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Abstract
Background: The efficacy and safety of oral tranexamic acid (TXA) remain controversial because of the small number of clinical
studies. The aim of the present study was to compare the efficacy and safety of oral TXA with intravenous TXA in patients undergoing
total hip arthroplasty and total knee arthroplasty in a systematic review and meta-analysis.

Methods:Weconducted ameta-analysis to identify randomized controlled trials (RCTs) involving oral and intravenous TXA in total hip
arthroplasty and total kneearthroplasty up toDecember2019bysearchingdatabases includingPubMed,WebofScience,Embase, the
Cochrane Controlled Trials Register, the Cochrane Library China Biology Medicine, China National Knowledge Infrastructure, China
Science and Technology Journal Database and Wanfang. The mean difference or standard mean difference was used to assess
continuous outcomes such as hemoglobin (Hb) drop, total blood loss, drain blood loss, and length of hospital stay, with a 95%
confidence interval. Relative riskswith a 95% confidence interval were used to assess dichotomous outcomes such as transfusion rate
and the incidence of deep venous thrombosis and calf muscular vein thrombosis. Review Manager was used for the meta-analysis.

Results: Ten RCTs containing 1080 participants met the inclusion criteria. We found no significant differences in terms of the
average Hb drop (P= .60), total blood loss (P= .60), transfusion rate (P= .99), drain blood loss (P= .91), length of hospital stay
(P= .95), and the incidence of deep venous thrombosis (P= .55) and calf muscular vein thrombosis (P= .19) between oral and IV TXA.

Conclusions:Compared with the IV TXA, oral TXA has similar effects on reducing the Hb drop, total blood loss, transfusion rate,
drain blood loss, and length of hospital stay without increasing the risk of calf muscular vein thrombosis and deep venous thrombosis.
Furthermore, oral TXA is easy to access and administer, which decreases the workload of nurses and even delivers cost-saving
benefits to the health care system. We thus conclude that oral TXA may be an optimal approach in total joint arthroplasty. However,
more high-quality and multicenter RCTs are still needed to confirm our conclusions.

Registration: The current meta-analysis was registered on PROSPERO (International Prospective Register of Systematic
Reviews), and the registration number was CRD42018111291.

Abbreviations: CIs = confidence intervals, CMVT = calf muscular vein thrombosis, DVT = deep venous thrombosis, GRADE =
grading of recommendations, assessment, development, and evaluation, Hb = hemoglobin, IV = intravenous, RCTs = randomized
controlled trials, RD = risk difference, THA = total hip arthroplasty, TJA = total joint arthroplasty, TKA = total knee arthroplasty, TXA =
tranexamic acid.
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1. Introduction

Total hip and knee arthroplasty are known as one of the most
successful surgeries for relieving pain and improving physical
function. However, perioperative blood loss is one of the major
complications following total hip arthroplasty (THA) and total
knee arthroplasty (TKA).[1,2] There are several steps used to
minimize blood loss in patients who undergo THA and TKA,
such as use of a tourniquet, deliberate hypotension, antifibrino-
lytics, cell salvage, etc. Among these strategies, tranexamic acid
(TXA) has been identified as a useful step in reducing the blood
loss and the transfusion rate in THA and TKA.[3–7] Patients
undergoing THA and TKA can receive TXA intravenously (IV),
topically, or orally.[8] Some studies have reported that both IV
and topical administration were effective in reducing periopera-
tive blood loss without increasing thrombotic complications after
THA and TKA.[9,10] However, IV administration of TXA
increases the workload of nurses, the cost, and the risk of
anaphylactic reaction compared with oral TXA.[11] Topical TXA
administration carries a theoretical risk of periprosthetic
infection due to contamination of the needle and dispensing
process,[12] and the topical form may increase the risk of forming
clots and blocking drainage tubes. Oral TXA administration is
easy to access and administer, which decreases the workload of
nurses, and its absorption is quick and complete. Additionally,
the cost could decrease dramatically with oral TXA administra-
tion. The ideal route of TXA administration remains controver-
sial.[13,14] Recently, researchers have paid more attention to oral
TXA administration.[9,15] However, the efficacy and safety of
oral TXA remain controversial because of the small number of
clinical studies.[16] To our knowledge, this is the first meta-
analysis and Grading of Recommendations, Assessment, Devel-
opment, and Evaluation (GRADE) analysis of only randomized
controlled trials (RCTs) comparing the safety and efficacy of oral
TXA and IV TXA in primary THA and TKA. We found 4 meta-
analyses[17–20] comparing oral TXA and IV TXA administration
in primary THA and TKA. However, the inclusion criteria of the
previous 4 meta-analyses included retrospective cohort studies
that may involved recall and interviewer bias. Thus, based on the
current RCTs comparing oral and IV TXA, we used the GRADE
system to assess the quality of the evidence for each outcome and
conducted a meta-analysis of RCTs to demonstrate the efficacy
and safety of oral and IV administration of TXA.
2. Methods

The current meta-analysis was registered on PROSPERO
(International Prospective Register of Systematic Reviews), and
the registration number was CRD42018111291.We assessed the
quality of the results published in all included studies by the
Cochrane Handbook for Systematic Reviews of Interventions,
the Preferred Reporting Items for Systematic Reviews and Meta-
analyses guidelines[21] and the GRADE system[22] to ensure that
the results of our meta-analysis were reliable and veritable.
2.1. Search strategy

We conducted a meta-analysis to identify randomized controlled
trials involving oral with IV administration of TXA in THA and
2

TKA up to December 2019 by searching databases including
PubMed, Web of Science, Embase, the Cochrane Controlled
Trials Register, the Cochrane Library CBM, CNKI, VIP, and
Wanfang. We included not only English publications but also
Chinese publications in our meta-analysis. The keywords used
were "total hip arthroplasty,” “total hip replacement,” “total
knee replacement,” “total knee arthroplasty,” “oral tranexamic
acid,” “oral TXA,” “intravenous tranexamic acid,” “intrave-
nous TXA” in conjunction with the Boolean operators “AND”

or “OR.” Moreover, full-text papers were identified from
reference materials for further evaluation.
2.2. Eligibility criteria

The inclusion criteria were as follows:
(1)
 Studies that enrolled THA/TKA patients treated with TXA;

(2)
 Articles that were designed to compare oral TXA adminis-

tration and IV administration;

(3)
 Outcomes were hemoglobin (Hb) drop, total blood loss,

transfusion rate, drain blood drop, length of hospital stay,
calf muscular vein thrombosis (CMVT), and deep venous
thrombosis (DVT);
(4)
 Study designs were RCTs;

(5)
 Included RCTs contained at least 1 outcome; and

(6)
 Articles were full-text papers.
2.3. Quality assessment and risk of bias

The methodological quality and basis of the included studies were
assessed according to the Cochrane Handbook for Systematic
Reviews of Interventions as follows: randomization, allocation
concealment, blinding method, selective reporting, group similari-
ty at baseline, incomplete outcome data, compliance, timing of
outcome assessments, and intention-to-treat analysis. We used the
GRADE system to assess the quality of the evidence for each
outcome.[21] The results of the GRADE analysis are presented in
Supplemental Figure 1, http://links.lww.com/MD/F82.

2.4. Data extraction

The extracted data from studies included: first author, year of
publication, participants, age, sex, body mass index, patient
condition, and study type. The primary outcomes consisted of Hb
drop, total blood loss, and transfusion rate. Secondary outcomes
consisted of drain blood loss, length of hospital stay, and the
incidence of DVT and CMVT. We emailed corresponding
authors of the studies which had incomplete data, for further
information or used graphical data. Any disagreement between
the 2 reviewers was resolved by a third reviewer.

2.5. Statistical analysis and data synthesis

We used Review Manager Software for MAC (version 5.3) to
perform the meta-analysis. The Chi-squared test was used to
assess heterogeneity. An I2 value >50% suggested a high degree
of heterogeneity; thus, we used a random-effect model.
Otherwise, we used a fixed-effect model. The mean difference
(MD) or standard MD was used to assess continuous outcomes

http://links.lww.com/MD/F82


Figure 1. The search results and selection procedure.
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such as Hb drop, total blood loss, drain blood loss, and length of
hospital stay, with a 95% confidence interval (CI). Relative risks
with a 95%CIwere used to assess dichotomous outcomes such as
Table 1

The detailed baseline characteristics of the eligible studies.

Oral TXA group

Studies (yr) Patients Ages (yr) Female gender (%)

Kayupov et al (2017)[23] 40/43 60/55 50/48.8
Yuan et al (2017)[24] 140/140 63.2/63.7 51.4/55.7
Fillingham et al (2016)[25] 34/37 62/63 61.8/70.3
Zahar et al (2004)[26] 20/20 69/73 55.6/53.4
Cao et al (2018)a[27] 54/54 55.7/55.7 57.4/63.0
Luo et al (2018)[28] 60/60 67.6/66.98 53.3/55
Zhao et al (2018)[29] 40/40 60.47/59.50 60/57
Cao et al (2018)b[30] 59/59 65.5/65.5 83/79.7
Wang et al (2018)[31] 60/60 63.91/66.9 70/75
Wu et al (2018)[32] 50/50 66.5/65.1 42/40

ASA = American Society of Anesthesiologists, BMI = body mass index, RCT = randomized controlled

3

transfusion rate and the incidence of DVT andCMVT. If P-values
were less than .05, we considered the results to be a statistically
significant.
/intravenous group

BMI (kg/m2) ASA Reference type

I II III

29/31 2/4 31/32 7/7 RCT
22.7/22.6 30/29 104/100 6/11 RCT
33/32 1/1 25/27 8/9 RCT
N/A 5/4 15/16 10/10 RCT
23/26 6/4 42/41 6/9 RCT

24.59/24.51 4/4 33/26 23/30 RCT
22.24/22.46 16/18 20/18 4/4 RCT
25.1/25.6 0/0 50/49 9/10 RCT
25.27/25.04 7/8 39/40 14/12 RCT
23.8/23.9 23/25 20/17 7/8 RCT

trial, TXA = total knee arthroplasty.
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3. Results

3.1. Excluded studies and search results

A flow diagram depicting the identification of studies is shown in
Figure 1. A total of 410 articles were considered potentially
eligible. We excluded 280 duplicates, and 130 articles were left.
Based on the inclusion criteria, we further eliminated 116 papers
and assessed 14 full-text articles for eligibility. Four articles did
not provide enough detail with regards to the outcomes. Finally,
we included 10 RCTs with 1080 patients for the meta-
analysis.[23–32] Zahar et al[26] reported the transfusion rate,
drain blood loss, and length of hospital stay; however, in his
study, 2 subgroups compared oral TXA administration with IV
TXA administration. In group-long, a constant IV infusion was
administered until 12hours after the final deflation of the limb
tourniquet. In group-short, a constant IV infusion was adminis-
tered until 2 hours after final deflation of the limb tourniquet.
Therefore, we divided his study into 2 groups called Zahar (long)
and Zahar (short), which compared oral administration with IV
TXA in terms of transfusion rate, drain blood loss, and length of
hospital stay. Table 1 describes the detailed baseline character-
istics of the eligible studies. Table 2 describes the characteristics of
the included studies showing general intervention information.
Table 3 describes the detailed characteristics of the TXA
administration. All included studies in this study were based
on moderate-to-high-quality evidence.

3.2. Risk of bias in included studies

The quality assessment results are shown in Figures 2 and 3. All
10 RCTs described the random sequence generation, allocation
concealment, blinding to participants and personnel, and
blinding of the outcome assessment. All 10 studies retained
complete outcome data and avoided selective reporting; we
cannot ignore other potential risks of biases in the included
studies. Therefore, we rated them as having an unclear risk of
other bias. As a result, the overall quality of the included studies
was considered adequate.
i KA ta g a em /A no
d

es kn
T
a
b
le

2

C
ha

ra
ct
er
is
ti
cs

o
f
th
e
in
cl
ud

ed
st
ud

ie
s
sh

o
w
in
g
g
en

er
al

in
te
rv
en

ti
o
n

St
ud

ie
s
(y
r)

Ka
yu
po
v
et

al
(2
01
7)

[2
3]

Yu
an

et
al

(2
01
7)

[2
4]

Fi
lli
ng

ha
m

et
al

(2
01
6)

[2
5]

Su
rg
er
y

TH
A

TK
A

TK
A

T
An
es
th
es
ia

Co
m
bi
ne
d
sp
in
al
-

ep
id
ur
al

an
es
th
es
ia

Ge
ne
ra
la
ne
st
he
si
a

Ce
ith
er

a
sp
in
al
or

ge
ne
ra
l

an
es
th
es
ia

S

Tr
an
sf
us
io
n
tri
gg
er

Hb
<
70

g/
L

Hb
<
80

g/
L

Hb
<
70

g/
L

H
Su
rg
ic
al
ap
pr
oa
ch

po
st
er
io
r
ap
pr
oa
ch

pa
ra
pa
te
lla
r
ap
pr
oa
ch

pa
ra
pa
te
lla
r

ap
pr
oa
ch

N

Pr
op
hy
la
ct
ic

an
tit
hr
om

bo
tic

W
ar
fa
rin
,

th
er
ap
eu
tic

IN
R

go
al
of
2.
0

Ri
va
ro
xa
ba
n,
10

m
g/
d

W
ar
fa
rin
,

th
er
ap
eu
tic

IN
R

go
al
of
1.
8e
2.
2

E

Pn
eu
m
at
ic

to
ur
ni
qu
et

No
Ye
s

Ye
s

Y

IN
R
=

in
te
rn
at
io
na
ln
or
m
al
ize
d
ra
tio
,
IU

=
in
te
rn
at
io
na
lu
ni
t,
TH
A
=

to
ta
lh
ip
ar
th
ro
pl
as
ty
,
TK
A
=

to
ta
l

3.3. Results of the meta-analysis
3.3.1. Primary outcomes

3.3.1.1. Hb drop. Pooled data of the Hb drop from 9 studies,
including 1040 patients, showed no statistical heterogeneity
between the 2 groups (x2 = 6.11; df = 8, P = .64; I2 = 0%; Fig. 4).
There was no significant difference between oral TXA and IV
TXA for Hb drops (MD = �0.03; 95% CI, [�0.11, 0.04]; P =
.38; Fig. 4).

3.3.1.2. Total blood loss. The total blood loss was measured in 8
studies, with a total of 800 patients. We found no significant
difference between the oral TXA and IV TXA groups (MD =
5.58; 95%CI, [�28.47, 39.64]; P = .75; Fig. 5). We used a fixed-
effects model because we did not find any statistical
heterogeneity between the 2 groups (x2 =4.04; df = 7, P =
.78; I2 = 0%; Fig. 5).

3.3.1.3. Transfusion rate. In terms of the transfusion rate, our
meta-analysis showed no significant difference between the oral
TXA and IV TXA groups (risk difference [RD]=�0.00; 95%CI,
[�0.04, 0.03]; P = .90; Fig. 6). A fixed-effects model was used
because we did not find any statistical heterogeneity between the
4



Table 3

The detailed characteristics of the TXA administration.
Studies (yr) Oral TXA administration/intravenous (IV) TXA administration
Kayupov et al (2017)[23] 1950 mg oral TXA 2 h before incision + 10 mL normal saline solution immediately before incision/1 g TXA (diluted in 10mL normal

saline) immediately before incision + 750 mg ascorbic acid 2 h before the incision
Yuan et al (2017)[24] 20 mg/kg oral TXA 2 h before incision and 12 h after TKA + 100 mL normal saline solution + intra-articular placebo solution (60mL

normal saline solution)/20 mg/kg TXA (diluted in 10mL normal saline) 30 min before incision, and 12 h after TKA + placebos (calcium
tablet) + intra-articular placebo solution (60mL normal saline solution)

Fillingham et al (2016)[25] 1950 mg oral TXA 2 h before incision + 10mL normal saline before wound closure/1 g TXA (diluted in 10mL normal saline) before
wound closure +750 mg of ascorbic acid as a placebo 2 h before the incision.

Zahar et al (2004)[26] 1 g oral TXA 60 min before surgery and every 6 h for the next 18 h/15 mg/kg TXA (diluted in 10mL normal saline) 30 min before the
limb tourniquet was deflated and constant IV infusion of 10 mg/kg/h until 12 h after final deflation of the limb tourniquet + 1g oral
TXA after 6 and 12 h.

Cao et al (2018)a[27] 1 g oral TXA 60 min before surgery and every 6 h for the next 18 h/15 mg/kg TXA (diluted in 10mL normal saline) 30 min before the
limb tourniquet was deflated and constant IV infusion of 10 mg/kg/h was administered until 2 h after final deflation of the limb
tourniquet + 1g oral TXA after 6 and 12 h.

Luo et al (2018)[28] 20 mg/kg intravenous TXA 5 to 10 min before skin incision +2 g oral TXA 4 h, 10 h, 16 h postoperatively + 100 mL of normal saline
solution/20 mg/kg intravenous TXA 5–10 min before skin incision +1 g IV TXA (diluted in 100mL normal saline) 6 h, 12 h, 18 h
postoperatively +2g oral placebo

Zhao et al (2018)[29] 2 g of oral TXA 2 hours before the incision+100 mL of normal saline solution /20 mg/kg TXA (diluted in 100 mL normal saline) before
the incision+ 2g oral placebo

Cao et al (2018)b[30] 20 mg/kg oral TXA 2h before and 3h after THA + 100 mL of normal saline solution 10 minutes before incision and 3h after THA/15 mg/
kg TXA (diluted in 10mL normal saline) 10 minutes before incision and 3 h after THA + 1000mg ascorbic acid 2 h before and 3 h
after THA.

Wang et al (2018)[31] 20 mg/kg intravenous TXA 5–10 min before skin incision +2 g oral TXA 4 h, 10 h, 16 h postoperatively + 100 mL of normal saline
solution/20 mg/kg intravenous TXA 5–10 min before skin incision +1 g IV TXA (diluted in 100mL normal saline) 6 h, 12 h, 18 h
postoperatively + 2g oral placebo

Wu et al (2018)[32] 2 g of oral TXA 2 hours before the incision +100 mL normal saline solution + intra-articular placebo solution (100mL normal saline
solution)/20 mg/kg TXA (diluted in 100 mL normal saline) 5 min before the incision + 2g oral placebo + intra-articular placebo
solution (100mL normal saline solution)

TKA = total knee arthroplasty, TXA = tranexamic acid.
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2 groups in our meta-analysis (x2= 2.04; df= 7, P= .96; I2= 0%;
Fig. 6).

3.3.2. Secondary outcomes

3.3.2.1. Drain blood loss. Four studies, including 391 patients,
tested the effect of oral TXA versus IV TXA on drain blood loss,
and there was no heterogeneity (x2 = 0.83; df = 3, P = .84; I2 =
0%; Fig. 7). We found no significant difference in terms of drain
blood loss between the oral TXA versus IV TXA groups (MD =
0.56; 95% CI, [�9.09, 10.21]; P= .91; Fig. 7).

3.3.2.2. Length of hospital stay. Pooled data for the length of
hospital stay from 9 studies, including 772 patients, showed no
significant difference between the oral TXA versus IV TXA
groups (MD = 0.00; 95% CI, [�0.03, 0.03]; P= .98; Fig. 8). A
fixed-effects model was used with no heterogeneity between the
included studies (x2=6.49; df=8, P = .59; I2 = 0%; Fig. 8).

3.3.2.3. DVT. A fixed-effects model was used to pool the DVT
data since the heterogeneity across the 4 studies was insignificant
(x2 = 3.22; df = 3, P = .36; I2 = 7%; Fig. 9). Moreover, there was
no significant difference between the oral TXA and IV TXA
groups for the incidence of DVT (RD = �0.01; 95% CI, [�0.03,
0.02]; P = .54; Fig. 9).

3.3.2.4. CMVT. Four studies, including 546 patients, tested the
effect of oral TXA versus IV TXA on the incidence of calf
muscular vein thrombosis. Our results showed that oral
administration did not increase the incidence of CMVT (RD =
�0.01; 95% CI, [�0.03, 0.02]; P= .54; Fig. 10) compared with
IV administration.
5

4. Discussion
The efficacy and safety of oral TXA remain controversial because
of a small number of clinical studies. To our knowledge, this is the
first meta-analysis and GRADE analysis of only RCTs comparing
the safety and efficacy of oral TXA and IV TXA in primary THA
and TKA. We found 4 meta-analyses[17–20] comparing oral TXA
and IV TXA administration in primary THA and TKA.However,
the inclusion criteria of the previous 4 meta-analyses included
retrospective cohort studies that may involved recall and
interviewer bias. Thus, based on the current RCTs comparing
oral TXA and IV TXA in THA and TKA, we reviewed the highest
evidence-based (level I) studies systematically and conducted a
meta-analysis of RCTs to demonstrate the efficacy and safety of
oral TXA and IV TXA in THA and TKA, with more convincing
results. We used the GRADE system to evaluate the quality of the
evidence for each outcome, and the quality of each outcome was
relatively high. Moreover, our results included drain output and
the incidence of calf muscular vein thrombosis and deep vein
thrombosis, which could supplement previous meta-analyses.
The results of our meta-analysis is consistent with the previous 4
meta-analysis in which Oral TXA has similar effects on reducing
the Hb drop, total blood loss, transfusion rate, drain blood loss,
and length of hospital stay without increasing the risk of CMVT
and DVT.
The Hb drop and total blood loss were the primary outcomes

in our meta-analysis. Many studies[23,25,27–31] demonstrated that
oral TXA provides similar reductions in Hb drop and total blood
loss in primary THA and TKA compared with IV TXA. The
results of this study found no significant differences in Hb drop
and total blood loss between oral and IV TXA.Ourmeta-analysis
results are consistent with the findings of 2 recent meta-

http://www.md-journal.com


Figure 2. Risk of bias included in the randomized controlled trials.

Sun et al. Medicine (2020) 99:44 Medicine
analyses.[8,10] Taking these findings together and given that the
results were of high quality according to the GRADE evidence,
we conclude that oral TXA has the same effects on reducing Hb
drop and total blood loss as the IV form.
Blood transfusion is associated with adverse effects, including

hemolytic reactions, infections, morbidity, immunologically
mediated diseases, and cost.[33] Many RCTs[24–26,28] found no
significant difference between the 2 routes of administration
following total joint arthroplasty (TJA). Their results were
consistent with our findings. The results were of high quality
according to the GRADE evidence. We conclude that compared
with IV administration, the use of oral TXA has the same
effects as IV TXA on the transfusion rate following THA and
TKA.[31,32]

Drain output may contribute to allogenic blood transfusion
and increased complications according to our meta-analysis.
6

Yuan et al[24] randomized a total of 560 patients undergoing
primary unilateral TKA into 4 groups: an intravenous group, a
topical group, an oral group, and a control group. They found
that all 3 modes of TXA administration significantly reduced
drain output compared with the control group. There was no
significant difference between oral TXA versus IV TXA in drain
blood loss, which is consistent with our findings. The quality of
evidence was moderate, which indicated that further research
was likely to have a significant impact on the confidence of the
effect estimate and may change the estimate. Our results for
the drain output could be a supplement for previous meta-
analyses.
The length of hospital stay is important in the current medical

insurance payment system. Longer hospital stays may contribute
to an increase in medical cost and the risk of complications. The
previous 2 meta-analyses found no significant differences in the
length of hospital stay between oral and IV TXA, which is
consistent with our results. The GRADE evidence shows that the
length of hospital stay was of high quality. Using oral TXA with
patients undergoing TJA may allow hospitals to cut costs
substantially without sacrificing efficacy or safety.
Postoperative CMVT and DVT are common complications in

THA and TKA, and they are associated with significant medical
costs, morbidity, and mortality.[34,35] In our meta-analysis, 4 of
the included studies reported the incidence of DVT and CMVT.
The differences were not statistically significant. Our study did
not show any heterogeneity in the incidence of CMVT and DVT
among the studies, although the follow-up time and prophylaxis
varied from each other.
Concerning cost, Kayupov et al[23] reported that in their study,

the oral TXA cost was $14 per dose compared with $47 to $108
per dose for IV TXA, depending on the availability of the generic
IV formulation, which results in a cost difference of approxi-
mately 70% to 90%. In China, the oral TXA cost was
approximately 4 < per dose compared with 23< per dose for
IV TXA, which results in a much larger cost difference than that
reported by Kayupov et al. Therefore, oral TXA is less expensive
than IV TXA. A transition to oral TXA would provide similar
drug efficacies with easier access and even deliver cost-saving
benefits to the health care system.
The most common IV TXA dose appears to be approximately

10 to 20mg/kg, which has been shown to maintain the minimum
therapeutic level for approximately 3hours.[36,37] The oral dose
usually ranged from 1g to 4g, and the time to the administration
of TXA ranged from 1hour to 8hours before surgery.[37]

The most common oral TXA dose was 2g, and the time to
administration was 2hours before surgery. At present, we cannot
draw a definite conclusion in terms of the optimal dose of and
time interval for oral TXA.
In our study, most of the results were of high quality according

to the GRADE evidence, which makes the conclusions more
reliable, but we should not ignore various limitations presented in
our review. First, we included only 10 studies in our meta-
analysis, and most of the studies enrolled a small number of
participants. Second, the different doses and administration times
of oral TXA among the included studies might be a problem
when comparing the results. Third, heterogeneity among the
included studies was unavoidable; the variations in anesthesia
methods, operation modes, tourniquet usage, and follow-up time
may have some influence on the conclusions. Fourth, publication
bias existed because we only included English language
publications in our meta-analysis.



Figure 3. The risk of bias summary: review authors’ judgment of each risk of bias items for each included studies.

Figure 4. A forest plot diagram showing the Hb drop (g/dL). CI = confidence interval.

Figure 5. A forest plot diagram showing the total blood loss (mL). CI = confidence interval.
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5. Conclusions

In conclusion, considering our high-quality, evidence-based data,
our meta-analysis demonstrated that compared with the IV TXA,
oral TXA yields similar effects on reducing the Hb drop (P= .60),
total blood loss (P= .60), transfusion rate (P= .99), drain blood
loss (P= .91) and length of hospital stay (P= .95) without
increasing the risk of CMVT (P= .55) and DVT (P= .19).
Furthermore, oral TXA is easy to access and administer, which
decreases the workload of nurses and even delivers cost-saving
7

benefits to the health care system. We thus conclude that oral
TXA is an optimal approach in TJA. However, more high-quality
and multicenter RCTs are still needed to reach a firmer
conclusion.
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Figure 6. A forest plot diagram showing the transfusion rate (%). CI = confidence interval.

Figure 7. A forest plot diagram showing the drain blood loss (mL). CI = confidence interval.

Figure 8. A forest plot diagram showing the length of hospital stay (day). CI = confidence interval.

Figure 9. A forest plot diagram showing deep venous thrombosis (%). CI = confidence interval.
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Figure 10. A forest plot diagram showing Calf muscular vein thrombosis (%). CI = confidence interval.
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