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Aim: We conducted a meta-analysis to compare the efficacy and safety of oral and intravenous applica-
tions of tranexamic acid (TXA) in total hip arthroplasty (THA). Materials & methods: Electronic databases,
including PubMed, Cochrane CENTRAL, ScienceDirect and Embase, were searched to identify the studies
comparing the efficacy and safety of oral and intravenous applications of TXA in THA. Relevant jour-
nals and conference proceedings were manually searched. The pooled data were analyzed using RevMan
5.1. Results: Four randomized control trials and one retrospective study were identified. A meta-analysis
showed no significant differences in hemoglobin reduction, total blood loss and transfusion requirements.
Conclusion: Oral applications of TXA are comparable to intravenous applications of TXA in primary uni-
lateral THA for blood conservation and cost-saving measures.
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Total hip arthroplasty (THA) is an effective surgical procedure for the treatment of terminal stage diseases of the
hip joint, such as osteoarthritis, femoral head necrosis and hip fractures [1]. However, significant blood loss in THA
(700-2000 ml, as has been previously reported) is a substantial problem, especially for elderly patients. Subsequent
blood transfusions may lead to several complications, such as infection and allergic reaction, which can lead to
increasing medical costs [2].

Tranexamic acid (TXA) is a synthetic derivative of the amino acid lysine. It can inhibit fibrinolysis by blocking
the lysine binding sites on plasminogen. To date, the intravenous administration of TXA in THA has been well
established in the literature [3]. Recently, the oral administration of TXA was reported to be cost-effective in total
knee arthroplasty (TKA) and could be a safe alternative to the intravenous or topical forms of TXA [4,5]. A recent
published meta-analysis supported this new method of TXA administration in TKA (6]. Recently, several published
studies have reported on the oral application of TXA in THA (7-9]. However, their results are not consistent.
Moreover, some limitations exist in these previous studies, such as small sample sizes, inconclusive results and
inaccurate evaluations. Therefore, we conducted a meta-analysis on the pooled results of randomized controlled
trials (RCTs) and non-RCTs, in order to compare the efficacy and safety of oral administrations of TXA in patients
undergoing THA.

Materials & methods

Literature & search strategy

Electronic databases, including PubMed, Cochrane CENTRAL, ScienceDirect and Embase, were searched, in order
to identify the studies comparing oral or intravenous TXA administrations on blood conservation in unilateral
primary THA; the databases were searched with a range from the origination of the electronic databases to July .
2018. Structured search strategies were used in combination, according to Boolean logic: ‘tranexamic acid or Future =~

TXA, ‘hip arthroplasty or replacement,” ‘oral’ and ‘intravenous’. In addition, a manual search of reference lists was Medicine ~
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conducted for other trials that could potentially be included. The meta-analysis was based on the acknowledged
guidelines of the prioritized reported items for systematic review and meta-analysis.

Inclusion criteria

Articles were included in the further meta-analysis when they met the following criteria: the patients were treated
with THA; the intervention used oral versus intravenous applications of TXA; the outcomes included blood loss,
blood transfusions, hemoglobin reductions, transfusion rates, hospitalizations, complications and medical costs;

and the study was a published comparative trial (RCTs or non-RCTs).

Exclusive criteria

We excluded articles that were: repeat published articles or articles having the same content and result; case report,
theoretical research, conference report, systematic review, meta-analysis, expert comment and economic analysis;
the outcomes were not relevant.

Data extraction & outcome measures

Two of the reviewers independently reviewed and extracted information from the identified studies by including
the first author name, the publication year, the sample size, the study design and outcomes. The main outcomes
were a decrease in hemoglobin, blood loss and transfusion requirements. Postoperative thromboembolic events and
lengths of hospitalization were secondary outcomes to be reported.

Quality assessment

The methodological index for nonrandomized studies was used to evaluate the quality of the nonrandomized
studies. The quality assessment of the randomized trial was conducted by using the Cochrane Collaboration. The
literature quality was evaluated separately by two reviewers. If there was a divergence, a consensus was reached via
consultation.

Data analysis & statistical methods

The RevMan 5.1 (The Cochrane Collaboration, Oxford, UK) was used for the analysis of the pooled data. Hetero-
geneity was estimated by the p-value and I?, based on the standard ? test. If there was significant heterogeneity (I
> 50%, p < 0.1), a random-effects model was used for the data analysis. When no significant heterogeneity was
found (I> < 50%, p > 0.1), a fixed-effects model was used for the data analysis. In cases of significant heterogeneity,
a subgroup analysis was performed, in order to investigate the sources. The mean differences (MDs) and 95% Cls
were determined for the continuous outcomes. The dichotomous data were calculated by the use of the odds ratio

(OR) and the 95% ClIs.

Results

Search results

The searching process is illustrated in Figure 1; the original database search yielded 52 records, of which 45 trials
were excluded by their titles and abstracts. In a study by Irwin ez al. [7], data were reported together from TKA
and THA, and no available data were able to be used for further meta-analysis. Another study compared oral
versus intravenous administrations of TXA; however, intravenous TXA was offered to all of the patients before the
incisions, even though TXA was postoperatively applied either orally or intravenously [10). Both of these studies
were excluded. Finally, a total of five articles were included in the current study, among which four of the studies
were randomized trials [9,11-13] and one was a retrospective study by Gortemoller ez a/. [14].

Study characteristics

The demographic characteristics and details concerning the included studies are summarized in Table 1. The study
by Gortemoller ¢t a/. included both THA and TKA patients, and we only pooled the data of patients who received
THA [14]. All of these studies that were included in the meta-analysis were published in the past 2 years and included
229 patients who were treated by oral TXA and 222 patients who were treated by intravenous TXA. The smallest
sample size was 29, whereas the largest sample size was 60. All of the patients received a unilateral primary THA
for hip osteoarthritis or femoral head necrosis. No drains were used, and the total blood loss was calculated based
on the method that was presented in the previous study [15]. Different TXA protocols were applied in the four
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Figure 1. Flowchart of the study selection process.

Table 1. Characteristics of included studies.

TXA protocol

Study (year) Type

Gortemoller
etal. (2018)

Kayupav et al. RCT
(2017)

Luo etal. (2018) RCT
Wau et al. (2018) RCT

Zhao et RCT
al. (2018)

2 h prior to incision.
fImmediately prior to incision.

§2 h before and 3 and 6 h after THA.

Retrospective

Country

USA

USA

China
China
China

110 min before and 3 and 6 h after THA.

12 h before and 3 h after THA.

110 min before and 3 h after THA.

Oral TXA group/intravenous group Approach
Patients Females Ages (year)
39/29 NM NM NM
40/43 20/21 60 &+ 10/55 + 12 Posterior
60/60 32/33 67.6 +10.4/67 + 8.6 Posterolateral
50/50 29/30 66.5/65.1 Posterolateral
40/40 18/17 60.5 + 10.4/60.5 + 10.4 Direct anterior

NM: Not mentioned; RCT: Randomized controlled trial; THA: Total hip arthroplasty; TXA: Tranexamic acid.

Oral
1950 mg't

1950 mg't

2000 mg'
1000 mg$
20 mg/kg't

studies. Oral TXA administration of 2 g for 2 h prior to the incision was used in three of the studies, whereas an
administration of 20 mg/kg at 2 h before and 3 h after THA was used in the study by Zhao et al. 112]. For the
intravenous TXA administration, 1 g of TXA administered immediately prior to the incision was applied in two
of the studies, and 20 mg/kg of TXA administered prior to the incision was applied in the study by Luo ez a/. [11];
alternatively, 15 mg/kg of TXA administered 10 min before and 3 h after THA was applied in the study by Zhao
et al. [12). Furthermore, one dose of 1 g TXA before the incision and two times after the operation was adopted by

Wu et al. [13].
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Intravenous

1000 mg*
1000 mg#

20 mg/kg¥
1000 mg1
15 mg/kgtt
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Table 2. Quality assessment for nonrandomized trials.

Quality assessment for nonrandomized trials Gortemoller
A clearly stated aim 2
Inclusion of consecutive patients 2
Prospective data collection 0
End points appropriate to the aim of the study 2
Unbiased assessment of the study end point 2
A follow-up period appropriate to the aims of study 2
Less than 5% loss to follow-up 2
Prospective calculation of the sample size 2
An adequate control group 2
Contemporary groups 0
Baseline equivalence of groups 2
Adequate statistical analyses 2
Total score 18
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( )10 e e e e e Figure 2. Risks of bias summaries for the
randomized controlled trials.
Methodological quality assessment
The methodological quality score of the retrospective study was 18, based on the methodological index for
nonrandomized studies score (Table 2). The data from this study were not prospectively collected, and the patients
of the oral TXA group were measured from January 2015 to August 2015, whereas the patients of the intravenous
group were measured from the same time period of 2016. The other four randomized trials were well designed and
conducted (Figure 2).
Outcomes of meta-analysis
The hemoglobin levels were tested in all of the studies, and hemoglobin reductions were not significantly different
between the two groups (I =0, p =0.59; MD = -0.06, 95% CI: -0.22-0.10, p = 0.45; Figure 3). Total blood loss
and transfusion rates were reported in the three randomized trails. No additional blood loss was reported from the
426 J. Comp. Eff. Res. (2019) 8(6) future science group
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Oral TXA IVTXA Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight (%) 1V, fixed, 95% CI 1V, fixed, 95% CI
Gortemoller, MA. (2018, USA) 195 0.9 39 218 1.2 29 9.7 -0.23[-0.75, 0.29]
Kayupay, E. (2017, USA) 3.67 1.2 40 353 1.2 43 9.8 0.14[-0.38, 0.66] N
Luo, ZY. (2018, China) 3.48 1.32 60 3.58 17 60 8.8 -0.10[-0.64, 0.44] - 1
Zhao, H. (2018, China) 275 0.6 40 269 0.6 40 378 0.06[-0.20, 0.32] ——
Wu, Y. (2018) 29 0.6 50 3.1 0.8 50 34.0 -0.20[-0.48, 0.08] —
Total (95% CI) 229 222 100.0 -0.06 [-0.22, 0.10] ?
Heterogeneity: Chi? = 2.79, df = 4 (p = 0.59); I? = 0% f 1 f T !
Test for overall effect: Z = 0.76 (p = 0.45) -1.0 -0.5 0.0 05 10

Favours oral TXA Favours IV TXA

Figure 3. Forest plot showing hemoglobin reduction.
SD: Standard deviation; TXA: Tranexamic acid.

Oral TXA IVTXA Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight (%) 1V, fixed, 95% CI 1V, fixed, 95% CI
Kayupav, E. (2017, USA) 1339 375 40 1301 424 43 8.3 38.00 [-133.95, 209.95]
Luo, ZY. (2018, China) 1004 415 60 1032 350 60 13.0 -28.00 [-165.37, 109.37]
Wu, Y. (2018) 863.3 272.5 50 886.1 200.2 50 279 -22.80[-116.52, 70.92] e
Zhao, H. (2018, China) 694 142 40 693 173 40 50.9 1.00 [-68.36, 70.36]
Total (95% CI) 190 193 100.0 -6.33 [-55.81, 43.14]
Heterogeneity: Chi? = 0.51, df = 3 (p = 0.92); I> = 0% T T 1 T 1
Test for overall effect: Z = 0.25 (p = 0.80) -200 -100 0 100 200

Favours oral TXA Favours IV TXA

Figure 4. Forest plot showing total blood loss.
SD: Standard deviation; TXA: Tranexamic acid.

drain. Total blood loss was similar in both of the groups, according to the modification of the Gross formula (I* =0,
p =0.92; MD = -6.33, 95% CI: -55.81-43.14, p = 0.80; Figure 4). Hemoglobin levels that were less than 7 g/dl
without significant clinical symptoms or higher hemoglobin levels with cardiac problems or symptoms were set as
transfusion criteria. Six patients in the oral TXA group and five patients in the intravenous TXA group needed
transfusions for total arthroplasty without separate hip replacements in the study by Gortemoller ez 4/. [14]. Based
on the number of patients from the four RCTs, the transfusion rates were calculated, and the pooled data showed
similar transfusion rates in both of the groups (I* = 0%, p = 0.61; OR = 0.91, 95% CI: 0.36-2.29, p = 0.84;
Figure 5).

Four randomized studies reported the time that patients spent in the hospital. No significant differences were
observed. Intramuscular venous thrombosis was reported in the study by Zhao ez 4l. (121, including three patients
in the oral TXA group and four patients in the intravenous TXA group. Three patients in the oral TXA group and
five patients in the intravenous TXA group, in the study by Wu ez al., suffered calf muscular vein thrombosis [13].
The pooled data showed no significant difference between the groups (I* = 64%, p = 0.1; OR = 0.02, 95% CI:
-0.10-0.14, p = 0.73). No deep venous thrombosis or pulmonary embolisms were noticed in any of the four studies.
One wound problem was also reported by Luo ez 4/. [11]. One venous thromboembolism was reported in the oral
TXA group, without a clear explanation, from knee or hip replacement by Gortemoller ez al. 114).

Discussion

The intravenous application of TXA has been confirmed as effectively decreasing blood loss and transfusion rates
in THA patients. The oral application of TXA has a similar mechanism of action to the intravenous application
of TXA, and several studies have assessed the efficacy of the oral application of TXA in THA. However, it
is controversial as to whether the oral application of TXA is effective in blood conservation in THA. To our
knowledge, the present study is the first quantitative meta-analysis to compare the efficacy and safety of oral TXA

future science group www.futuremedicine.com 427
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Oral TXA IVTXA Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight (%) M-H, fixed, 95% CI M-H, fixed, 95% CI
Kayupay, E. (2017, USA) 8 40 1 43 9.4  3.41[0.34, 34.17]
Luo, ZY. (2018, China) 4 60 5 60 49.3 0.79[0.20, 3.08]
Wu, Y. (2018) 1 50 2 50 20.7 0.49 [0.04, 5.58] - =T
Zhao, H. (2018, China) 1 40 2 40 20.6 0.49 [0.04, 5.60] I
Total (95% Cl) 190 193 100.0 0.91 [0.36, 2.29] -
Total events 9 10
Heterogeneity: Chi2 = 1.80, df = 3 (p = 0.61); 12 = 0% T

T T 1
Test for overall effect: Z = 0.20 (p = 0.84) 0.01 0.1 1 10 100

Favours oral TXA Favours IV TXA

Forest plot showing transfusion requirements.

SD: Standard deviation; TXA: Tranexamic acid.

administration with intravenous TXA administration in patients undergoing THA. The present meta-analysis
showed that an oral application of TXA is comparable to an intravenous application of TXA in primary unilateral
THA for blood conservation and cost-saving measures.

Studies have shown that the total calculated blood loss ranged from 1000 to 2000 ml in primary THA (16]. The
use of pharmaceutical interventions in THA is a common strategy that is attractive to surgeons. The effectiveness
of TXA for decreasing perioperative blood loss during THA has been widely reported (8,17]. The pooled results
indicated that the total blood loss and hemoglobin reductions in the oral TXA group were similar to those in the
intravenous TXA group.

Previous studies have shown that 10-38% of patients need transfusions to correct anemia. There is a risk of
transfusion-associated complications, such as inductions of infectious diseases, hemolysis and anaphylactic reactions,
as well as the fact that blood transfusions may also increase the economic burden [18]. The indications for blood
transfusions were based on the postoperative hemoglobin levels and the clinical symptoms of anemia. Although the
triggers for the transfusions varied among the included studies, the present meta-analysis showed that the blood
transfusion rates exhibited no significant difference between the oral and intravenous TXA groups.

TXA dose was a major factor in affecting the therapeutic effects. For oral TXA administration, a single dose of
2 g TXA was applied at 2 h prior to the incision in three studies. Zhao ez a/. applied 20 mg/kg TXA at 2 h before
and 3 h after THA. Given that the average bodyweight of the patients was 60 kg, the dose of TXA was 2.4 g, which
was a bit higher than that in the other three studies. For the intravenous administration of TXA, 1 g was used in
two studies, 20 mg/kg was used in the study by Luo [11] and two doses of 15 mg/kg were used in Zhao’s study [12],
in which the dose was equal to or more than 1 g. The doses of TXA were relatively similar with little difference,
which was another important factor that contributed to lower heterogeneity. A bolus dose of 2 g that was orally
administered at 2h preoperative THA was an effective method in controlling blood loss.

Previous studies have indicated that the oral application of TXA was associated with lower mean total direct
hospital costs after primary THA. However, only a limited amount of data could be extracted for the meta-analysis.
Kayupov et al. reported that the oral TXA dosage cost $14 per dose, compared with $47-108 per intravenous dose
of TXA [9]. Luo et al. reported a lower cost of TXA in the oral group than in the intravenous TXA group ($70.56 vs
$489.40) 1111. In another study by Zhao et /., the total cost was 546 RMB for the patients in the oral TXA group
versus a total cost of 4573.2 RMB for the patients in the intravenous TXA group. Oral TXA administration is
more economical than intravenous TXA administration and has a similar efficacy. Therefore, there is an advantage
for patients undergoing THA in using an oral application of TXA. This was further confirmed in the study by Cao
et al., in which four boluses of 2 g of oral TXA were preoperatively used at 2 h and were postoperatively used at 4,
10 and 16 h [191.

Several potential limitations should be noted: only four studies were included, with all of the studies having a
relatively small sample size; methodological weaknesses existed in the studies, and some of the outcome parameters
were not fully described, which led to these studies not being included in the meta-analysis; and a subgroup analysis
was not performed because of the limited number of included studies, and we could not determine the source of
the heterogeneity.
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Conclusion
The oral application of TXA is comparable to the intravenous application of TXA in primary unilateral THA for
blood conservation and cost-saving measures.

Summary points

e Total hip arthroplasty (THA) is an effective surgical procedure to treat terminal stage diseases of the hip.
However, THA is associated with significant blood loss.

e Intravenous administration of tranexamic acid (TXA) in THA has been well established in the literature.

e Recently, several published studies have reported on the oral application of TXA in THA.

e A meta-analysis was conducted to compare the efficacy and safety of oral administrations of TXA in patients
undergoing THA.

e PubMed, Cochrane CENTRAL, ScienceDirect and Embase searches (January 1966 to July 2018) yielded 52 results;
five studies were included for review.

e Meta-analyses were conducted using fixed-effects or random model that reported odds ratio or mean differences
and 95% credible intervals.

e There were no significant differences in hemoglobin reduction, total blood loss and transfusion requirements.

e Oral applications of TXA are comparable to intravenous applications of TXA in primary unilateral THA for blood
conservation and cost-saving measures.
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