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[bookmark: _Toc51136079]Electronic Search strategy 
[bookmark: _Toc51136080]Efficacy analysis
[bookmark: _Toc51136081]PubMed

The search was limited to randomized controlled trials with use of the article type search filter.
Key words: (Tranexamic acid OR TXA) AND (Cardiovascular Surgical Procedures OR thoracic surgical procedures OR heart surgery OR cardiac surgery OR open-heart surgery OR Extracorporeal Circulation OR cardiopulmonary bypass OR coronary artery bypass OR CABG OR mitral valve OR aortic valve OR heart valve OR reoperation) 
[bookmark: _Toc51136082]Cochrane central register of controlled trials

The search was limited to trials with use of the search filter.
#1	MeSH descriptor: [Tranexamic Acid] explode all trees	
#2	MeSH descriptor: [Cardiac Surgical Procedures] explode all trees	
#3	MeSH descriptor: [Thoracic Surgery] explode all trees	
#4	MeSH descriptor: [Coronary Artery Bypass] explode all trees	
#5	MeSH descriptor: [Extracorporeal Circulation] explode all trees	
#6	MeSH descriptor: [Mitral Valve] explode all trees	
#7	MeSH descriptor: [Reoperation] explode all trees	
#8	#2 OR #3 OR #4 OR #5 OR #6 OR #7	
#9	#1 AND #8
[bookmark: _Toc51136083]WHO International Clinical Trials Registry Platform

Key words: Tranexamic acid AND cardiac surgery 
[bookmark: _Toc51136084]ClinicalTrials.gov 

Cardiovascular Surgical Procedures OR thoracic surgical procedures OR heart surgery OR cardiac surgery OR reoperation OR Extracorporeal Circulation OR cardiopulmonary bypass OR coronary artery bypass OR CABG OR mitral valve OR aortic valve | Complet | Completed, Suspended, Terminated, Withdrawn, Unknown status Studies | Interventional Studies | Tranexamic acid | Adult, Older Adult |
[bookmark: _Toc51136085]Analysis of seizure
[bookmark: _Toc51136086]PubMed

Key words: (Tranexamic acid OR TXA) AND (Cardiovascular Surgical Procedures OR thoracic surgical procedures OR heart surgery OR cardiac surgery OR open-heart surgery OR Extracorporeal Circulation OR cardiopulmonary bypass OR coronary artery bypass OR CABG OR mitral valve OR aortic valve OR heart valve OR reoperation) AND (seizure OR convulsion)
[bookmark: _Toc51136087]Cochrane central register of controlled trials

The same keywords as in Pubmed were used 

[bookmark: _Toc51136088]Extracted Data 

The following data were extracted using a data extraction sheet designed for this review in Excel (Microsoft).
[bookmark: _Toc51136089]Characteristics of trial participants

country and year of publication
type of surgery: CABG (%), open-chamber surgery (%), complex surgery (%), redo surgery (%), emergency procedures (%), duration of bypass (hours), duration of surgery (hours)
patient blood management: red blood cell transfusion protocol, cell salvage use (intraoperative and/or postoperative), preoperative Hb (g/dL), use of aspirin within 7 days of surgery (%), use of clopidogrel within 7 days of surgery (%)
patients’ characteristics: sex (% men), age, weight, height, 
[bookmark: _Toc51136090]Regimen of tranexamic acid used

Loading dose and eventual re-administration of TXA and timing of administration relative to the start of surgery and/or start and/or end of CPB and/or end of surgery

[bookmark: _Toc51136091]Risk factors for postoperative bleeding

The following variables were considered as risk factors to be tested in our model for postoperative blood loss:
Age, weight, sex, CPB duration, complex surgery, redux surgery, emergency procedures preoperative Hb, use of aspirin within 7 days of surgery (%), use of clopidogrel within 7 days of surgery (%)

[bookmark: _Toc51136092]Risk factors for RBC transfusion

The following variables were considered as risk factors to be tested in our model for RBC transfusion:
Age, weight, sex, CPB duration, complex surgery, redux surgery, emergency procedures preoperative Hb, use of aspirin within 7 days of surgery (%), use of clopidogrel within 7 days of surgery (%), intraoperative use of a cell salvage device, postoperative intraoperative use of a cell salvage device.
[bookmark: _Toc51136093]Risk factors for seizure 

The following variables were considered as risk factors to be tested in our model for seizure:
Age, weight, sex, CPB duration, open chamber surgery, redux surgery





[bookmark: _Toc51136094]Risk of bias within studies
[bookmark: _Toc51136095]Randomized controlled trials
[image: ]
Summary of the risk of bias within studies according to the Cochrane Collaboration tool. The percentage of studies judged to be at low (green), unclear (yellow) or high risk (red) of bias in each risk of bias domain is presented.
[bookmark: _Toc51136096]Observational studies

Risk of bias of selected studies according to the Newcastle-Ottawa scale tool.

	Study ID
	Selection
	Comparability
	Outcome
	Total (9⋆)

	
	Representativeness of exposed cohort (⋆)
	Selection of
non-exposed cohort (⋆)
	Ascertainment of
Exposure (⋆)
	Outcome of interest not present at start of study (⋆)
	⋆⋆
	Assessment
of outcome (⋆)
	Adequacy
of follow up (⋆)
	Follow-up long enough for outcomes to occur (⋆)
	

	Akay 
(2012)
	⋆
	na
	⋆
	⋆
	⋆
	0
	0
	⋆
	⋆⋆⋆⋆⋆ (5)

	Berman 
(2010)
	⋆
	na
	⋆
	⋆
	⋆
	⋆
	0
	⋆
	⋆⋆⋆⋆⋆⋆ (6)

	Bokesch
 (2012)
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆⋆⋆⋆⋆⋆⋆⋆ (8)

	Casati 
(2010)
	⋆
	na
	⋆
	⋆
	⋆
	0
	0
	⋆
	⋆⋆⋆⋆⋆ (5)

	Couture 
(2017)
	⋆
	na
	⋆
	⋆
	⋆
	⋆
	0
	⋆
	⋆⋆⋆⋆⋆⋆ (5)

	Falana 
(2014)
	⋆
	na
	⋆
	⋆
	⋆
	0
	0
	⋆
	⋆⋆⋆⋆⋆ (5)

	Jerath 
(2018)
	⋆
	na
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆⋆⋆⋆⋆⋆⋆ (7)

	Keyl 
(2011)
	⋆
	na
	⋆
	⋆
	⋆
	⋆
	0
	⋆
	⋆⋆⋆⋆⋆⋆ (6)

	Koster 
(2013)
	⋆
	⋆
	⋆
	⋆
	⋆
	0
	0
	⋆
	⋆⋆⋆⋆⋆⋆ (6)

	Maeda 
(2018)
	⋆
	⋆
	⋆
	⋆
	⋆
	0
	0
	⋆
	⋆⋆⋆⋆⋆⋆ (6)

	Makhija 
(2013)
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆⋆⋆⋆⋆⋆⋆⋆ (8)

	Martin 
(2008)
	⋆
	na
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆⋆⋆⋆⋆⋆⋆ (7)

	Mac Hugh 
(2016)
	⋆
	na
	⋆
	⋆
	⋆
	⋆
	0
	⋆
	⋆⋆⋆⋆⋆⋆ (6)

	Pena 
(2013)
	⋆
	na
	⋆
	⋆
	⋆
	0
	0
	⋆
	⋆⋆⋆⋆⋆ (5)

	Sander 
(2010)
	⋆
	na
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆⋆⋆⋆⋆⋆⋆ (7)

	Sharma 
(2013)
	⋆
	na
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆⋆⋆⋆⋆⋆⋆ (7)

	Taksaudom 
(2017)
	⋆
	na
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆⋆⋆⋆⋆⋆⋆ (7)

	Zhou 
(2017)
	⋆
	⋆
	⋆
	⋆
	⋆
	⋆
	0
	⋆
	⋆⋆⋆⋆⋆⋆⋆ (7)



The Newcastle-Ottawa Scale evaluates three quality parameters (selection, comparability, and outcome) divided across eight specific items. A study can be awarded a maximum of one star for each numbered item within the Selection and Outcome categories. A maximum of two stars can be given for Comparability. Thus, the maximum for each study is 9.


[bookmark: _Toc51136097]Parameter estimates of the PK/PD models

[bookmark: _Toc51136098]Postoperative blood loss models

[bookmark: _Toc51136099]TXA exposure marker modelled as a non-time-varying covariate

Relationship between  and postoperative blood loss was assessed using the following model:

Where  and  correspond to the observed postoperative blood loss (on logarithmic scale) and the sampling time in the jth arm of the ith study at the kth sampling point.  Parameters  and  respectively correspond to the time to reach 50% of maximal blood loss and the mean TXA concentration that achieves 50% of the maximal effect. Parameters  and corresponds to the study specific maximal blood loss and maximal effect. They were supposed to follow respectively a log-normal and a logit-normal distribution:



Where  and  are the random effects representing inter-study variability. Residual unexplained variability was assumed to be normally distributed () and scaled according to the standard error of each observation ()




	
	Posterior mean
	95% Credible interval

	Dose response
parameters
	
	

	 (ml)
	1178.8
	1047.8 - 1331.7

	 (h)
	12.95
	11.55 – 14.48

	
	0.40
	0.34 – 0.47

	 (mg/L)
	5.61
	0.68 – 11.12

	Interstudy variability
	
	

	
	0.36
	0.29 – 0.45

	
	0.38
	0.13 – 0.65

	Residual variability
	
	

	
	2.51
	2.27 – 2.79



[bookmark: _Toc51136100]TXA exposure marker modelled as a time-varying covariate

To explore TXA as a time-varying covariate during the first 48h after the start of the surgery, a second model for postoperative blood loss was fitted: 



Where  is the simulated mean TXA concentration in the jth arm of the ith study. The function  is a weighting function. Periods associated to high values of  correspond to periods that contribute the most to the overall TXA effect. The weighting function is based on a reparametrized gamma distribution:

With , the density of a gamma distribution with shape parameter  and rate parameter . Parameter  corresponds to the mode of the distribtuion (i.e. time for which the weight is maximal and so the time at which the TXA exposure contributes the most to the overall TXA effect) and  to the standard deviation.

	
	Posterior mean
	95% Credible interval

	Dose response
parameters
	
	

	  (ml)
	1157.25
	1022.7 - 1299.0

	 (h)
	12.98
	11.53 – 14.52

	
	0.40
	0.33 – 0.47

	 (mg/L)
	5.63
	2.1*10-3 - 12.59

	Time weighting
parameter
	
	

	 (h)
	3.81
	2.13 – 6.13

	
	1.41
	0.16 – 3.64

	Interstudy variability
	
	

	
	0.36
	0.28 – 0.44

	
	0.35
	0.07 – 0.62

	Residual variability
	
	

	
	2.50
	2.25 – 2.77






[bookmark: _Toc51136101]Red Blood Cell transfusion model

Relationship between  and red blood loss cell transfusion was assessed using the following model:

Where  corresponds to the proportion of patient who received red blood loss cell transfusion in the jth arm of the ith study. Parameter  corresponds to the study specific transfusion rate in absence of TXA exposure. It is supposed to follow a logit-normal distribution :

Average patient’s characteristics (bodyweight, age, CPB duration) within each study and study characteristics (risk of bias, year of publication) were assessed as potential covariates in the previous models. For example, the effect of average body weights within each study (BW) on study specific maximal blood loss was implemented in the following way:

Where  corresponds to the effect of average body weights on study specific maximal blood loss



	
	Without covariates
	With covariates

	
	Posterior mean
	95% Credible interval
	Posterior mean
	95% Credible interval

	Dose response
parameters
	
	
	
	

	(%)
	57.3%
	48.6 - 66.6
	62.2 %
	53.0 – 72.0

	
	0.30
	0.22 – 0.39
	0.34
	0.25 – 0.42

	 (mg/L)
	1.96
	1.4e-4 – 5.05
	3.12
	0.06 - 6.36

	Covariates
parameters
	
	
	
	

	 (kg-1)
	
	
	-0.12
	-0.15 – -0.09

	Interstudy variability
	
	
	
	

	
	1.12
	0.82 – 1.44
	1.24
	0.93 – 1.58

	
	0.85
	0.48 – 1.24
	1.03
	0.69 – 1.43

	Residual variability
	
	
	
	

	
	0.94
	0.81 – 1.07
	0.68
	0.59 – 0.78





[bookmark: _Toc51136102]Seizure model
Relationship between  and seizure was assessed using the following logit-linear model:
 (without covariates)

 (with covariates)

Where  corresponds to the proportion of patient with seizure in the jth arm of the ith study. Parameter  corresponds to the random intercept and is supposed normally distributed ().

	
	Without covariates
	With covariates

	
	Posterior mean
	95% Credible interval
	Posterior mean
	95% Credible interval

	Dose response
parameters
	
	
	
	

	
	-4.68
	-5.09 – -4.25
	-5.89
	-6.44 – -5.37

	
	0.012
	0.01 – 0.014
	0.007
	0.006 – 0.009

	Covariates
parameters
	
	
	
	

	
	
	
	0.017
	0.012 – 0.023

	
	
	
	0.70
	0.21 – 1.16

	Interstudy variability
	
	
	
	

	
	0.96
	0.66 – 1.28
	1.06
	0.74 – 1.42

	Residual variability
	
	
	
	

	
	1.05
	0.93 – 1.19
	0.52
	0.45 – 0.58



TXA increased the risk of postoperative seizure by 1.07 (95% CI; 1.06 to 1.09) per 10 mg/L increase in . .
Compared to closed-chamber procedures (CABG), Open-chamber surgery increased the risk of seizure by 5.47 (95% CI; 3.32 to 9.97).  
Each additional hour of CPB doubled the risk of seizure (2.01; 95% CI=1.23 to 3.19). .


[bookmark: _Toc51136103]Simulated postoperative blood loss

[image: ]

[bookmark: _GoBack]The top-left-panel shows predicted concentrations of tranexamic acid (TXA) for various regimens; the dark grey column represents the mean duration of cardiopulmonary bypass (CPB) in the meta-analysis. The top-right-panel shows predicted postoperative mediastinal blood loss without TXA (grey solid line) and for the different regimens. The lower panels show the predicted postoperative mediastinal blood loss with 90% Bayesian confidence intervals. The following TXA regimen were simulated: 100 mg/kg preoperative loading dose (blue), 30 mg/kg preoperative loading dose followed by 16 mg/kg/h during surgery and 2 mg/kg added to CPB (red), 10 mg/kg preoperative loading dose followed by 1 mg/kg/h during 12h (green), 20 mg/kg preoperative loading dose (yellow).
[bookmark: _Toc51136104]Sensitivity analysis

[bookmark: _Toc51136105]Results of analysis without imputated studies

Patient weights and durations of CPB and surgery were imputed to estimate plasma TXA exposure in 19, 1 and 18 trials, respectively. 
To assess how much imputed studies accounted for the exposure-response relationships, we performed a sensitivity analysis in which imputed studies were deleted.
[bookmark: _Toc51136106]Blood loss without imputations

TXA exposure marker modelled as a non-time-varying covariate

	
	Posterior mean
	95% Credible interval

	Dose response
parameters
	
	

	 (ml)
	1148.3
	1001.5 - 1290.5

	 (h)
	14.2
	12.4 – 16.0

	
	0.44
	0.35 – 0.54

	 (mg/L)
	14.8
	2.2 – 29.03

	Interstudy variability
	
	

	
	0.27
	0.19 – 0.37

	
	0.39
	0.07 – 0.70

	Residual variability
	
	

	
	2.33
	2.00 – 2.67






TXA exposure marker modelled as a time-varying covariate
 
	
	Posterior mean
	95% Credible interval

	Dose response
parameters
	
	

	 (ml)
	1150.01
	1007.84 - 1295.58

	 (h)
	14.15
	12.38 – 16.00

	
	0.44
	0.33 – 0.57

	 (mg/L)
	11.64
	0.34 – 27.04

	Time weighting
parameter
	
	

	 (h)
	5.06
	1.66 – 10.19

	
	2.35
	0.14 – 6.53

	Interstudy variability
	
	

	
	0.28
	0.19 – 0.37

	
	0.45
	0.06 – 0.81

	Residual variability
	
	

	
	2.34
	2.01 – 2.67


 





[image: ] 
Effect of tranexamic acid over time. The solid line, with its shaded 90% credible interval, is a parametric weight function indicating the period when tranexamic acid contributes the most to postoperative blood loss reduction. The dark grey column represents the mean duration of cardiopulmonary bypass (CPB) in the meta-analysis. 
 

[bookmark: _Toc51136107]RBC transfusions without imputations

	
	Without covariates
	With covariates

	
	Posterior mean
	95% Credible interval
	Posterior mean
	95% Credible interval

	Dose response
parameters
	
	
	
	

	(%)
	56.3%
	44.7 - 68.5
	56.3%
	44.0 – 68.0

	
	0.28
	0.16 – 0.40
	0.28
	0.16 – 0.39

	 (mg/L)
	3.40
	1.3e-4 – 8.7
	3.43
	0.004 – 8.8

	Covariates
parameters
	
	
	
	

	 (kg-1)
	
	
	-0.06
	-0.13 – 0.018

	Interstudy variability
	
	
	
	

	
	1.21
	0.81 – 1.65
	1.17
	0.78 – 1.59

	
	0.90
	0.30 – 1.60
	0.88
	0.28 – 1.58

	Residual variability
	
	
	
	

	
	1.06
	0.89 – 1.26
	1.06
	0.88 – 1.26






[bookmark: _Toc51136108]
 Seizures without imputations

	
	Without covariates
	With covariates

	
	Posterior mean
	95% Credible interval
	Posterior mean
	95% Credible interval

	Dose response
parameters
	
	
	
	

	
	-4.47
	-5.16 – -3.81
	-5.91
	-6.75 – -5.20

	
	0.008
	0.006 – 0.009
	0.007
	0.006 – 0.009

	Covariates
parameters
	
	
	
	

	
	
	
	0.016
	0.007 – 0.026

	
	
	
	0.81
	-0.41 – 1.93

	Interstudy variability
	
	
	
	

	
	1.26
	0.80 – 1.83
	1.05
	0.61 – 1.60

	Residual variability
	
	
	
	

	
	0.73
	0.62 – 0.85
	0.58
	0.48 – 0.67




[bookmark: _Toc51136109]
Results with random sampling of tranexamic exposure

We performed a sensitivity analysis in which we considered the uncertainty in the predictions of TXA exposure due to the presence of variability and uncertainty in the parameter estimates of the pharmacokinetic model used. We generated 500 data sets. In each data set, TXA exposures () were simulated using the standard errors of the TXA pharmacokinetic parameters reported by Grassin et al. Posterior mean of the parameters of the model-based meta-analyses were calculated for each data set. The distributions of the obtained values are presented as histograms. The red solid lines represent the estimations obtained using mean PK parameter

[bookmark: _Toc51136110]Blood loss



[image: ]





[bookmark: _Toc51136111]RBC transfusion

RBC transfusion without covariates

[image: ]

RBC transfusion with covariates
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[bookmark: _Toc51136112]Seizure

Seizures without covariates

[image: ]

Seizures with covariates

[image: ]



[bookmark: _Toc51136113]Results for seizure using Cmax as exposure marker


To evaluate the exposure-response relationship of tranexamic acid for seizure, the exposure marker to TXA was calculated as the mean TXA concentration from the start of surgery up to 12 h (). In this sensitivity analysis blood peak concentrations () was used instead of .

	
	Without covariates
	With covariates

	
	Posterior mean
	95% Credible interval
	Posterior mean
	95% Credible interval

	Dose response
parameters
	
	
	
	

	
	-4.36
	-4.83 – -3.89
	-6.05
	-6.59 – -5.51

	
	0.0025
	0.0014 – 0.0036
	0.003
	0.002 – 0.004

	Covariates
parameters
	
	
	
	

	
	
	
	0.017
	0.011 – 0.023

	
	
	
	0.94
	0.48 – 1.41

	Interstudy variability
	
	
	
	

	
	1.06
	0.76 – 1.46
	1.06
	0.76 – 1.44

	Residual variability
	
	
	
	

	
	1.33
	1.18 – 1.38
	0.52
	0.46 – 0.60





[bookmark: _Toc51136114]Characteristics of selected trials

Randomized controlled trials included in efficacy analysis are shown in Supplemental Digital Content 2
[bookmark: _Toc51136115]Additional studies for safety analysis
[bookmark: _Toc51136116]Randomized controlled trials

Treatment arms of randomized controlled trials of intravenous TXA that had an ineligible comparator for the efficacy analysis were selected for the safety analysis. They were considered as observational studies for this review.

Bokesch PM, Szabo G, Wojdyga R, Grocott HP, Smith PK, Mazer CD, et al. Europe
A phase 2 prospective, randomized, double-blind trial comparing the effects of tranexamic acid with ecallantide on blood loss from high-risk cardiac surgery with cardiopulmonary bypass (CONSERV-2 Trial).
J Thorac Cardiovasc Surg 2012; 143: 1022‑9.

	

	Regimen

	TXA Group 1
	TXA: 30 mg/kg loading dose 
followed by a 16 mg/kg/h infusion during surgery with 500 mg added to CPB

	TXA Group 2
	TXA: 1 g loading dose 
followed by an infusion of 400 mg/h during surgery with 500 mg added to CPB



Predicted Tranexamic Acid Plasma Concentration

[image: ]


Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration
CPB (hours)

	TXA Group 1
	24
	61
	67
	81
	98
	13.8
	2.2

	TXA Group 2
	85
	61
	67
	81
	98
	13.8
	2.2


	 

Outcomes

	
	Seizure (%)
	Neuro-exploration

	TXA Group 1
	0/24 (0)
	na

	TXA Group 2
	3/85 (3.5)
	na








CPB: Cardiopulmonary bypass; na: not available 




Makhija N, Sarupria A, Kumar Choudhary S, Das S, Lakshmy R, Kiran U. India
Comparison of epsilon aminocaproic acid and tranexamic Acid in thoracic aortic surgery: clinical efficacy and safety.
J Cardiothorac Vasc Anesth 2013; 27: 1201‑7.
   
	    
	Regimen

	TXA
	TXA was given in bolus of 10mg/kg after induction of anesthesia over 20 minutes 
followed by maintenance infusion of 1mg/kg/h until chest closure



Predicted Tranexamic Acid Plasma Concentration

[image: ]
Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	TXA
	31
	90.3
	39
	59
	100
	na
	2.3


			 
Outcomes

	
	Seizure (%)
	Neuro-exploration

	TXA
	3/31 (10)
	Seizure was diagnosed on physical examination







CPB: Cardiopulmonary bypass; na: not available


Taksaudom N, Siwachat S, Tantraworasin A. Thailand
Additional effects of topical tranexamic acid in on-pump cardiac surgery.
Asian Cardiovasc Thorac Ann 2017; 25: 24‑30.

	
	Regimen

	TXA
	After weaning from CPB, 
intravenous TXA was administered continuously at a rate of 1mg/kg/h for 6 h



Predicted Tranexamic Acid Plasma Concentration

[image: ]

Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	TXA
	40
	45
	56
	61*
	77.5
	0
	2


		
Outcomes

	
	Seizure (%)
	Neuro-exploration

	TXA
	0/40 (0)
	na





 

CPB: Cardiopulmonary bypass; na: not available; *imputed



[bookmark: _Toc51136117]Observational studies

Akay MH, Senay S, Karabulut H, Toraman F, Kocyiğit M, Alhan HC. Turkey 
Low-dose tranexamic acid use in isolated coronary artery bypass surgery. 
Ann Thorac Surg 2012; 94: 1037–8.

	
	Regimen

	TXA
	20 mg/kg of TXA was given during induction of anesthesia over 20 minutes



Predicted Tranexamic Acid Plasma Concentration

[image: ]

Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	TXA
	1443
	na
	61
	75*
	0
	na
	1


			 
Outcomes

	
	Seizure (%)
	Neuro-exploration

	TXA
	0/1445 (0)
	na



CPB: Cardiopulmonary bypass; na: not available; *imputed	




Berman M, Cardone D, Sharples L, Vuylsteke A, Klein A, Gerrard C, et al. United Kingdom
Safety and efficacy of aprotinin and tranexamic acid in pulmonary endarterectomy surgery with hypothermia: review of 200 patients.
Ann Thorac Surg 2010; 90: 1432‑6.

	
	Regimen

	TXA
	30 mg/kg of TXA loading dose, followed by a continuous infusion of 15 mg/kg/h until the end of the surgery



Predicted Tranexamic Acid Plasma Concentration

[image: ]
Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	TXA
	100
	57
	56
	76*
	100
	12
	5.5


					 
Outcomes
	
	Seizure (%)
	Neuro-exploration

	TXA
	11/100 (11)
	All patients who suffered seizures underwent computed tomography (CT) of the brain within 24 hours of the seizure.
7/11 with normal head CT.



	           
CPB: Cardiopulmonary bypass; na: not available; *imputed




Casati V, Romano A, Novelli E, D’Angelo A. Italy
Tranexamic acid for trauma.
Lancet 2010; 376: 1049‑50.

	
	Regimen

	TXA low risk
	TXA: bolus dose of 1 g before skin incision 
followed by a continuous infusion of 400 mg/h, with 500 mg added to CPB

	TXA high risk
	TXA: bolus dose of 1 g before skin incision 
followed by a continuous infusion of 400 mg/h, with 500 mg added to CPB



Predicted Tranexamic Acid Plasma Concentration
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Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	TXA low risk
	1991
	na
	na
	70
	na
	na
	1.5*

	TXA high risk
	1730
	na
	na
	68
	100
	na
	2*


			 
Outcomes
	
	Seizure (%)
	Neuro-exploration

	TXA low risk
	5/1991 (0.25)
	0

	TXA high risk
	7/1730 (0.4)
	0



CPB: Cardiopulmonary bypass; na: not available; *imputed.




Couture P, Lebon J-S, Laliberté É, Desjardins G, Chamberland M-È, Ayoub C, et al. Canada
Low-Dose Versus High-Dose Tranexamic Acid Reduces the Risk of Nonischemic Seizures After Cardiac Surgery with Cardiopulmonary Bypass.
J Cardiothorac Vasc Anesth 2017; 31: 1611‑7.

	
	Regimen

	TXA Group 1
	TXA: 30mg/kg given in bolus, 
followed by a 15mg//kg/h infusion during CPB, and 2mg/kg in CPB

	TXA Group 2
	TXA: 1000mg was given in bolus, 
followed by a 400mg/h infusion during CPB, and 500mg in CPB

	Control Group
	-



Predicted Tranexamic Acid Plasma Concentration
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Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	TXA Group 1
	2190
	na
	71
	70.6
	54.6
	na
	1.8

	TXA Group 2
	7452
	na
	70
	69.7
	54.6
	na
	1.9

	Control Group
	886
	na
	na
	66.8*
	54.6
	na
	na


	 
Outcomes
	
	Seizure (%)
	Neuro-exploration

	TXA Group 1
	34/2190 (1.6)
	All patients who experience a witnessed convulsion systematically undergo a CT scan. Non ischemic seizure 32/34 

	TXA Group 2
	46/7452 (0.6)
	All patients who experience a witnessed convulsion systematically undergo a CT scan. Non ischemic seizure 38/46

	Control Group
	0/ 886 (0)
	All patients who experience a witnessed convulsion systematically undergo a CT scan. Non ischemic seizure 0/0


	
CPB: Cardiopulmonary bypass; na: not available; *imputed.


Falana O, Patel G. USA
Efficacy and safety of tranexamic acid versus ϵ-aminocaproic acid in cardiovascular surgery.
Ann Pharmacother 2014;48: 1563‑9.

	
	Regimen

	TXA
	 1g of TXA was given in bolus, followed by a 500mg/h infusion over 5h



Predicted Tranexamic Acid Plasma Concentration
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Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	TXA
	60
	57
	64
	68*
	70
	12
	2.8



Outcomes

	
	Seizure (%)
	Neuro-exploration

	TXA
	0
	0



CPB: Cardiopulmonary bypass; na: not available; *imputed




Jerath A, Yang QJ, Pang KS, Looby N, Reyes-Garces N, Vasiljevic T, et al. USA
Tranexamic Acid Dosing for Cardiac Surgical Patients With Chronic Renal Dysfunction: A New Dosing Regimen.
Anesth Analg 2018; 127: 1323‑32.

	
	Regimen

	High risk group
	30 mg/kg TXA bolus infused over 15 minutes after induction, followed by 16 mg/kg/h infusion until chest closure with a 2 mg/kg load within the pump prime 

	Low risk group
	Single 50mg/kg TXA bolus after induction of anesthesia




Predicted Tranexamic Acid Plasma Concentration
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Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	High risk group
	22
	72.7
	66
	78.9
	100
	13.6
	2

	Low risk group
	26
	69.2
	65
	83.5
	46.1
	0
	1.2


			 
Outcomes

	
	Seizure (%)
	Neuro-exploration

	High risk group
	4/22 (18.2)
	All clinical seizure activity was documented, followed by a neurological assessment, brain computed tomography scan, and EEG at the discretion of the specialist team

	Low risk group
	0/26 (0)
	


          
CPB: Cardiopulmonary bypass; na: not available




Keyl C, Uhl R, Beyersdorf F, Stampf S, Lehane C, Wiesenack C, et al. Germany
High-dose tranexamic acid is related to increased risk of generalized seizures after aortic valve replacement.
Eur J Cardiothorac Surg 2011; 39: 114-121.

	

	Regimen

	TXA
	TXA: 100 mg/kg. Half of the dose was added to CPB, half of the dose was given over a time interval of approximately 1 h starting after sternotomy with the administration of heparin.



Predicted Tranexamic Acid Plasma Concentration
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Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	TXA
	341
	44
	73
	78.2
	100
	0
	1.4


		 
Outcomes

	
	Seizure (%)
	Neuro-exploration

	TXA
	22/341 (6.5)
	CT scan was performed if patients demonstrated focal neurological signs or decreased consciousness, depending on the decision of the intensivist. 
Only 3/22 patients had a CT scan which showed pathological findings



CPB: Cardiopulmonary bypass; na: not available.




Koster A, Börgermann J, Zittermann A, Lueth JU, Gillis-Januszewski T, Schirmer U. Germany
Moderate dosage of tranexamic acid during cardiac surgery with cardiopulmonary bypass and convulsive seizures: incidence and clinical outcome.
Br J Anaesth 2013; 110: 34‑40.

	
	Regimen

	TXA group
	Bolus of 1g of TXA and 500mg in CPB 
followed by a continuous infusion of 200mg/h limited to the time during CPB

	Control group
	-



Predicted Tranexamic Acid Plasma Concentration
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Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	TXA group
	1029
	59.9
	70
	80
	61.8
	55.6
	1.7

	Control group
	3854
	58.2
	70
	79
	55.6
	19.3
	1.5



Outcomes

	
	Seizure (%)
	Neuro-exploration

	TXA group
	26/1029 (2.5)
	if re-occurrence or suspicion of persisting neurological damage, a neurologist was involved and further diagnostics 
(CT scan and electroencephalogram) were performed

	Control group
	47/3854 (1.2)
	



CPB: Cardiopulmonary bypass; na: not available




Maeda T, Ishihara T, Miyata S, Yamashita K, Sasaki H, Kobayashi J, et al. Japan
Evaluating the Effect on Mortality of a No-Tranexamic acid (TXA) Policy for Cardiovascular Surgery.
J Cardiothorac Vasc Anesth. 2018; 32: 1627‑34.

	
	Regimen

	TXA group
	1 g of TXA was injected at the start of the surgery 
followed by a 1g/h infusion until the end of surgery

	Control group
	 -
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Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	TXA group
	956
	58.8
	68
	58
	94.5
	16.1
	3

	Control group
	956
	61.2
	68
	59
	91.1
	14.1
	3


			 
Outcomes

	
	Seizure (%)
	Neuro-exploration

	TXA group
	93/956 (9.7)
	All patients with seizures underwent routine cerebral computed tomographic scans to exclude ischemia or bleeding.
No patient had ischemia or bleeding.

	Control group
	35/956 (3.7)
	



CPB: Cardiopulmonary bypass; na: not available




Martin K, Wiesner G, Breuer T, Lange R, Tassani P. Germany
The risks of aprotinin and tranexamic acid in cardiac surgery: a one-year follow-up of 1188 consecutive patients.
Anesth Analg 2008; 107: 1783‑90.

	
	Regimen

	TXA
	2g of TXA was administered at the beginning of CPB and then as a continuous infusion at a rate of 500 mg/h until chest closure. 2g of TXA was added to the prime of the CPB equipment.
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Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	TXA
	592
	68.6
	66
	77
	55.9
	7.8
	1.7


			 
Outcomes

	
	Seizure (%)
	Neuro-exploration

	TXA
	27/592 (4.6)
	No (Clinically diagnosed)



CPB: Cardiopulmonary bypass; na: not available




McHugh SM, Kolarczyk L, Lang RS, Wei LM, Jose M, Subramaniam K. USA
A comparison of high-dose and low-dose tranexamic acid antifibrinolytic protocols for primary coronary artery bypass surgery.
Indian J Anaesth 2016; 60: 94‑101.

	
	Regimen

	TXA Group 1
	TXA loading dose of 30 mg/kg after heparinization followed by a continuous infusion of 15 mg/kg/h until the end of surgery with a 2 mg/kg priming dose in CPB

	TXA Group 2
	TXA loading dose of 15 mg/kg after heparinization followed by a continuous infusion of 6 mg/kg/h until the end of surgery with a 1 mg/kg priming dose in CPB



Predicted Tranexamic Acid Plasma Concentration
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Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	TXA Group 1
	104
	73.1
	64
	70*
	0
	0
	2

	TXA Group 2
	52
	71.2
	65
	70*
	0
	0
	1.9



Outcomes

	
	Seizure (%)
	Neuro-exploration

	TXA Group 1
	2/104 (1.9)
	No (patients were considered to have experienced a post‑operative convulsion if their discharge summary contained a diagnosis of convulsion occurring after their surgery)

	TXA Group 2
	0/52 (0)
	


     
 CPB: Cardiopulmonary bypass; na: not available; *imputed




Peña JJ, Mateo E, Martín E, Llagunes J, Carmona P, Blasco L, et al. Spain
Haemorrhage and morbidity associated with the use of tranexamic acid in cardiac surgery: a retrospective, multicentre cohort study.
Rev Esp Anestesiol Reanim 2013; 60: 142‑8.
	 
	Regimen

	TXA Group 1
	TXA initial dose of 20mg/kg and continuous infusion of 4mg/kg/hour 
until closure of the sternotomy. A further 100 mg was added to CPB 

	TXA Group 2
	TXA initial dose of 10mg/kg and continuous infusion of 2mg/kg/hour
until closure of the sternotomy. A further 50mg was added to CPB




Predicted Tranexamic Acid Plasma Concentration
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	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	TXA Group 1
	72
	77.8
	65
	72.4
	59.7
	0
	2

	TXA Group 2
	72
	73.6
	65
	75.3
	56.9
	0
	1.9


Group characteristics
	

Outcomes

	
	Seizure (%)
	Neuro-exploration

	TXA Group 1
	1/72 (1.4)
	na

	TXA Group 2
	0/72 (0)
	








CPB: Cardiopulmonary bypass; na: not available




Sander M, Spies CD, Martiny V, Rosenthal C, Wernecke K-D, von Heymann C. Germany
Mortality associated with administration of high-dose tranexamic acid and aprotinin in primary open-heart procedures: a retrospective analysis.
Crit Care 2010; 14: R148.

	
	Regimen

	Open-Chamber procedures
	 TXA was given as a bolus of 50 mg/kg before CPB 
and 50 mg/kg into the CPB circuit

	Non Open-Chamber procedures
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Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	Open-Chamber procedures
	105
	na
	68
	77
	100
	0
	1.9

	Non Open-Chamber procedures
	231
	na
	66.5
	81
	0
	0
	1.3


	 
Outcomes
	
	Seizure (%)
	Neuro-exploration

	Open-Chamber procedures
	7/105 (6.7)
	Convulsive seizures were defined as clinically apparent seizures.
All patients with seizures underwent routine cerebral CT scan to exclude ischemia or bleeding.

	Non Open-Chamber procedures
	2/231 (0.9)
	



CPB: Cardiopulmonary bypass; na: not available




Sharma V, Katznelson R, Jerath A, Garrido-Olivares L, Carroll J, Rao V, et al. Canada
The association between tranexamic acid and convulsive seizures after cardiac surgery: a multivariate analysis in 11 529 patients.
Anaesthesia 2014; 69: 124‑30.

	
	Regimen

	High risk group
	  30mg/kg of TXA was given in bolus, followed by a 16mg/kg/h infusion until chest closure with 2mg/kg added to CPB 

	Low risk group
	TXA was given as a single bolus 50mg/kg following induction of anesthesia



Predicted Tranexamic Acid Plasma Concentration
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Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	High risk group
	2847
	na
	na
	69*
	na
	na
	1.9*

	Low risk group
	8132
	na
	na
	73*
	na
	na
	1.8*


			 
Outcomes
	
	Seizure (%)
	Neuro-exploration

	High risk group
	75/2847 (2.6)
	All patients with convulsive seizures underwent neuroimaging, and were reviewed by a staff neurologist 16/99 Stroke

	Low risk group
	24/8132 (0.3)
	



CPB: Cardiopulmonary bypass; na: not available; *imputed.




Zhou Z-F, Zhang F-J, Huo Y-F, Yu Y-X, Yu L-N, Sun K, et al. China
Intraoperative tranexamic acid is associated with postoperative stroke in patients undergoing cardiac surgery.
PLoS ONE 2017; 12: e0177011.

	
	Regimen

	TXA group
	1 g of TXA was given before sternotomy, followed by a continuous infusion of 400 mg/h throughout the operation, with added 500 mg to CPB. An additional 1 g of TXA was given according to the surgeon's decision.

	Control group
	-



Predicted Tranexamic Acid Plasma Concentration
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Group characteristics

	
	n
	Male (%)
	Mean age (years)
	Mean weight (kg)
	Open Chamber (%)
	Redo surgery (%)
	Duration CPB (hours)

	TXA group
	664
	44.6
	51
	57.8
	91.3
	2.1
	2.2

	Control group
	1352
	49
	53
	59.4
	88.5
	1.1
	2.1


			 
Outcomes

	
	Seizure (%)
	Neuro-exploration

	TXA group
	8/664 (1.2)
	na

	Control group
	16/1352 (1.2)
	na



CPB: Cardiopulmonary bypass; na: not available
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