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Background: Tranexamic acid (TXA) has been shown to reduce perioperative blood loss and risk of blood
transfusion. Evidence establishing its efficacy in total shoulder arthroplasty (TSA) is limited. The current
study evaluated the effect of TXA on perioperative blood loss and transfusion risk after TSA.
Methods: A systematic review and meta-analysis of TXA administration for TSA was performed, and 6
studies with a total of 680 patients were found. Data on change in hemoglobin, drain output, total blood
loss, and transfusion were extracted. Meta-analysis was performed with stratification into reverse and
anatomic TSA subgroups.
Results: TXA administration was associated with decreased change in hemoglobin (−0.63 g/dL; 95% CI,
−0.87 to −0.39 g/dL; P < .00001), drain output (−112.05 mL; 95% CI, −182.29 to −41.81 mL; P < .0001), and
total blood loss (−231.87 mL; 95% CI, −334.23 to −129.48 mL; P < .00001) after reverse TSA. There was a
trend toward reduction in transfusion rate after reverse TSA (−4%; 95% CI, −8% to 0%; P = .06). TXA ad-
ministration was associated with reduced drain output after anatomic TSA (−123.07 mL; 95% CI, −163.93
to −82.20 mL; P < 0.00001). TXA administration was not associated with decreased transfusion rate after
anatomic TSA. Data to evaluate the effect of TXA on change in hemoglobin and total blood loss after an-
atomic TSA were insufficient.
Conclusions: Routine administration of TXA reduces perioperative blood loss and may reduce the risk
of transfusion after reverse TSA. Future studies are needed to further characterize its effect on the risk
of transfusion after reverse TSA and efficacy in anatomic TSA.

© 2018 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

The risk of allogeneic blood transfusion after total shoulder ar-
throplasty (TSA) ranged from 4.2% to 7.7% from 1998 to 2011.10 Blood
transfusion after arthroplasty surgery results in increased health care
utilization costs, longer hospital stays, and an increased risk of sur-
gical site infection.10,19 The most widely supported risk factors for
blood transfusion after TSA include increasing age6,10,17,18 and pre-
operative anemia.3,6,7,10,13,14,17,18,20 Other potential risk factors include,
female gender,6,10,17,20 number of medical comorbidities,10,17,18 low hos-
pital caseload,1 proximal humeral malunion,8 and reverse vs.
anatomic TSA.6,9

Tranexamic acid (TXA) is a competitive inhibitor for plasmino-
gen by reversibly blocking the plasminogen lysine-binding
site.1,2,4,5,11,19-21 This mechanism results in stabilization of blood clots
from prevention of fibrin degradation.1,2,4,5,11,19-21 This antifibrinolytic
agent has become widely used across multiple subspecialties to de-
crease blood loss and to reduce the need for intraoperative and
postoperative transfusions.

TXA has been shown to reduce perioperative blood loss and al-
logeneic blood transfusion rates after total hip (THA) and knee (TKA)
arthroplasty.2,21 Few studies, however, have evaluated its efficacy for
TSA. The purpose of the study was to determine whether the current
literature supports the use of TXA to reduce perioperative blood loss
and transfusion rates after anatomic and reverse TSA. We hypoth-
esize that use of TXA during shoulder arthroplasty will demonstrate
similar results to those that have been reported with use during THA
and TKA.

Materials and methods

Systematic review and meta-analysis

To obtain articles relating to TXA use in shoulder arthroplasty,
the PubMed, Ovid MEDLINE, and CINAHL databases were queried
with the terms “shoulder arthroplasty” and “tranexamic acid.” The
final analysis included 6 articles1,4,5,12,15,22 with a total of 680 pa-
tients. This search was performed by 2 independent reviewers in
January 2017, and after review of the limited number of titles as
well as abstracts, we arrived at our final manuscripts evaluated for
further analysis. The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) diagram is shown in Fig. 1.
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The inclusion criteria were studies of patients undergoing anatom-
ic or reverse TSA, administration of topical or intavenous TXA, and
studies assessing outcomes measures, including blood loss, need
for transfusion, drain output, postoperative change in hemoglobin
or hematocrit, or both, and rate of complications. Studies were ex-
cluded if they were not clinical trials, or if the topic focused on basic
science laboratory investigations, cadeveric or biomechanical models,
or did not include patients who underwent shoulder arthroplasty.

A meta-analysis was performed using RevMan 5.3 software (Co-
chrane Collaboration, Copenhagen, Denmark).16 Changes in
hemoglobin concentration, drain output, total blood loss, and trans-
fusion rate were evaluated. Mean differences of continuous variables
were assessed. When reported, means and standard deviations were
extracted from included studies. When these statistics were not avail-
able, the median was used as an approximation for the mean and
the range divided by four was used as an approximation of the stan-
dard deviation as recommended by Hozo et al.8 For transfusion
events, risk differences were tested. A fixed effects model was used
when heterogeneity was statistically insignificant. A random effects
model was used when effect size heterogeneity was statistically sig-
nificant. Two-sided statistical significance of 0.05 was used.

Results

Systematic review

Descriptions of the studies included in the systematic review and
meta-analysis are given in Table I. Of the 6 studies, 3 were
retrospective analyses of a practice change from no TXA use to

routine TXA administration.1,4,12 In an analysis of 168 patients un-
dergoing reverse and anatomic TSA, Abildgaard et al1 (level of
evidence [LOE] 3) found that 1 routine preoperative 1 g intrave-
nous infusion of TXA was associated with a reduction in total blood
loss, hemoglobin drop, hematocrit drop, and drain output. In an anal-
ysis of 194 and 48 patients respectively, Friedman et al4 and Kim
et al12 (LOE 3) found similar results with 20 mg/kg infusions and 2
g TXA dosing regimens, respectively. Both studies were underpow-
ered to detect a change in the transfusion rate.

The remaining studies included in the current systematic review
and meta-analysis were randomized, placebo controlled trials (LOE
1).5,15,22 In a study consisting of 111 patients, Gillespie et al5 found
that 2 g topical TXA reduced the hemoglobin drop after reverse TSA
but not anatomic TSA. No patient in the placebo or intervention arm
required a transfusion. In a study including only reverse TSAs (102
subjects), Vara et al22 demonstrated the efficacy of two 10 mg/kg
intravenous TXA infusions in reducing the postoperative hemoglo-
bin drop, drain output, and total blood loss.22 The transfusion rate
in the placebo group was 14.3% compared with 5.7% in the TXA
group. Although fewer patients in the TXA arm required a trans-
fusion, the effect was not statistically significant. Pauzenberger et al15

found that TXA reduced drain output and total blood loss in mixed
groups of 54 patients undergoing anatomic and reverse TSA. No
patient in either arm required a transfusion.

Meta-analysis

A meta-analysis of the studies listed in Table I was performed
for change in hemoglobin, drain output, total blood loss, and risk

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
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of transfusion. As shown in Fig. 2, TXA administration was associ-
ated with a significantly decreased postoperative change in
hemoglobin in both the combined and reverse TSA groups. A fixed
effects model was used because the heterogeneity was not statis-
tically significant for the combined (I2 = 0%, P = .88) and reverse TSA
analyses (I2 = 0%, P = .94). In the combined group consisting of 432
patients, TXA reduced the postoperative hemoglobin drop by 0.70 g/
dL (95% CI, −0.89 to −0.51; P < .00001). In the reverse TSA subgroup
consisting of 244 patients, the reduction in the hemoglobin drop
was 0.63 g/dL (95% CI, −0.87 to −0.39; P < .00001). There were too
few exclusively anatomic TSA cohorts to evaluate the change in post-
operative hemoglobin drop for this subgroup.

TXA administration was associated with reduced drain output
in both reverse and anatomic TSA subgroups as shown in Fig. 3. In
the combined group of 486 patients there was significant effect size
heterogeneity (I2 = 74%, P = .0007), and a random effects model was
used. The mean reduction in drain output was 114.38 mL (95% CI,
−152.39 to −76.38 mL). In the reverse TSA subgroup consisting of
311 patients, the effect size heterogeneity was statistically signif-
icant with (I2 = 86%, P < .0001), and a random effects model was used.
The reduction in drain output for reverse TSA was 112.05 mL (95%

CI, −182.29 to −41.81 mL; P = .002]. For the anatomic TSA sub-
group (121 patients), the effect size heterogeneity was not statistically
significant (I2 = 0%, P = .36), and a fixed effects model was used. The
reduction in drain output was 123.07 mL (95% CI, −163.93 to −82.20;
P < .00001).

TXA administration was associated with reduced total blood loss
in combined and reverse TSA cohorts as shown in Fig. 4. In both com-
bined and reverse TSA analyses consisting of 327 patients, effect size
heterogeneity was not statistically significant and fixed effects models
were used. The reduction in total blood loss in the combined group
was 242.55 mL (95% CI, −316.72 to −168.38; P < .00001). In the reverse
TSA subgroup, the reduction in total blood loss was 231.86 mL (95%
CI, −334.23 to −129.48; P < .00001). There were too few anatomic
TSA cohorts reporting total blood loss for subgroup analysis.

There was a trend toward the reduction of the risk of transfu-
sion in the combined and reverse TSA groups but not the anatomic
TSA subgroup (Fig. 5). Effect size heterogeneity was not statistical-
ly significant in any of the 3 groups, and fixed effects models were
used. In the combined group (680 patients), there was a trend toward
the reduction in transfusion risk (−3%; 95% CI, −5% to 0%; P = .08).
In the reverse TSA subgroup (436 patients), the risk difference was

Table I
Description of the studies evaluating the efficacy of tranexamic acid for shoulder arthroplasty

Variable Abildgaard et al1 Friedman et al4 Kim et al12 Pauzenberger et al15 Gillespie et al5 Vara et al22

Design Retrospective Retrospective Retrospective Prospective,
randomized

Prospective,
randomized

Prospective,
randomized

Total patients, No. 171 194 48 54 111 102
Control group, No. 94 (42 TSA, 52 rTSA) 88 (43 TSA, 45 rTSA) 24 rTSA 27 (11 TSA, 16 rTSA) 55 (22 TSA, 33 rTSA) 49 rTSA
Intervention group, No. 77 (35 TSA, 42 rTSA) 106 (54 TSA, 52 rTSA) 24 rTSA 27 (15 TSA, 12 rTSA) 56 (22 TSA, 34 rTSA) 53 rTSA
Route of administration Intravenous Intravenous Intravenous Intravenous Topical Intravenous
Dose 1 g, 1 infusion 20 mg/kg, 1 infusion 500 mg, 1 infusion 2g, 2 infusions 2g in 100 mL NS

for 5 min
20 mg/kg, 2 infusions

Hematologic outcomes
Hemoglobin drop ✔ ✔ ✔ ✔

Drain output ✔ ✔ ✔ ✔ ✔

Total blood loss ✔ ✔ ✔

Transfusion ✔ ✔ ✔ ✔ ✔ ✔

TSA, anatomic total shoulder arthroplasty; rTSA, reverse total shoulder arthroplasty; NS, normal saline.

Figure 2 Forest plots of change in hemoglobin for combined (above) and reverse total shoulder arthroplasty (below). The squares indicate the mean difference and are
proportional to the weights used in the meta-analysis. The horizontal lines represent the 95% confidence interval (CI). The diamond indicates the weighted mean difference,
and the lateral tips of the diamond indicate the associated 95% CIs. The vertical line indicates no effect. TXA, tranexamic acid; SD, standard deviation; IV, inverse variance.
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4% (95% CI, −8% to 0%; P = .06). Subgroup analysis of 244 anatomic
TSA patients demonstrated no trend toward the reduction in the
risk of transfusion after anatomic TSA (95% CI, −4% to 4%;
P = .99).

Discussion

TXA administration was associated with a significant reduc-
tion in postoperative change in hemoglobin concentration, drain

Figure 3 Forest plots of drain output for combined (top), reverse total shoulder arthroplasty (middle), and anatomic total shoulder arthroplasty (bottom). The squares in-
dicate the mean difference and are proportional to the weights used in the meta-analysis. The horizontal lines represent the 95% confidence interval (CI). The diamond indicates
the weighted mean difference, and the lateral tips of the diamond indicate the associated 95% CIs. The vertical line indicates no effect. TXA, tranexamic acid; SD, standard
deviation; IV, inverse variance.

Figure 4 Forest plots of total blood loss for combined (above) and reverse total shoulder arthroplasty (below). The squares indicate the mean difference and are propor-
tional to the weights used in the meta-analysis. The horizontal lines represent the 95% confidence interval (CI). The diamond indicates the weighted mean difference, and
the lateral tips of the diamond indicate the associated 95% CIs. The vertical line indicates no effect. TXA, tranexamic acid; SD, standard deviation; IV, inverse variance.
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output, and total blood loss after reverse TSA. Although not statis-
tically significant, there was a trend (−4%; 95% CI, −8% to 0%; P = .06)
toward the reduction in risk of blood transfusion after reverse TSA.
In the setting of anatomic TSA, TXA demonstrated a significant re-
duction in the drain output. The few number of anatomic TSA
cohorts, however, limited the ability of the current meta-analysis
to evaluate the efficacy of TXA in reducing the postoperative he-
moglobin drop, total blood loss, and transfusion rate in this subgroup
of patients.

The results of the current study fit with the THA and TKA liter-
ature. TXA showed total blood loss reduction of 318 mL for THA and
320 mL for TKA.23 The current meta-analysis found a 232 mL re-
duction in total blood loss after reverse TSA. Though this is a
significant reduction in total blood loss, it is less in absolute terms
than the reduction in blood loss seen after THA and TKA. This may
stem from a number of factors, including differences in adminis-
tration and dosing regimens, baseline patient factors, and

measurement techniques between the THA/TKA studies and the TSA
studies. Another factor may be that TXA reduces blood loss by a
similar proportion, rather than absolute amount, across a range blood
loss amounts.11 Administration of TXA has resulted in the reduc-
tion in the risk of transfusion after THA and TKA by 50% and 47%.23

The current meta-analysis found a trend toward reduced transfu-
sion risk after reverse TSA, but future studies are needed to confirm
this trend.

A strength of the current study is the analysis of reverse and an-
atomic TSA as separate subgroups. Reverse TSA is a more technically
demanding procedure and often done for more significant defor-
mity, resulting in increased operative time and increased blood loss.
Because of this, reverse versus anatomic TSA has been cited as a
risk factor for transfusion after shoulder arthroplasty.6,9 In addi-
tion, because of the change in anatomy associated with reverse TSA,
there is commonly more “dead space” between the acromion and
proximal humerus, which can result in more frequent hematoma

Figure 5 Forest plots of risk of transfusion for combined (top), reverse total shoulder arthroplasty (middle), and anatomic total shoulder arthroplasty (bottom). The squares
indicate the mean difference and are proportional to the weights used in the meta-analysis. The horizontal lines represent the 95% confidence interval (CI). The diamond
indicates the weighted mean difference, and the lateral tips of the diamond indicate the associated 95% CIs. The vertical line indicates no effect. TXA, tranexamic acid; SD,
standard deviation; IV, inverse variance.
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accumulation. This theory is one hypothesis why reverse TSA may
be more susceptible to increased blood loss.

Limitations of the current study stem from the few number ran-
domized controlled trials and heterogeneity of TXA regimens. Distinct
anatomic and reverse TSA cohorts in future randomized con-
trolled trials are needed to discern the relative efficacy of TXA in
anatomic and reverse TSA.

Furthermore, heterogeneity of TXA regimens introduces uncer-
tainty into the assessment of overall efficacy of TXA for TSA. For
example, 2 studies used 1 intravenous infusion, although with dif-
ferent dosages,1,4 1 study used a 2-infusion regimen,22 and another
study used topical administration.5 Future studies are needed to eval-
uate the relative efficacy of these different TXA regimens. In addition,
standardization of TXA regimens and dosing may aid future meta-
analyses. Given the inconsistent dosing and routes of administration
in the studies that met inclusion criteria in our analysis, we cannot
make recommendations on method of use for TXA (intravenous,
topical, or both) or a standardized optimal dose.

Another limitation our study is that we considered only the ef-
ficacy of TXA and did not evaluate its safety. Well-powered meta-
analyses in the THA and TKA literature have not found an increase
in the rate of venous thromboembolism with TXA use.23 With only
6 studies and the low rate of venous thromboembolism after TSA,
our meta-analysis would be underpowered to evaluate the safety
of TXA in the setting of TSA. Future studies will be needed to eval-
uate the efficacy of TXA in the setting of TSA.

Conclusions

Routine administration of TXA reduces perioperative blood loss
and may reduce the risk of transfusion after reverse TSA. Future
studies are needed to further characterize its effect on the risk of
transfusion after reverse TSA and its efficacy in anatomic TSA.
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