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Abstract
Objective: A meta-analysis was performed to investigate the effectiveness and safety of tranexamic acid (TXA) for the treatment of
blood loss after a bilateral total knee arthroplasty (TKA).

Methods:Patients prepared for bilateral TKA and intervention including TXA versus placebo were comprehensively retrieved from
MEDLINE (PubMed), Embase, Cochrane Central Register of Controlled Trials (CENTRAL), and Web of Science from the time of the
establishment of these databases to January 2016. The outcomes were all calculated by Stata 12.0 software. The continuous
endpoints (total blood loss and blood loss in drainage) were calculated as mean difference (MD) and 95% confidence intervals (CIs).
Binary variables (the need for transfusion, and the occurrence of deep venous thrombosis [DVT]) were calculated as relative risk (RR)
with 95% CIs.

Results: Pooled results revealed that treatment with TXA associated with less need for transfusion (P=0.000) and the value of Hb
drop postoperatively (P=0.290) after bilateral TKA. The results also indicated that TXA can decrease the total blood loss and blood
loss in drainage after bilateral TKA (P<0.05). Meanwhile, TXA can decrease the blood units transfused per patient by 1.23 U (P=
0.001). There is no statistically significant difference in terms of the occurrence of DVT between the 2 groups (P=0.461).

Conclusion:Based on the current evidence, TXA can decrease the need for transfusion and the total blood loss without increasing
the occurrence of DVT, and its administration is recommended routinely in bilateral TKA.

Abbreviations: CIs = confidence intervals, DVT = deep venous thrombosis, Hb = hemoglobin, MD =mean differences, Mesh =
medical subject heading, PRISMA = preferred reporting items for systematic reviews and meta-analyses, RCTs = randomized
controlled studies, RR = relative risk, TKA = total knee arthroplasty, TXA = tranexamic acid.
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1. Introduction

Total knee arthroplasty (TKA) is one of the most effective and
common surgeries for improving the quality of life of end-stage
patients with osteoarthritis or rheumatic arthritis (RA) of the
knee; however, TKA has always been associated with significant
blood loss since a large area of bone is cut. It has been reported
that ∼10% to 38% of patients need allogeneic blood transfu-
sion.[1,2] The blood loss and subsequent blood transfusion can
lead to many complications such as HIV infection, other
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infectious disease, fluid overload, and graft-versus-host
disease.[3–5] Pharmacokinetic measures that include topical
administration of tranexamic acid (TXA) and intravenous
TXA have been identified as reducing blood loss, thus lowering
the transfusion rate.[6,7] Tranexamic acid is a synthetic
antifibrinolytic drug that can powerfully bind to the lysine-
binding site of plasminogen because its chemical structure is
similar to lysine but the binding capacity is more powerful than
lysine and thus fibrinolysis is delayed.
Although bilateral TKA causes significant blood loss during the

operation, there is no consensus about the efficacy and safety of
TXA after TKA.[8] Thus, we carried out a meta-analysis to
improve the evidence for understanding whether there is any
difference between TXA and placebo in terms of (1) the need for
transfusion, (2) the postoperative drop in hemoglobin (Hb)
values and the number of blood units transfused per patient, (3)
total blood loss and blood loss in drainage, and (4) thromboem-
bolic complications including deep venous thrombosis (DVT)
and pulmonary embolism (PE).
2. Material and methods

2.1. Search strategy

Electronic databases including MEDLINE (PubMed), Embase,
Cochrane Central Register of Controlled Trials (CENTRAL),
and Web of Science were searched for relevant studies published
from the time of the establishment of these databases up to
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January 2016. In addition, the Google database was searched for
additional literature. The reference lists of all the full-text articles
were reviewed to identify any initially omitted studies without
any restriction on the language of the publication. The search
keywords were “tranexamic acid,” “total knee arthroplasty,”
“total knee replacement,” “TKA,” and “TKR.” The relevant
medical subject heading (MeSH) terms were used tomaximize the
specificity and sensitivity of the search. We did not include
“bilateral TKA” to expand the scope of our search to ensure the
accuracy of the literature research. These keywords and MeSH
terms were combined with the Boolean operators AND or OR.
The detailed search strategies can be seen in Appendix A. Since
this is a meta-analysis, so no ethics committee or institutional
review board to approve the study.

2.2. Eligibility criteria and study quality

Study selection was performed according to the following
inclusion criteria: (1) published RCTs and non-RCTs about
patients who underwent primary bilateral TKA; (2) intervention
including tranexamic acid versus placebo or nothing; and (3)
reported outcomes, including postoperative total blood loss,
blood loss in drainage, the value of postoperative hemoglobin,
blood units transfused per patient, the number of patients
receiving blood transfusion, and the incidence of DVT or PE. All
the studies must be clinical studies; trials with cadaver and
artificial models or patients with bleeding disorders were
excluded. Two reviewers independently scanned the quality of
the eligible studies and discrepancies were solved by a senior
reviewer. The Cochrane Handbook for Systematic Reviews of
Interventions was used to evaluate the methodological quality
and risk bias, which include (1) the randomization method; (2)
allocation concealment; (3) blinding of participant, personnel,
and assessor; and (4) complete outcome data and other bias.

2.3. Data extraction

The following data were extracted and recorded: (1) demograph-
ic data about the patients in the literature, author’s name,
publication date, the patient sample size, the ratio of male to
female patients, and preoperative hemoglobin value; (2) the dose
of TXA, whether the TXA was intravenous, topical, or topical
combined with intravenous; the length of TXA use and the
thromboprophylaxis to prevent the occurrence of DVT; and (3)
postoperative total blood loss, blood loss in drainage, the value of
postoperative hemoglobin, blood units transfused per patient, the
number of patients receiving blood transfusion and the incidence
of DVT or PE.

2.4. Outcome measures and statistical analysis

The main outcomes were the need for transfusion, a postopera-
tive drop in Hb and the occurrence of DVT. Total blood loss,
blood loss in drainage, and blood units transfused per patient
were secondary outcomes. Continuous outcomes (total blood
loss, blood loss in drainage, and the drop in Hb) were expressed
as the mean differences (MD) and respective 95% confidence
intervals (CIs). Dichotomous outcomes (the need for transfusion,
DVT, and PE rates) were expressed as relative risks (RR) with
95%CIs. Statistical significance was set at P<0.05 to summaries
findings across the trials. Risk of bias assessment of each involved
article was conducted according to the Cochrane Handbook for
Systematic Reviews of Interventions and the using Review
Manager (RevMan) software version 5.30 (The Cochrane
2

Collaboration, Oxford, UK). The meta-analysis was performed
using Stata software, version 12.0 (Stata Corp., College Station,
TX). Statistical heterogeneity was tested using the chi-squared
test and I2 statistic. In the absence of statistical evidence of
heterogeneity (I2<50%, P>0.1), a fixed-effects model was
adopted; otherwise, a random-effects model was chosen.
Publication bias was assessed by funnel plot and quantitatively
assessed by Begg’s test. Articles were considered to have no
publication bias if the funnel plot was symmetrical and the P
value was>0.05.
3. Results

3.1. Search results

In the initial search, we identified 424 potentially relevant studies.
Of these, 15 clinical trials with 679 patients (739 knees) were
included in the meta-analysis.[9–23] Classification of the remain-
ing studies resulted in a total of 8 RCTs,[12,14–16,19–22] 4
retrospective studies,[9,13,17,18] 1 prospective control study,[11]

and 2 case–control studies.[10,23] As 1 study used topical and
intravenous TXA to reduce blood loss during bilateral TKA, it
was considered as 2 articles, compared with the placebo.[11] One
study administered TXA at 10mg/kg or 15mg/kg, and this study
was also considered as 2 articles for meta-analysis.[15]

Of the included studies, 12 articles were in English[9–20] and 3
were in Chinese,[21–23] and all were published in 2009 or later.
The characteristics of the studies that were included are shown in
Table 1. All participants in the included studies were elderly
patients aged from 60.7 to 74.3 years, who had bilateral TKA.
TXA administration was topical, intravenous, and combined
topical with intravenous, and the dose ranged from 10mg/kg to
20mg/kg. All the included studies referenced different transfusion
criteria. Detailed information on the transfusion criteria is given
in Table 1.

3.2. Results of meta-analysis
3.2.1. Need for transfusion. A total of 12 included studies
evaluated the need for transfusion after bilateral TKA. One study
adopted different doses of TXA at the same time.We included the
data from this study in the meta-analysis; therefore, a total of
1193 patients were included in the meta-analysis. There was no
statistical heterogeneity (I2=29.7, df=12, P=0.147); so a fixed-
effects model was applied to pool the effect size. The pooled RR
showed that treatment with TXA can decrease the need for
transfusion (RR=0.58, 95%CI: 0.50–0.69, P=0.000, Fig. 1).
The funnel plot was symmetrical, as shown in Fig. 2, and the

P-value calculated by Begg’s test (Fig. 3) was 0.327. There was no
publication bias among the 12 articles.

3.2.2. Postoperative Hb drop. A total of 6 component studies
(682 patients) provided the postoperative Hb drop value. There
was a statistically significant difference between the groups with
respect to postoperative drop in Hb (MD=�0.29; 95%CI�0.40
to �0.19; P=0.29, Fig. 4). There was statistical heterogeneity
(I2=84.8, df=5, P=0.000); hence, a random-effects model was
performed.

3.3. Total blood loss, and blood loss in drainage

Eight articles (750 patients) reported total blood loss after TKA.
Our meta-analysis indicated statistical heterogeneity in terms of
total blood loss, so a random-effects model was used. The results
indicated that TXA can decrease the total blood loss after
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bilateral TKA, and the difference was statistically significant
(MD=�488.66; 95% CI �634.05 to �303.28; P=0.000,
Fig. 5). Eight studies (833 patients) reported blood loss in
drainage after bilateral TKA, and meta-analysis indicated that
TXA can decrease blood loss in drainage by 360.81 mL, and the
difference is statistically significant (MD=�360.81; 95% CI
�478.11 to �243.50; P=0.000, Fig. 6).

3.4. Blood units per patient transfused

A total of 8 papers (819 patients) reported the number of blood
units transfused per patient. The meta-analysis indicated that
TXA can decrease the number of blood units transfused per
patient by 1.23 U, and the difference is statistically significant
(MD=�1.23; 95% CI �1.94 to �0.52; P=0.001, Fig. 7).

3.5. The occurrence of DVT

Eleven studies reported the occurrence of DVT. The results of
meta-analysis indicated that there is no statistically significant
difference between the TXA and placebo in terms of the
occurrence of DVT (RR=0.68, 95%CI: 0.24–1.90, P=0.461,
Fig. 8).

4. Subgroup analysis

The subgroup analysis was based on the RCTs and non-RCTs
and whether TXA administration was topical, intravenous, or
combined topical and intravenous. The outcomes of subgroup
analysis are shown in Table 2.
5. Discussion

To our knowledge, this is the first meta-analysis of RCTs and
non-RCTs comparing the efficacy and safety of TXA with
placebo in the management of blood loss after bilateral TKA. The
present meta-analysis was conducted on 8 randomized studies
and 7 non-randomized studies and found better blood loss
control and lower transfusion rates with TXA as compared to
controls. There was no significant difference between TXA and
the control in the occurrence of the DVT. To our knowledge,
efficient blood loss control in perioperative bilateral TKA is more
important than unilateral TKA, because bilateral TKA can cause
more blood loss, leading to more patients requiring transfusion.
All the included studies were published in 2009 or later, and most
of the studies were from the year 2014. Four RCTs[12,14,19,20]

were of high quality and 3 RCTs[15,16,22] did not state the random
sequence generation. Two studies[16,22] did not involve allocation
concealment, blinding of participants and personnel and blinding
of the outcomes, and 1 RCT[21] is unclear concerning these
criteria. All included studies showed comparable baseline data
and provided the intention-to-treat analysis. The risk-of-bias
graph and risk-of-bias summary are shown in Figs. 2 and 3.
Methodological Index for Non-Randomized Studies (MINORS)
quality scores for the 10 cohort studies ranged from 17 to 24
points, and all the included studies reported the baseline of the
TXA group and control group. The MINORS quality score of
each cohort is shown in Table 3.
TXA has been used to reduce perioperative blood loss in many

surgeries including cardiac surgery, caesarean section, TKA, and
total hip arthroplasty (THA).[24–26] TXA can reduce blood loss by
inhibitingfibrinolysis via combiningwith the lysine-binding sites of
plasminogen.[27] Methods for application of TXA include topical,



[28–30]

Figure 1. The forest plot compared the TXA versus placebo in terms of need for transfusion. TXA = tranexamic acid.
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intravenous, and combined topical with intravenous. These
methods are efficient in reducing blood loss and the need for
transfusion. It is still unclear whether or not TXA can decrease
blood loss and the need for transfusion after bilateral TKAs; thus,
published reports and meta-analysis are needed to identify the
efficacy and safety of TXA in bilateral TKA.
The results of our meta-analysis indicate that TXA can

decrease the need for transfusion. It is well known that
transfusions are expensive and may bear the risk of infectious
disease. Thus, a decrease in the need for transfusion can save
blood product and avoid the risk of infectious disease. For
transfusion rate, there is no significant heterogeneity between the
groups. Kim et al[14] compared the efficacy of TXA in unilateral
Figure 2. Funnel plot analysis of potential publication bias (for the 13 articles
seen in Fig. 2).

5

TKA versus bilateral TKA, and to our surprise, the transfusion
reducing effects were more evident in simultaneous bilateral
TKAs than in unilateral TKAs. The triggers for transfusion are
different in all the studies, which may lead to bias in the overall
results. Since there was no statistical heterogeneity among the
studies, subgroup analysis was not conducted. Topical adminis-
tration of TXA was as effective and safe in reducing blood loss
and the need for transfusion as intravenous TXA.[31]

It is well established that TXA can decrease blood loss and
blood loss in drainage in unilateral TKA. The results of the
current meta-analysis indicated that TXA can decrease total
blood loss, blood loss in drainage, and blood units transfused per
patient. There is a controversy about the different administration
routes for reducing blood loss after TKA. Wang et al[32]

conducted a meta-analysis and found that no evidence to indicate
Figure 3. The funnel plot was symmetrical and the P-value calculated by
Begg’s test was 0.327.
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Figure 4. The forest plot compared the TXA versus placebo in terms of Hb drop. TXA = tranexamic acid.
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topical administration of TXA is more effective than intravenous
administration of TXA. Aggarwal et al[33] perform an RCT and
found that topical TXA is better than IV TXA in reducing blood
loss after TKA. Because the included studies used topical,
intravenous, and combined administration of TXA and there was
statistical heterogeneity, subgroup analysis was undertaken to try
to diminish the heterogeneity. The result of this meta-analysis
indicated that IV TXA can reduce total blood loss with a mean of
328.75 mL and topical TXA can save as 704.47 mL. Topical
TXA may be better than IV TXA. Since this is an indirection
Figure 5. The forest plot compared the TXA versus placeb
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comparison and need large sample direction RCT to draw a
stable conclusion. A previous study has been identified that
different doses of IV TXA were equally effective in reducing
blood loss and transfusion when combined with autologous
blood transfusion in bilateral TKA.[34] What is more, the
different time to administration of TXA and doses of TXA is
different in the included studies. All these factors influence the
final results of total blood loss. Chen et al[35] conducted an RCT
and results indicated that even fixed dose of TXA can reach better
blood loss control. Levine et al[36] also concluded that weighted
o in terms of total blood loss. TXA = tranexamic acid.



Figure 6. The forest plot compared the TXA versus placebo in terms of blood loss in drainage. TXA = tranexamic acid.
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dose has equal efficacy versus uniform dose of TXA in patients
undergoing primary TKA. Maniar et al[37] compared with
different time to administration TXA for reducing blood loss in
unilateral TKA and found that postoperative administration
TXA has no benefit for controlling blood loss. In the included
studies, no trials administrated TXA after surgery; thus, the time
to administration TXA has no influence on the final results.
As for DVT, the pooled results indicated that there is no

significant difference between the TXA groupwith control group.
Figure 7. The forest plot compared the TXA versus placebo in term

7

However, the short-term follow-up and the diagnostic techniques
in each studies is not consistent.
This meta-analysis has several limitations: (1) only 8 RCTs

and 7 non-RCTs were included, and the sample sizes in each
trial were not large enough, which affects the final results; the
small sample sizes can result in chosen publications bias to the
final results; (2) the duration of follow-up in some studies was
unclear, and long-term follow-up was needed for this analysis.
As for DVT, the results of this meta-analysis indicated that TXA
s of blood unit per patient transfused. TXA = tranexamic acid.
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Figure 8. The forest plot compared the TXA versus placebo in terms of the occurrence of DVT and PE. DVT= deep venous thrombosis, PE= pulmonary embolism,
TXA = tranexamic acid.

Table 2

Subgroup analysis about the total blood loss.

Variables Studies (n) Patients (n) P
Incidence

MD (95%CI) Heterogeneity P-value (I2) Model

Total blood loss
All study 9 750 0 �468.66 (�634.05,�303.28) 93.8 Random
RCT 7 617 0 �316.83 (�440.29,�193.38) 87.2 Random
Non-RCT 2 133 0 �1028.84 (�1281.46,�776.22) 65.2 Random
IV 6 610 0 �328.75 (�491.59,�165.91) 87 Random
Topical 2 140 0.118 �704.47 (�1587.83,178.89) 98.3 Random
Combined 1 83 0 �903.80 (�1105.31,�702.29) – Fixed

CI= confidence interval, IV = intravenous, RCTs = randomized controlled studies.

Weng et al. Medicine (2016) 95:39 Medicine
will not increase the occurrence of DVT. However, the short-
term follow-up will omit the authentic occurrence of DVT; (3)
the publication bias that existed in the meta-analysis influenced
the results; (4) the dose and the method of TXA administration
Table 3

The Minors quality score of the non-RCTs. .

Author, Year 1 2 3 4 5 6

Karam, 2014 2 1 0 2 0 2
Hegde, 2013 2 2 2 2 2 2
Bagsby, 2015 2 2 0 2 0 2
Dhillon, 2011 2 2 1 2 2 2
Kelley, 2014 2 1 0 2 0 2
Mutsuzaki, 2014 2 2 0 2 0 2
Gu, 2015 2 2 0 2 0 2

Numbers 1–12 in heading signified: (1) a clearly stated aim; (2) inclusion of consecutive patients; (3) prospec
study endpoint; (6) follow-up period appropriate to the aim of the study; (7) loss to follow-up < 5%; (8) pr
baseline equivalence of groups; and (12) adequate statistical analyses.
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differ among the included trials, which affects the final
conclusion; and (5) the heterogeneity among the studies will
also affect the final conclusion, although we tried to use
subgroup analysis to solve it.
Minors scale

7 8 9 10 11 12 Total

2 0 2 2 2 2 17
2 2 2 2 2 2 24
2 0 2 1 2 2 17
2 2 2 2 2 2 23
2 0 2 2 2 2 17
2 0 2 2 2 2 18
2 1 2 2 2 2 19

tive collection of data; (4) endpoints appropriate to the aim of the study; (5) unbiased assessment of the
ospective calculation of the study size; (9) an adequate control group; (10) contemporary groups; (11)
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6. Conclusion

In conclusion, administration of TXA can decrease the need for
transfusion and, consequently, the economic cost. Total blood
loss, blood loss in drainage, and postoperative Hb values also
decrease through the administration of TXA. With respect to
safety, TXA will not increase the occurrence of DVT. However,
the TXA administration methods and dosage of TXA were not
consistent; therefore, high-quality, well-designed RCTs are still
warranted to identify the effect, safety, and optimal dose of TXA
in bilateral TKAs.
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