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Tranexamic acid reduces postoperative blood loss
in Chinese pediatric patients undergoing cardiac
surgery

A PRISMA-compliant systematic review and meta-analysis

Zhi-yao Zou, MD?, Li-xian He, MD?, Yun-tai Yao, MD, PhDP"

Abstract N\
Background: Tranexamic acid has been increasingly used for blood conservation in cardiac surgery. However, the evidence |
supporting the routine use of tranexamic acid in Chinese pediatric patients undergoing cardiac surgery remains weak. This meta-
analysis aimed to systematically review the efficacy of tranexamic acid when applying to Chinese pediatric patients undergoing
cardiac surgery.

Participants: Chinese pediatric patients undergoing cardiac surgery.
Interventions: Tranexamic acid or control drugs (saline/blank).

Methods: PUBMED, Cochrane Library, EMBASE, China National Knowledge Infrastructure (CNKI), Wanfang Data, and VIP Data till
May 4, 2021, database search was updated on August 1. Primary outcomes of interest included postoperative bleeding, allogeneic
transfusion, and reoperation for bleeding. Secondary outcomes of interest included postoperative recovery. For continuous/
dichotomous variables, treatment effects were calculated as weighted mean difference (WMD)/odds ratio and 95% confidence
interval.

Results: A database search yielded 15 randomized controlled trials including 1641 patients, where 8 studies were allocated into
non-cyanotic congenital group, 5 were allocated into cyanotic congenital group, and the other 2 were allocated into combined
cyanotic/non-cyanotic group. This meta-analysis demonstrate that tranexamic acid administration can reduce the postoperative
24 hours blood loss in non-cyanotic, cyanotic, and combined cyanotic/non-cyanotic patients, the red blood cell transfusion in non-
cyanotic and cyanotic patients, and the fresh frozen plasma transfusion in non-cyanotic and combined cyanotic/non-cyanotic
patients.

Conclusion: This meta-analysis demonstrates that tranexamic acid is highly effective in reducing the blood loss in Chinese
pediatric cardiac surgery, but it behaves poorly when it comes to the transfusion requirement. To further confirm this, more well-
designed and adequately-powered randomized trials are needed.

Abbreviations: CHD = congenital heart disease, Cl = confidence interval, CPB = cardiopulmonary bypass, FFP = fresh frozen
plasma, RBC = red blood cells, RCT = randomized controlled trial, TXA = tranexamic acid, WMD = weighted mean difference.
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1. Introduction

The pediatric patients undergoing cardiac surgery suffer from the
high risk of bleeding and transfusion. Perioperative bleeding may
lead to end-organ damage and increased complications such as
hypotension, metabolic acidosis, infection, and acute respiratory
distress.""! Congenital heart disease (CHD) has been associated
with abnormal coagulation, including low levels of fibrinogen
and platelet dysfunction.*”"! As there are differences between
children and adults, pediatric patients should be separate from
the adults during surgery for 2 reasons: the absolute blood
volume of the pediatric patients is much smaller than the adults,
which means that the minor blood loss in adults may cause
significant blood loss in the pediatrics'!; the pediatrics have
effective compensatory mechanisms, which allows the pediatrics
to remain normotensive till a large volume of blood is lost.®!

Tranexamic acid (TXA), which has been increasingly used for
blood conservation in cardiac surgery, is a synthetic antifibri-
nolytic agent acting by inhibiting tissue plasminogen and
plasmin. Results from previous trials have shown that TXA
can reduce blood loss and transfusion in patients undergoing
cardiac surgery.[”1?! Therefore, current clinical practice guide-
lines usually recommend to use TXA in various kinds of surgical
procedures including cardiac surgery.'*! However, as the
guideline points out, clinical studies on the use of TXA in
pediatric cardiac surgery have been limited by small sample sizes
and marked heterogeneity in the data.

Furthermore, some biases may exist in the results mentioned
above as most of the enrolled patients were White in the current
studies. Especially, it has been reported that there are differences
in blood coagulation function and fibrinolysis system between
the Caucasian and the Asian population,!'*!*! and many studies
have proved that differences exist in the response of patients from
different human races to some special anticoagulation drugs,
such as warfarin.'8 Results from previous trials have
reinforced that there are differences in coagulation function
and rates of cardiovascular disease among different human
races."””?" Individuals of East Asian origin (Chinese and
Japanese) have been reported to have a significantly lower risk
of venous thromboembolism.[**! Likewise, rates of cardiovascu-
lar disease are significantly higher in the South Asian population,
but not in the East Asian population when compared with
Caucasian population.*®! Ho et al®! study indicated that: East
Asian persons, defined as ethnic Chinese in they cohort, were
found to have less prothrombotic parameters including a lower
endogenous thrombin potential (ETP) than both Caucasians and
“Other Asians,” the “Other Asians” in this cohort were also had
significantly higher ETP compared with Caucasians.

As the evidence supporting the routine use of TXA in Chinese
pediatric patients undergoing cardiac surgery remains weak, we
will perform a systemic review and meta-analysis in this paper to
systematically evaluate the efficacy of TXA in Chinese pediatric
patients undergoing cardiac surgery.

2. Methods and analysis

2.1. Search strategy

We conducted a systemic review according to the Preferred
Reporting Items for Systemic Reviews and Meta-Analysis Quality
of Reporting of Meta-analysis (PRIMSA) Guidelines.*”! The
protocol of current meta-analysis was published in PROSPERO
with the registration number of CRD42019127917. Relevant
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trials were identified by computerized searches of PUBMED,
Cochrane Library, EMBASE, China National Knowledge
Infrastructure (CNKI), Wanfang Data, and VIP Data till May
4, 2021, database search was updated on August 1, using
different combination of search words as follows: (Cardiac
Surgical OR cardiopulmonary bypass) AND Tranexamic Acid
AND (randomized controlled trial OR controlled clinical trial
OR randomized OR placebo OR randomly OR trial) AND
(China OR Chinese) AND pediatric (Table S1, Supplemental
Digital Content, http:/links.lww.com/MD2/A928). No language
restriction was used. Additionally, we used the bibliography of
retrieved articles to further identify relevant studies.

2.2. Inclusion and exclusion criteria

We included all randomized controlled trials (RCTs) comparing
the efficacy of TXA with controls (saline/blank) on Chinese
children undergoing cardiac surgery. Primary outcomes of
interest included postoperative bleeding, allogeneic transfusion,
and reoperation for bleeding. Secondary outcomes of interest
included postoperative recovery: mechanical ventilation duration
(MVD), lengths of stay (LOS) in the intensive care unit (ICU),
LOS in the hospital. Exclusion criteria include studies published
as review article, case report or abstract; studies based on animal
models; duplicate publications; studies lacking information
about outcomes of interest. Two authors (ZYZ and YTY)
independently review the titles and abstracts of all identified
studies for eligibility, excluding obviously ineligible ones. The
eligibility of those remaining studies for final inclusion was
further determined by examining the full text.

2.3. Study quality assessment

Two authors (ZYZ and YTY) independently assessed the risk
of bias by using the tool described in the Cochrane Handbook
for Systematic Reviews of Interventions.**! Additionally,
modified Jadad score!**! was used independently by 2 authors
(ZYZ and YTY) to evaluate the methodologic quality of each
included trial.

2.4. Data abstraction

Two authors (YTY and LXH) independently performed data
extraction: author, year of publication, and journal of included
studies; total number of patients, number of patients in TXA, and
Control groups, gender, age; surgical procedure; data regarding
outcomes of interest. Disagreements were resolved by discussion
among all authors during the process of data abstraction.

2.5. Statistical analysis

All data were analyzed by utilizing RevMan 5.3 (Cochrane
Collaboration, Oxford, UK). Pooled odds ratio (OR) and 95%
confidence interval (CI) were estimated for dichotomous data, and
weighted mean difference (WMD) and 95% CI for continuous
data, respectively. Each outcome was tested for heterogeneity, and
randomized-effects or fixed-effects model was used in the presence
or absence of significant heterogeneity (Q-statistical test P <.05).
Sensitivity analyses were done by examining the influence of
statistical model on estimated treatment effects, and analyses
which adopt the fixed-effects model were repeated again by using
randomized-effects model and vice versa. In addition, sensitivity
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analysis also was performed to evaluate the influence of individual
study on the overall effects. Subgroup analyses were performed to
evaluate possible effects of patient characteristics and control
agents on the outcomes, if necessary. Publication bias was explored
through visual inspection of funnel plots of the outcomes. All
P values were 2-sided, and statistical significance was defined
as P<.0S.

2.6. Subgroup analysis and investigation of heterogeneity

The trials were divided into 3 subgroups according to the
cyanotic CHD, non-cyanotic CHD, and combined cyanotic/non-
cyanotic CHD.

www.md-journal.com

2.7. Ethics and dissemination

This study was a meta-analysis of previously published
literatures, ethical approval was not necessary under the ethical
committee of Fuwai Hospital.

3. Results

3.1. Search results

As depicted in the flowchart (Fig. 1), database search identified 22
articles for complete evaluation. Finally, 15'%°73%! eligible trials
with a total of 1641 participants were included in the meta-
analysis. Descriptive analyses of these articles were presented in

Y PRISMA 2009 Flow Diagram
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From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting /tems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): €1000097. doi:10.1371/journal.pmed1000097

For more information, visit www.prisma-statement.org.

Figure 1. Flowchart of the included and excluded studies.
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Table 1. Of the 15 trials, 2 were performed in the Hebei
province,?®3* 2 in Henan province,”***! 1 in Guangdong
province,*®! 1 in Guangxi province,**! 1 in Jiangxi province,?*”!
1 in Qinghai province,””) 1 in Shandong province,”® 3 in
Shanghai city,?%3%31 2 in Xinjiang province,*>*?! 1 in Zhejiang
province.*" All 15 studies were written in Chinese.

3.2. Included trials characteristics

As shown in Table 1, 15! trials included only children
undergoing correction for CHD. Eight!**=*? included only
children undergoing correction for non-cyanotic congenital
heart diseases; 5°*7*7! included only children undergoing
correction for cyanotic congenital heart diseases; and 203871
included only children undergoing correction for combined
cyanotic/non-cyanotic heart diseases. TXA administration
protocols (dosage, timing, and route) varied among included
trials. The study by Zhang et al,'*®! Wang et al®®! investigated 2
dosing protocols of TXA, it was therefore considered as 2
independent groups.

3.3. 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 judgements about each
methodological quality item for each included trial was shown
in Fig. 3. Of the 15 included trials, 6 trials!?¢-27-31:32:3%3%1 ha(
Jadad scores >3 and were considered as high-quality RCTs,
shown in Table 2.

3.4. Effects on postoperative 24 hours bleeding volume

As shown in Table 1, 7 trials¢7321 (

5 trials®*37! (6 comparisons, 236 patients), and 2 trials
(3 comparisons, 801 patients) reported postoperative 24 hours
bleeding volume in non-cyanotic, cyanotic, and combined
cyanotic/non-cyanotic patients, respectively. Meta-analysis dem-
onstrated that, TXA significantly reduced postoperative 24 hours
bleeding volume in non-cyanotic patients ((WMD =-55.04;95%
CL: -103.92 to —6.17; P=.03] with heterogeneity [I*=99%,
P <.00001]); in cyanotic patients ([WMD=-55.25; 95% CI: —
92.58 to -17.92; P=.004] with heterogeneity [I*=91%,
P<.00001]) and in combined cyanotic/non-cyanotic patients
([WMD=-27.03; 95% CI: -35.64 to —-18.41; P<.00001] with
heterogeneity [12=0%, P=.78]) (Fig. 4).

7 comparisons, 384 patients),
[38,39]

3.5. Red blood cell transfusion volume

As depicted in Table 1, 2 trials!?®3%! (2 comparisons, 74 patients),
4 trials®*3¢1 (5 comparisons, 206 patients), and 2 trials!*®3?! (3
comparisons, 801 patients) reported postoperative red blood cell
(RBC) transfusion volume in non-cyanotic, cyanotic, and
combined cyanotic/non-cyanotic patients, respectively. Meta-
analysis demonstrated that, TXA significantly reduced postoper-
ative RBC transfusion in non-cyanotic patients ([WMD=-
103.12; 95% CI: =182.90 to —23.34; P=.01] with heterogeneity
[[’=91%, P=.001]); in cyanotic patients ([WMD=-142.70;
95% CI: —=266.18 to —19.23; P=.02] with heterogeneity [[*=
96%, P<.00001]). TXA did not reduce postoperative RBC
transfusion volume in combined cyanotic/non-cyanotic patients
([WMD=18.57; 95% CIL: -137.20 to 174.34; P=.82] with
heterogeneity [12=99%, P <.00001]) (Fig. 5).
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X

Figure 2. Risk-of- bias graph for each included study. Green (+), red (-), and
yellow(?) circles indicate low, high, and unclear risk of bias, respectively.

3.6. Fresh frozen plasma transfusion volume

As depicted in Table 1, 3 trials?®***°! (3 comparisons, 210
patients), 3 trials’®***32¢! (4 comparisons, 156 patients), and
1trial®! (2 comparisons, 119 patients) reported postoperative
fresh frozen plasma (FFP) transfusion volume in non-
cyanotic, cyanotic, and combined cyanotic/non-cyanotic
patients, respectively.
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Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias

|

25% 50% 75%  100%

o
X

Low risk of bias

D Unclear risk of bias

High risk of bias

Figure 3. Risk-of-bias summary for each included study. Green (+), red (-), and yellow(?) circles indicate low, high, and unclear risk of bias, respectively.

Meta-analysis demonstrated that postoperative FFP transfu-
sion volume were similar between the TXA group and control
group in non-cyanotic patients ([WMD=-102.23; 95% CI: -
230.58-26.12; P=.12] with heterogeneity [I*=99%, P
<.00001]); in cyanotic patients ([WMD=-45.98; 95% CI: -
149.72 to 57.76; P=.39] with heterogeneity [[*=95%, P
<.00001]). TXA significantly reduced postoperative FFP
transfusion volume in combined cyanotic/non-cyanotic patients
([WMD =-44.48; 95% CI: =62.99 to -25.97; P <.00001] with
heterogeneity [I*=0%, P=.60]) (Fig. 6).

3.7. Postoperative recovery

As shown in Table 1, in non-cyanotic patients 2 trials/*>*°! (2

comparisons, 160 patients), 3 trials!?5-2%3%1 (3 comparisons, 240
patients) reported postoperative MVD and LOS in the ICU,
respectively. Meta-analysis demonstrated that TXA group had
comparable MVD ([WMD=21.54; 95% CI: -21.24-64.31;
P=.32] with heterogeneity [[*=100%, P=.32]; postoperative

LOS in the ICU [WMD=-0.51; 95% CI: -1.55-0.52; P=.33]
with heterogeneity [I*=100%, P=.32]) to control group (Fig. 7).

3.8. Sensitivity analyses and publication bias

Sensitivity analysis showed that treatment effects on all the
outcomes were not affected by the choice of statistical model
(Table 3). Sensitivity tests were also performed by exclusion of
some studies to analyze the influence of the overall treatment
effect on high heterogeneity outcomes (Table 4) but no
contradictory results were found. No significant publication
bias was detected by funnels plot examination for postoperative
24 hours bleeding volume (Fig. 8).

4. Discussion

To our best knowledge, this is the first meta-analysis dedicated to
evaluate the efficacy of TXA for Chinese pediatric patients
undergoing cardiac surgery. TXA administration can reduce the

Quality assessment of included studies.

Jadad score

Study Sample size Randomization Blindness Withdrawals Total
Di 20158 50 1 0 0 1
Han 201527 40 2 1 1 4
Huang 201308 682 1 0 0 1
Liu 2015(1)%¢! 100 2 1 0 3
Liu 2015(2)F4 100 2 1 0 3
Ma 19982 24 1 2 0 3
Qin 20152 100 0 0 0 0
Tu 201189 60 1 0 0 1
Wang 201280 80 1 0 0 1
Wang 201159 119 2 1 1 4
Wang 20122 60 1 0 0 1
Xia 201513 56 2 0 0 2
Xu 202017) 30 1 0 0 1
Yue 2005E" 30 2 2 0 4
Zhang 201019 45 1 0 0 1
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TXA

1.1.1 Non-Cyanotic

Ma 1998 163.8 1243
Liu 2015(1) 312.7 153.8
Wang 2012 156 12
Yue 2005 136.3  56.9
Di 2015 94.7 17.8
Wang 2010 711 37.9
Han 2015 83.1 5.4

Subtotal (95% Cl)

12
50
30
15
25
40
20
192

Control

Heterogeneity: Tau? = 3666.22; Chi? = 660.38, df = 6 (P < 0.00001); I> = 99%

Test for overall effect: Z = 2.21 (P = 0.03)

1.1.2 Cyanotic

Xia 2015 223 202
Liu 2015(2) 1674 1024
Tu 2011 57.97  7.74
Xu 2020 982 18.89
Zhang 2010(1) 169 124.46
Zhang 2010(2) 204.67 120.22

Subtotal (95% Cl)

30
25
28

128

Heterogeneity: Tau? = 1406.45; Chi? = 55.63, df = 5 (P < 0.00001); I>=91%

Test for overall effect: Z =2.90 (P = 0.004)

1.1.3 Cyanotic and Non-Cyanotic

Wang 2011(1) 130 943
Wang 2011(2) 135 511
Huang 2013 95.1 71.5

Subtotal (95% Cl)

40
40
353
433

Heterogeneity: Tau? = 0.00; Chi? = 0.50, df =2 (P = 0.78); I? = 0%
Test for overall effect: Z = 6.15 (P < 0.00001)

Total (95% Cl)

753

Mean Difference

Mean Difference

95% Cl IV, Random, 95% Cl
3232 1912 12 24% -159.40 [-288.43, -30.37]
4236 186.8 50 4.9% -110.90 [-177.97, -43.83] —_—
2482 123 30 81%  -92.20 [-98.35, -86.05] -
1732 719 15  62% -36.90 [-83.30, 9.50] —T
1209 121 25  6.1% -26.20 [-74.14, 21.74] —
904 729 40 7.5% -19.30 [-44.76, 6.16] -
856 47 20 82% -2.50 [-5.64, 0.64]
192 435%  -55.04 [-103.92, -6.17] -
468 236 26 2.8% -245.00[-360.99, -129.01] ————
3195 98 25 56% -152.10 [-207.66, -96.54] —_—
1131 11.88 27 82%  -55.13 [-60.45, -49.81] -
15 113.87 2254 15  7.9% -15.67 [-30.55, -0.79] =
15 164.33 78.66 15  4.5% 4.67 [-69.84, 79.18] —t
15 164.33 78.66 15 4.6%  40.34[-32.36, 113.04] N B
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Figure 4. Forest plot of postoperative 24 hours bleeding volume.
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TXA Control
Study or Subgroup Mean SD_Total Mean SD Total Weight
1.2.1 Non-Cyanotic
Di 2015 282.4 38.2 25 347 427 25 10.4%
Ma 1998 208.9592 49.2345 12 355.095 59.551 12 10.2%
Subtotal (95% CI) 37 37  20.6%
Heterogeneity: Tau? = 3009.63; Chi? = 10.57, df = 1 (P = 0.001); I> = 91%
Test for overall effect: Z =2.53 (P = 0.01)
1.2.2 Cyanotic
Liu 2015(2) 456 108 25 564 28 25 10.2%
Tu 2011 264 48 28 564 96 27  10.3%
Xia 2015 360 264 30 648 432 26 7.6%
Zhang 2010(1) 114.67  90.93 15 15467 80.43 15 10.1%
Zhang 2010(2) 135.33  84.58 15 154.67 80.43 15 10.1%
Subtotal (95% CI) 113 108 48.3%
Heterogeneity: Tau? = 17868.43; Chi? = 89.65, df = 4 (P < 0.00001); I> = 96%
Test for overall effect: Z = 2.27 (P = 0.02)
1.2.3 Cyanotic and Non-Cyanotic
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Figure 5. Forest plot of red blood cell.
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Figure 6. Forest plot of fresh frozen plasma transfusion volume.

postoperative 24 hours blood loss in non-cyanotic, cyanotic, and
combined cyanotic/non-cyanotic patients, the RBC transfusion in
non-cyanotic and cyanotic patients, and the FFP transfusion in
non-cyanotic and combined cyanotic/non-cyanotic patients. Our
meta-analysis results are consistent with those studies including
Asians!*®*?! showing that TXA is effective in reducing the blood
loss in pediatric cardiac surgery but works poorly when it comes to
the transfusion requirement. The retrospective cohort study
published by Zhang et al'*®! in Fuwai Hospital, where 2026
consecutive pediatric patients undergoing surgical repair of atrial
or ventricular septal defect or complete repair of Tetralogy of Fallot
were included, suggests that TXA is effective in reducing
postoperative blood loss but works poorly for the allogeneic

transfusion requirement, particularly in infants weighing <10kg
and children with cyanotic. Another retrospective cohort study
published by Zhang et al'*!! in Fuwai Hospital, to evaluate the
efficacy of TXA in perioperative blood conservation in pediatric
patients undergoing complete repair of Tetralogy of Fallot, the
results of this study suggested that TXA can decrease postoperative
blood loss, but has little impact on the allogeneic blood transfusion.
The RCTs published by Shimizu et all**! where a total number of
160 pediatric patients undergoing cardiac surgery with cardiopul-
monary bypass (CPB) were included, shows that TXA is effective in
reducing blood loss but not the transfusion requirement.
Evidence has suggested that there might be significant differences
among different human races with respect to blood coagulation
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Study or Subgroup _Mean SD Total Mean
1.4.1 mechanical ventilation time

Control
SD_Total Weight
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Heterogeneity: Tau? = 948.63; Chi* = 236.03, df = 1 (P < 0.00001); I> = 100%

Test for overall effect: Z=0.99 (P = 0.32)

1.4.2 intensive care unit stay
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Wang 2010 2 0.5 40 2 0.5 40 23.4%
Wang 2012 2 0.8 30 1.8 0.7 30 23.2%
Subtotal (95% CI) 120 120 69.8%

Heterogeneity: Tau? = 0.80; Chi? = 54.57, df = 2 (P < 0.00001); I* = 96%
Test for overall effect: Z = 0.98 (P = 0.33)
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Influence of statistical model on TXA efficacy of primary outcomes.

Subgroup

Statistical model

Post-op bleeding, mL
WMD (95% Cl)

Post-op RBC(u)
WMD (95% Cl)

Post-op FFP, mL
WMD (95% Cl)

MVD, h
WMD (95% Cl)

LOS in the ICU, d
WMD (95% Cl)

Fixed effects
Random effects
Fixed effects
Random effects
Fixed effects

Cyanotic
Non-cyanotic
Cyanotic and

non- cyanotic
Random effects

~21.30 (—24.06, —18.53)

~55.04 (—103.92, —6.17)

~51.16 (—56.12, —46.19)
—55.25 (—92.58, —17.92)
—27.03 (—35.64, —18.41)

—27.03 (~35.64, —18.41)

—81.62 (—101.60, —61.65)

~103.12 (~182.90, —23.34)
—154.31 (—178.45, —130.17)
—142.70 (~266.18, —19.23)

108.03 (97.09, 118.96)

18.57 (—137.20, 174.34)

—165.41
—102.23
—110.16
—45.98
—44.48

—44.48 (—62.99, —25.97)

-
(-
(—115.44, —104.87)
(-
-

175.65, —155.27)
230.58, 26.12) -

0.76 (—0.06, 1.57)
21,54 (—21.24, 64.31)

0.76 (—0.06, 1.57)
—0.51 (=155, 0.52)

149.72, 57.76)
62.99, —25.97)

95% Cl=95%confidence interval, d=day, FFP =fresh frozen plasma, h =hour, LOS in the ICU = lengths of stay in the intensive care unit, mL= milliliter, MVD = mechanical ventilation duration, OR =odds ratio,
Post-op = postoperative, RBC=red blood cell, u=unit, WMD = weighted mean difference.

Sensitivity analyses of high heterogeneity outcome.

Heterogeneity
Heterogeneity Excluded Group Group C Analysis Overall
Subgroup outcome trials TXA (n) (n) P (%) P model WMD/OR 95% Cl effect P
Non-cyanotic Post-op bleeding, mL [28,32] 165 165 99 <.00001 IV, Fixed —21.18 (—23.95, —18.41) <.00001
Post-op RBC (u) [28] 24 24 81 .02 IV, Fixed —184.99  (—264.34, —105.65)  <.00001
Post-op FFP, mL [28] 80 80 93 .0002 IV, Fixed —141.29 (—257.44, —25.15) .02
Cyanotic Post-op bleeding, mL [36] 98 93 94 <.00001 IV, Fixed —81.31 (—123.56, —39.07) .0002
Post-op RBC (u) [36] 83 78 95 <.00001 IV, Fixed —224.85 (—382.02, —67.68) .005
Post-op FFP, mL [36] 58 53 92 .0004 IV, Fixed —154.16 (—246.18, —62.14) .001
Cyanotic and Post-op bleeding, mL [38] 80 78 0 .8 IV, Fixed —32.18 (—49.77, —14.60) .0003
non-cyanotic
Post-op RBC (u) [38] 80 78 0 .33 IV, Fixed —50.24 (—74.15, —26.34) <.0001

95% Cl=95% confidence interval, d=day, FFP =fresh frozen plasma, h=hours, mL=milliliter, OR=odds ratio,

weighted mean difference.

and fibrinolysis functions.!'*'>1%21! Previous meta-analysis by
Faraoni et al**! and Siemens et al,'**! demonstrated that TXA
administration reduced both postoperative bleeding and blood

Post-op = postoperative, RBC=red blood cell, TXA=tranexamic acid, u=unit, WMD=

transfusion requirement in Caucasian pediatrics undergoing
cardiac surgery. Our meta-analysis including only Chinese (Asian)
pediatric cardiac surgical patients showed similar results.
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Figure 8. Funnels plot examination for postoperative 24 hours bleeding volume.
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The inconsistencies in the findings between our meta-analysis
and meta-analysis mentioned above are likely caused by the
difference in human races of patients. For this reason, in order to
complete the objective of this review, we made a comparison with
the Caucasian pediatric population to show its relevance or really
if this discrepancy exists.

4.1. Comparison with the Caucasian pediatric population:

Database search identified 5 articles™ ™! for complete evalua-
tion. Of the 5 trials, 31*>*7*°! included only Caucasian children
undergoing correction for non-cyanotic congenital heart diseases;
314647491 included only Caucasian children undergoing correc-
tion for cyanotic congenital heart diseases; and 21*%* included
only Caucasian children undergoing correction for combined
cyanotic/non-cyanotic heart diseases.

Meta-analysis demonstrated that, TXA administration can
reduce the postoperative 24 hours blood loss in cyanotic and
combined cyanotic/non-cyanotic Caucasian pediatric patients
(Figure S1, Supplemental Digital Content, http:/links.lww.com/
MD2/A925), the RBC transfusion in non-cyanotic Caucasian
pediatric patients (Figure S2, Supplemental Digital Content,
http:/links.lww.com/MD2/A926), and the FFP transfusion in
cyanotic Caucasian pediatric patients (Figure S3, Supplemental
Digital Content, http:/links.lww.com/MD2/A927).

The results of meta-analysis between the Caucasian and
Chinese pediatric populations showing that TXA is effective in
reducing the blood loss in both Caucasian and Chinese pediatric
cardiac surgery but works inconsistently when it comes to the
transfusion requirement.

The efficacy of TXA on postoperative RBC and FFP
transfusion requirement are inconsistent between the cyanotic
and combined cyanotic/non-cyanotic patients groups, which is
mainly caused by the fact that: cyanotic heart disease is often
characterized by a complex coagulation disorder that increases
both the thrombotic and the hemorrhagic risk in children and
adults who undergo cardiac surgery.®”*°! Cyanotic children
undergoing cardiac surgery reportedly have significantly preop-
erative coagulation anomalies and require more fibrinogen
supplementation postoperatively.>®! Standard coagulation tests
have numerous limitations in predicting thrombotic or bleeding
events after complex cardiac surgical corrections.**%! Firstly,
prothrombin time (PT) and activated partial thromboplastin time
(aPTT) tests are conducted on plasma, while the events related to
the hemostasis and thrombosis occur in vivo in the blood stream
where cells and clotting factors synergistically interact. Secondly,
the platelet count does not provide information on the platelet
function. The efficacy of TXA in antifibrinolytic, anti-platelet
activation, and anti-inflammatory might be more beneficial in
infants weighing <10kg and pediatric patients with cyanotic,*”’
while trails included in our meta-analysis did not have a subgroup
analysis through weight.

Several factors may explain the high degree of heterogeneity
observed between the included studies.

(1) The guideline of applying TXA as well as the pharmaco-
logical data of TXA in pediatric cardiac surgery are not yet
available.

Since the suspension of aprotinin in 2007, TXA has become the
main antifibrinolytic agent for preventing blood loss in cardiac
surgery.'>®! However, as the guideline points out, clinical studies
on the use of TXA in pediatric cardiac surgery have been limited
by small sample sizes and marked heterogeneity in the data.**! In
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fact, no pharmacological data on TXA are available in the
pediatric cardiac surgery population. Therefore, the choice of the
TXA dosage was not based on pharmacodynamics data about the
fibrinolytic inhibiting activity of the drug. Instead, the anesthesi-
ologist decides whether to apply TXA for blood protection in
pediatric cardiac surgery according to their personal experience.
At present, there is wide variation in the dosage of TXA
recommended for use during pediatric cardiac surgery (loading
doses of TXA ranged from 10 to 100 mg/kg and maintenance
doses ranged from 1 to 15 mg/kg/h).°%! In the included studies,
the variability in the dosage schemes used is striking (Table 1).
After anesthetic induction, some studies used a single bolus that
ranged from 10 to 100mg/kg.!?®?”-38! Others used several
boluses: at anesthetic induction, in the CPB priming, after
protamine administration and end of operation.[>3:28-33:35-381
Still other studies used continuous infusion during and after
CPB.PH

(2) Allogeneic transfusion protocols inconsistent.

Most of the included studies did not describe the transfusion
protocols that have been used. In the absence of this information,
the efficacy of TXA is difficult to evaluate.

(3) Several of the published studies are drawn from the same
team.

For this reason, we performed a sensitivity analysis to evaluate
the impact on the results. The exclusion of these studies reduces
the number of patients included in our analysis but did not
change the overall results.

4.2. Limitations

This study has some limitations. Meta-analysis can increase the
power of analysis by pooling many small low-quality studies, but
different administration modalities of TXA (e.g., dose, timing),
varied surgical operation types and different clinical practices,
quality and heterogeneity issues of included studies may limit the
certainty of the findings of meta-analysis. There were significant
differences among the 15 clinical trials included in the meta-
analysis with respect to sample size, study design, outcome
definition, allogeneic transfusion protocols, etc; so the statistical
analysis results of the current study should be explained with
caution. To confirm this, more well designed and adequately-
powered randomized trials are needed.

5. Conclusion

To conclude, TXA is highly effective in reducing the blood loss in
Chinese pediatric cardiac surgery, but it works poorly when it
comes to the transfusion requirement. To further confirm this,
more well-designed and adequately-powered randomized trials
are needed.

Acknowledgments

The authors were grateful to Mr Zhong-Yi Zhao for linguistic
suggestion.

Author contributions

Conceptualization: Yuntai Yao.

Data curation: Zhiyao Zou, Lixian He.

Formal analysis: Zhiyao Zou, Yuntai Yao.
Investigation: Zhiyao Zou, Yuntai Yao, Lixian He.


http://links.lww.com/MD2/A925
http://links.lww.com/MD2/A925
http://links.lww.com/MD2/A926
http://links.lww.com/MD2/A927

Zou et al. Medicine (2022) 101:9

Methodology: Zhiyao Zou, Yuntai Yao, Lixian He.
Project administration: Yuntai Yao.

Software: Zhiyao Zou, Yuntai Yao, Lixian He.
Validation: Yuntai Yao.

Writing — original draft: Zhiyao Zou, Lixian He.
Writing — review & editing: Zhiyao Zou, Yuntai Yao.

References
[1] Murphy GJ, Reeves BC, Rogers CA, Rizvi SI, Culliford L, Angelini G.

Increased mortality, postoperative morbidity, and cost after red blood
cell transfusion in patients having cardiac surgery. Circulation
2007;116:2544-52.

[2] Colson PH, Gaudard P, Fellahi JL, et al. Active bleeding after cardiac
surgery: a prospective observational multicenter study. PLoS One
2016;11:162396.

[3] Pasrija C, Ghoreishi M, Whitman G, et al. Mitigating the risk:
transfusion or reoperation for bleeding after cardiac surgery. Ann
Thorac Surg 2019;14:124-9.

[4] Tempe DK, Virmani S. Coagulation abnormalities in patients with
cyanotic congenital heart disease. ] Cardiothorac Vasc Anesth 2002;16:
752-65.

[5] Gertler R, Hapfelmeier A, Tassani-Prell P, Wiesner G, Martin K. The
effect of cyanosis on perioperative platelet function as measured by
multiple electrode aggregometry and postoperative blood loss in
neonates and infants undergoing cardiac surgery. Eur | Cardiothorac
Surg 2015;48:301-7.

[6] Auluck A, Manohar C. Haematological considerations in patients
with cyanotic congenital heart disease: a review. Dental update 2006;33:
617-8.

[7] Jensen AS, Johansson PI, Bochsen L, et al. Fibrinogen function is
impaired in whole blood from patients with cyanotic congenital heart
disease. Int J Cardiol 2013;167:2210-4.

[8] Lee A, Charnock E, Miller A. Preparation and use of resuscitation
equipment to assess and treat children in emergency situations. Nurs
Child Young People 2015;27:30-7.

[9] Ortmann E, Besser MW, Klein AA. Antifibrinolytic agents in current
anaesthetic practice. Br ] Anaesth 2013;111:549-63.

[10] Wang G, Xie G, Jiang T, et al. Tranexamic acid reduces blood loss after

off-pump coronary surgery: a prospective, randomized, double-blind,

placebo-controlled study. Anesthesia and analgesia 2012;115:239-43.

Adler Ma SC, Brindle W, Burton G, et al. Tranexamic acid is associated

with less blood transfusion in off-pump coronary artery bypass graft

surgery: a systematic review and meta-analysis. ] Cardiothorac Vasc

Anesth 2011;25:26-35.

Murphy GJ, Mango E, Lucchetti V, et al. A randomized trial of

tranexamic acid in combination with cell salvage plus a meta-analysis of

randomized trials evaluating tranexamic acid in off-pump coronary
artery bypass grafting. ] Thorac Cardiovasc Surg 2006;132:475-80.

Ferraris VA, Brown JR, Despotis GJ, et al. update to the Society of

Thoracic Surgeons and the Society of Cardiovascular Anesthesiologists

blood conservation clinical practice guidelines. Ann Thorac Surg

2011;91:944-82.

YuHY, Liu CH, Chen YS, et al. Relationship of international normalized

ratio to bleeding and thromboembolism rates in Taiwanese patients

receiving vitamin K antagonist after mechanical valve replacement. |

Formos Med Assoc 2005;104:236-43.

[15] Kain K, Catto AJ, Grant PJ. 18-impaired fibrinolysis and increased
fibrinogen levels in South Asian subjects. Atherosclerosis 2001;156:
457-61.

[16] El Rouby S, Mestres CA, LaDuca FM, Zucker ML. 20-Racial and ethnic
differences in warfarin response. ] Heart Valve Dis 2004;13:15-21.

[17] Wang X, Zheng Z, Ao H, et al. comparison before and after aprotinin
was suspended in cardiac surgery: different results in the real world
from a single cardiac center in China. ] Thorac Cardiovasc Surg
2009;138:897-903.

[18] Kimmel SE, Christie J, Kealey C, et al. Apolipoprotein E genotype and
warfarin dosing among Caucasians and African Americans. Pharmaco-
genomics ] 2008;8:53-60.

[19] Roberts LN, Patel RK, Arya R. Venous thromboembolism and ethnicity.
Br J Haematol 2009;146:369-83.

[20] Chaturvedi N. Ethnic differences in cardiovascular disease. Heart

2003;89:681-6.

[11

(12

[13

[14]

11

www.md-journal.com

[21] Ho P, Ng C, Rigano J, et al. Significant age, race and gender differences in
global coagulation assays parameters in the normal population. Thromb
Res 2017;154:80-3.

[22] Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement. BMJ
2009;339:2535.

[23] Higgins JP, Altman DG, Gotzsche PC, et al. The Cochrane Collabo-
ration’s tool for assessing risk of bias in randomised trials. BM]J
2011;343:d5928.

[24] Lan X, Liu MG, Chen HX, et al. Efficacy of immunosuppression
monotherapy after liver transplantation: a meta-analysis. World J
Gastroenterol 2014;20:12330-40.

[25] Qin JH, Zhang XR, Zhu J. Effect of tranexamic acid on coagulation
function in children with congenital heart disease undergoing cardiopul-
monary bypass. Hainan Med ] 2015;9:1345-6.

[26] Liu YQ, Li SQ, Zhao HT, Zhao YL. Effect of ulinastatin and tranexamic
acid on inflammatory and coagulation indexes in children undergoing
ventricular septal defect repai. Shandong Med ] 2015;42:4-6.

[27] Han XL, Wu JY. Hemocoagulase in extracorporeal circulation in heart
surgery hemostatic curative effect observation. Qingdao Med ]
2012;4:14-6.

[28] Di Y, Ren YY, Xing JL. Protective effect of hemagglutinin for injection
combined with tranexamic acid on blood during extracorporeal
circulation of ventricular septal defect in infants. China Practical Med
2015;10:147-8.

[29] Wang SJ, Xie YK, Li B. Comparison of efficacy and safety of tranexamic
acid and half aprotinin in pediatric congenital heart disease surgery.
Mater Child Health Care Chin 2012;22:3509-11.

[30] Wang LH, Zhong H, Deng M. The efficacy of tranexamic acid versus
placebo in decreasing blood loss in infant undergoing cardiac surgery.
Chin J Clinical Med 2012;17:123-5.

[31] YUE J, Yang J, Deng SZ. Comparative study on the effect of tranexamic
acid and aprotinin on guanosine monophosphate 140 during cardiopul-
monary bypass in children. Chin J Prim Med Pharm 2005;12:1317-9.

[32] Ma SF, Qiao J, Zhang LS. Protective effect of hemostatic cyclic acid on
platelets during cardiopulmonary bypass. Chin J Thorac Cardiovasc
Surg 1998;14:99-100.

[33] Xia L, Yuan F, Yang PJ, Dong TL. Saving effect of tranexamic acid in
pediatric patients undergoing radical correction of tetralogy of Faliot
with cardiopulmonary bypass. Chin ] Anesthesiol 2015;35:677-80.

[34] Liu YQ, Bao WJ, Jiang YN, Jiang YL. Protective effect of tranexamic acid
and ulinastatin on coagulation function in children with tetralogy
of Fallot after cardiopulmonary bypass surgery. Shandong Med ]
2015;5:48-9.

[35] Tu J, Zhang BD, Lv ], Liang DK. Blood conservative effects of
tranexamic acid on children with cyanotic congenital heart disease. J
Appl Clin Pediatr 2011;26:1793-5.

[36] Zhang S], Zhu DM, Shen J, Wang W. The effects of tranexamic acid in
pediatric extracorporeal circulation. Chin | ECC 2010;8:166-8.

[37] Xu HQ, Guo C, Zhang S. Study on the protective effect of tranexamic
acid on coagulation function in infants with tetralogy of Fallot. XinJiang
Med ] 2020;55:529.

[38] Huang GD, Peng LM. Effect of tranexamic acid on postoperative
hemostasis in infants with cardiopulmonary bypass. PJCCPVD 2013;21:
66-7.

[39] Wang LH, Zhou S], Wang X. Effect of tranexamic acid on postoperative
hemostasis and inflammatory mediators in infants with congenital heart
disease: a randomized controlled trial. Chin J Evid Pediatr 2010;6:420—4.

[40] Zhang Y, Zhang X, Wang Y, et al. Efficacy and safety of tranexamic acid
in pediatric patients undergoing cardiac surgery: a single-center
experience. Front Pediatr 2019;7:181-5.

[41] Zhang Y, Wang R, Wang YH, Wang HL. Effects of tranexamic acid
on the blood conservation and the long-term prognosis in pediatric
patients undergoing repair for tetralogy of fallot. Natl Med J China
2019;9:3564-7.

[42] Shimizu K, Toda Y, Iwasaki T, et al. Effect of tranexamic acid on blood
loss in pediatric cardiac surgery: a randomized trial. J Anesth
2011;25:823-30.

[43] Faraoni D, Willems A, Melot C, De Hert S. Efficacy of tranexamic acid in
paediatric cardiac surgery: a systematic review and meta-analysis.
European ] Anesth 2012;42:781-6.

[44] Siemens K, Sangaran DP, Hunt BJ, Murdoch IA, Tibby SM.
Antifibrinolytic drugs for the prevention of bleeding in pediatric cardiac
surgery on cardiopulmonary bypass: a systematic review and meta-
analysis. Anesth Analg 2021;1-14.


http://www.md-journal.com

Zou et al. Medicine (2022) 101:9

[45] Couturier R, Rubatti M, Credico C. Continuous or discontinuous
tranexamic acid effectively inhibits fibrinolysis in children undergoing
cardiac surgery with cardiopulmonary bypass. Blood Coagul Fibrinolysis
2014;25:259-65.

Bulutcu FS, Ozbek U, Polat B. Which may be effective to reduce blood
loss after cardiac operations in cyanotic children: tranexamic acid,
aprotinin or a combination? Paediatr Anaesth 2005;15:41-6.

Levin E, Wu J, Devine DV. Hemostatic parameters and platelet
activation marker expression in cyanotic and acyanotic pediatric patients
undergoing cardiac surgery in the presence of tranexamic acid. Thromb
Haemost 2000;83:54-9.

Reid RW, Zimmerman AA, Laussen PC. The efficacy of tranexamic acid
versus placebo in decreasing blood loss in pediatric patients undergoing
repeat cardiac surgery. Anesth Analg 1997;84:990-6.

Zonis Z, Seear M, Reichert C, Sett S, Allen C. The effect of preoperative
tranexamic acid on blood loss after cardiac operations in children. ]
Thorac Cardiovasc Surg 1996;111:982-7.

[46]

[47]

(48]

[49]

12

Medicine

[50] Vida VL, Spiezia L, Bortolussi G, et al. The coagulative profile of cyanotic
children undergoing cardiac surgery: the role of whole blood preopera-
tive thromboelastometry on postoperative transfusion requirement. Artif
Organs 2016;40:698-70S.

[51] Luddington R]J. Thrombelastography/thromboelastometry. Clin Lab
Haematol 2005;27:81-90.

[52] Bolliger D, Tanaka KA. Roles of thrombelastography and thromboelas-
tometry for patient blood management in cardiac surgery. Transfus Med
Rev 2013;27:213-20.

[53] Koster A, Faraoni D, Levy JH. Antifibrinolytic therapy for cardiac
surgery: an update. Anesthesiology 2015;123:214-21.

[54] Kozek-Langenecker SA, Ahmed AB, Afshari A, et al. Management of
severe perioperative bleeding: guidelines from the European Society
of Anaesthesiology: first update 2016. Eur J Anaesthesiol 2017;34:
332-95.

[55] Nishijima DK, Monuteaux MC, Faraoni D, et al. Tranexamic acid use in
United States children’s hospitals. ] Emerg Med 2016;50:868-74.



	Tranexamic acid reduces postoperative blood loss in Chinese pediatric patients undergoing cardiac surgery
	1 Introduction
	2 Methods and analysis
	2.1 Search strategy
	2.2 Inclusion and exclusion criteria
	2.3 Study quality assessment
	2.4 Data abstraction
	2.5 Statistical analysis
	2.6 Subgroup analysis and investigation of heterogeneity
	2.7 Ethics and dissemination

	3 Results
	3.1 Search results
	3.2 Included trials characteristics
	3.3 Risk of bias in included studies
	3.4 Effects on postoperative 24&x0200A;hours bleeding volume
	3.5 Red blood cell transfusion volume
	3.6 Fresh frozen plasma transfusion volume
	3.7 Postoperative recovery
	3.8 Sensitivity analyses and publication bias

	4 Discussion
	4.1 Comparison with the Caucasian pediatric population:
	4.2 Limitations

	5 Conclusion
	Acknowledgments
	Author contributions
	References


