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Abstract

Background: The safety and efficiency of intravenous administration of tranexamic acid (TXA) in coronary artery
bypass grafting (CABG) remains unconfirmed. Therefore, we conducted a meta-analysis on this topic.

Methods: We searched the Cochrane Central Register of Controlled Trials (CENTRAL), PUBMED and EMBASE for
randomized controlled trials on the topic. The results of this work are synthetized and reported in accordance with
the PRISMA statement.

Results: Twenty-eight studies met our inclusion criteria. TXA reduced the incidence of postoperative reoperation of
bleeding (relative risk [RR], 0.46; 95% confidence interval [CI]; 0.31–0.68), the frequency of any allogeneic transfusion
(RR, 0.64; 95% CI, 0.52–0.78) and the postoperative chest tube drainage in the first 24 h by 206 ml (95% CI − 248.23
to − 164.15). TXA did not significantly affect the incidence of postoperative cerebrovascular accident (RR, 0.93;
95%CI, 0.62–1.39), mortality (RR, 0.82; 95%CI, 0.53–1.28), myocardial infarction (RR, 0.90; 95%CI, 0.78–1.05), acute renal
insufficiency (RR, 1.01; 95%CI, 0.77–1.32). However, it may increase the incidence of postoperative seizures (RR, 6.67;
95%CI, 1.77–25.20). Moreover, the subgroup analyses in on-pump and off-pump CABG, the sensitivity analyses in
trials randomized more than 99 participants and sensitivity analyses that excluded the study with the largest
number of participants further strengthened the above results.

Conclusions: TXA is effective to reduce reoperation for bleeding, blood loss and the need for allogeneic blood
products in patients undergoing CABG without increasing prothrombotic complication. However, it may increase
the risk of postoperative seizures.
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Background
Excessive bleeding is a common complication which
may lead to exposure to the risk of homologous blood
transfusion and increased morbidity in patients undergo-
ing cardiac operations [1]. Tranexamic acid (TXA), an
antifibrinolytic agent, has been widely used and proved
to be effective in reducing risk of blood loss and

transfusion among patients undergoing cardiac surgery
[2]. However, whether it reduced the incidence of reop-
eration for life-threatening bleeding which are strongly
associated with poor outcomes after cardiac surgery re-
mains controversial.
Despite of the effectiveness in reducing the risk of

blood loss and transfusion, it may potentially increase
the risk of myocardial infarction, stroke, and other
thrombotic complications after cardiac surgery especially
in patients undergoing coronary artery bypass grafting
(CABG) surgery who are commonly characterized by
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systemic arteriosclerosis or stenosis [3, 4]. It was re-
ported that TXA was associated with the increased
risk of postoperative neurologic events such as stroke
and seizures in cardiac surgery [5, 6]. Some studies
have suggested that TXA is associated with reduction
in cerebral blood flow and increase the risk of cere-
bral infarction [5, 7]. A multi-center study suggested
that TXA was associated with a higher risk of postop-
erative seizures in GABG surgery [8]. A meta-analysis
in 2011 has shown that TXA is associated with re-
duced blood transfusion in off-pump CABG surgery
[9]. However, the safety of TXA in off-pump CABG
surgery could not be confirmed due to the small
population sample size.
An increasing number of studies that investigated the

effectiveness and safety of TXA in CABG surgery have
been conducted in recent years with varying results [8,
10–18]. Therefore, we conducted a meta-analysis of
existing studies to estimate the safety and efficiency of
TXA in CABG surgery focusing on the incidence of
postoperative cerebrovascular accident, seizures and re-
operation for bleeding.

Methods
The meta-analysis was performed according to the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement in this study [19].

Search strategy
A systematic and comprehensive search was conducted
in the Cochrane Central Register of Controlled Trials
(CENTRAL), PUBMED and EMBASE from database
established to February 8, 2018 with no language limita-
tion. The search strategy included the following MED-
LINE subject heading terms: tranexamic acid and
cardiac surgical procedures. The above subject heading
terms were connected by “AND”. The initial searches of
PUBMED and EMBASE were unrestricted to maximize
sensitivity and a filter which primarily identifies random-
ized controlled trials was adopted to improve the specifi-
city. Moreover, we also checked the reference lists of
relevant articles for potential relevant studies.

Eligibility criteria
Randomized controlled trials that compared the effect-
iveness or safety of the intravenous administration of
TXA with that of placebo in adult CABG surgery were
included in this meta-analysis. Studies were eligible for
inclusion, regardless of the publication language. We ex-
cluded studies which were conducted on underage pa-
tients or in which TXA was topically applied in
mediastinum.

Selection of included studies
Retrieved studies were imported into Endnote (version
X7; Thomson Reuters), where duplications were de-
tected and deleted automatically. Two authors independ-
ently scanned the titles and abstract of retrieved studies
according to the established eligibility criteria to exclude
the obvious unrelated studies. The full-text was further
evaluated if the judgement could not easily be decided
based on its title or abstract. The disagreements between
reviewers were settled by a third reviewer. The relevant
data of included studies was extracted by these reviewers
independently using a standard data sheet. Study charac-
teristics included author, publication year, sample size,
sex ratio, type of CABG, duration of anticoagulant medi-
cation discontinued before surgery, outcome data, drug
dose and treatment regimens.

Assessment of risk of bias in included studies
The Cochrane risk of bias tool which is recommended
by the Cochrane Collaboration for risk of bias assess-
ment was adopted in this study [20]. There are seven do-
mains in the Cochrane risk of bias tool, including the
random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective
reporting and other bias. The judgment of each domain
is presented as “low risk”, “high risk” or “unclear risk”
based on the instruction of Cochrane Collaboration.
Two reviewers independently assessed each domain of
included studies and any disagreements were adjudicated
by a third reviewer.

Quality of the evidence
GRADE (Grades of Recommendation, Assessment, De-
velopment and Evaluation) Working Group system was
adopted to evaluate the quality of the evidence [21].
Two reviewers independently assessed the quality of
each outcome. The five categories used for the GRADE
quality assessment were: limitations of design, inconsist-
ency, indirectness, imprecision, and publication bias. We
used GRADE profiler (GRADEpro) software to create
the “Summary of findings” table, which includes the fol-
lowing outcomes: incidence of postoperative cerebrovas-
cular accident, seizures, reoperation for bleeding,
mortality, myocardial infarction, acute renal insuffi-
ciency, the frequency of any allogeneic transfusions and
24-h postoperative chest tube drainage.

Study outcomes
All outcomes were described a priori, according to the
principles of the PRISMA statement. The primary out-
come was incidence of postoperative cerebrovascular ac-
cident, seizures and reoperation for bleeding. The
second outcomes included postoperative mortality,
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myocardial infarction, acute renal insufficiency, the fre-
quency of any allogeneic transfusions and 24-h postoper-
ative chest tube drainage.

Statistical methods
In some studies, continuous variables was presented as
median, range and/or interquartile range. To facilitate
meta-analysis, we estimated the sample mean and stand-
ard deviation from median, range and/or interquartile
range by using the calculator with a compiled formula
recommended by Luo and colleagues [22]. The risk ratio
(RR) with the corresponding 95% confidence interval
(95% CI) was calculated for dichotomous data and con-
tinuous data were analyzed by using mean difference
(MD) with the corresponding 95% CI. Data analyses
followed the guidelines established by the Cochrane Col-
laboration regarding statistical methods. The statistical
heterogeneity was evaluated by reviewing the I2 statistic
and Chi2 test. If either the Chi2 test resulted in P < 0.10
or the I2 statistic was greater 50%, random-effect model
was used to evaluate outcomes, otherwise a fixed-effect
model was used. For all tests, two-tailed P-values < 0.05
were considered significant. Funnel plots were con-
ducted to evaluate reports for publication bias when
more than 10 studies were included. Considering the ac-
tivation effect of cardiopulmonary bypass (CPB) on the
fibrinolytic pathway, subgroup analysis was performed
based on CABG with/without CPB. Moreover, Sensitivity
analyses was performed in studies randomized more
than 99 patients to avoid the possibility that the rare in-
cidences of complication were underestimated due to
the included studies with small population size.

Sensitivity analyses that excluded the study with the lar-
gest number of participants were conducted to estimate
the effect of that study on the overall effect of meta-
analysis. All data analysis was conducted using Review
Manager (RevMan; version 5.2), Copenhagen: The Nor-
dic Cochrane Centre, The Cochrane Collaboration, 2012.

Results
Results of search
Two hundred twenty-seven studies were identified from
our initial search and 146 of them remained after dupli-
cates were removed. One hundred eight of the
remaining studies were excluded during title and ab-
stract screening. Thirty-eight studies were identified for
full-text assessment according to our inclusion and ex-
clusion criteria and 10 of them were removed because of
non-RCT, topical application of TXA or without placebo
group. Finally, 28 studies [3, 4, 8, 10–12, 14–18, 23–39]
were included in this meta-analysis. The study selection
process is shown in Fig. 1.

Description of included studies
The characteristics of included studies were shown in
Table 1. The 28 included trials [3, 4, 8, 10–12, 14–18,
23–39] randomized 7446 patients (3712 to tranexamic
acid and 3734 to placebo). Fourteen trials [4, 8, 11, 14–
18, 25, 32, 36–39] randomized more than 99 patients.
CABG was conducted in on-pump condition in 17 trails
[12, 14, 16–18, 23–26, 28, 30–32, 34, 36, 38, 39], off-
pump condition in 9 trails [3, 10, 11, 15, 27, 29, 33, 35,
37] and both condition in 2 trails [4, 8].

Fig. 1 Flow diagram of the literature search strategy
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Table 1 Characteristics of included studies

Study ID Country No.
C/T

Sex
F/M

Type of
GABG

AC discounted
before surgery

Drug Dose and Treatment Regimens

Speekenbrink
1995 [23]

Netherlands 15/15 2/28 On-pump 2 to 4 days TA 10 mg·kg− 1 in 20 min after induction of anesthesia and continued at a
rate of 1 mg·kg− 1 up to a total dose of 1000 mg.

Brown 1997
[24]

United
States

30/30 11/
49

On-pump NR TA 15 mg·kg− 1 in 20 min after the induction and continued at a rate of 1
mg·kg− 1·hr.− 1 for 5 h

Landymore
1997 [25]

Canada 50/56 NR On-pump < 2 days TA 10 mg·kg-1 before CBP and continued at a rate of mg·kg− 1·hr.− 1 until
the termination of CBP

Hardy 1998
[26]

Canada 45/43 23/
65

On-pump NR TA 10 g as a bolus over 20 min

Casati 2001
[27]

Italy 20/20 8/32 Off-pump < 1 day TA 1 g as a bonus before skin incision, followed by continuous infusion of
400 mg·hr.− 1 during surgery

Zabeeda
2002 [28]

Israel 25/25 12/
38

On-pump NR TA 10 mg·kg− 1 in more than 15min after induction of anesthesia and
followed by a continuous infusion of 1 mg·kg− 1 per hour

Jares 2003
[29]

Czech
Republic

22/25 12/
35

Off-pump 5 days TA 1 g as a bolus before skin incision, followed by continuous infusion of
200 mg·hr.− 1 during surgery

Pleym 2003
[30]

Norway 39/40 13/
66

On-pump 1 day TA 30 mg·kg− 1 as a bolus injection over 5 min immediately before the start
of CPB.

Andreasen
2004 [31]

Denmark 23/21 7/37 On-pump > 7 days TA 1.5 g as a bolus, followed by a constant infusion of 200 mg·hr.− 1 until
1.5 g

Casati 2004
[4]

Italy 50/52 16/
86

On-pump
Off-pump

< 1 day TA 1 g as a bonus before skin incision, followed by continuous infusion of
400 mg·hr.− 1 until completion of surgery with 500 mg added to priming in
patients undergoing on-pump coronary artery bypass grafting

Karski 2005
[32]

Canada 165/
147

37/
275

On-pump 7 days TA 100mg·kg− 1 administered intravenously over 20 min after the induction
of anesthesia

Vanek 2005
[33]

Czech
Republic

30/32 14/
38

Off-pump < 1 day TA 1 g before skin incision and a continuous infusion of 200 mg·hr.− 1

during the whole surgical procedure.

Santos 2006
[34]

Brasil 31/29 17/
43

On-pump NR TA 10 mg·kg− 1 before the skin incision, followed by a continuous infusion
of 1 mg·kg− 1·hr.− 1 for 5 h.

Wei 2006 [35] China 40/36 16/
60

Off-pump 5/−7 days TA 0.75 g in 20 min at the beginning of surgery followed by continuous
infusion of 0.25 g per hour throughout surgery.

Maddali 2007
[36]

Oman 111/
111

70/
152

On-pump 7 days TA 10 mg·kg− 1 as a bolus prior to sternotomy, followed by an infusion (1
mg·kg− 1·hr.− 1) up to the time of starting of protamine.

Mehr-Aein
2007 [3]

Iran 33/33 2/27 Off-pump 7 days TA 15 mg·kg− 1 before infusion of heparin and 15mg·kg− 1 after protamine
infusion

Taghaddomi
2009 [37]

Iran 50/50 28/
72

Off-pump NR TA 1 g was given 20 min before skin incision and 400mg·hr.− 1 during the
entire surgical procedure.

Hashemi
2011 [38]

Iran 50/50 24/
76

On-pump NR TA 1 g added to the pump prime solution and another 1 g was used
intravenously after discontinuation of the pump

Ahn 2012 [10] Korea 38/38 35/
41

Off-pump 5 days TA 1 g in 20 min before skin incision with subsequent continuous infusion
at 200 mg·hr.− 1 during the operation

Chakravarthy
2012 [11]

India 50/50 22/
78

Off-pump 7 days TA 20 mg·kg− 1 over 30 min followed by infusion of 1 mg·kg− 1·hr.− 1 for 12 h

Greiff 2012
[12]

Norway 33/30 26/
37

On-pump 1 day TA 10 mg·kg-1 as a bolus injection before skin incision followed by an
infusion of 1 mg·kg− 1·hr.− 1 until the end of surgery.

Nejad 2012
[14]

Iran 50/50 24/
76

On-pump NR TA 1 g was added to the pump prime solution and another 1 g was used
intravenously after the discontinuation of the pump

Wang 2012
[15]

China 115/
116

36/
195

Off-pump 5 days TA 1 g as a bolus injection 20min before the incision followed by an
infusion of 400 mg·hr.− 1 until the completion of the surgery

Esfandiari
2013 [16]

Iran 75/75 30/
120

On-pump NR TA 10 mg·kg− 1 added to the priming solution and a bolus dose of 1
mg·kg− 1 after weaning from CPB

Shi 2013 [17] China 59/58 23/
94

On-pump < 7 days TA 15 mg·kg− 1 before surgical incision and 15mg·kg− 1 after protamine
neutralization

Ghavidel 014
[39]

Iran 100/
100

65/
135

On-pump 3 days TA 10 mg·kg− 1 via prime solution and the maintenance dose of 0.5–2
mg·kg− 1·h− 1 in proportion to serum creatinine.
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Risk of bias within studies
The results of bias risk assessment were showed in
Fig. 2a and b. Fourteen studies [3, 11, 12, 14, 16, 23–25,
27–30, 35, 38] did not provide a satisfactory description
of their random processes. Blinding process was at high
risk of bias in one study [39] and unclear risk of bias in
7 studies [11, 12, 23–25, 29, 35] due to unclear descrip-
tion. Three studies [16, 25, 31] had unclear or incom-
plete descriptions of their outcome data. Two studies [3,
36] were considered to be at high risk of selective
reporting bias because the reported outcome indicators
were inconsistent with the planed outcome indicators.

Publication bias
Publication bias was evaluated by funnel plots in the fol-
lowing outcomes: postoperative cerebrovascular acci-
dent, reoperation for bleeding, mortality, myocardial
infarction, acute renal insufficiency, the frequency of any

allogeneic transfusions and 24-h postoperative chest
tube drainage (Additional file 1: Figure S1, Add-
itional file 2: Figure S2, Additional file 3: Figure S3, Add-
itional file 4: Figure S4, Additional file 5: Figure S5 and
Additional file 6: Figure S6 and Additonal file 7: Figure
S7). All of the plots showed a symmetrical shape which
suggested low risk of publication bias of the above
outcomes.

Quantitative data synthesis
Cerebrovascular accident
There were 22 trials that reported the incidence of post-
operative cerebrovascular accident between TXA and
placebo, with a total of 6775 participants. TXA did not
increase the incidence of cerebrovascular accident over-
all from meta-analysis [41/3371 vs 45/3404, RR =
0.93(0.62–1.39), P for effect = 0.71, P for heterogeneity =
0.92, I2 = 0%] (Fig. 3).

Table 1 Characteristics of included studies (Continued)

Study ID Country No.
C/T

Sex
F/M

Type of
GABG

AC discounted
before surgery

Drug Dose and Treatment Regimens

Yanartas 2015
[18]

Turkey 63/69 50/
82

On-pump 5 days TA 10 mg·kg− 1 before the skin incision, followed by a continuous infusion
of 1 mg·kg− 1·h− 1 for 5 h.

Myles 2017
[8]

Australia 2322/
2311

773/
3860

On-pump/
Off-pump

≥4 days TA 100mg·kg− 1 or 50 mg·kg− 1 was administered intravenously more than
30 min after the induction of anesthesia

Fig. 2 a risk-of-bias summary; b risk-of-bias graph for all the included randomized-controlled trials
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Sub-analysis in on-pump CABG with 13 trials in-
cluded showed no significant increase in the incidence
of cerebrovascular accident in patients who received
TXA treatment [9/686 vs 10/711, RR = 0.95(0.44–2.06),
P for effect = 0.90, P for heterogeneity = 0.86, I2 = 0%]. In
off-pump CABG, 8 trails with 749 participants were in-
cluded and no cerebrovascular accident happened in
those trials (Fig. 3).
Nine studies with a total of 5939 participants were in-

cluded in the sensitive analysis of studies that random-
ized not less 100 participants. The conclusion that TXA
would not increase cerebrovascular accident incidence

was strengthened by the sensitivity analysis [RR =
0.87(0.57–1.33), P for effect = 0.53, P for heterogeneity =
0.95, I2 = 0%]. Sensitivity analysis that excluded the study
with the largest number of participants furether
strengthened the above conclusion [RR = 0.95(0.43–
2.10), P for effect = 0.90, P for heterogeneity = 0.86]
(Table 2).

Seizures
In total, 5 studies with 5043 participants reported the in-
cidence of seizures after CABG. The summary RR for
postoperative seizures with the use of TXA versus

Fig. 3 Forest plot of cerebrovascular accident
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placebo was 5.99 (95% CI 1.77–20.24) which suggested
that tranexamic acid would increase the incidence of sei-
zures after CABG (Fig. 4).

Reoperation for bleeding
There were 16 trials that reported the incidence of
postoperative reoperation for bleeding, with a total of
6259 participants. TXA decreased the incidence of re-
operation for postoperative bleeding overall from

meta-analysis [35/3125 vs 78/3134, RR = 0.46(0.31–
0.68), P for effect< 0.01, P for heterogeneity = 0.63,
I2 = 0%] (Fig. 5).
Ten studies with 1143 participants were included in

on-pump CABG, the result of meta-analysis suggested
no significant difference of reoperation for postoperative
bleeding between TXA and placebo [16/569 vs 26/574,
RR = 0.64 (0.35–1.15), P for effect = 0.14, P for hetero-
geneity = 0.62, I2 = 0%]. In off-pump subgroup, 4 studies

Table 2 Sensitivity analysis of primary and secondary outcomes

Outcome Sensitivity analyses Studies
(n)

TXA Placebo RR or
MD

95% CI P value for
effect

P value for
heterogeneity

Cerebrovascular accident Studies randomized not less
100 patients

9 286/
2999

318/
3011

0.90 0.78–1.05 0.18 0.64

Study with maximum sample
size excluded

21 9/
1062

10/
1084

0.95 0.43–2.10 0.90 0.86

Reoperation for bleeding Studies randomized not less
100 patients

8 29/
2812

59/
2821

0.49 0.32–0.77 < 0.01 0.58

Study with maximum sample
size excluded

15 17/
815

30/814 0.59 0.34–1.04 0.07 0.72

Mortality Studies randomized not less
100 patients

7 31/
2870

36/
2886

0.87 0.54–1.40 0.56 0.46

Study with maximum sample
size excluded

16 7/875 8/898 0.93 0.38–2.27 0.88 0.75

Myocardial infarction Studies randomized not less
100 patients

11 286/
2999

318/
3011

0.90 0.78–1.05 0.18 0.64

Study with maximum sample
size excluded

22 23/
1039

25/
1045

0.94 0.55–1.61 0.81 0.8

Acute renal insufficiency Studies randomized not less
100 patients

7 105/
2758

102/
2769

1.03 0.79–1.35 0.81 0.89

Study with maximum sample
size excluded

13 12/
658

14/667 0.88 0.42–1.84 0.73 0.94

Transfusion of any blood products Studies randomized not less
100 patients

7 954/
2494

1400/
2504

0.64 0.50–0.81 < 0.01 < 0.01

Study with maximum sample
size excluded

10 139/
396

216/
363

0.29 0.20–0.40 < 0.01 < 0.01

Postoperative chest tube drainage
in the first 24 h

Studies randomized not less
100 patients

7 2824 2850 -208.3 −274.12,-
142.48

< 0.01 < 0.01

Study with maximum sample
size excluded

17 802 814 −215.42 −259.48,
−171.57

< 0.01 < 0.01

TXA tranexamic acid, (n) the number of cases, RR risk ratio, MD weighted mean difference, CI confidence interval

Fig. 4 Forest plot of seizures
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with 384 participants were included and only one patient
suffered reoperation in placebo group (Fig. 5).
Eight trials were included in sensitivity analysis of

studies randomized not less than100 patients. The sensi-
tivity analysis supported the result that TXA decreased
incidence of reoperation for bleeding in CABG surgery
when compared with placebo [29/2812 vs 59/2821, RR =
0.49 (0.32–0.77), P for effect< 0.01, P for heterogeneity =
0.58, I2 = 0%]. While sensitivity analysis that excluded
the study with the largest number of participants did not
supported the above conclusion [RR = 0.59 (0.34–1.04),
P for effect = 0.07, P for heterogeneity = 0.72] (Table 2).

Mortality
The overall analysis showed that TXA did not signifi-
cantly decrease the mortality in patients receiving CABG
when compared with placebo [33/3196 deaths in the

TXA group vs 41/3218 deaths in the placebo group,
RR = 0.82(0.53–1.28), P for effect = 0.38, P for heterogen-
eity = 0.82, I2 = 0%, with 18 trails included] (Fig. 6).
Sub-analysis in the settings of on-pump CABG also

showed no statistically significant effect of TXA on mor-
tality [6/639 vs 7/663, RR = 0.93 (0.36–2.38), P for ef-
fect = 0.88, P for heterogeneity = 0.62, I2 = 0%, with 12
trials included]. Sub-analysis in the settings of off-pump
included 5 trials, but only one of them reported one pa-
tient died in each group (Fig. 6).
Sensitivity analysis of studies randomized more than

99 patients supported the results that TXA did not sig-
nificantly decrease the mortality in CABG surgery com-
pared with placebo [31/2870 vs 36/2886, RR = 0.87
(0.54–1.40), P for effect = 0.56, P for heterogeneity =
0.46, I2 = 0%, with 7 trials included]. The result of sensi-
tivity analysis that excluded the study with maximum

Fig. 5 Forest plot of operation for bleeding

Zhang et al. BMC Anesthesiology          (2019) 19:104 Page 8 of 17



sample was consistent with the above analyses [7/875 vs
8/898, RR = 0.93 (0.38–2.27), P for effect = 0.88, P for
heterogeneity = 0.75] (Table 2).

Myocardial infarction
In total, 23 studies with 6714 participants reported the
incidence of myocardial infarctions after CABG. The
overall analysis showed no increased risk of postopera-
tive myocardial infarction [292/3349 vs 325/3365, RR =
0.90 (0.78–1.05), P for effect = 0.18, P for heterogeneity =
0.89, I2 = 0%] (Fig. 7).
Thirteen studies with 1286 participants were included

in the sub-analysis of on-pump CABG, the result of
meta-analysis suggested no significant difference of myo-
cardial infarction between TXA and placebo [21/639 vs

24/647, RR = 0.9 (0.51–1.58), P for effect = 0.71, P for
heterogeneity = 0.72, I2 = 0%]. In off-pump subgroup, 9
studies with 798 participants were included, no signifi-
cant difference of myocardial infarction between TXA
and placebo was found neither [2/400 vs 1/398, RR =
1.56(0.22–11.23), P for effect = 0.66, P for heterogen-
eity = 0.56, I2 = 0%] (Fig. 7).
Seven trials were included in sensitivity analysis of

studies randomized not less than100 patients. The sensi-
tivity analysis supported the result that TXA did not in-
crease myocardial infarction in CABG surgery when
compared with placebo [286/2999 vs 318/3011, RR =
0.90 (0.78–1.05), P for effect = 0.18, P for heterogeneity =
0.64, I2 = 0%]. The result of sensitivity analysis that ex-
cluded the study with maximum sample was consistent

Fig. 6 Forest plot of mortality
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with the above analyses [23/1039 vs 25/1045, RR = 0.94
(0.55–1.61), P for effect = 0.81, P for heterogeneity =
0.80] (Table 2).

Acute renal insufficiency
There are 14 studies that reported the incidence of acute
renal insufficiency in this meta-analysis. The summary
RR for acute renal with the use of TXA versus placebo
was 1.01 (95% CI 0.77–1.32) which suggested that tran-
examic acid would not increase the incidence of acute
renal insufficiency (Fig. 8).

The summary RR of sub-analysis in on-pump CABG
was 0.91 (95% CI 0.36–2.29) which suggested that TXA
did not have adverse effect on postoperative renal func-
tion in patients undergoing on-pump CABG. A similar
result was found in the sub-analysis in off-pump CABG
[RR = 0.85 (0.29–2.47), P for effect = 0.76, P for hetero-
geneity = 0.52, I2 = 0%] (Fig. 8).
Sensitivity analysis in trials randomized not less

than100 participants reinforced the overall analysis
[RR = 1.03 (0.79–1.35), P for effect = 0.81, P for hetero-
geneity = 0.89, I2 = 0%, with 7 studies included]. The re-
sult of sensitivity analysis that excluded the study with

Fig. 7 Forest plot of myocardial infarction
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maximum sample size was consistent with the above
analyses [12/658 vs 14/667, RR = 0.88 (0.42–1.84), P for
effect = 0.73, P for heterogeneity = 0.94] (Table 2).

Transfusion of any blood products
Eleven trails with a total of 5360 participants reported
the postoperative transfusion rate of any blood product.
Overall, TXA significantly reduced the transfusion of
any blood products [RR = 0.64(0.52–0.78), P for effect<
0.01, P for heterogeneity< 0.01, I2 = 76%] (Fig. 9).
In the subgroup of patients undergoing on-pump

CABG, TXA also reduced the transfusion of any blood
products, however, this effect was not statistically signifi-
cant [RR = 0.68(0.47–1.00), P for effect = 0.05, P for het-
erogeneity< 0.01, I2 = 81%]. On the other hand, sub-
analysis in off-pump CABG, TXA significantly reduced
the transfusion of any blood products [RR = 0.32(0.19–
0.53), P for effect< 0.01, P for heterogeneity = 0.60, I2 =
0%] (Fig. 9).

In the sensitivity analysis that included all the studies
that randomized more than 99 participants, TXA signifi-
cantly decreased the transfusion of any blood products
[RR = 0.64(0.50–0.81), P for effect< 0.01, P for hetero-
geneity< 0.01, I2 = 86%]. The result of sensitivity analysis
that excluded the study with maximum sample size fur-
ther enhanced the above analyses [139/396 vs 216/363,
RR = 0.29 (0.20–0.40), P for effect < 0.01, P for hetero-
geneity < 0.01] (Table 2).

Postoperative chest tube drainage in the first 24 h
In total, 16 studies with 6247 participants were included
in the meta-analysis of postoperative chest tube drainage
in the first 24 h. One of them [18] divided participants
into two groups according to the difference in fluid use
and reported the drainage of patients receiving TXA and
placebo in both groups separately. We treated these two
sets of data as two separate studies in the meta-analysis.
Overall, the chest tube drainage was significantly

Fig. 8 Forest plot of acute renal insufficiency
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decreased by TXA when compared with placebo [MD =
-206.19, 95% CI (− 248.23, − 164.15), P for effect< 0.01,
P for heterogeneity< 0.01, I2 = 72%] (Fig. 10).
Sub-analysis in the settings of on-pump CABG with 8

trials included showed no significant decrease of chest
tube drainage in the first 24 h in patients who received
TXA treatment [MD = -211.36, 95% CI (− 263.13, −
159.59), P for effect< 0.01, P for heterogeneity = 0.26,
I2 = 20%]. A similar result was found in the sub-analysis
in off-pump CABG [MD = -220.25, 95% CI (− 290.58, −
149.91), P for effect< 0.01, P for heterogeneity = 0.26,
I2 = 76%] (Fig. 10).
Seven studies with a total of 5674 participants were in-

cluded in the sensitive analysis. The conclusion that
TXA would decrease chest tube drainage in the first 24
h was strengthened by the sensitivity analysis [MD = −
208.30, 95% CI (− 274.12, − 142.48), P for effect< 0.01, P
for heterogeneity< 0.01, I2 = 83%]. The sensitivity ana-
lysis that excluded the study with maximum sample size
also supported the above conclusion [MD = -215.42, 95%
CI (− 259.48, − 171.57), P for effect < 0.01, P for hetero-
geneity< 0.01, I2 = 83%] (Table 2).

Quality of the evidence
The GRADE approach was adopted to evaluate the qual-
ity of each outcome and “Summary of findings” tables
were presented (Table 3). In general, the overall quality
of evidence in the meta-analyses of postoperative sei-
zures and reoperation for bleeding was high. However,
the overall quality of evidence in the meta-analyses of
postoperative transfusion of any blood products and
chest tube drainage in the first 24 h was very low due to
the problems of inconsistency and the risk of bias. The
overall quality of evidence of other outcomes was mod-
erate due to the risk of bias.

Discussion
In this meta-analysis, we found that the intravenous use
of TXA was associated with lower risk of reoperation for
postoperative bleeding, blood loss and blood transfusion
than the placebo group. Moreover, we also found that
intravenous use of TXA did not increase the risk of
postoperative cerebrovascular accident, mortality or
other thrombotic complication among patients undergo-
ing CABG when compared with placebo treatment.

Fig. 9 Forest plot of transfusion of any blood products
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However, it may increase the incidence of postoperative
seizures. The results of most subgroup analyses of the
primary results in CABG conducted under on-pump or
off-pump condition were consistent with that of overall
analyses. However, meta-analysis could not be performed
in the sub-analyses of postoperative reoperation for
bleeding, mortality and cerebrovascular accident in off-
pump CABG due to the small number of incidence. No
significant decrease in postoperative reoperation for
bleeding and transfusion of any blood products were
found in on-pump group. Most of the sensitivity ana-
lyses in trails that recruited more than 99 participants or
in trails that excluded the study with the largest number
of participants further strengthened the conclusion of
overall analyses.
The release of plasmin during cardiac surgery activates

fibrinolysis and may contribute to platelet dysfunction
[40]. In addition to inhibiting the transformation of plas-
minogen into plasmin by reversibly binding lysine bind-
ing site on plasmin, TXA can also reduce bleeding by
preventing platelet activation induced by fibrinolytic en-
zyme [41]. A previous meta-analysis suggested that TXA

was effective in reducing blood loss and the need for
blood transfusion in cardiac surgery [42]. However, the
incidence of reoperation for bleeding was not signifi-
cantly decrease by TXA [42]. In our current analysis, we
found that TXA overall reduced the transfusion of any
blood products and 24-h postoperative chest tube drain-
age in CABG surgery which was consistent with the pre-
vious study. Moreover, the sub-analyses in the different
conditions under which GABG was conducted further
strengthened the above results. However, these analyses
have significant heterogeneity which may due to the dif-
ference in indications of blood transfusion, drug dose
and treatment regimens among different studies.
Different from the previous study, our current mete-

analysis suggested that TXA significantly decrease the
incidence of reoperation for bleeding in CABG surgery
with low heterogeneity. In addition, the sensitivity ana-
lyses in studies randomized more than 99 participants
further strengthened the conclusion that TXA reduced
the incidence of reoperation for bleeding, transfusion of
any blood products and 24-h blood loss suggesting that
the small sample size studies included in the meta-

Fig. 10 Forest plot of chest tube drainage in the first 24 h
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Table 3 GRADE summary of findings table
Outcomes Illustrative comparative risksa (95% CI) Relative

effect (95%
CI)

No of
Participants
(studies)

Quality of
the
evidence
(GRADE)

Comments

Assumed
risk
Control

Corresponding risk
Tranexamic acid versus placebo

Cerebrovascular accident Study population RR 0.93 (0.62
to 1.39)

6775 (22 studies) ⊕⊕⊕⊝
moderateb

13 per
1000

12 per 1000 (8 to 18)

Moderate

0 per
1000

0 per 1000 (0 to 0)

Seizure Study population RR 6.67 (1.77
to 25.20)

4911 (4 studies) ⊕⊕⊕⊕
highc,d

1 per
1000

5 per 1000 (1 to 20)

Moderate

0 per
1000

0 per 1000 (0 to 0)

Reoperation for bleeding Study population RR 0.46 (0.31
to 0.68)

6259 (16 studies) ⊕⊕⊕⊕
highe,f

25 per
1000

11 per 1000 (8 to 17)

Moderate

22 per
1000

10 per 1000 (7 to 15)

Mortality Study population RR 0.82 (0.53
to 1.28)

6414 (17 studies) ⊕⊕⊕⊝
moderateb,g

13 per
1000

10 per 1000 (7 to 16)

Moderate

0 per
1000

0 per 1000 (0 to 0)

Myocardial infarction Study population RR 0.9 (0.78
to 1.05)

6714 (23 studies) ⊕⊕⊕⊝
moderatee

97 per
1000

87 per 1000 (75 to 101)

Moderate

0 per
1000

0 per 1000 (0 to 0)

Acute renal insufficiency Study population RR 1.01 (0.78
to 1.3)

5954 (14 studies) ⊕⊕⊕⊝
moderateb

37 per
1000

37 per 1000 (29 to 48)

Moderate

20 per
1000

20 per 1000 (16 to 26)

Transfusion of any blood
products

Study population RR 0.64 (0.52
to 0.78)

5360 (11 studies) ⊕⊝⊝⊝ very
lowb,h

553 per
1000

354 per 1000 (288 to 432)

Moderate

560 per
1000

358 per 1000 (291 to 437)

Postoperative chest tube
drainage in the first 24 h

The mean postoperative chest tube drainage in the first 24 h in the
intervention groups was 206.19 lower (248.23 to 164.15 lower)

6247 (16 studies) ⊕⊝⊝⊝ very
lowh,i

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate
Very low quality: We are very uncertain about the estimate
CI Confidence interval, RR Risk ratio, OR Odds ratio
aThe basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based
on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI)
b4 studies with a high risk of bias were included
cfew studies reported this result
dRR > 5
e5 studies with a high risk of bias were included
fRR < 0.5
gNo explanation was provided
hI2 > 75%
i2 studies with a high risk of bias were included
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analysis did not affect the overall effectiveness. However,
the sensitivity analysis that excluded the study [8] with
maximum sample size did not suggest that TXA would
significantly decrease the incidence of reoperation for
bleeding. This result suggested that the study with the
largest number of participants largely determines the
overall effect of meta-analysis. While considering the
low risk of bias assessment in that study, we can still be-
lieve that TXA overall decrease the incidence of reopera-
tion for bleeding. In the sub-analysis of on-pump
GABG, TXA tended to reduce the incidence of reopera-
tion for bleeding. However, the effect was not statisti-
cally significant. The exclusion of the study with the
largest number of participants due to mixed surgical
types in the sub-analysis may explain this difference.
Although lots of studies have suggested that blood

transfusion and reoperation for bleeding is associated
with poor outcomes after cardiac surgery, we did not
find that TXA would reduce the risk of cerebrovascular
accident, myocardial infarction, acute renal insufficiency
or mortality despite its effectiveness in reducing transfu-
sion and reoperation for bleeding. A previous meta-
analysis had reported that TXA reduced blood transfu-
sion in off-pump CABG and did not increased the inci-
dence of postoperative adverse events [9]. However, the
sample size in that study was not sufficient to detect the
rare but clinically significant adverse events. In the
current meta-analysis, enough population were included
in the above analyses to detect clinically significant dif-
ference. Moreover, the above conclusion were strength-
ened by sensitivity analyses in trails enrolling more than
99 patients or sensitivity analyses excluded the study
with largest sample size. In addition, there was no het-
erogeneity in above analyses from the results of hetero-
geneity tests and the risk of publication bias in these
meta-analyses was quite low revealed by funnel plots.
These unexpected results may be explained by the po-
tential prothrombotic effects of TXA. It is well known
that 5 to 15% of all grafts may be blocked in the early
postoperative period even without the use of antifibrino-
lytic agents, which may led to recurrence of myocardial
ischemia, infarction, or even death [43, 44]. Perioperative
inhibition of fibrinolysis may increase the rate of early
graft occlusion rate [45]. The phenomenon that TXA re-
duced transfusion, blood loss and incidence of reopera-
tion without decreasing postoperative morality or
adverse events may be a balance of its blood conserva-
tion effect and potential prothrombotic effect.
A previous meta-analysis suggested that the risk of

seizure increased in patients with TXA exposure [46]. In
the current meta-analysis we found that TXA increased
the incidence of postoperative seizures in CABG surgery.
Several studies have suggested that the convulsant prop-
erty of TXA is likely mediated by disinhibition of gama-

aminobutyric acid type A (GABAA) receptors and gly-
cine receptor, which are two major mediators of inhib-
ition in the CNS [47, 48]. Moreover, TXA did not
interfere with N-methyl-Daspartate receptor and impact
glutamatergic synaptic transmission [48, 49]. In addition,
some studies have shown that TXA reduces cerebral
blood flow and increases the risk of cerebral infarction
which could contribute to the postoperative seizures.
However, the meta-analysis of postoperative cerebrovas-
cular accident in current study did not supported the
hypothesis that TXA increase incidence of seizures by
increasing the incidence of cerebral infarction. Moreover,
a growing number of studies have suggested the seizures
associated with TXA to be dose related [6, 50, 51].
Therefore, studies that investigate the optimize dose and
regime for administration of TXA are needed in the fu-
ture. Moreover, a growing number of studies that inves-
tigate the efficacy and safety of topical use of tranexamic
acid have been conducted in recent years due to the
promise of reducing postoperative bleeding and seizures
[52, 53]. A recent meta-analysis showed that the topical
application of TXA effectively reduces both transfusion
risk and blood loss compared to placebo and no major
differences were found between topical and intravenous
tranexamic acid with respect to safety and efficacy [54].
However, both surgical and non-surgical trials were in-
cluded in that study. While in our study, we focused on
the safety and efficiency of intravenous administration of
tranexamic acid in coronary artery bypass grafting
(CABG).
There are some limitations in this meta-analysis.

Firstly, heterogeneity due to clinical and methodological
diversity was inevitable which may affect the reliability
of the analysis results especially in meta-analyses of
transfusion and blood loss. Secondly, some data were
presented as median and interquartile range which can-
not be used in performing meta-analysis. We estimated
the mean and standard deviation from those data to per-
form meta-analysis which may compromise the reliabil-
ity of analysis results. Thirdly, the postoperative
incidence of adverse event was suggested to may be
dose-dependent [6], while we failed to performed sub-
analysis in different dose setting due to the various dos-
age and regimens of TXA administration in current
meta-analysis. Fourthly, a multicenter study that ran-
domized 2311 participants occupied the main part of
most analyses which may lead to bias. Despite the above
limitations, the current study is still the most compre-
hensive analysis on the efficacy and safety of TXA in
CABG surgery with sufficient sample size.

Conclusion
The current study systematically reviewed the existing
evidence on the efficacy and safety profile of the
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intravenous administration of TXA in CABG surgery
and showed that TXA would significantly reduce post-
operative transfusion of any blood products, 24-h post-
operative chest tube drainage and reoperation for
bleeding. In addition, our results identified for the first
time that intravenous administration of TXA in CABG
surgery did not increase the risk of prothrombotic com-
plication with sufficient sample size. However, it may in-
crease the risk of postoperative seizures. Overall,
intravenous administration of TXA in CABG surgery is
effective and safe in reducing blood loss and transfusion
according to the existing evidence and further studies
are needed to identify the optimal dose and regime for
intravenous use of TXA to achieve the best benefit with
lowest risk.
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