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a b s t r a c t

Background: Tranexamic acid (TXA) is an antifibrinolytic agent commonly used to reduce blood loss in
total hip arthroplasty (THA). The purpose of our study was to evaluate the efficacy of TXA in primary THA
to support the combined clinical practice guidelines of the American Association of Hip and Knee Sur-
geons, American Academy of Orthopaedic Surgeons, Hip Society, Knee Society, and American Society of
Regional Anesthesia and Pain Medicine on the use of TXA in primary total joint arthroplasty.
Methods: A search was performed using Ovid-MEDLINE, Embase, Cochrane Reviews, Scopus, and Web of
Science databases to identify all publications before July 2017 on TXA in primary THA. We completed
qualitative and quantitative homogeneity testing of all included studies. Direct and indirect comparisons
were analyzed using a network meta-analysis followed by consistency testing of the results.
Results: Two thousand one hundred thirteen publications underwent critical appraisal with 34 publi-
cations identified as representing the best available evidence for inclusion in the analysis. Topical,
intravenous, and oral TXA formulations provided reduced blood loss and risk of transfusion compared to
placebo, but no formulation was clearly superior. Use of repeat doses, higher doses, or variation in timing
of administration did not significantly reduce blood loss or risk of transfusion.
Conclusions: Strong evidence supports the use of TXA to reduce blood loss and risk of transfusion after
primary THA. No specific routes of administration, dosage, dosing regimen, or time of administration
provides clearly superior blood-sparing properties.

© 2018 Elsevier Inc. All rights reserved.
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Primary total hip arthroplasty (THA) accounts for approximately
one-third of the annual arthroplasties performed in the United
States [1]. Although primary THA amounts to fewer annual pro-
cedures than primary total knee arthroplasty (TKA), it is associated
with a higher quantity of postoperative blood loss [1,2]. Owing to
the association between acute postoperative anemia and increased
morbidity and mortality, research in blood management after total
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joint arthroplasty (TJA) has focused on various modalities to reduce
blood loss and the use of allogeneic blood transfusions [3e5].

One of the commonly used methods to prevent blood loss in TJA
has been tranexamic acid (TXA). TXA is a synthetic amino acid
derivative of lysine, which inhibits binding of fibrin to plasminogen,
thereby preventing degradation of the fibrin clot [6,7]. Despite the
original application of TXA being used to prevent blood loss in
dental procedures, it has becomewidely adopted in several medical
specialties including orthopedic surgery [6,7]. A vast body of liter-
ature has provided overwhelming evidence supporting both the
clinical and cost-effectiveness of TXA in primary THA.

The American Association of Hip and Knee Surgeons, American
Academy of Orthopaedic Surgeons (AAOS), Hip Society, Knee Society,
and American Society of Regional Anesthesia and PainMedicine have
collaborated on the development of a clinical practice guideline on
the use of TXA in primary TJA. We conducted a series of studies
including a network meta-analysis of randomized clinical trials of
TXA in primary THA to support the efficacy recommendations of the
clinical practice guideline. Our study aimed to answer a series of
Population, Intervention, Comparison, andOutcome (PICO)questions
related to the efficacy of TXA in the setting of primary THA (Table 1).

Direct meta-analysis has been commonly used to help coalesce
publications investigating the same 2 treatments. For instance, when
publications exist investigating treatment A vs B and B vs C, a direct
meta-analysis allows the investigator to examine publications
comparing treatment Avs B andBvs C. The investigator is not capable
of examining the comparison of A vs C. Network meta-analysis is a
more complex method to perform direct and indirect comparisons
within the sameanalysis,which allows for the comparison of Avs B, B
vs C, and A vs C all at once. The ability to perform direct and indirect
comparisonswithin the same analysis is useful when a large number
of randomized clinical trials exist with numerous treatments.

Material and Methods

Utilizing the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines, a network meta-analysis was per-
formed on TXA in primary THA [8]. The search methodology, data
collection, and statistical analysis were performed in the same
manner as the sister study, “The Efficacy of Tranexamic Acid in Total
Knee Arthroplasty: A Network Meta-Analysis.”

Similar to the sister study, the outcomes included blood loss and
transfusion. Reporting of blood loss utilized calculated blood loss
instead of estimated intraoperative blood loss or drain outputs.
Calculated blood loss is performed as a function of the patient's
height, weight, and sex as well as the preoperative and post-
operative changes in hemoglobin and potential transfusions
[9e11]. Transfusions could be reported as allogeneic or autogenous
blood transfusion. In addition, the stratification of TXA dose
Table 1
PICO Questions.

Questions

1. For patients undergoing primary THA, what method of administration of TXA,
compared to placebo, reduces the risk of transfusion and/or reduces blood
loss?

2. For patients undergoing primary THA, what method of administration of TXA,
compared to a different method of administration, reduces the risk of
transfusion and/or reduces blood loss?

3. For patients undergoing primary THA, does the dose of IV, topical, or oral TXA
affect the risk of transfusion and/or reduction in blood loss?

4. For patients undergoing primary THA, does a repeat dose of IV or oral TXA
affect efficacy?

5. For patients undergoing primary THA, does the administration time in
relation to the start of the procedure affect the efficacy of TXA?

IV, intravenous; PICO, Population, Intervention, Comparison, and Outcome; THA,
total hip arthroplasty; TXA, tranexamic acid.
remained the same as the sister study, whereby high-dose intra-
venous (IV) TXA was defined as any dose �20 mg/kg or > 1g and
high-dose topical TXA was defined as any dose >1.5g.

The 2 network plots for outcome comparison utilized identical
themes as the sister study. The networkplots are composed of nodes
representing a TXA treatmentwith the line connection between the
nodes, representing the presence of a direction comparison be-
tween the 2 nodes. The line becomes thicker when more publica-
tions exist comparing the 2 nodes. Therefore, the network plots
provide a visual description of the direct comparisons and quanti-
tative number of studies between each node. The first network plot
concentrated on TXA formulation and dosage, which comprised the
following nodes: (1) placebo, (2) low-dose IV TXA, (3) high-dose IV
TXA, (4) low-dose topical TXA, (5) high-dose topical TXA, (6) oral
TXA, (7) combined IV/topical TXA, and (8) combined IV/oral TXA.
The second network plot concentrated on the TXA formulation,
timing of dosage, and number of doses, which comprised the
following nodes: (1) placebo, (2) single-dose preincision IV TXA, (3)
single-dose postincision IV TXA, (4) multiple doses preincision and
postincision IV TXA, (5) multiple doses postincision IV TXA, (6)
single-dose preincision oral TXA, (7) multiple doses preincision and
postincision oral TXA, and (8) single postincision topical TXA.

Because the 3 assumptions of a network meta-analysis include
homogeneity, transitivity, and consistency of the data, a clinical
statistician assessed all 3 assumptions in the same method as the
sister study. The presence of homogeneity is important because it
represents similarities between the data sets of the combined
studies to help ensure confidence in the combined estimate of the
outcome. Among the 5 direct comparisons, the heterogeneity un-
der most circumstances was 0% while none of the direct compari-
sons had statistically significant heterogeneity greater than 40%.
Because a network meta-analysis performs direct and indirect
comparisons, transitivity and consistency are an evaluation that the
generated estimates of the treatment effects are similar between
direct and indirect comparisons. Evaluation for consistency
demonstrated no significant differences between the direct and
indirect comparisons [12e14]. Meanwhile, meta-regression was
performed using the quality appraisal criteria, which showed no
influence on the transitivity across trials [14].

The outputs of the direct and indirect comparisons of the
network meta-analysis are mixed effects tables that provide the
qualitative estimates of the outcome between the treatments. The
intersecting cell between the treatments listed in the first column
and top row is the result of the comparison between those 2 TXA
treatments. When the reported outcome is blood loss, the value in
the cell represents a mean difference, while the value for the
outcome of transfusion is represented as a risk ratio. If the mean
difference or risk ratio value is less than 1, the comparison favored
the TXA treatment in the first column. Conversely, when the value
was greater than 1, the comparison favored the TXA treatment in
the top row. If the confidence limit did not span zero, the outcome
was considered to be statistically significant.

Deviations from the methodology of the sister study occurred
within the study selection criteria. In the present study, all study
participants must have undergone a primary THA to be considered
for inclusion in the network meta-analysis. Articles were excluded
that consisted of patients undergoing revision THA, simultaneous
or staged bilateral THA, and primary arthroplasty of joints other
than the hip. The remainder of the exclusion criteria was the same
as the sister study on primary TKA.

Results

Similar to the sister study, the literature search initially provided
2113 results that underwent the same screening and review process
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Table 2
THA Mixed Effects (Mean Differences) for Blood Loss by TXA Formulation and Dosea.

THA High IV Low IV High Topical Low Topical Oral Control

IV/topical �95.9 (�233.15 to 53.32) �114.19 (�252.17 to 22.96) �131.15 (�281.39 to 11.7) �64.92c (�460.67 to 327.47) �133.27c (�417 3 to 159.65) ¡427.91 (�568.55 to �294.12)
High IV � �18.54 (�138.27 to 90.3) �35.61b (�150.76 to 62.19) 30.07c (�354.59 to 406.69) �37.84 (�289 5 to 213.05) ¡332.54b (�430.22 to �250.28)
Low IV � � �17.13 (�141.09 to 100.76) 49.59c (�334.66 to 430.11) �18.91c (�291 6 to 261.63) ¡313.72b (�414.95 to �218.21)
High topical � � � 67.07c (�315.73 to 448.56) �1.82c (�268 4 to 277.57) ¡296.66b (�392.97 to �200.82)
Low topical � � � � �68.47c (�519 8 to 392.2) �363.75 (�733.03 to 6.87)
Oral � � � � � ¡295.16c (�567.69 to �34.68)

Bold values indicate a statistically significant result.
IV, intravenous; THA, total hip arthroplasty; TXA, tranexamic acid.

a Blood loss reported as weighted mean difference (confidence limits).
b Effect includes 3 or more high-quality studies of direct treatment comparison.
c Effect based on indirect estimates from network meta-analysis due to the lack of literature for direct treatment comparison.
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Fig. 2. (A) Network plot focused on TXA formulation, timing of dosage, and number of
doses for the outcome of blood loss in primary THA. (B) Network plot focused on TXA
formulation, timing of dosage, and number of doses for the outcome of transfusion in
primary THA. IV, intravenous; THA, total hip arthroplasty; TXA, tranexamic acid.
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transfusion. The network meta-analysis on blood loss and trans-
fusion included 16 (Appendix A) and 31 studies (Appendix B) in
each network plot, respectively [15e23,25,26,28e48].

Network meta-analysis produced a mixed effects table exam-
ining blood loss between different TXA formulations and doses and
a placebo (Table 2). With the exception of low-dose topical TXA, all
TXA formulations and doses were considered statistically superior
to placebo regarding the ability to reduce blood loss. Despite low-
dose topical TXA being no different than placebo, we did not
observe any statistically significant superiority for other treatments
over low-dose topical TXA. Owing to the limited publications on
low-dose topical TXA, the network plot (Fig. 1A) had fewer con-
nections to low-dose topical TXA and consequently relied more
heavily on indirect comparisons that resulted in broad confidence
intervals in the comparison with a placebo. No difference in the
volume of blood loss was detected between all TXA formulations
and doses.

Network meta-analysis produced a mixed effects table exam-
ining transfusion between different TXA formulations and doses
and a placebo (Table 3). With the exception of oral TXA, all TXA
formulations and doses were considered statistically superior to
placebo regarding the ability to reduce the risk of transfusion.
Similar to low-dose topical TXA in the evaluation of blood loss, oral
TXA was no different compared with other TXA formulations but
was similarly burdened with limited publications and few con-
nections in the network plot (Fig. 1B). The combination of IV/topical
TXAwas observed to have a lower risk of transfusion than all other
TXA formulations and doses with the exception of oral TXA that
was noted to be equivalent to combined IV/topical TXA. Interest-
ingly, we did not observe the same results favoring combined IV/
topical TXA for the outcome of blood loss. The inconsistency in the
results is partially the consequence of limited connections to
combined IV/topical TXA in the network plot (Fig. 1B). The
remainder of the comparisons between TXA formulations and
doses demonstrated no statistical difference in the risk of
transfusion.

TXA Formulation, Timing of Dose, and Number of Doses Network
Plot

The network plot focused on TXA formulation, timing of dose,
and number of doses examined the outcomes of blood loss (Fig. 2A)
and transfusion (Fig. 2B). Owing to a lack of reported outcomes, the
nodes of single-dose postincision IV TXA and multiple-dose pre-
incision and postincision oral TXA were omitted from the network
plot examining blood loss. Similarly, multiple doses preincision and
postincision oral TXA were omitted from the network plot exam-
ining transfusions. The network meta-analysis on blood loss and
transfusion included 17 (Appendix C) and 32 studies (Appendix D)
in each network plot, respectively [15e48].
Table 3
THA Mixed Effects (Risk Ratios) for Transfusion by TXA Formulation and Dosea.

THA High IV Low IV High Topical

IV/topical 0.19 (0.03-0.73) 0.15 (0.02-0.55) 0.19 (0.03-0.7
High IV � 0.76 (0.49-1.17) 0.96b (0.57-1.6
Low IV � � 1.27 (0.71-2.2
High topical � � �
Low topical � � �
Oral � � �

Bold values indicate a statistically significant result.
IV, intravenous; THA, total hip arthroplasty; TXA, tranexamic acid.

a Transfusions reported as risk ratio (confidence limits).
b Effect includes 3 or more high-quality studies of direct treatment comparison.
c Effect based on indirect estimates from network meta-analysis due to the lack of lite
Network meta-analysis produced a mixed effects table exam-
ining blood loss among different TXA formulations, timing of dose,
number of doses, and a placebo (Table 4). All TXA formulations,
Low Topical Oral Control

4) 0.19c (0.02-0.9) 0.1c (0.01-1.18) 0.05 (0.01-0.2)
4) 0.97 (0.45-2.35) 0.57 (0.07-3.85) 0.28b (0.2-0.38)
6) 1.28c (0.59-3.11) 0.75c (0.08-5.37) 0.37b (0.26-0.5)

1.01c (0.42-2.66) 0.59c (0.06-4.3) 0.29b (0.17-0.47)
� 0.58c (0.06-4.59) 0.29b (0.12-0.58)
� � 0.49c (0.07-4.25)

rature for direct treatment comparison.



Table 4
THA Mixed Effects (Mean Differences) for Blood Loss by TXA Formulation, Timing of Dose, and Number of Dosesa.

THA Post Multi IV Pre Single IV Topical Single Oral Control

Pre/Post multi IV �172.23c

(�391.04 to 46.42)
�127.3 (�269.87 to 15.65) �127.77 (�276.84 to 16.62) �165.17c (�443.77 to 113.93) ¡431.9 (�574.33 to �294.69)

Post multi IV � 45.13 (�146.36 to 236.86) 44.62c (�163.55 to 248.97) 7.16c (�299.58 to 314.24) ¡259.7c (�456.6 to �67.46)
Pre single IV � � �0.07 (�101.36 to 93.51) �38.1 (�277.18 to 202.08) ¡304.13b (�382.44 to ¡235)
Topical � � � �37.62c (�293.21 to 224.15) ¡303.91b (�394.58 to �215.84)
Single oral � � � � ¡266.23c (�521.71 to �19.3)

Bold values indicate a statistically significant result.
IV, intravenous; THA, total hip arthroplasty; TXA, tranexamic acid.

a Blood loss reported as weighted mean difference (confidence limits).
b Effect includes 3 or more high-quality studies of direct treatment comparison.
c Effect based on indirect estimates from network meta-analysis due to the lack of literature for direct treatment comparison.
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timing of dose, and number of doses were statistically superior to
placebo regarding the ability to reduce blood loss. No difference in
the volume of blood loss was detected between all TXA formula-
tions, timing of dose, and number of doses.

Network meta-analysis produced a mixed effects table exam-
ining transfusion between different TXA formulations, timing of
dose, number of doses, and a placebo (Table 5). Other than oral TXA,
all TXA formulations, timing of dose, and number of doses were
considered statistically superior to placebo regarding the ability to
reduce the risk of transfusion. Similar to the findings of low-dose
topical and oral TXA in the network plot on TXA formulation and
dose, oral TXA only had a single connection in the network plot
(Fig. 2B). No difference was observed among the various TXA for-
mulations, timing of dosing, and number of doses regarding the risk
of transfusion.

Discussion

TXA has consistently demonstrated efficacy at limiting post-
operative blood loss and the need for allogeneic transfusions. As a
result, it has become a commonly used tool for blood management
after primary THA. Despite a dramatic expansion in the scientific
literature over the past decade on TXA in primary THA, we lack a
comprehensive evaluation of the literature on the TXA formula-
tions, dosage, timing of administration, and number of doses.
Therefore, we performed a network meta-analysis on TXA in pri-
mary THA in conjunction with the sister study on primary TKA to
help support the efficacy recommendations of the combined clin-
ical practice guidelines of the American Association of Hip and Knee
Surgeons, AAOS, Hip Society, Knee Society, and American Society of
Regional Anesthesia and Pain Medicine.

The purpose of the network meta-analysis was to answer a se-
ries of 5 PICO questions regarding the efficacy of TXA in primary
THA (Table 1). The first PICO question aimed to evaluate the
effectiveness of the various methods of TXA administration
compared with placebo at reducing blood loss and the risk of
Table 5
THA Mixed Effects (Risk Ratios) for Transfusion by TXA Formulation, Timing of Dose, and

THA Post Multi IV Post Single IV Pre Single

Pre/post multi IV 0.49c (0.23-1.08) 1.13c (0.24-9.22) 0.68 (0.42
Post multi IV � 2.31 (0.47-19.88) 1.41 (0.66
Post single IV � � 0.61c (0.08
Pre single IV � � �
Topical � � �
Single oral � � �

Bold values indicate a statistically significant result.
IV, intravenous; THA, total hip arthroplasty; TXA, tranexamic acid.

a Transfusions reported as risk ratio (confidence limits).
b Effect includes 3 or more high-quality studies of direct treatment comparison.
c Effect based on indirect estimates from network meta-analysis due to the lack of lite
transfusion. We observed overwhelming support favoring all
available methods of TXA administration. TXA provided dramatic
reductions in the volume of blood loss compared to placebo with
mean differences of 295 mL to 432 mL lower blood loss for the
various TXA treatments with the exception of low-dose topical TXA
that was not statistically superior to placebo. Similarly, we observed
all methods of TXA except oral TXA to reduce the risk of transfusion
compared to placebo. Despite the results for low-dose topical and
oral TXA, we believe oral and topical TXA to still be superior to
placebo. The inconsistency observed regarding oral and topical TXA
is likely the result of a limited number of published studies on these
specific TXA treatments. When a network plot only has a limited
number of studies connecting the various nodes, the network
meta-analysis must rely more heavily on indirect comparisons. As
such, the outcomes of the mixed effects tables are vulnerable to
providing results inconsistent with the broader outcomes. First,
according to the mixed effects tables, oral TXA had a decreased
volume of blood loss but no risk of transfusion compared with
placebo. These results are contrary to the notion that patients who
are at a higher risk of transfusion should experience larger volumes
of blood loss. Second, we observed oral TXA to be equivalent to all
other TXA treatments with regard to the risk of transfusion and
low-dose topical TXA to be equivalent to all other TXA treatments
with regard to the amount of blood loss. If the outcomes regarding
oral and low-dose topical TXA compared with placebo were a true
positive, we would not have expected to observe the results of
equivalence among the various TXA treatments.

The second PICO question attempted to compare the blood-
sparing properties among routes of administration for TXA. In
general, we observed no difference in the risk of blood loss or need
for transfusion between IV, topical, oral, and combined IV/topical
TXA treatments. Both network plots demonstrated no statistical
difference in the risk of blood loss between the available TXA for-
mulations. Similarly, the risk of transfusion was observed to be
equivalent among most TXA formulations except with combined
IV/topical TXA presenting a lower risk of transfusion compared
Number of Dosesa.

IV Topical Single Oral Control

-1.1) 0.86 (0.51-1.43) 0.4c (0.04-2.88) 0.24b (0.16-0.35)
-2.81) 1.76c (0.79-3.77) 0.81c (0.08-6.37) 0.5 (0.24-0.92)
-2.73) 0.76c (0.09-3.54) 0.33c (0.02-4.15) 0.21 (0.03-0.93)

1.25b (0.78-2.02) 0.58 (0.06-4.01) 0.35b (0.26-0.46)
� 0.46c (0.05-3.37) 0.28b (0.18-0.42)
� � 0.6c (0.09-5.62)

rature for direct treatment comparison.
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with high-dose IV, low-dose IV, high-dose topical, and low-dose
topical TXA. However, the same superiority of combined IV/
topical TXA was not observed regarding the risk of blood loss. We
believe the findings regarding risk of transfusion for combined IV/
topical TXA represents a false-positive result for several reasons.
First, similar to the inconsistencies noted with the results of the
first PICO question, the limited number of studies investigating
combined IV/topical TXA is more likely to produce an inconsistent
result. Second, the use of transfusion as an outcome can be influ-
enced by the use of subjective and objective criteria for triggering a
transfusion. When studies are pooled for analysis of transfusion,
the variations in the criteria to trigger a transfusion can have a
profound influence. If studies provide an overwhelming treatment
effect for a specific intervention, these results are further amplified
in a network meta-analysis in the presence of a network plot with
fewer connections to the intervention. Finally, we would expect an
intervention that reduces the need for transfusion would reduce
the amount of blood loss, which was not observed for combined IV/
topical TXA. Meanwhile, the use of calculated blood loss as an
outcome utilizes a standard calculation that is less prone to sub-
jective biases of the criteria for triggering a transfusion. As a result,
we conclude no support exists for a clearly superior route of TXA
administration.

The third and fourth PICO questions sought to determine the
optimal dose and number of doses of TXA. Under no circumstances
did we identify a significant difference in favor of higher doses or
multiple doses of TXA. We observed that higher doses of IV or
topical TXA did not reduce the amount of blood loss or risk of
transfusion compared with lower doses of IV or topical TXA. In
addition, multiple doses of IV TXA given either before and after
incision or all given after incision did not significantly reduce the
risk of blood loss or transfusion compared with a single dose of IV
or oral TXA. As a result, we could not support the use of higher
doses or multiple doses of IV, topical, or oral TXA as a method to
provide improved blood sparing after primary THA. However, we
must note our findings do not preclude the presence of a dose
response. It is possible that the doses being used in the published
studies are not dramatically different on the dose-response curve
for TXA. Despite the possibility for more blood-sparing properties
with significantly higher TXA doses, we must use the principle of
administering the lowest necessary dose of a medication. Given the
efficacy of the current dosing of TXA, it does not appear higher
doses are necessary.

The fifth PICO question investigated the effect of the timing of
administration in relation to the time of incision of IV TXA to reduce
blood loss and the risk of transfusion. Although we observed a
difference in favor of preincision administration of TXA in the sister
study on primary TKA, we did not observe a difference in the blood-
sparing capabilities of TXA based on the timing of administration in
the setting of primary THA. Under multiple comparisons, we were
unable to provide evidence in favor of either preincision or post-
incision dosing of IV TXA. First, no difference was observed with
administration of a single dose of IV TXA either before or after
incision. Second, no difference was observed when multiple doses
of IV TXAwere administeredwith the doses either given before and
after incision or all given after incision. Despite the lack of a sig-
nificant difference based on the timing of administration of TXA in
primary THA, we still advocate in favor of preincision administra-
tion of IV TXA owing to the potential benefits observed in the sister
study with no apparent harm compared with postincision
administration.

Even though the network meta-analysis was completed using
only the highest quality of level-I evidence studies, we still have
limitations with the interpretation of the results. First, we lacked
available literature on certain nodes in the network plot, which
were present in the sister study on primary TKA. In the network
plot on TXA formulation and dose, we lacked the ability to discuss
combined IV/oral TXA treatment. In the network plot on TXA
formulation, timing of dose, and number of doses, we lacked the
inclusion of nodes on multiple doses of oral TXA and single-dose IV
postincision. However, because these nodes are not present in the
published literature, the lack of these nodes should not significantly
impede the interpretation of our results. We can presume the lack
of publications on the specific TXA treatments represent their
limited use in practice. Second, we observed that a few in-
consistencies were because of fewer studies providing connections
between the nodes within the network plot. When the network
plots have fewer connections, the network meta-analysis must rely
more heavily on indirect comparisons. As a result, the output from
the network meta-analysis is more prone to producing false-
negative or false-positive results. We observed low-dose topical
and oral TXA under isolated circumstances to be equivalent to
placebo. The observations regarding low-dose topical and oral TXA
are contrary to the findings of equivalence to all other TXA treat-
ments and superiority to placebo in certain circumstances. In
addition, we observed combined IV/topical TXA to be superior to
low and high doses of individual IV or topical TXA but equivalent to
oral TXA regarding the risk of transfusion, but we did not see the
same results regarding blood loss. The combination of these results
is contrary to the notion a patient who experiences greater
amounts of blood loss is at a higher risk of transfusion. Therefore,
the contradictory results are likely a product of limited studies on
combined IV/topical TXA and the pooling of studies that did not use
the same thresholds for transfusion. As discussed regarding the
second PICO question, transfusion triggers include a combination of
subjective and objective criteria. Therefore, it makes the results of
pooled studies with varying transfusion triggers likely more prone
to biases. Given these isolated circumstances are contrary to the
broader results, we believe these inconsistencies to represent false-
negative and false-positive results.
Conclusion

Oral, IV, topical, and combined methods of TXA administration
all significantly reduce the amount of blood loss and risk of trans-
fusion compared with placebo, with no method of TXA adminis-
tration shown to be clearly superior over the others for patients
undergoing primary THA. Similar toTXA use for TKA, it appears that
higher doses and multiple dosing strategies provide no added ad-
vantages of reducing blood loss or preventing transfusion for THA
either, based on the available literature. Finally, preincision
administration of IV TXA did not provide superior results in pri-
mary THA but would still be recommended based on the finding in
the sister study on primary TKA.
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Appendix
Table S1
Publications of Blood Loss Included in the TXA Formulation and Dose Network Plot.

Reference
(Author/Year)

Treatment 1,
Network Node

Group 1 (n) Group 1,
Mean Blood
Loss (mL)

Treatment 2,
Network Node

Group 2 (n) Group 2,
Mean Blood
Loss (mL)

Treatment 3,
Network Node

Group 3 (n) Group 3,
Mean Blood
Loss (mL)

Alshryda, S., 2013 [15] Low-dose topical TXA 56 1617 Placebo 38 1981 N/A N/A N/A
Barrachina, B., 2016 [16] Low-dose IV TXA 35 1377 Placebo 37 2215 High-dose IV

TXA
36 1308

Castro-Menendez,
M., 2016 [19]

High-dose IV TXA 40 1320 Placebo 40 1694 N/A N/A N/A

Claeys, Ma., 2007 [20] Low-dose IV TXA 20 801 Placebo 20 1038 N/A N/A N/A
Fraval, A., 2016 [23] High-dose IV TXA 50 1084 Placebo 51 1394 N/A N/A N/A
Johansson, T., 2005 [29] Low-dose IV TXA 47 969 Placebo 53 1324 N/A N/A N/A
Kayupov, E., 2017 [30] Low-dose IV TXA 43 1301 Oral TXA 40 1339 N/A N/A N/A
North, Wt., 2016 [37] High-dose IV TXA 70 1195 High-dose

topical TXA
69 1443 N/A N/A N/A

Rajesparan, K., 2009 [39] High-dose IV TXA 36 1372 Placebo 37 1683 N/A N/A N/A
Wang, C., 2016 [41] Low-dose IV TXA 42 871 Placebo 38 1229 N/A N/A N/A
Wei, W., 2014 [42] High-dose IV TXA 101 959 Placebo 100 1364 High-dose

topical TXA
102 963

Xie, J., 2016 [43] High-dose IV TXA 70 878 High-dose
topical TXA

70 905 Combined IV/
topical TXA

70 777

Xu, X., 2015 [44] High-dose topical TXA 113 730 Placebo 111 1048 N/A N/A N/A
Yamasaki, S., 2004 [45] High-dose IV TXA 20 365 Placebo 20 522 N/A N/A N/A
Yi, Z., 2016 [46] Low-dose IV TXA 50 1003 Placebo 50 1221 Combined IV/

topical TXA
50 835

Yue, C., 2014 [47] High-dose topical TXA 52 946 Placebo 49 1256 N/A N/A N/A

IV, intravenous; N/A, not applicable; TXA, tranexamic acid.



Table S2
Publications of Transfusion Included in the TXA Formulation and Dose Network Plot.

Reference
(Author/Year)

Treatment 1,
Network Node

Group 1 (n) Group 1,
Transfusion (%)

Treatment 2,
Network
Node

Group 2 (n) Group 2,
Transfusion (%)

Treatment 3,
Network Node

Group 3 (n) Group 3,
Transfusion (%)

Alshryda, S., 2013 (a) [15] Low-dose topical
TXA

80 12.50 Placebo 81 32.10 N/A N/A N/A

Barrachina, B., 2016 [16] Low-dose IV TXA 35 22.86 Placebo 37 37.84 High-dose IV
TXA

36 11.11

Benoni, G., 2000 [18] High-dose IV TXA 20 45.00 Placebo 19 78.95 N/A N/A N/A
Benoni, G., 2001 [17] Low-dose IV TXA 18 22.22 Placebo 20 40.00 N/A N/A N/A
Castro-Menendez,

M., 2016 [19]
High-dose IV TXA 40 5.00 Placebo 40 17.50 N/A N/A N/A

Claeys, Ma., 2007 [20] Low-dose IV TXA 20 5.00 Placebo 20 30.00 N/A N/A N/A
Ekback, G., 2000 [21] High-dose IV TXA 20 5.00 Placebo 20 5.00 N/A N/A N/A
Emara, W. M., 2014 [22] High-dose IV TXA 20 5.00 Placebo 20 35.00 Low-dose

topical TXA
20 5.00

Fraval, A., 2016 [23] High-dose IV TXA 50 2.00 Placebo 51 11.76 N/A N/A N/A
Hsu, Ch., 2015 [25] High-dose IV TXA 30 6.67 Placebo 30 30.00 N/A N/A N/A
Husted, H., 2003 [26] High-dose IV TXA 20 10.00 Placebo 20 35.00 N/A N/A N/A
Jaszczyk, M., 2015 [28] Low-dose IV TXA 61 3.28 Placebo 63 22.22 N/A N/A N/A
Johansson, T., 2005 [29] Low-dose IV TXA 47 17.02 Placebo 53 43.40 N/A N/A N/A
Kayupov, E., 2017 [30] Low-dose IV TXA 43 2.33 Oral TXA 40 7.50 N/A N/A N/A
Kazemi, Sm., 2010 [31] Low-dose IV TXA 32 12.50 Placebo 32 34.38 N/A N/A N/A
Lee, Yc., 2013 [32] High-dose IV TXA 34 26.47 Placebo 34 58.82 N/A N/A N/A
Lemay, E., 2004 [33] High-dose IV TXA 20 0.00 Placebo 19 42.11 N/A N/A N/A
Malhotra, R., 2011 [34] Low-dose IV TXA 25 24.00 Placebo 25 72.00 N/A N/A N/A
Na, Hs., 2016 [35] Low-dose IV TXA 29 6.90 Placebo 26 19.23 N/A N/A N/A
Niskanen, Ro., 2005 [36] High-dose IV TXA 19 26.32 Placebo 20 40.00 N/A N/A N/A
North, Wt., 2016 [37] High-dose IV TXA 70 11.43 High-dose

topical TXA
69 17.39 N/A N/A N/A

Oremus, K., 2014 [38] High-dose IV TXA 20 5.00 Placebo 22 77.27 N/A N/A N/A
Rajesparan, K., 2009 [39] High-dose IV TXA 36 8.33 Placebo 37 27.03 N/A N/A N/A
Sadeghi, M., 2007 [40] Low-dose IV TXA 32 37.50 Placebo 35 57.14 N/A N/A N/A
Wang, C., 2016 [41] Low-dose IV TXA 42 2.38 Placebo 38 26.32 N/A N/A N/A
Wei, W., 2014 [42] High-dose IV TXA 101 5.94 Placebo 100 26.00 High-dose

topical TXA
102 5.88

Xie, J., 2016 (b) [43] High-dose IV TXA 70 4.29 High-dose
topical TXA

70 5.71 Combined IV/
topical TXA

70 0.00

Xu, X., 2015 [44] High-dose topical
TXA

113 5.31 Placebo 111 19.82 N/A N/A N/A

Yi, Z., 2016 [46] Low-dose IV TXA 50 16.00 Placebo 50 38.00 Combined IV/
topical TXA

50 2.00

Yue, C., 2014 [47] High-dose topical
TXA

52 5.77 Placebo 49 22.45 N/A N/A N/A

Zhang, Y., 2016 [48] High-dose IV TXA 23 4.35 Placebo 22 4.55 Low-dose
topical TXA

24 0.00

IV, intravenous; N/A, not applicable; TXA, tranexamic acid.
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Table S3
Publications of Blood Loss Included in the TXA Formulation, Timing of Dose, and Number of Doses Network Plot.

Reference
(Author/Year)

Treatment 1,
Network Node

Group 1 (n) Group 1,
Mean Blood
Loss (mL)

Treatment 2,
Network Node

Group 2 (n) Group 2,
Mean Blood
Loss (mL)

Treatment 3,
Network Node

Group 3 (n) Group 3,
Mean Blood
Loss (mL)

Alshryda, S., 2013
[15]

Single postincision
topical TXA

56 1617 Placebo 38 1981 N/A N/A N/A

Barrachina, B., 2016
[16]

Single-dose
preincision IV TXA

35 1377 Placebo 37 2215 Multiple doses
preincision and
postincision IV TXA

36 1308

Castro-Menendez,
M., 2016 [19]

Single-dose
preincision IV TXA

40 1320 Placebo 40 1694 Multiple doses
postincision IV TXA

40 1429

Claeys, Ma., 2007
[20]

Single-dose
preincision IV TXA

20 801 Placebo 20 1038 N/A N/A N/A

Fraval, A., 2016 [23] Multiple doses
preincision and
postincision IV TXA

50 1084 Placebo 51 1394 N/A N/A N/A

Imai, N., 2012 [27] Multiple doses
postincision IV TXA

20 675 Single-dose
preincision IV
TXA

25 638 Multiple doses
preincision and
postincision IV TXA

26 579

Johansson, T., 2005
[29]

Single-dose
preincision IV TXA

47 969 Placebo 53 1324 N/A N/A N/A

Kayupov, E., 2017
[30]

Single-dose
preincision IV TXA

43 1301 Single-dose
preincision oral
TXA

40 1339 N/A N/A N/A

North, Wt., 2016
[37]

Multiple doses
preincision and
postincision IV TXA

70 1195 Single-dose
postincision
topical TXA

69 1442.7 N/A N/A N/A

Rajesparan, K.,
2009 [39]

Single-dose
preincision IV TXA

36 1372 Placebo 37 1683 N/A N/A N/A

Wang, C., 2016 [41] Single-dose
preincision IV TXA

42 871 Placebo 38 1229 N/A N/A N/A

Wei, W., 2014 [42] Single-dose
preincision IV TXA

101 959 Placebo 100 1364 Single-dose
postincision
topical TXA

102 963

Xie, J., 2016 [43] Single-dose
preincision IV TXA

70 878 Single-dose
postincision
topical TXA

70 905 N/A N/A N/A

Xu, X., 2015 [44] Single-dose
postincision topical
TXA

113 730 Placebo 111 1048 N/A N/A N/A

Yamasaki, S., 2004
[45]

Single-dose
preincision IV TXA

20 365 Placebo 20 522 N/A N/A N/A

Yi, Z., 2016 [46] Single-dose
preincision IV TXA

50 1003 Placebo 50 1221 N/A N/A N/A

Yue, C., 2014 [47] Single-dose
postincision topical
TXA

52 946 Placebo 49 1256 N/A N/A N/A

IV, intravenous; N/A, not applicable; TXA, tranexamic acid.
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Table S4
Publications of Blood Loss Included in the TXA Formulation, Timing of Dose, and Number of Doses Network Plot.

Reference
(Author/Year)

Treatment 1, Network Node Group 1 (n) Group 1,
Transfusion
(%)

Treatment 2,
Network Node

Group 2 (n) Group 2,
Transfusion
(%)

Treatment 3,
Network Node

Group 3 (n) Group 3,
Transfusion
(%)

Alshryda, S., 2013
[15]

Single postincision topical TXA 80 12.50 Placebo 81 32.10 N/A N/A N/A

Barrachina, B., 2016
[16]

Single-dose preincision IV TXA 35 22.86 Placebo 37 37.84 Multiple doses
preincision and
postincision IV
TXA

36 11.11

Benoni, G., 2000
[18]

Multiple doses postincision
IV TXA

20 45.00 Placebo 19 78.95 N/A N/A N/A

Benoni, G., 2001
[17]

Single-dose preincision IV TXA 18 22.22 Placebo 20 40.00 N/A N/A N/A

Castro-Menendez,
M., 2016 [19]

Single-dose preincision IV TXA 40 5.00 Placebo 40 17.50 Multiple doses
postincision IV
TXA

40 5.00

Claeys, Ma., 2007
[20]

Single-dose preincision IV TXA 20 5.00 Placebo 20 30.00 N/A N/A N/A

Ekback, G., 2000
[21]

Multiple doses preincision and
postincision IV TXA

20 5.00 Placebo 20 5.00 N/A N/A N/A

Emara, W. M., 2014
[22]

Multiple doses preincision and
postincision IV TXA

20 5.00 Placebo 20 35.00 Single-dose
postincision
topical TXA

20 5.00

Fraval, A., 2016 [23] Multiple doses preincision and
postincision IV TXA

50 2.00 Placebo 51 11.76 N/A N/A N/A

Hourlier, H., 2014
[24]

Multiple doses postincision
IV TXA

79 0.00 Single-dose
postincision IV
TXA

85 0.00 N/A N/A N/A

Hsu, Ch., 2015 [25] Multiple doses preincision and
postincision IV TXA

30 6.67 Placebo 30 30.00 N/A N/A N/A

Husted, H., 2003
[26]

Multiple doses preincision and
postincision IV TXA

20 10.00 Placebo 20 35.00 N/A N/A N/A

Jaszczyk, M., 2015
[28]

Single-dose preincision IV TXA 61 3.28 Placebo 63 22.22 N/A N/A N/A

Johansson, T., 2005
[29]

Single-dose preincision IV TXA 47 17.02 Placebo 53 43.40 N/A N/A N/A

Kayupov, E., 2017
[30]

Single-dose preincision IV TXA 43 2.33 Single-dose
preincision oral
TXA

40 7.50 N/A N/A N/A

Kazemi, Sm., 2010
[31]

Single-dose peincision IV TXA 32 12.50 Placebo 32 34.38 N/A N/A N/A

Lee, Yc., 2013 [32] Multiple doses preincision and
postincision IV TXA

34 26.47 Placebo 34 58.82 N/A N/A N/A

Lemay, E., 2004
[33]

Multiple doses preincision and
postincision IV TXA

20 0.00 Placebo 19 42.11 N/A N/A N/A

Malhotra, R., 2011
[34]

Single-dose preincision IV TXA 25 24.00 Placebo 25 72.00 N/A N/A N/A

Na, Hs., 2016 [35] Single postincision IV TXA 29 6.90 Placebo 26 19.23 N/A N/A N/A
Niskanen, Ro., 2005

[36]
Multiple doses preincision and
postincision IV TXA

19 26.32 Placebo 20 40.00 N/A N/A N/A

North, Wt., 2016
[37]

Multiple doses preincision and
postincision IV TXA

70 11.43 Single-dose
postincision
topical TXA

69 17.39 N/A N/A N/A

Oremus, K., 2014
[38]

Multiple doses preincision and
postincision IV TXA

20 5.00 Placebo 22 77.27 N/A N/A N/A

Rajesparan, K.,
2009 [39]

Single-dose preincision IV TXA 36 8.33 Placebo 37 27.03 N/A N/A N/A

Sadeghi, M., 2007
[40]

Single-dose preincision IV TXA 32 37.50 Placebo 35 57.14 N/A N/A N/A

Wang, C., 2016 [41] Single-dose preincision IV TXA 42 2.38 Placebo 38 26.32 N/A N/A N/A
Wei, W., 2014 [42] Single-dose preincision IV TXA 101 5.94 Placebo 100 26.00 Single-dose

postincision
topical TXA

102 5.88

Xie, J., 2016 [43] Single-dose preincision IV TXA 70 4.29 Single-dose
postincision
topical TXA

70 5.71 N/A N/A N/A

Xu, X., 2015 [44] Single-dose postincision
topical TXA

113 5.31 Placebo 111 19.82 N/A N/A N/A

Yi, Z., 2016 [46] Single-dose preincision IV TXA 50 16.00 Placebo 50 38.00 N/A N/A N/A
Yue, C., 2014 [47] Single-dose postincision

topical TXA
52 5.77 Placebo 49 22.45 N/A N/A N/A

Zhang, Y., 2016 [48] Single-dose preincision IV TXA 23 4.35 Placebo 22 4.55 Single-dose
postincision
topical TXA

24 0.00

IV, intravenous; N/A, not applicable; TXA, tranexamic acid.
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