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[45, 46]. The present study showed that multi-
ple doses, especially three doses, of TXA may 
reduce LOH in TJA. Moreover, Lei et al. [47] 
showed that a 5-dose TXA regimen can further 
reduce LOH, compared to 4-dose and 3-dose 
regimes in TKA. However, only five studies in 
the meta-analysis reported LOH, thus pooled 
results may be controversial (MD=-0.58, 95% 
CI: -1.17 to -0.05, P=0.05). Future studies are 
necessary to confirm outcomes.

Patients undergoing TKA and THA are at risk of 
perioperative blood loss. Many will need alloge-
neic transfusions without using antifibrinolytics 
[11, 35, 48], likely resulting in adverse effects 
and potentially even life-threatening effects 
associated with anemia and allogeneic blood, 
such as immunologic reactions, infection, 
hemolysis, and additional financial burden. Liu 
et al. [48] reported that application of TXA intra-
venously could reduce transfusion rates. All but 
one included study [29] mentioned transfusion 

rates, showing no differences between multiple 
doses of intravenous TXA and the single group. 
Pooled results showed that transfusion rates 
were significantly lower in patients of multiple 
doses of intravenous TXA. The reason that inci-
dence of transfusion rates was low may be 
related to insufficient sample sizes in most 
studies. In addition, differences in transfusion 
creteria could influence transfusion rates. Liu 
et al. [29] reported that high transfusion rates 
may be caused by conservative transfusion cri-
teria (HB < 9 g/dL or drainage volume ≥ 600 
mL).

There would be a high risk of thrombotic com-
plications that could cause severe consequenc-
es when utilizing TXA for the antifibrinolytic 
effects, due to its mechanism action in TKA 
and THA [35]. The most common thrombotic 
events were DVT and PE. It is important to 
determine whether multiple doses of intrave-
nous TXA application increase incidence of 

Figure 9. Comparion between multiple-dose group and single-dose group in deep vein thrombosis.
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thrombotic events (DVT and PE). Many previous 
studies have indicated that application of TXA 
intravenously was not associated with an 
increase of thrombotic events in TKA and THA 
[6, 49]. No differences in incidence of DVT 
(RR=-0.90, 95% CI: 0.47 to 1.76, P=0.77) and 
PE (RR=1.42, 95% CI: 0.28 to 7.04, P=0.67) 
between multiple doses and single dose of 

incidence of thrombotic complications. Well-
designed, largerer, and longer follow-up RCTs 
are required to make sure multiple doses of 
intravenous TXA is safe, without increasing inci-
dence of DVT and PE.

There were several limitations to this meta-
analysis. 1) The methods of random sequence 

Figure 10. Comparion between multiple-dose group and single-dose group in pulmonary embolism.

Figure 11. Risk of bias.

intravenous TXA were found 
after TJA in this meta-analysis. 
All included studies took mea-
sures, consisting of chemical 
and physical therapies, to pre-
vent thrombotic complications 
in early stages after the opera-
tion. This may have contributed 
to low incidence of DVT and PE. 
However, the follow-up periods 
of some included studies were 
short [25, 26] or unclear [30], 
which would underestimate 
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generation, allocation concealment, and blind-
ing were unclear or not described in some 
included studies, which may have influenced 
results; 2) Short-term follow-ups may have 
caused the underestimation of complications, 
including DVT and PE; 3) If a study had two 

groups data of two doses and three doses of 
TXA at the same time, the date of single dose 
group was used twice, compared to the other 
two groups, respectively.

Moreover, there was important clinical hetero-
geneity. 1) The meta-analysis consisted of 9 
studies of TKA and 8 studies of THA. Differences 
between the two operation methods may have 
influenced results; 2) Patients with femoral 
neck fractures were included in the study [26]. 
Differences in surgical time, technique, 
approaches, prosthesis type, and thrombopro-
phylaxis may have affected results to some 
extent; 3) Different anesthesia methods may 
affect blood loss and transfusion requirements; 
4) This meta-analysis compared differences in 
times of doses, but did not take administration 
dosage and intervals into account. Therefore, 
future research should also focus on optimal 
dose and intervals with TXA in TKA and THA.

Conclusion

Multiple doses of TXA in TKA or THA are associ-
ated with significantly lower TBL, HBL, transfu-
sion rates, and postoperative drainage volume, 
without increasing incidence of DVT and PE. 
Moreover, it may also be associated with short-
er LOH. However, larger, well-designed, and 
high-quality RCTs, with long-term follow-ups, 
are still required to confirm the present results.
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