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ABSTRACT

Background: Pediatric patients are at risk for bleeding after cardiac surgery. Administration of antifibrinolytic agents reduces postoperative
blood loss.

Objective: Evaluation of the efficacy of combined administration of tranexamic acid (TXA) and ethamsylate in the reduction of postoperative
blood loss in pediatric cardiac surgery.

Methods: This prospective randomized study included 126 children submitted for cardiac surgery, and they were allocated into three groups:
control group (n=42); TXA group (n = 42):- received only TXA; and combined ethamsylate TXA group (n = 42):- received a combination of TXA
and ethamsylate. The main collected data included sternal closure time, the needs for intraoperative transfusion of blood and its products, the
total amount of blood loss, and the amount of the whole blood and its products transfused to the patients in the first 24 postoperative hours.
Results: Blood loss volume in the first 24 postoperative hours was significantly smaller in combined group than the TXA and control groups
and was significantly smaller in the TXA group than the control group. The sternal closure time was significantly shorter in the combined
group than the other 2 groups and significantly shorter in TXA than the control group. The amount of whole blood transfused to patients in the
combined group during surgery and in the first postoperative 24 h was significantly smaller than the other 2 groups and smaller in TXA group
than the control group during surgery.

Conclusion: Combined administration of ethamsylate and TXA in pediatric cardiac surgery was more effective in reducing postoperative

blood loss and whole blood transfusion requirements than the administration of TXA alone.
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INTRODUCTION

Excessive bleeding and the needs for blood transfusions
are common in patients undergoing cardiac surgery
requiring cardiopulmonary bypass (CPB)," and in some of
these patients, there is a need for reoperation because of
life-threatening bleeding,” Pediatric patients ate at risk for
bleeding after cardiac surgery because of the small blood
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volume compared to the CPB prime causing hemodilution,
low levels of coagulation factors, hypothermia, and
complexity of surgical repair of congenital heart diseases.”!

Perioperative administration of antifibrinolytic agents
(aprotinin, tranexamic acid, and epsilon aminocaproic
acid) could help to reduce postoperative blood loss and
transfusion of blood components. Aprotinin should be
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avoided in pediatric cardiac surgery as its use in adult
cardiac surgery was associated with an increased risk of
renal failure and mortality." Intravenous administration of
tranexamic acid (TXA) during cardiac surgery is associated
with a significant reduction in postoperative blood loss with
minimizing the need for blood transfusion.””

Ethamsylate is a synthetic hemostatic drug that is widely
used to reduce blood loss in many surgeries such as
obstetric,” orthopedic,” and urologic!"” surgeries but rarely
used in open-heart surgery. Ethamsylate acts on the primary
step of hemostasis by restoring of capillary endothelial
resistance and activation of platelet adhesiveness, thus
minimizing capillary bleeding,!""

TXA and ethamsylate are readily available, and they are
cost-effective drugs. We hypothesized that the use of TXA
and ethamsylate combination in pediatric cardiac surgery
requiring CPB may be more effective in reducing intra- and
postoperative blood loss than the use of TXA alone. The
primary outcome measure was the total blood loss in the
first 24 postoperative hours. The secondary outcome
measures were the sternal closure time, the amount
of the blood and its component replacement therapy,
postoperative surgical re-exploration, time to extubation,
and intensive care unit (ICU) length of stay.

METHODS

This controlled prospective randomized study was carried
out in Mansoura University Children Hospital from
November 2017 to April 2019 after obtaining an approval
from Institutional Review Board (IRB) of Mansoura
Faculty of Medicine, Mansoura University given a code
number (R/17.09.35) (date 14/11/2017), and a written
informed consent was taken from the patient’s parents
or their legal guardian’s. In total, 126 pediatric patients
with cyanotic or acyanotic congenital cardiac anomalies
of ecither sex, their age (1-10) years, and scheduled for
cardiac surgery requiring CPB were included in this study.
Hematological and coagulation studies were done for all
patients, and these included complete blood count, partial
thromboplastine time, activated clotting time (ACT),
international normalization ratio in addition to liver and
kidney function tests. Patients with redo cardiac surgery,
pre-existing coagulopathy, hepatic or renal dysfunction, and
history of allergy to one of the study drugs were excluded
from the study.

Patients were randomly allocated into three groups using
computer-generated random numbering, each of them
included 42 patients:-

18

Control group (7 = 42): - patients did not received any
hemostatic drugs.

Tranexamic acid group (7 = 42): - each patient received
TXA loading dose of 6.4 mg/kg at the induction of
anesthesia followed by a continuous infusion at a rate
of 3 mg/kg/h for 24 h. This dose regimen of TXA was
desctibed by Grassin-Delyle e @/ in children with age
older than 12 months and up to 12 years to maintain the
therapeutic serum concentration of TXA at (20-30) pg/ml.

Combined (ethamsylate and TXA) group (# = 42):- cach
patient received a combination of TXA the same
dose regimen as in the control group and intravenous
ethamsylate 12.5 mg/kg every 6 h!" starting at the
induction of anesthesia and for 24 h postoperatively.

The surgical team and anesthetic management were the
same for all patients. All patients received intramuscular
ketamine 3 mg/kg, midazolam 0.15 mg/kg, and atropine
sulfate 0.015 mg/kg, as premedication 30 min before
induction of anesthesia. Pulse oximetry and five leads
electrocardiography were attached to the patient.
Anesthesia was induced with ketamine 2 mg/kg, fentanyl
5 ug/kg, and rocuronium 0.9 mg/kg and maintained with
isoflurane 1% with oxygen in air, fentanyl (2-3) ug/kg/h,
and rocuronium 0.5 mg/kg/h. An arterial catheter was
inserted after complete aseptic condition either in the
femoral or radial artery, and a central venous catheter
was inserted into the right internal jugular vein guided by
ultrasound with strict aseptic precautions.

All operations were done through the standard median
sternotomy. Heparin 400 IU/kg was administered
through the central venous catheter prior to cannulation
to keep activated clotting time greater than 480 s.
CPB was conducted after aorto-bicaval cannulation
at normothermia (temperature 35°C or more) using a
membrane oxygenator. Circuits of CPB were primed
with (20-30) ml/kg, with the smallest priming volume
400 ml, Ringer’s lactate, 25% albumin, sodium bicarbonate,
mannitol, and packed red blood cells (packed RBCs)
were added to the pump prime. Blood cardioplegia in a
dose of (20-30) ml/kg was administered over (3—5) min
after clamping aorta to preserve the myocardium, and
half of this dose was given every 30 min until removal
of aortic cross-clamp. The pump flow was maintained
at (100~150) ml/kg/min to keep the mean arterial pressure
at (40—70) mmHg. Hemofiltration was performed during
CPB to maintain hematocrit of (25-30)% and (30-35)%
just before weaning from CPB. After weaning off CPB
protamine, sulphate was administered in a dose of 1 mg
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for each 100 IU heparin slowly over 10 min, if ACT was
higher than the preoperative value by more than 20%,
another dose of protamine was given.

After weaning from CPB, the following blood products
were transfused and their volumes were recorded in ml/kg,
packed RBCs if hemoglobin was less than 10 gm/ dl or less
than 25% of the preoperative value, platelet concentrate if
platelets count was less than 100.000/uL,, and fresh frozen
plasma if there was excessive oozing from the wound or the
site of chest tubes insertion. All patients were transferred to
ICU while they were intubated and mechanically ventilated
and managed by a separate ICU team.

Data collection

The following data were recorded in the operative
theater: - sternal closure time (is the time from giving full
dose protamine till closure of the sternum), needs for
transfusion of blood and its products (whole blood, packed
RBCs, fresh frozen plasma, and platelets concentrate),
total dose of heparin, total dose of protamine, aortic
cross-clamp time, CPB time, and total duration of surgery.

The postoperative data collected in ICU included the total
amount of blood loss drained through mediastinal and
pleural drainage tubes during the first 24 postoperative
hours, the rate of blood loss every 6 h in the first
postoperative 24 h (first 6 h, 6-12h, 12-18 h, and 18-24 h),
and the amount of the whole blood and its products
(RBCs, platelets, and fresh frozen plasma) transfused
to the patients during the first 24 postoperative hours.
Extubation time, ICU length of stay, number of patients
explored because of excessive bleeding or the clinical
suspicion of cardiac tamponade, seizures, and any evidence
of thromboembolic complications (stroke or paresis) were
also recorded while the patient was still in the hospital.
Hematocrit value, platelets count, and serum creatinine
were measured after the first postoperative 24 h in ICU.

Statistical analysis

A sample size of 38 patients for each group was sufficient
to detect 9 ml/kg reduction in blood loss the first
postoperative 24 h as obtained from a previous study,!'!
with the standard deviation of 14, a power of 80%, and a
significance level of 5%. The number of patients in each
group was increased to 42 patients to allow for 10% drop
out rate.

IBM’s Statistical Package for the Social Sciences statistics
(SPSS) for Windows (version 25, 2017) was used for
statistical analysis of the collected data. Shapiro-Wilk test
was used to check the normality of the data distribution
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in continuous variables. Continuous variables were
expressed as mean * SD, whereas categorical ones were
expressed as number and percentage. One-way Anova
and Kruskal-Wallis tests were used to compare normally
and abnormally distributed continuous variables with
no follow-up readings, respectively. Repeated measures
ANOVA model with Bonferroni post hoc test and 95%
confidence interval to compare the follow-uP values of
continuous data. Fisher exact test was used for inter-group
comparison of nominal and ordinal data using the
crosstabs function. Comparison of follow-up and basal
values (intra-group) was conducted using Wilcoxon signed
ranks test and McNemar test for ordinal and nominal data,
respectively. All tests were conducted with 95% confidence
interval. Charts were generated using SPSS’ chart builder.
P (probability) value <0.05 was considered statistically
significant.

RESULTS

A total 126 patients were enrolled in this prospective study
and were randomly classified into three groups: control
group (7 = 42); TXA group (» = 42); and combined
ethamsylate TXA group (7 = 42).

There were no statistically significant differences in patient’s
characteristics in the studied groups [Table 1].

The total amount of blood loss in the first 24 postoperative
hours in the combined ethamsylate TXA group
was significantly smaller than the TXA and control
groups [Figure 1]. The total amount of blood loss in
the first 24 postoperative hours in the TXA group was
significantly smaller than the control group [Figure 1].

30 m Total blood loss in the first 24
postoperative hours

*
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Figure 1: Total blood loss during the first postoperative 24 h. Data are
expressed as mean + standard deviation. Pvalue was generated using
repeated measure ANOVA. *P < 0.05 is significant when compared
with the control group. TP < 0.05 is significant when compared with
the tranexamic group
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Figure 2 shows the rate of blood loss during the first
24 postoperative hours. The volume of blood loss was
significantly smaller in the combined ethamsylate TXA
group than TXA group after 6 h and at 6 to 12 h after
surgery and than the control group after 6 hours, at 6 to
12 h and at 12 to 18 h after surgery. The amount of blood
loss in the TXA group was significantly smaller than the
control group after 6 h and at 6 to 12 h after surgery.

The intraoperative variables (operative time, CPB time,
aortic clamp time, total dose of heparin, and total
dose of protamine) were comparable in the studied
groups |Table 2]. The sternal closure time was significantly
shorter in the combined ethamsylate TXA group than the
other 2 groups [Table 2], and significantly shorter in TXA
than the control group [Table 2].

The volume of whole blood transfused to patients in the
combined ethamsylate TXA group during surgery and in
the first postoperative 24 h was significantly smaller than
the other 2 groups [Table 3]. The volume of whole blood
transfused to patients in the TXA group during surgery
was significantly smaller than the control group [Table 3].
There were no significant differences between the studied
groups as regard to (packed RBCs, fresh frozen plasma,
and platelets concentrate) transfused to the patients during
surgery and in the first postoperative 24 h [Table 3].

Time to extubation and ICU length of stay were comparable
in the three studied groups [Table 4]. There were no significant
differences between the three studied groups as regard the

Age (months) 33.7+£30.1
Sex

Male (n & %) 24 (57.2%)

Female (n & %) 18 (42.8%)
Weight (Kg) 16.8+6.8
Height (cm) 93.2+18.8
Body surface area (m?) 0.61£0.18
Congenital heart disease

Non-cyanotic patients (n & %) 23 (54.8%)

19 (45.2%)

Cyanotic patients (n & %)

value of (hematocrit, platelets count, and serum creatinine)
measured 24 h after surgery and the number of patients
re-explored because of bleeding [Table 4]. There were no
patients developed clinical seizures or thromboembolic
complications (stroke or paresis) in the three studied

groups |Table 4].
DISCUSSION

The main results of the current study showed that the
combined use of ethamsylate and TXA in pediatric cardiac
surgery was more effective in reducing sternal closure
time, the postoperative blood loss, and whole blood
transfusion requirements during surgery and in ICU than

16 1
 Control group
141 m Tranexamic group
12 * 0 Combined group
10 1 t
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£ s
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6 | =
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After 6 hours 6 to12 hours 12 to 18 hours 18 to 24 hours
Time event

Figure 2: Blood loss during the first postoperative 24 h. Data are
expressed as mean =+ standard deviation. Pvalue was generated using
repeated measure ANOVA. *P < 0.05 is significant when compared
with the control group. TP < 0.05 is significant when compared with
the tranexamic group

33.8+24.1 37427.1 0.95'
22 (52.4%) 19 (45.2%) 0.872
20 (47.6%) 23 (54.8%) 0.812

18.5+7.2 17.447.5 0.86'

90.9+17 92.4+18.7 0.96'
0.59+0.17 0.620.16 0.96'
25 (59.5%) 24 (57.2%) 0.92?
17 (40.5%) 18 (42.8%) 0.86?

Data are expressed as mean=+standard deviation (SD), number (n), and percentage (%). P was generated using one-way ANOVA. 2P was generated

Cramer’s VV Chi-square test

Operative time (hours) 4.6+0.95

CPB time (minutes) 75.6£27.5
Clamp time (minutes) 52.2+17.9

Total dose of heparin (IU/kg) 497.8+55.5
Total dose of protamine (mg/kg) 4.9+0.59

Sternal closure time (min) 50+9.8

5+1.23 4.6+£1.12 0.54
84.8+35.5 81.2+25.7 0.79
58+26.7 56.5+20 0.83
502+54.4 497+40.3 0.97
5+0.57 4.9+0.4 0.88
46.6+6.3* 39.747.6*1 0.021

Data are expressed as mean=standard deviation (SD). CPB: cardiopulmonary bypass, P was generated using one-way ANOVA. * P<0.05 is significant
when compared with the control group. "P<0.05 is significant when compared with the tranexamic group
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Whole blood (ml/kg)

Intraoperative 22.9+2.7

Postoperative 15.9+3.9
Packed RBCs (ml/kg)

Intraoperative 10.8+3.4

Postoperative 8.8+3.8
Fresh frozen plasma (ml/kg)

Intraoperative 10.5+3.3

Postoperative 8.9+2.7
Platelets concentrate (ml/kg)

Intraoperative 6.3+1.5

Postoperative 5.5+2.1

18.3£3.2* 15.6+2.9* 1 0.004
14+3.3 9.6£1.6%1 0.003
9.3+4.6 8.6%3.1 0.62
10.2£2.5 8.7.7+3.8 0.781
10.2+3.2 10.3+3.9 0.96
8.5+2.3 6.8+2.5 0.158
5.5+2.1 4.2+1.4 0.39
6.4+1.4 7.1£141 0.813

Data are expressed as mean=+standard deviation (SD). RBCs: packed red blood cells. P was generated using one-way ANOVA. *P<0.05 is significant
when compared with the control group. 'P<0.05 is significant when compared with the tranexamic group

Extubation time (h) 18.2+7.5
ICU stay (h) 53.7+14.4
Hematocrit (%) 41.8+4.9
S. creatinine mg/dL 0.46+0.1
Platelets count/ulL 259.8+79.9
Re exploration (n & %) 1(2.5)%
Siezures (n & %) 0 (0) %
Thrombo embolism (n & %) 0 (0) %

14.8+7.7 13.3+6.6 0.345'
50.6£15.7 51.7+10.8 0.831"
40.945.5 41.446.3 0.938
0.480.12 0.51+0.08 0.456'
231.8+63.1 241.2490.1 0.718'

0(0)% 1(2.5)% 0.893?

0(0)% 0(0)% ns

0(0)% 0(0) % ns

Data are expressed as mean=standard deviation (SD), number (n), and percentage (%). ICU: intensive care unit, ns: non significant. *P was generated

using one-way ANOVA. 2P was generated Cramer’s V Chi-square test

the use of TXA alone. The superiority of combined use
of ethamsylate and TXA over TXA alone in reduction
postoperative loss was not reflected in decrease in intra- and
postoperative blood products requirements (packed RBCs,
fresh frozen plasma, and platelets concentrate). The use
of TXA alone significantly reduced intraoperative whole
blood transfusion requitements, sternal closure time, and
postoperative blood loss than the group.

There are few studies concerning the combined
administration of ethamsylate and TXA to reduce
postoperative blood loss. Hussain SH ¢# @/ compared
the effect of oral versus intravenous combination of
ethamsylate and TXA on postoperative blood loss in adult
patients submitted for mitral valve replacement. They
found that both routes were effective in reducing blood
loss through mediastinal and pleural drainage tubes to
about (300-600) ml in the first postoperative 24 h, whereas
the average blood loss reported by Bilecen S er all"
patients not receiving any hemostatic drug was (400—1090)
ml in the first postoperative 24 h.

I in

Abdel Fatah ef al. found that the combined use of
intravenous ethamsylate and TXA significantly reduced
postoperative blood loss in patients with a high risk of
postoperative bleeding after lower segment cesarean
section.!']
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Cobo-Nufiez MY ¢7 al. studied the effects of ethamsylate
on the anticoagulant activity of heparin in both vivo and
vitro."® They found that ethamsylate significantly reduced
the elevated active prothrombin time and the increase in
bleeding time induced by heparin. Cobo-Nufiez MY ¢t al.
concluded that ethamsylate administration interferes with
the anti-coagulant activity of heparin in both vivo and vitro
and this explains the significant reduction in sternal closure
time, postoperative blood loss, and perioperative whole
blood requirements in ethamsylate group when compared
to TXA and the control groups.

In the current study, the use of TXA alone significantly
reduced sternal closure time, intraoperative whole blood
requirements, and blood loss in the first postoperative 24 h
when compared to the control group. Zhang Y e all"
in their retrospective study that included 2,026 pediatric
patients submitted for total correction of Tetralogy of
Fallot, atrial, or ventricular septal defects reported that
the administration of TXA was safe in pediatric cardiac
surgery and was associated with a significant reduction of
postoperative blood loss but not transfusion requirements
when compared to the control group.

Giordano R ez a/. in their retrospective study that included
both cyanotic and acyanotic pediatric patients submitted
for open-heart surgery found a significant reduction in
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postoperative blood loss and packed RBCs requirements
in the group of patients receiving TXA when compared
to the control group.

Shimizu K ef al. in their randomized prospective study
that included 160 pediatric patients (81 cyanotic and 79
acyanotic) undergoing cardiac surgery requiring CPB found
that TXA administration was associated with a significant
reduction in the amount of first 24 postoperative hours
blood loss but not blood transfusion requirements when

compared with the control group.?"

In their retrospective study, Sampathkumar ez a/. reported
that the use of high dose of TXA in small cyanotic children
less than 10 kg is safe and effective in reducing blood loss
and blood transfusion requirements after cardiac surgery.

Chauhan ef a/. compared the effect of TXA and epsilon
aminocaproic acid on the reduction of blood loss in the
first postoperative 24 h and whole blood and its products
requirements in children with congenital cyanotic heart
disease undergoing cardiac surgery requiring CPB.
They found that both TXA and aminocaproic acid had
significantly shorter sternal closure time, lesser blood loss,
and lesser whole blood and its products requirements.**
In the current study, no patients developed clinical seizures
in the three studied groups, as we used the smallest dose
of TXA described by Grassin-Delyle e7 /" to maintain
its serum therapeutic concentration. A retrospective study
conducted by Couture P e al?? showed that the risk of
seizures associated with TXA use in cardiac surgery was
dose-dependent with increased risk at higher doses and
decreased the risk at lower doses.

The results of the current study demonstrated that the
combined intravenous administration of both TXA and
ethamsylate in pediatric cardiac surgery was more effective
in reducing postoperative blood loss and whole blood
transfusion requirements than the use of TXA alone.
Both drugs act by different mechanisms on hemostasis.
Ethamsylate acts first, reducing capillary bleeding by
promoting platelets adhesiveness and restoring capillary
endothelial resistance.!"! Ethamsylate administration
interferes with the anticoagulant activity of heparin;!'
therefore, it could counteract the residual effects of heparin
after weaning from CPB. TXA is an antifibrinolytic drug
that can prevent the breakdown of fibrin clot by binding to
plasminogen.*! Ethamsylate and TXA ate complementary
to each other during hemostasis, and the combined
intravenous administration of both drugs could resultin a
synergistic effect on reduction of intra- and postoperative

22

blood loss. The use of this combination could help to avoid
high doses of TXA and its adverse effects.

CONCLUSION

The combined administration of TXA and ethamsylate in
pediatric cardiac surgery was more effective in reducing
postoperative blood loss and whole blood transfusion
requirements in the first postoperative 24 h than the
administration of TXA alone.
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