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Abstract

Background: The efficacy of tranexamic acid (TXA) to reduce perioperative blood loss and allogeneic blood
transfusion in cardiac surgeries has been proved in previous studies, but its adverse effects especially seizure has
always been a problem of concern. This meta-analysis aims to provide information on the optimal dosage and
delivery method which is effective with the least adverse outcomes.

Methods: We searched Cochrane Central Register of Controlled Trials, MEDLINE and EMBASE for all relevant articles
published before 2018/12/31. Inclusion criteria were adult patients undergoing elective heart surgeries, and only
randomized control trials comparing TXA with placebo were considered. Two authors independently assessed trial
quality and extracted relevant data.

Results: We included 49 studies with 10,591 patients into analysis. TXA significantly reduced transfusion rate (RR 0.71,
95% Cl 065 to 0.78, P<0.00001). The overall transfusion rate was 35%(1573/4477) for patients using TXA and 49%(2190/
4408) for patients in the control group. Peri-operative blood loss (MD — 246.98 ml, 95% Cl — 287.89 to — 206.06 m,
P<0.00001) and re-operation rate (RR 0.62, 95% Cl 049 to 0.79, P<0.0001) were also reduced significantly. TXA usage
did not increase risk of mortality, myocardial infarction, stroke, pulmonary embolism and renal dysfunction, but was
associated with a significantly increase in seizure attack (RR 3.21, 95% ClI 1.04 to 9.90, P = 0.04).The overall rate of seizure
attack was 0.629%(21/3378) for patients using TXA and 0.15%(5/3406) for patients in the control group.

In subgroup analysis, TXA was effective for both on-pump and off-pump surgeries. Topical application didn't reduce the
need for transfusion requirement, while intravenous delivery no matter as bolus injection alone or bolus plus continuous
infusion were effective. Intravenous high-dose TXA didn't further decrease transfusion rate compared with low-dose
regimen, and increased the risk of seizure by 4.83 times. No patients in the low-dose group had seizure attack.

Conclusions: TXA was effective in reducing transfusion requirement in all kinds of cardiac surgeries. Low-dose intravenous
infusion was the most preferable delivery method which was as effective as high-dose regimen in reducing transfusion rate
without increasing the risk of seizure.
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Background

Tranexamic acid(TXA)is a lysine analogues which acts
principally by blocking the lysine binding sites on plas-
minogen molecules, inhibiting the formation of plasmin
and therefore inhibiting fibrinolysis [1]. The efficacy of
TXA to reduce perioperative blood loss and allogeneic
blood transfusion has been studied extensively. The lat-
est Cochrane review on TXA was published in 2011
[2], the author concluded that TXA was effective in
reducing blood loss and transfusion requirement in
multiple kinds of surgeries including cardiac surgery,
and appeared to be free of serious adverse effects. How-
ever, as an anti-fibrinolytic agent, the prothrombotic
effect has always been a concern. TXA could potentially
increase the risk of myocardial infarction, stroke, and
other thrombotic complications, and has later been
shown to increase the risk of neurologic events [3, 4],
especially seizures [5].

In 2017, Myles et al. published a study on TXA usage
in cardiac surgery [6]. In this randomized controlled
trial including 4631 patients, the author found that sei-
zures occurred in 0.7 and 0.1% in TXA and placebo
group respectively (P =0.002). This recent study draws
further attention to the dosage regimen of TXA, since
adverse effects including seizure are possibly dosage-
related. The study used a high-dose regimen, in which
either 50 mg/kg or 100 mg/kg of TXA was delivered for
each patient. There is a possibility that lower dose of
TXA can be equally effective while causing less adverse
effects. In fact, TXA plasma concentrations required to
suppress fibrinolysis and plasmin-induced platelet acti-
vation are merely 10 and 16 pg/ml, respectively [7, 8].
This relatively low plasma concentration can be
reached in cardiac surgery when 10 mg/kg of TXA is
administered as a bolus then followed by continuous
infusion of 1 mgkg/h and 1mg/kg in CPB [9]. But
another potential mechanism of TXA action might be
the increase in thrombin formation, which requires
concentrations more than 126 pg/ml to be effective [10,
11]. 30 mg/kg of TXA administered as a bolus followed
by 16 mg/kg/h and 2 mg/kg in CPB prime solution was
able to maintain the plasma concentration above
114 pg/ml [9].

The dosage and delivery methods of TXA in cardiac
surgery has long been a problem of debate. Drug ad-
ministration varied significantly across studies, and no
agreement has been reached concerning the following
issues: what is the ideal dosage of TXA, whether TXA
should be delivered intravenously or topically, whether
continuous infusion or bolus injection should be used.
This study aims to summarize evidence from all trials
published before 2019 and try to provide information
on the optimal dosage and delivery method which is ef-
fective with the least adverse outcomes.
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Methods

Criteria for considering studies for this review-the PICO
framework

Patient

Adults who underwent elective heart surgery were
included in the study. Trials on urgent cases or on chil-
dren were excluded. We included both on and off pump
operations. (sentence removed).

Intervention

Tranexamic acid (TXA) was the intervention in this
study. Both topical and intravenous application of TXA
were considered.

Comparison

Only randomized controlled trials(RCTs)comparing TXA
with placebo were included in this meta-analysis. Head to
head trials comparing TXA with other fibrinolytic medica-
tions were excluded from analysis.

Outcome

Primary outcomes were transfusion rate (the propor-
tion of patients underwent blood transfusion during
hospital stay) and transfusion volume (the amounts of
blood transfused during hospital stay). Secondary out-
comes were post-operative blood loss, re-operation
rate, mortality during hospital stay, post-operative com-
plications, including seizure, stroke, myocardial infarc-
tion, pulmonary embolism and renal dysfunction.

Search methods for identification of studies

Electronic searches

MEDLINE, EMBASE, and the Cochrane Central Regis-
ter of Controlled Trials (CENTRAL) were searched sys-
tematically for relevant studies. We did not limit the
search by language or publication state. Searches in all
three databases were searched until 2018/12/31. The
methodology was developed from the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) statemen. Details for search strategies were
listed in Additional file 1.

Searching other resources

We used Google (including Google Scholar) to do com-
prehensive research on the Internet. We also scanned
the reference lists of identified articles and related re-
views for relevant studies.

Data collection and analysis

Study selection

The titles and abstracts identified in the electronic
search were independently screened by two authors to
identify trials that met previously defined inclusion
criteria.
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Data extraction and management

Two authors independently extracted study characteristics
and outcomes. Data on the following items were recorded:
type of surgery, usage of cardiopulmonary bypass (CPB),
presence or absence of a transfusion protocol, method of
TXA administration (topical or intravenous, continuous or
bolus), drug dosage, number of patients in the experiment
and control group, and the outcome measures of interest.
The discrepancy was resolved by discussion.

Risk of bias assessment

All included studies were assessed for methodological quality
by two authors independently. We used the Cochrane
Collaboration’s tool for assessing risk of bias (Version 5.1.0)
as evaluation criteria. The following domains were assessed
for each study: random sequence generation, allocation con-
cealment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data addressed
and selective reporting. Each domain for every included
study was graded into three categories: low risk of bias,
unclear risk of bias and high risk of bias.

Subgroup analysis and investigation of heterogeneity
Analysis of a-priori subgroups was performed according
to the following factors: type of surgery, usage of cardio-
pulmonary bypass (CPB), intravenous or topical appli-
cation of TXA, bolus or continuous infusion of TXA,
and TXA dosage.

Statistical analysis

For dichotomous outcomes (transfusion rate, re-operation
rate, incidence of adverse effects), we calculated relative risk
(RR) with 95% confidence interval (CI). For continuous out-
comes (post-operative blood loss or transfusion volume) re-
ported as mean and standard deviation, the mean difference
(MD) for the pooled estimates with 95% CI was calculated.
The fixed-effect model was used for analysis with no hetero-
geneity(I* = 0), and random-effect model was used for
analysis with heterogeneity (I>>0%). For outcomes with
heterogeneity, an effort was made to identify its source,
mainly through subgroup analysis. A P-value less than
or equal to 0.05 for the Q statistic was used to define
statistically significant heterogeneity. Statistical hetero-
geneity was also assessed using the I” test. I* = 0—40%:
heterogeneity might not be important; I =30-60%:
may represent moderate heterogeneity; I* =50 to 90%:
may represent substantial heterogeneity; 1> =75 to
100%: considerable heterogeneity. P <0.05 (2-sided)
was considered statistically significant for the hypo-
thesis testing. The publication bias was visualized by
symmetry of funnel plot. All statistical analyses were
performed in RevMan (version5.0; Cochrane Collabo-
ration, Oxford, UK) and Stata (version 9.0; Stata Cor-
poration, College Station, TX).
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Results

Description of studies

Search results

We identified 4541 results according to the search strategy
described above. The detailed search process was provided
in Additional file 1. After assessing 103 full-text articles for
eligibility, 49 of them were finally included in the meta-
analysis [6, 12-59] (Fig. 1).Major exclusions were provided
in Additional file 2.

Included studies

We included 49 studies with a total of 10,591 participants in
this meta-analysis. The detailed characteristics of all included
studies were listed in Additional file 3 One thing worth
noticing was that intravenous drug administration varied
significantly between trials on dosage regimen. There were
mainly two types of intravenous administration methods.
One was bolus infusion alone (14 trials) and the other was
bolus injection followed by continuous infusion (22 trials).
Since these two delivery methods varied significantly in
pharmacokinetics, we decided the cutoff value for high and
low dose TXA separately. According to what’s mentioned in
the background, we defined<50 mg/kg of TXA as low dose
for bolus injection, and < 10 mg/kg + 1 mg/kg/h TXA as low
dose for bolus plus continuous infusion.

Risk of bias in included studies

Details regarding the performance of the studies against
each domain were presented in the Risk of bias graph
(Fig. 2). Additionally, a visual summary of judgement s
about each methodological quality item for each included
trial was shown in Fig. 3.

Most of the trials included had low risk of bias on ran-
dom sequence generation, blinding, incomplete outcome
data and selective reporting. Selective reporting turned out
to be the main risk of bias in this meta-analysis. We rated
33 trials as having low risk of selective reporting, 11 trials
as having high risk of selective reporting and 5 trial as
having unclear risk of selective reporting. Typical bias for
selective reporting was that some studies failed to report
transfusion rate while only reporting transfusion volume or
vice versa. There was a risk that insignificant data were
concealed, and results were thus misrepresented. Also,
many of the trials failed to report information on allocation
concealment and were rated to be have unclear risk of bias
for this item. In summary, there were 13 trials with high
risk of bias, 13 trials with low risk of bias and 23 studies
with unclear risk of bias.

Effects of interventions

Effects and adverse outcomes

Transfusion rate

There were 31 trials with 8925 patients that reported data
on the number of patients exposed to blood transfusion.
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Fig. 1 PRISMA diagram showing article selection for the review
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The use of TXA significantly reduce the need for alloge-
neic blood transfusion by a relative 29% (RR 0.71, 95% CI
0.65 to 0.78, P<0.00001). The overall transfusion rate was
35%(1573/4477) for patients using TXA and 49%(2190/
4408) for patients in the control group, with a reduction in
absolute risk of 0.14 (95%Cl 0.12, 0.16). Heterogeneity
between these trials was moderate (Chi®> = 60.98, df =31,
P =0.001; I* = 49%) (Fig. 4).

Transfusion volume
There were 10 trials with 2105 patients that reported data
on the volume of blood transfused in all patients. The use
of TXA resulted in 0.6 units reduction of allogeneic blood
per patient (MD-0.60 units, 95% CI - 0.85 to — 0.35 unit,
P<0.00001). Heterogeneity between these trials was signifi-
cant (Chi® = 117.26, df = 9, P<0.00001; I* = 92%) (Fig. 5a).
There were 14 trials with 6610 patients that provided
data on the volume of blood transfused in those patients
transfused. The use of TXA resulted in a 1.02 units

reduction of blood transfusion per patient (MD - 1.02
units, 95% CI -1.47 to - 0.56 units, P<0.00001). Hete-
rogeneity between trials was significant (Chi* =218.12,
df = 13, P<0.00001; I* = 94%) (Fig. 5b).

Post-operative blood loss

There were 44 trials with 5560 patients that reported
post-operative blood loss. On average, TXA treatment
reduced post-operative blood loss by around 247 ml
per patient compared to control (MD - 246.98 ml,
95% CI -287.89 to —206.06 ml, P<0.00001). Heteroge-
neity between these trials was significant (Chi* = 1278.68,
df =43, P <0.00001; I* = 97%) (Fig. 6).

Re-operation There were 32 trials with 8937 patients that
reported data on reoperation for all reasons. The use of TXA
significantly decrease the risk of reoperation by 38% (RR
0.62, 95% CI 0.49 to 0.79, P<0.0001). The overall reoperation
rate was 2.4% (105/4472) for patients using TXA and 3.9%
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(173/4465) for patients in the control group, with a reduc-
tion in absolute risk of 0.01 (95%ClI 0.01, 0.02). Heterogeneity
between these trials were low (Chi® = 18.86, df = 23, P = 0.71;
I* = 0%) (Fig. 7).

Seizure

There were 11 trials with 6784 patients that reported data
for seizure. The use of TXA was associated with a 3.21 folds
increase in the risk of seizure (RR 3.21, 95% CI 1.04 to 9.90,
P =0.04). The overall rate of seizure attack was 0.62%(21/
3378) for patients using TXA and 0.15%(5/3406) for patients
in the control group, with an increase in absolute risk of 0.00
(95%CTI 0.00, 0.01).Mild heterogeneity existed between these
trials (Chi* = 3.57, df = 3, P = 0.31; I* = 16%) (Fig. 8).

Mortality, thrombotic events and renal injury

As is shown in Table 1, there was no significant difference
between TXA and control group in mortality (29 studies,
8970 patients, P =0.20), stroke (32 studies, 9257 patients,
P =0.50), myocardial infarction (32 studies, 8688 patients,
P =0.67), pulmonary embolism (18 studies, 6587 patients,
P =0.60) or renal dysfunction (19 studies, 7210 patients, P =
0.92). All of these results were of low heterogeneity with
12 = 0%. All the detailed information and forest plot of these
results were proved in Additional file 4: Figure S1, Additional
file 5: Figure S2, Additional file 6: Figure S3, Additional file 7:
Figure S4 and Additional file 8: Figure S5.

Subgroup analysis
For primary outcomes, subgroup analysis was done only on
transfusion rate, given the fact that too few studies reported
results on transfusion volume (either for all patients or for
transfused patients) to conduct subgroup evaluation.

For secondary outcomes, subgroup analysis was done
merely on seizure which was the only adverse event showing
significant difference between TXA and control group.

Transfusion rate——on and off-pump surgeries

There were 7 off-pump trials and 23 on-pump trials that re-
ported data for transfusion rate. The use of TXA significantly
reduce the need for allogeneic blood transfusion by a relative
40% (RR 0.60, 95% CI 0.44 to 0.83, P =0.002) for off-pump
trials and 29% (RR 0.71, 95% CI 0.63 to 0.80, P<0.00001) for
on-pump trials. Detailed data were provided in Additional
file 9: Figure S6.

Transfusion rate——types of surgery

There were 22 trials on CABG and 8 trials on other types of
heart surgeries that reported data for transfusion rate. The
use of TXA significantly reduce the need for allogeneic blood
transfusion by a relative 31% (RR 0.69, 95% CI 0.65 to 0.73,
P<0.00001) for CABG trials and 15% (RR 0.85, 95% CI 0.74
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to 0.96, P =0.01) for trials including other kinds of surgery.
Detailed data were provided in Additional file 10: Figure S7.

Transfusion rate——intravenous and topical application
There were 28 trials on intravenous (IV) infusion and 4
trials on topical application of TXA that reported data for

transfusion rate. For IV infusion, the use of TXA signifi-
cantly reduce the need for allogeneic blood transfusion by a
relative 30% (RR 0.70, 95% CI 0.66 to 0.74, P<0.00001).
Heterogeneity between these trials was moderate (Chi® =
29.28, df = 26, P = 0.30; I” = 11%).

For topical application, the use of TXA did not reduce
the need for allogeneic blood transfusion (RR 1.02, 95% CI
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Landymore, R.W., etal. (1997) 038 0.2 56 1.7 0.5 50 122% -1.32[1.47,-1.17) -
pleym (2003) 066 013 206 1.24 016 209 127% -0.58[-0.61,-0.55) -
Rousou, J. A, etal. (1995) 089 07 40 1.42 0685 40 10.7% -0.53[-0.83,-0.23] —
Wang, G, etal. (2012) 1.03 168 116 172 265 115 7.6% -069[1.26,-012)
Total (95% CI) 1079 1026 100.0% -0.60 [-0.85, -0.35] -
Heterogeneity: Tau®= 0.13; Chi*= 117.26, df= 9 (P < 0.00001); = 92% 5 4 : : 7
Test for overall effect: Z= 4.68 (P < 0.00001) Favours [TXA] Favours [control]
b Transfusion Volume for transfused patients
TXA Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight [V, Random, 95% CI IV, Random, 95% CI
Abul Azm (2006) 2.64 1.5 50 454 1.4 50  91% -1.90[-2.47,-1.33] -
Alizadeh Ghavidel, A, et al. (2014) 2.55 1.2 100 333 148 100 98% -0.78[1.15,-0.41) el
Aoki, M., etal. (2012) 5 2089 50 10 209 50 03% -5.00[13.19,3.19]
Chaudhary (2018) 312 0918 50 436 1.225 50  9.7% -1.24[-1.66,-0.82] -
Greiff, G., etal. (2012) 3 148 30 5 296 33 6.4% -2.00[-3.14,-0.86] -
Later, A.F. L., etal(2009) 1 15 2 22 93 103  01% -1.20[(-20.43,18.03] * >
Maddali, M. M. and M. C. Rajakumar (2007) 152 058 111 258 073 111 104% -1.06[-1.23,-0.89) -
Mirmohammadsadeghi (2018) 23 235 62 232 197 63  8.2% -0.02[-0.78,0.74] T
Murphy, G. J., etal. (2006) 146 097 50 164 16 50 93% -018[-0.70,034) T
Myles, P. S., etal. (2017) 2 148 2311 2 1.48 2320 105% 0.00 [-0.09, 0.09]
Nouraei, M., etal. (2013) 1.45 07 40 212 09 40  99% -0.67[1.02,-0.32] =
Shi, J., etal. (2013) 393 466 274 651 733 278 69% -2.58([-3.60,-1.56] -
Speekenbrink, R. G. H., et al. (1995) 2.87 19 15 313 33 15  37% -0.26 [-2.19,1.67) I
Zhang, Y., etal. (2018) 42 406 100 625 486 102 6.0% -2.05[-3.28,-0.82) -
Total (95% CI) 3245 3365 100.0% -1.02[-1.47,-0.56] ¢
Heterogeneity: Tau®= 0.52; Chi*= 218.12, df= 13 (P < 0.00001); F= 84% o B : : 50
Testfor overall effect: 2= 4.35 (P < 0.0001) Favours [experimental] Favours [control]
Fig. 5 TXA vs control—transfusion volume; a transfusion volume for all patients, b transfusion volume for transfused patients

0.87 to 1.20, P =0.76). Heterogeneity between these trials
was low (Chi* =2.18, df =3, P = 0.54; I’ = 0%) (Additional
file 11: Figure S8).

Transfusion rate——bolus and bolus plus continuous infusion
There were 10 trials on bolus infusion and 18 trials on
bolus plus continuous infusion of TXA that reported
data for transfusion rate. In the 18 trials with 2310 pa-
tients that had bolus plus continuous infusion of TXA,
the use of TXA significantly reduce the need for allo-
geneic blood transfusion by a relative 30% (RR 0.70, 95%
CI 0.65 to 0.76, P<0.00001). Heterogeneity between
these trials was moderate (Chi® = 18.92, df =17, P =0.33;
I* =10%).

In the 10 trials with 5828 patients on bolus injection
of TXA, the use of TXA significantly reduce the need
for allogeneic blood transfusion by a relative 31% (RR
0.69, 95% CI 0.64 to 0.74, P<0.00001). Heterogeneity
between these trials was moderate (Chi® = 15.05, df=9,
P =0.09; I* = 40%) (Fig. 9).

Transfusion rate——high and low dose regimen
For bolus plus continuous infusion, there were 6 trials
with low-dose regimen (<10 mg/kg + 1 mg/kg/h) and 12

trials with high-dose regimen. For bolus delivery alone,
there were 5 trials with low-dose regimen(<50 mg/kg)
and 4 trials with high-dose regimen.

For bolus plus continuous infusion, in the 6 low-
dosage trials with 265 patients, the use of TXA
significantly reduce the need for allogeneic blood trans-
fusion by a relative 50% (RR 0.50, 95% CI 0.38 to 0.67,
P<0.00001). Heterogeneity between these trials was
moderate (Chi® =8.94, df =5, P =0.11; I =44%). In the
12 high-dosage trials with 2043 patients, the use of TXA
significantly reduce the need for allogeneic blood trans-
fusion by a relative 29% (RR 0.71, 95% CI 0.65 to 0.71,
P<0.00001). Heterogeneity between trials was moderate
(Chi* =13.84, df =11, P = 0.24; I* = 21%) .

For bolus infusion alone, in the 5 low-dosage trials
with 496 patients, the use of TXA significantly reduced
the need for allogeneic blood transfusion by a relative
39% (RR 0.61, 95% CI 0.47 to 0.79, P =0.0001).Hetero-
geneity between these trials was low(Chi® = 3.40, df = 4,
P =049; I> =0%).In the 4 high-dosage trials with 5212
patients, the use of TXA significantly reduced the need
for allogeneic blood transfusion by 31%(RR 0.69, 95% CI
0.65 to 0.74, P<0.00001). Heterogeneity between these
trials was significant (Chi*> =10.17, df=3, P =0.02;
1> =71%) (Fig. 10).
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Test for overall effect: Z=11.83 (P < 0.00001)

Fig. 6 TXA vs control-post-operative blood loss

TXA Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV. Random, 95% CI
Abul Azm (2006) 722 91 50 1,209 114 50 2.9% -487.00[-527.43,-446.57) =
Ahn, 8.W, etal. (2012) 751 489 38 729 449 38 1.7% 22.00[-189.08, 233.08] P
Alizadeh Ghavidel, A., et al. (2014) 450 362 100 650 384 100 25% -200.00[-303.43,-96.57) —
Andreasen, J.J. and C. Nielsen (2004) 730 281 23 880 659 23 1.2% -150.00[-442.78,142.79) T
Aoki, M., etal. (2012) 303 12 50 492 180 50 2.8% -189.00([-247.76,-130.24) -
Armellin, G., et al. (2001) 447 262 143 720 357 140 2.7% -273.00[-346.08,-199.92) =
Baric (2007) 525 222 97 833 440 96  2.6% -308.00[-406.48,-209.52) —
Baric, D., etal. (2011) 3525 2513 40 490 334 20 2.0% -137.50 [-303.31, 28.31) S I
Bonis {2000) 573 164 20 739 228 20 24% -166.00[-289.09,-42.91) D
Casati, V., etal. (2001) 400 109 20 650 241 20 2.4% -250.00[-365.92,-134.08) -
Chaudhary (2018) 424 232 50 2 446 50 2.2% -297.00[-436.35,-157.65)
De Peppo, A P, etal. (1995) 534 288 15 724 280 15 1.7% -190.00 [-393.27,13.27]
Diprose, P, et al. (2005) 510 341 60 860 563 B0 2.0% -350.00[-516.55,-183.45)
Esfandiari, B. R., etal. (2013) 432 210 75 649 235 75 2.7% -217.00[-288.33,-145.67) I
Fawzy (2009) 626 599 19 1,040 599 19  0.8% -414.00(794.90,-3310) ¥
Greiff, G., etal. (2012) 695 830 30 1,035 717 33 0.8% -340.00[-724.78,4478) — |
Hashemi, J., etal. (2011) 432 210 50 649 365 50 24% -217.00[-333.72,-100.28) I
Hassani, E., etal. (2012) 596 254 100 800 347 50 25% -204.00[-312.30,-95.70] -
Hosseini, H., et al. (2014) 366 176.3 35 788 3495 36 2.3% -422.00[-550.24,-293.76) e
Jares, M., etal. (2003) 419 91 22 559 98 25 2.9% -140.00 [-194.05,-85.95] -
Kamada, K, etal. (2001) 546 242 17 829 346 15 1.7% -283.00 [492.51,-73.49)
Katsaros, D., et al. {1996) 474 24 104 906 51 106 3.0% -432.00[-442.75,-421.25) -
Kimenai, D. M., et al. {2016) 290 178 245 290 170 249 3.0% 0.00 [-30.70, 30.70] & i
Landymore, R. W, etal. (1997) 535 45 56 798 68 50  3.0% -263.00[-285.23,-240.77) =
Later, A. F. L., et al(2009) 760 400 99 860 548 103 2.3% -100.00 [-231.94, 31.94] I
Maddali, M. M. and M. C. Rajakumar (2007) 633 182 111 981 267 111 2.8% -348.00[-408.11,-287.89) —=
Mehr-Aein, A, et al. (2006) 320 38 33 480 75 33 3.0% -160.00[-188.69,-131.31] =
Mirmohammadsadeghi (2018) 780 444 62 665 449 63 21% 115.00 [-41.55, 271.55) s
Misfeld, M., et al. (1998) 452 138 14 880 385 14 1.6% -428.00 [-642.24,-213.76)
Murphy, G.J., et al. (2006) 390 222 50 460 222 50 2.6% -70.00-157.02,17.02] —
MNouraei, M., etal. (2013) 313 173 40 454 268 40 2.6% -141.00[-239.85,-42.15] —
Pinosky, M. L., etal. (1997) 600 49 20 1,060 127 19  2.8% -460.00[521.01,-398.99] -
pleym (2003) 475 269 40 713 243 40  2.4% -238.00[-350.34,-125.66) -
Pugh, S. C. and A. K. Wielogorski {1995) 375 215 22 615 33 23 21% -240.00 [-396.31,-83.69]
Rousou, J. A, et al. (1995) 803 44 206 1,114 45 209  3.0% -311.00[-319.56,-302.44] -
Shah, M. U. A, etal. (2015) 3401 1124 50 665 187.2 50 2.8% -324.90[-385.42,-264.38) -
Shi, J., etal. (2013) 959 515 274 1,237 691 278 25% -278.00 [-379.57,-176.43) a—
Shore-Lesserson, L., et al. (1996) 658 404 17 919 530 13 1.0%  -261.00[-607.25, 85.25) —
Speekenbrink, R. G. H., et al. (1995) 352 150 15 674 411 15 1.6% -322.00[543.41,-100.59]
Taghaddomi, R. J., et al. (2009) 471 182 50 844 363 50 2.4% -373.00 [-485.55,-260.45) —
Uozaki, Y., etal. (2001) 646 380 7 846 510 7 06% -200.00[671.15 271.15]
Wang, G., etal. (2012) 654 224 116 891 285 115 2.8% -237.00[-304.59,-169.41] -
Zaheeda, D., etal. (2002) 194 135 25 488 238 25 2.5% -294.00[-401.26,-186.74) I
Zhang, Y. etal. (2018) 879 392 100 1,154 583 102 2.2% -275.00[-411.76,-138.24] -
Total (95% Cl) 2810 2750 100.0% -246.98 [-287.89, -206.06] L 4

. 2_ - Chir= - CE= t + t t
Heterogeneity: Tau®= 14521.74; Chi*=1278.68, df= 43 (P < 0.00001); F=97% 500 -250 ) 250 500

Favours [TXA] Favours [control]

Seizure-high and low dose regimen

Among the 49 studies included, only 8 trials provided data
on seizure attack. Since there were too few studies on seiz-
ure, we combined bolus with bolus plus continuous infusion
together when analyzing high and low dose regimen(<50
mg/kg or <10 mg/kg + 1 mg/kg/h). Five trials on high dose
regimen and 3 trials on low dose regimen were analyzed.

In the 5 high-dose trials with 5807 patients, the use of
high-dosage TXA significantly increased the risk of seizure
attack by 4.83 times (RR 4.83, 95% CI 1.75 to 13.33, P =
0.002). Heterogeneity between these trials was low (Chi* =
1.37, df =2, P = 050; I> = 0%). In the 3 low-dosage trials with
313 patients, no seizure occurred in any of the trials, and the
impact of low-dosage TXA on seizure attack could not be
assessed (Fig. 11).

Impact of trial quality
We did a subgroup analysis on transfusion rate for stud-
ies with low and unclear risk of bias only and found that

the use of TXA reduced the rate of allogeneic blood
transfusion by a relative 29% (RR 0.71, 95% CI 0.68 to
0.75, P<0.00001). Heterogeneity between these trials was
significant (Chi® =59.50, df =27, P =0.0003; I*> =55%)
(Additional file 12: Figure S9). This result was largely the
same with results including all studies. Excluding trials
with high risk of bias didn’t make a difference.

Publication bias

Funnel plot comparing TXA with control group concerning
transfusion rate was provided in Additional file 13: Figure
S10. No obvious asymmetry was seen from the funnel plot,
and thus no publication bias was detected.

Discussion

In this meta-analysis, we strengthened the results that
TXA significantly reduced blood loss, transfusion re-
quirement and re-operation rate in adult cardiac surgery.
In addition to updating previous findings, we tried to
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TXA Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Alizadeh Ghavidel, A, et al. (2014) 5 100 5 100 2.9% 1.00[0.30, 3.39)
Andreasen, J. J. and C. Nielsen (2004) 1 23 [ 23 3.4% 0.17[0.02,1.28] B
Aoki, M., etal. (2012) 0 50 0 50 Not estimable
Armellin, G., et al. (2001) 4 143 5 140 29% 0.78[0.21, 2.86) I B
Brown, R. 5., etal. {1997) 0 60 0 30 Not estimable
Casati, V., etal. (2001) 0 20 0 20 Not estimable
Casati, V., etal. (2004) 1 52 3 50 1.7% 0.32[0.03,2.98) —
De Peppo, A. P., et al. (1995) 1 15 0 15  0.3% 3.00(0.13,68.26)
Diprose, P., etal. (2005) 5 60 7 60  4.0% 0.71[0.24,2.13) R
Esfandiari, B. R., etal. {2013) 1 75 1 75 0.6% 1.00([0.06,15.69]
Greiff, G., et al. (2012) 6 30 9 33 4.9% 0.73[0.30,1.82] .
Hardy, J. F., etal. {1998) 1 43 3 45  1.7% 0.35[0.04,3.23) —
Hashemi, J., etal. (2011) 1 50 1 50 0.6% 1.00[0.06,15.55]
Hosseini, H., etal. (2014) 0 35 0 36 Not estimahle
Jares, M., etal. (2003) 0 25 1 25  0.9% 0.33[0.01,7.81]
Katsaros, D., et al. {1996) 1 104 5 106 2.8%  020[0.02,1.72) —
Kimenai, D. M., et al. {2016) 12 245 10 249  57% 1.22[0.54,2.77] -
Later, A F. L., etal(2009) 14 99 14 103 7.8%  1.04[0.52 2.07) -t
Maddali, M. M. and M. C. Rajakumar (2007) 3 m 3 1M 1.7% 1.00[0.21, 4.85) -1
Mehr-Aein, A, et al. (2006) 0 33 1 33 0.9% 0.33[0.01,7.90)
Murphy, G. J., etal. (2006) 1 50 0 50 0.3% 3.00[0.13,71.92)
Myles, P. 5., etal. (2017) 32 2311 65 2320 37.0% 0.49(0.32,0.75) -
Nouraei, M., etal. (2013) 0 40 0 40 Not estimable
pleym (2003) 0 40 1 40 0.9% 0.33[0.01,7.95)
Pugh, 5. C. and A. K. Wielogorski (1995) 0 23 2 23 1.4% 0.20[0.01, 3.95)
Rousou, J. A, etal. (1995) 10 206 9 209 51% 1.13[0.47,2.72) -
Shi, J., etal. (2013) 5 274 19 279 107%  0.27(0.10,0.71] —
Shore-Lesserson, L., et al. (1996) 0 17 0 13 Mot estimable
Speekenbrink, R. G. H., et al. {1995) 0 15 0 15 Not estimable
Uozaki, Y., etal. (2001) 1 7 1 7 06% 1.00[0.0813.02)
Wang, G., etal. (2012) 0 116 2 115 1.4% 0.20 [0.01, 4.09]
Zhang, Y., etal. (2018) 0 0 0 0 Mot estimable
Total (95% CI) 4472 4465 100.0%  0.62[0.49,0.79] *
Total events 105 173
Heterogeneity: Chi*=18.86, df= 23 (P=0.71); F=0% t t t t
Test for overall effect: Z= 3.99 (P < 0.0001) o0 Fg\?ours [TXAl Favours [:oontrol] 180
Fig. 7 TXA vs control-reoperation rate
TXA Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% ClI
Aoki, M., etal. (2012) 0 50 0 50 MNot estimahle
Esfandiari, B. R., et al. (2013) 0 75 0 75 Not estimable
Greiff, G., etal. (2012) 0 30 0 33 Not estimable
Hashemi, J., etal. (2011) 0 50 1} a0 Mot estimahle
Katsaros, D., et al. {(1996) o 104 0 106 Mot estimahle
Kimenai, D. M., et al. (2016) 0 245 1 249 11.4% 0.34 [0.01, 8.28)
Later, A.F. L., et al{2009) 0 99 0 103 Mot estimahle
Myles, P. S, etal. (2017) 15 2311 2 2320 41.8% 7.53[1.72,32.89) —
MNouraei, M., etal. (2013) 0 40 0 40 Mot estimahle
Shi, J., etal (2013) 4 274 2 278 341% 2.03[0.37,10.99] — T
Zhang, Y., etal. (2018) 2 100 o0 102 127% 5.10[0.25,104.90) >
Total (95% Cl) 3378 3406 100.0% 3.21[1.04,9.90] il
Total events 21 g
ity 2= - Chif= = = CE= k t t d
Heterogeneity: Tau®= 0.22; Chi*= 3.57, df=3 {(P=0.31); F=16% 0.01 01 ] 10 100

Test for overall effect: Z=2.03 (P =0.04)

Fig. 8 TXA vs control-seizure

Favours [TXA] Favours [control]
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Endpoints Number of studies/reference Overall participants Effect estimate (RR, 95% Cl) P Heterogeneity(lz)
Mortality 29 8907 0.78(0.54, 1.14) 0.20 0%
Stroke 32 9257 0.88(0.61, 1.28) 0.50 0%
Myocardial infarction 32 8688 0.89(0.77, 1.04) 067 0%
Pulmonary embolism 18 6587 1.08(0.59,2.00) 0.60 0%
Renal dysfunction 19 7210 0.99(0.77, 1.27) 092 0%

answer three important questions: whether TXA is
effective for all kinds of elective heart surgeries on
adults, whether TXA leads to adverse effects, what’s the
preferable dose regimen and delivery method for TXA.
We found TXA to be effective for both off-pump and
on-pump operations. Although off-pump patients didn’t
undergo CPB, they were inevitability exposed be heparin,

protamine and even greater surgical trauma than on-
pump patients, and we found that these patients could
benefit as much as, if not more than on-pump patient
from TXA.

TXA did not show any trend to increase the risk of
thrombotic events including myocardial infarction,
stroke and pulmonary embolism, and wasn’t associated

TXA Control

Study or Subgroup
2.4.1 continuous+holus

Ahn, S.W., etal. (2012) 20
Andreasen, J. J. and C. Nielsen (2004) 5
Brown, R. 5., etal. {1997) 18
Casati, V., etal. {2001) 2
Casati, V., etal. (2004) 2]
De Peppo, A. P, etal. (1995) 1
Diprose, P., et al. (2005) 20
Jares, M., etal. (2003) 2
Later, A.F. L, et al(2009) a7
Misfeld, M., et al. (1998) 2
Myles, P. S., etal. (2017) 759
Pinosky, M. L., et al. (1997) 11
Rousou, J. A, et al. (1995) 72
Shi, J., etal. (2013) 166
Shore-Lesserson, L., etal. (1996) 10
Speekenbrink, R. G. H., et al. {1995) 2
Taghaddomi, R. J., et al. (2009) 8
Wang, G, etal. (2012) 37
Zabeeda, D., etal. (2002) 9
Zhang, Y., etal. (2018) 52
Subtotal (95% ClI)

Total events 483

Heterogeneity: Chi*= 18.92, df= 17 (P = 0.33); F= 10%

Test for overall effect: Z=8.77 (P < 0.00001)

2.4.2 bolus

Armellin, G., et al. (2001) 35
Diprose, P, et al. {(2005) 20
Esfandiari, B. R., etal. {2013) 22
Hardy, J. F., etal. {1998) 28
Hashemi, J., et al. {(2011) 15
Katsaros, D., et al. (1996) 11
Mehr-Aein, A, et al. (2006) 5
Murphy, G. J., et al. (2006) 13
Myles, P. S., etal. (2017) 759
pleym (2003) 7
Subtotal (95% CI)

Total events 915

Heterogeneity: Chi*=15.05, df= 9 (P = 0.09), F= 40%

Test for overall effect: Z=11.06 (P < 0.00001)

Total (95% ClI)

Total events 1398

4075

Heterogeneity: Chi*= 34.58, df= 27 (P=0.15); F= 22%

Test for overall effect: Z=14.01 (P < 0.00001)

27
6
20
4
13

27

2009

4063

Test for subaroun differences: Chi*=0.21. df=1 (P = 0.65. F=0%

Fig. 9 bolus and bolus plus continuous infusion-transfusion rate

Events Total Events Total Weight M-H, Fixed, 95% CI

1.3%
0.3%
1.3%
0.2%
0.7%
0.1%

0.3%
3.6%
0.2%

0.5%
5.2%
10.9%
0.7%
0.2%
0.6%
2.7%
1.3%
3.6%
33.8%

3.2%
1.3%
21%
1.4%
1.4%
1.3%
0.4%
0.7%
53.9%
0.4%
66.2%

100.0%

Risk Ratio Risk Ratio

M-H. Fixed. 95% CI

0.74 [0.51,1.07]
0.83 [0.30, 2.35]
0.45[0.28, 0.71]
0.50[0.10, 2.43]
0.67 [0.31,1.42)
0.33 [0.04, 2.85]

Not estimable
0.32[0.08, 1.40]
0.81 [0.66, 1.00]
0.40[0.09,1.73]

Not estimable
1.16 [0.63, 2.15]
0.69 [0.55, 0.87]
0.76 [0.68, 0.85]
0.64 [0.42, 0.95]
0,50 [0.11, 2.33]
0.62(0.28,1.35]
0.68 [0.49, 0.94]
0.37 [0.22, 0.62]
0.73 [0.58, 0.91]
0.70 [0.65, 0.76] ¢

0.54 [0.39, 0.77]
0.74[0.47,1.17] —_—
0.51 [0.34, 0.76] —_—

1.01 [0.74,1.38]
0.52[0.32, 0.84]
0.42[0.22,0.79)
0.63[0.23,1.71]
0.93[0.49,1.77]

0.70 [0.65, 0.75] |
0.88[0.35,2.18]
0.69 [0.64, 0.74] ]
0.69 [0.66, 0.73] ¢
01 02 0.5 2 5 10

Favours [experimental] Favours [control]
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XA Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M_-H, Fixed, 95% CI
2.5.1B+C (low dose)
Brown, R. 5., etal. {1997) 18 60 20 30 1.3% 045[0.28,071]
De Peppo, A P., et al. (1995) 1 15 3 15 01%  0.33[0.04,285 *
Misfeld, M., et al. (1998) 2 14 5 14  02%  040([0.09,1.73 *
Pinosky, M. L., et al. {1997) 11 20 9 19  05%  1.16[0.63, 2.15) A I
Shore-Lesserson, L., et al. (19396) 10 17 12 13 Mot estimahble
Speekenbrink, R. G. H., et al. (1995) 2 14 5 14  02%  040([0.09,1.73 *
Zabeeda, D., etal. (2002) 9 25 25 25 1.3% 0.37[0.22,062
Subtotal (95% ClI) 148 117 3.7% 0.50[0.38, 0.67] -
Total events 43 67
Heterogeneity: Chi*= 8.94, df= 5 (P = 0.11); F= 44%
Testfor overall effect. Z= 4.76 (P < 0.00001)
2.5.2 B+C (high dose)
Ahn, 5.W., etal (2012) 20 38 27 38 1.3% 0.74[0.51,1.07) I
Andreasen, J. J. and C. Nielsen (2004) 5 23 6 23 0.3% 0.83[0.30, 2.35)
Casati, V., etal. (2001) 2 20 4 20 02% 0.50[0.10,2.43]
Casati, V., etal. (2004) 9 52 13 50 07%  0.67[0.31,1.42) —
Jares, M., etal. (2003) 2 22 7 25 0.3% 0.32(0.08, 1.40] *
Later, A. F. L., et al(2009) 57 99 73 103 3.6% 0.81 [0.66, 1.00] I
Rousou, J. A, etal. (1995) 72 208 106 209 5.3% 0.69 [0.55, 0.87) _—
Shi, J., etal. (2013) 166 274 221 278 11.0% 0.76 [0.68, 0.85)
Shore-Lesserson, L., et al. (1996) 10 17 12 13 0.7% 0.64 [0.42, 0.98]
Taghaddomi, R. J., et al. (2009) 8 50 31 50 15%  0.26[0.13,0.50)
Wang, G., etal. (2012) 37 116 54 115  27%  0.68(0.49,0.94) n—
Zhang, Y., etal. (2018) 52 100 73 102 36%  0.73[0.58 091) -
Subtotal (95% ClI) 1017 1026 31.2% 0.71[0.65, 0.77] ¢
Total events 440 627
Heterogeneity: Chi*= 13.84, df=11 (P = 0.24); F=21%
Test for overall effect. Z=8.35 (P < 0.00001)
2.5.3 B (low dose)
Esfandiari, B. R., etal. (2013) 22 75 43 75 21%  0.51[0.34,0.76)
Hashemi, J., etal. (2011) 15 50 29 50 1.4% 052[0.32,084)
Mehr-Aein, A, et al. (2006) 5 33 g 33 04% 0.63[0.23,1.71] —
Murphy, G. J., et al. (2008) 13 50 14 50 07% 083[048,1.77] Y
pleym (2003} 7 40 8 40 04%  0.88(0.35 2.18) |
Subtotal (95% CI) 248 248 5.1% 0.61[0.47,0.79] -
Total events 62 102
Heterogeneity: Chi*= 3.40, df=4 (P = 0.49); F= 0%
Test for overall effect. Z= 3.79 (P = 0.0001)
2.5.4 B (high dose)
Armellin, G., et al. (2001) 35 143 63 140 3.2% 0.54 [0.39,0.77) .
Hardy, J. F., etal. (1998) 28 43 29 45  1.4%  1.01[0.74,1.38) -
Katsaros, D., et al. (1996) 11 104 27 106 1.3%  042[0.22,079)
Myles, P. S, etal. (2017) 759 2311 1086 2320 541% 0.70 [0.65, 0.75] u
Subtotal (95% CI) 2601 2611 60.0%  0.69[0.65,0.74] ¢
Total events 833 1205
Heterogeneity: Chi*=10.17,df=3 (P=0.02); F=71%
Testfor overall effect. Z=10.34 (P < 0.00001)
Total (95% Cl) 4014 4002 100.0%  0.69 [0.65,0.72] ]
Total events 1378 2001
Heterogeneity: Chi*= 43.76, df= 26 (P = 0.02); F= 41% 0 3 052 035 2 5 10:
Testfor overall effect. Z=14.34 (P < 0.00001) ’ - 3
Testfor subaroun differences: Chi*= 6.22. df= 3 (P = 0.10. = 51.8% Riquce. [Sxpariantal] Eavouss feordiol
Fig. 10 high and low dose regimen-transfusion rate
A\

with renal injury. But TXA significantly increased the
risk of seizure, which was a result well worth attention.
According to our findings, seizure was a rare event in
patients underwent cardiac surgeries. There were 11
studies that reported data on epileptic attack and 7 of
them reported no attack in both TXA and control
groups. In the other 4 studies, seizure happened at a rate
of 0.20-1.08%. Given the rare nature of seizure attack,
we consider it valuable to look at results from

retrospective observational studies. In an observational
study of 12,195 patients underwent cardiac surgery,
none of the 886 patients in the control group without
TXA administration had seizure and 80 out of 9642
patients (0.83%) with TXA delivery had seizure [60].
Takagai et al. did a meta-analysis on all kinds of re-
searches concerning the association between TXA and
seizure in cardiac surgeries [61]. They identified 16 stud-
ies with 45,235 patients, and demonstrated that TXA



Guo et al. BMC Anesthesiology (2019) 19:129

Page 12 of 16

TXA Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M_-H, Fixed, 95% CI

2.6.1 high dosage

Katsaros, D., et al. {1996) 0 104 0 106 Mot estimahle

Later, A. F. L., etal{2009) 0 99 0 103 Mot estimahle

Myles, P. 5., etal. (2017) 15 2311 2 2330 445% T7.56[1.73,33.03) — &

Shi, J., etal. {2013) 4 274 2 278 44.4% 2.03[0.37,10.99) L

Zhang, Y., etal. {(2018) 2 100 0 102 11.1% 5.10(0.25, 104.90] g

Subtotal (95% CI) 2888 2919 100.0% 4.83[1.75,13.33] -

Total events 21 4

Heterogeneity: Chi*=1.37, df=2 (P =0.50); F=0%

Test for overall effect: Z= 3.04 (P = 0.002)

2.6.2 low dosage

Esfandiari, B. R., etal. {2013) 0 75 0 75 Mot estimahle

Greiff, G, et al. {(2012) 0 30 0 33 Mot estimahble

Hashemi, J., etal. {2011) 0 50 0 50 Not estimable

Subtotal (95% CI) 155 158 Not estimable

Total events 0 0

Heterogeneity: Not applicahle

Test for overall effect: Not applicable

Total (95% CI) 3043 3077 100.0% 4.83[1.75,13.33] e

Total events 21 4

Heterogeneity: Chi*= 1.37, df = 2 (P = 0.50); F= 0% ) t t {
0.02 0.1 1 10 50

Test for overall effect. Z= 3.04 (P=0.002) , —_— .

Test for subaroun differences: Not annlicahle Eavours Tepanmentl] (Favanrs eantol

Fig. 11 high and low dose regimen-seizure
A\

therapy was associated with a statistically significant in-
crease in seizures incidence (OR =4.13; 95% CI: 2.59 to
6.57; P <0.00001). A subgroup analysis indicated a sig-
nificant increase seizure in all subgroups of 5 RCTs, 5
adjusted observational studies, and 6 unadjusted obser-
vational studies with no statistically significant subgroup
difference (P = 0.36; I = 1.5%).

We found that intravenous delivery of TXA signifi-
cantly reduced transfusion rate by 30%, while topical ap-
plication did not show any signs to reduce transfusion
requirement. This result can be further confirmed by
several studies comparing intravenous plus topical use of
TXA with intravenous application alone. In a RCT con-
ducted by Taksaudom et al. [62], 1 g of topical TXA was
poured into the pericardial cavity in addition to 1 mg/
kg/h of intravenous infusion in the experiment group,
and only 1 mg/kg/h of intravenous infusion was applied
in the control group. No significant reduction was seen
in post-operative blood loss, and transfusion rate was
even higher in the experiment group (75.6% vs 70.6%).
The same happened for another RCT conducted by
Spegar et al. in which 2.5 g topical TXA was applied in
addition to 1g+400mg/h of intravenous infusion [63].
According to existing evidence, topical TXA was not
effective enough to reduce bleeding and transfusion
requirements no matter used alone or combined with
intravenous application, and further research is needed
to justify its use in cardiac procedures.

Both continuous plus bolus and bolus delivery alone
significantly reduced transfusion rate compared to the

control group, and bolus plus continuous delivery (RR
0.70) did not seem to be more effective than bolus injec-
tion (RR 0.69). In a RCT conducted by Imtiaz, et al., 137
CABG patients were randomly assigned to receive either
bolus injection or continuous infusion of 30mg/kg
TXA, and no difference were found in blood loss or
transfusion requirements [64]. This result was in accord-
ance with our finding that bolus and bolus plus conti-
nuous delivery were equally effective. We infer that both
delivery methods are able to keep the effect compart-
ment concentration above minimum effective concen-
tration during surgery as long as dosage is enough, but
peak concentration may be higher if bolus injection
alone is applied which may cause more adverse events.
However, this hypothesis needs to be tested by pharma-
cokinetics studies.

From subgroup analysis, we can conclude that low-dose
intravenous TXA, no matter delivered as bolus injection
or bolus plus continuous infusion, was effective in redu-
cing transfusion requirements. When comparing with
high-dose regimen, lose-dose TXA was at least equally
effective, and may be even more effective in reducing
transfusion rate. The risk ratio for transfusion rate were
0.50 and 0.61 for low-dose bolus and bolus plus continu-
ous infusion separately, while for high-dose regimen risk
ratio was 0.71 and 0.69 separately. As we mentioned
above, the use of TXA was significantly associated with an
increase in seizure attack. In subgroup analysis, TXA in-
creased the risk of seizure only in patients using high-dose
regimen, and none of the patients using low-dose TXA
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had seizure attack. These evidences give us the basic con-
sumption that low-dose TXA is enough in reducing trans-
fusion requirement and is less likely to cause seizure.

There were several studies that directly compared the
effectiveness of high and low-dose regimen of TXA, but
the definition of high and low-dose regimen varied signifi-
cantly among these studies, we thus consider it improper to
combine the results together in meta-analysis. Here
we did a qualitative other than quantitative analysis
of these studies and see if they were in accordance
with our basic consumption.

We identified 6 RCTs that compare transfusion rate
between high and low dose regimen [65-72], and none of
them showed significant decrease in transfusion rate in
the high dose group. Fewer studies reported data on trans-
fusion volume, again no significant decrease were found
in allogeneic RBC transfusion in the high dose group [66,
70]. These results agreed with our previous findings. In
terms of postoperative blood loss, the results were less
unanimous. We found 8 RCTs comparing blood loss be-
tween high and low dose regimen [65-72], among which
5 studies reported no difference in blood loss [65, 66, 69,
71, 72]. Karski et al. [68] randomly assigned patients to re-
ceive 50, 100 or 150 mg/kg of TXA infusion and found
that blood loss was significantly higher in the 50 mg/kg
group. Jiménez et al. [67] reported blood loss to be signifi-
cantly reduced in patients who received 80 mg/kg TXA
compared with patients who received 40 mg/kg TXA.
Sigaut et al. (71)found that blood loss was significantly re-
duced when 30 mg/kg + 16 mg/kg/h of TXA was infused
compared with 10 mg/kg + 1 mg/kg/h of TXA. We identi-
fied 3 studies that reported data on seizure [66, 67, 70],
and none of them found significant difference between the
high and low-dose group, but there was a trend towards
more seizure attack. Jiménez et al. [67] reported seizure
rate to be 2/80 in the high-dose group and 0/80 in the low
dose group. Sigaut et al. [70] found that seizure happened
in 3 out of 285 patients in the high dose group and 1 out
of 284 patients in the low dose group. In the study con-
ducted by Du et al. [66], seizure rate were 1/87 and 1/88
in high and low dose group separately, and the dose regi-
men used in their study were 30 mg/kg + 16 mg/kg/h for
high-dose and 10 mg/kg + 2 mg/kg/h for low-dose regi-
men. From these trials which directly compared high and
low dose TXA, we can conclude that high dose TXA has
little effect in reducing transfusion requirement and tends
to cause more seizure attacks, but it may be more effective
in reducing blood loss compared to low dose regimen.

Basic researches may explain this different dosage re-
quirements. As we've mentioned in the background, TA
concentrations required to suppress fibrinolysis and
plasmin-induced platelet activation are 10 and 16 pg/ml,
respectively [7, 8]. TXA concentration of 10 pug/ml will
result in 80% inhibition of tissue plasminogen activator,
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but in order to achieve 100% inhibition of tissue plasmino-
gen activator, a tranexamic acid concentration of 100 pg/
ml is necessary [73]. Another potential mechanism of
TXA action is the increase in thrombin formation, which
requires concentrations more than 126 pg/ml to be thera-
peutic [10, 11]. It is likely that low-dose TXA as 10 mg/kg
bolus injection followed by 1 mg/kg/h continuous infusion
is able to achieve a large proportion of TXA efficacy, and
the effect added by high dose regimen isn’t large enough
to further decrease transfusion requirements but may
reduce blood loss to certain extent.

We noticed that the stratification for risk of bleeding/
transfusion may be useful in guiding the dosage of TXA.
In the RCT conducted by Sigaut et al. [70], no difference
in transfusion requirement was found between high and
low dose TXA group, but when subgroup analysis was
conducted for patients with high risk of transfusion, a
significant decrease in transfusion volume were seen in
the high-dose group. In this study, the definition of
high-risk of transfusion was as follow: “Patients were
considered at high risk for transfusion if they were
receiving a dual anti-platelet at any time within 5 days of
surgery, or in the following cases: repeat coronary artery
bypass graft, repeat valve surgery (replacement or
repair), combined coronary artery bypass graft and valve
surgery, multiple valve surgery, surgery of the aorta,
intracardiac tumor ablation, and surgery for endocardi-
tis. All other cardiac surgery procedures were considered
low risk.” We believe that further researches are needed
for patients with high-risk of bleeding to decide whether
the dosage of TXA should be raised.

Heterogeneity in transfusion rate existed between trials
(> =49%). From subgroup analysis, we can see that
heterogeneity mainly came from intravenous and topical
delivery method (intravenous I> =11%, topical I* = 0%,
subgroup differences P<0.00001).

There was significant heterogeneity in transfusion volume
(transfusion volume for all patients I* =92%, transfusion
volume for transfused patients I> = 94%) and postoperative
blood loss(I®> =97%). Topical and intravenous delivery
explained part of the problem, but we believe that hetero-
geneity mainly came from two reasons. For transfusion
volume, different studies varied in measurement of blood,
some used ml and some used blood unit which was diffe-
rent depending on different countries. For blood loss,
studies varied in the time point in measuring postoperative
blood loss, form 4 h to the several days. These sources of
heterogeneity were hard to solve by subgroup analysis, and
we thus used the random-effect model to estimate the
average effect of TXA delivery on these outcomes.

No heterogeneity existed concerning adverse events
including reoperation rate, mortality, stroke, myocardial
infarction, pulmonary embolism and renal dysfunction.
Mild heterogeneity existed concerning seizure(I*> = 16%),
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and we've identified from subgroup analysis that this
heterogeneity came from different dose regimen (high-dose
group I* = 0%).

Sensitivity analysis showed that excluding trials with
high risk of bias didn’t make a difference on the main
result of transfusion rate. While one thing worth
noticing was that the RCT conducted by Myles et al. [6]
which had the largest sample size among included
studies (sample size 4631) was with unclear risk of bias.
We consider this article to have unclear of bias mainly
for two reasons. One is that after 1392 patients had been
enrolled, they reduced the TXA dosage from 100 mg/kg
to 50 mg/kg, and the dose reduction underpowered this
trial. The other reason is that the first 2127 participants
had not been taking aspirin regularly before the trial or
had stopped taking aspirin at least 4 days before surgery,
while participants who were subsequently enrolled may
or may not have been previously exposed to aspirin
therapy. Given its large sample size, we did analysis on
rest of the studies with low and unclear risk of bias
except Myles study, and found that the use of TXA re-
duced transfusion rate by a relative 27% (RR 0.73, 95%
CI 0.68 to 0.78, P<0.00001). Excluding the trial from
Myles et al. didn’t make a difference.

This meta-analysis has several limitations. Some stud-
ies only reported transfusion volume without providing
data on transfusion rate. We contacted the correspond-
ing authors for missing data, but not much reply was
received. Another drawback was that we did not perform
a network analysis to compare the effect of high and
low-dose regimen, which underpowered our result.

Conclusions

This meta-analysis provides further evidence that TXA sig-
nificantly reduces peri-operative blood loss and transfusion
requirements in adult cardiac surgery, without increasing
the risk of serious adverse events except for seizure. The
risk of seizure is only seen in high-dose trials delivered
intravenously. High-dose TXA does not further decrease
transfusion rate and has a strong tendency to cause more
seizure attacks compared to the low-dose TXA. We
thus consider low-dose TXA(bolus injection<50 mg/kg,
or 10 mg/kg + 1 mg/kg/h)to be more preferable.
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