {
eyl =10 0 32w DN SERT
Hie T e R TXA EACA
Fig. 8 Percentage of patients with VTE events

Discussion
Excessive intraoperative blood loss can predispose to
hypotension and other cardiac, pulmonary and renal
complications, with a subsequent knock-on adverse effect
on peri-operative recovery. Excessive bleeding in the
early post-operative period can be associated with hae-
matoma formation, swelling, stiffness and wound com-
plications, which may impair the long-term outcome of
TKA surgery. In addition, post-TKA blood transfusions
have been reported to cause acute lung injury, infections,
immune suppression and hypersensitivity reactions [22].
The normal process of fibrinolysis involves the liquefac-
tion of fibrin within blood clots. It consists of two steps:
degradation of fibrin and activation of plasminogen [23].
Antifibrinolytic agents such as TXA and EACA decrease
blood loss by attenuating this fibrinolytic process [6-8].
Specifically, TXA works by competitively binding to
plasminogen lysine receptor sites, preventing formation
of plasmin and its action in degrading fibrin. At high
doses, it can also have a protective effect on platelets.

EACA is a 6-aminohexanoic acid also belonging to the
lysine class of antifibrinolytic agents. Thus, EACA is
believed to work by a similar mechanism to TXA.

TXA has gained in popularity and is in routine use in
many centres due to its efficacy in reducing transfusion
risks and costs [24]. Many studies have demonstrated
the benefits of TXA in reducing peri-operative blood
loss and transfusion requirements. However, fewer
studies have investigated EACA in elective orthopaedic
surgery, and even fewer compare the two drugs head to
head in large enough numbers to draw any meaningful
conclusions [25-27]. Given that these drugs work in a
similar way and have the same indications, it seems rea-
sonable to perform a quantitative analysis of all studies
comparing these two drugs, in order to gain statistical
power and make more meaningful conclusions. To the
best of the authors’ knowledge, this is the first meta-
analysis comparing the outcomes and complications of
TXA and EACA in elective TKA surgery.
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In this meta-analysis of 1691 total knee arthroplasty
patients, we found no statistical difference between
TXA and EACA with regards to blood loss, transfusion
requirements or VTE complication rates. These find-
ings are in accordance with other recent reviews of these
drugs in patients undergoing other orthopaedic proce-
dures [28-30].

Clearly, EACA may prove to be a useful alternative in
case of patient allergies to TXA. However, one study sug-
gested that it should be considered as first-line therapy,
given that EACA is more cost effective that its counter-
part TXA. Whilst the singular difference in cost was only
£26, the cumulative cost saving to a healthcare provider
could be quite significant [22]. As it appears that the effi-
cacy and complication rates of the two drugs are similar,
it would seem reasonable for users to consider EACA
favourably whilst it remains less expensive.

We acknowledge some limitations to this study. The
studies included in the meta-analysis were of variable
quality. However, following quantitative assessment, they
were found to meet an acceptable standard prior to their
inclusion. We also acknowledge the possibility of publica-
tion bias. This is difficult to account for with the number
of studies included in this analysis, and readers should
bear this in mind. In addition, there will have been some
variability in transfusion protocols and population het-
erogeneity between studies. Thus, as a standard, we per-
formed heterogeneity calculations to give clarity to the
reader and used a random-effects model as standard to
reduce any heterogeneity effects.

Whilst in individual studies, TXA and EACA were
given at set times and set doses, these were different
between studies. Whilst this creates some heterogeneity
between studies, the slight difference between the dosage
regimes will have little impact on the outcome variables,
as all dosage regimes had similar outcomes across the
studies.

This study is also limited by the fact we did not factor
in cost-effectiveness analysis of the drugs used. This was
because such data were not available from the published
studies, and drug costs are likely to vary from region to
region based on the healthcare system and whether cost
reduction from bulk ordering can be achieved. We rec-
ommend that healthcare institutions investigate drug
costs available to them when deciding which of these
drugs to use.

Given the results of this study of 1691 patients, it can,
however, be concluded that use of TXA and EACA was
equally safe and effective as prophylaxis for excessive
bleeding in TKA surgery. As EACA has lower cost, it may
be seen as a suitable alternative first-line agent in order to
reduce the financial burden on healthcare providers.
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