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Abstract

Children undergoing cardiac operations using cardiopulmonary bypass (CPB) are at risk
of significant postoperative bleeding and the need for transfusion. The antifibrinolytic drug, tran-
examic acid, decreases blood loss in adult patients undergoing cardiac surgery. However, its efficacy
has not been extensively studied in patients with cyanotic congenital heart defects (CHD). Using a
prospective, randomized, double-blind study design, we examined 67 children undergoing repair of
cyanotic CHD. After induction of anesthesia and prior to skin incision, patients received 15 mg/kg
of tranexamic acid intravenously. At the end of CPB, a second bolus of tranexamic acid (15 mg/kg)
or saline placebo was administered. Postoperative blood loss and transfusion requirements from the
period after protamine administration until 24 hours after admission to the intensive care unit were
recorded. In addition, the hematocrit, platelet count and other indices of coagulation were recorded
every 6 hours. There was no significant difference in postoperative blood loss between the treated
and the placebo group (12.51 + 13.20 ml/kg per 24 hours, in the tranexamic acid group, vs 10.68 +
6.38 ml/kg per 24 hours, in the placebo group). Also there was no significant difference in the
amounts of blood and blood products administered between the two groups. No adverse effects of
tranexamic acid were found in this study.

In conclusion, there was no significant difference in postoperative blood loss or blood
and blood product requirement between those children with cyanotic CHD undergoing open heart
surgery who received a single dose of tranexamic acid compared with those who received two
doses.
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Cardiopulmonary bypass (CPB) increases
the risk of postoperative bleeding and the need for
transfusion(1). Fibrinolysis is an important cause
of excessive bleeding after cardiac surgery(2,3).
Tranexamic acid (trans-4-aminomethylcyclohexane-
1-carbonxylic acid) is a synthetic lysine analog that
competitively binds to the lysine-binding sites of
plasmin and plasminogen. It inhibits fibrinolysis
with a 6-to-10-fold greater potency than amino-
caproic acid(4). Prophylactic administration of tran-
examic acid reduces blood loss and transfusion
requirements after cardiac surgery in adults(5-11),
Large doses of tranexamic acid effectively decrease
blood loss in pediatric patients undergoing repeat
cardiac surgery(12), There is large variation (10-150
mg/kg of tranexamic acid) in the recommended dose
of tranexamic acid given to reduce bleeding fol-
lowing cardiopulmonary bypass(13). Therefore, we
sought to compare the efficacy of a small-dose of
tranexamic acid (15 mg/kg), given as a single dose
or two doses in children with cyanotic heart disease,
undergoing open heart operation.

MATERIAL AND METHOD

At Siriraj Hospital, between July 1999 and
November 2001, 67 children with cyanotic CHD
were enrolled in the study. The committee on Human
Rights related to Research involving Human Sub-
jects gave approval for the study and informed con-
sent was obtained from their parents. Patients were
enrolled in the study if they had a right-to-left shunt
as a result of CHD. Preenrollment exclusion criteria
consisted of age >14 yr, a history of allergy to
tranexamic acid, a history of liver or renal disease, a
history of coagulation disorder, or surgery involving
the cavopulmonary connection.

Patients were given general anesthesia with
endotracheal intubation using thiopental (2-3 mg/
kg), fentanyl (10-20 pg/kg) balanced with midazolam
(0.1-0.5 mg/kg), atracurium and isoflurane 0.5-1.5
per cent. A peripheral vein, a radial or femoral artery,
and an internal jugular vein were catheterized. After
induction of anesthesia and before skin incision,
patients in both groups received tranexamic acid 15
mg/kg intravenously. At the end of CPB, the same
volume of tranexamic acid (15 mg/kg) or normal
saline-placebo were injected intravenously into the
patients in group I and group II respectively. All
solutions were prepared by an individual not involved
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in the study in a blind manner. Four anesthesiolo-
gists and three surgeons were involved in this study.
CPB was accomplished with a Sarns HLM 9000
machine and membrane oxygenator OXIM II-34.
The initial intravenous dose of porcine heparin was
3 mg/kg (300 unit/kg), with an oxygenator prime of
1-2 mg/kg to achieve a celite activated clotting time
(ACT) of more than 400 seconds before the initia-
tion of CPB. The ACT was maintained at more
than 480 seconds with additional heparin as needed.
After separation from bypass and atrial decannu-
lation, the heparin was neutralized with protamine
sulfate at a dose of 3.5 mg/kg. If this dose of pro-
tamine failed to return the ACT to within 10 per
cent of the preheparin level, an additional dose of
0.5-1 mg/kg was given intravenously. The surgeon
placed two mediastinal and pericardial tubes in all
patients. These drainage tubes were connected to
separate water-sealed collection reservoirs.

Total blood loss volume was defined as
the total blood volume collected in the chest tube
drains at 6, 12, and 24 hours, starting from the time
of chest closure. This total blood loss volume speci-
fically did not include intraoperative blood loss
because it is too inaccurate for study purposes.
Blood and blood components were transfused in the
operating room at the direction of the attending
anesthesiologist and in the ICU according to the
following routine protocol for an abnormal coagulo-
gram (PT >14 s : add protamine 0.5 mg/kg, PTT >34
s : FFP 10 ml/kg, platelet count <10 x 103/mm3 :
platelet concentrate 0.1 unit’kg). When post-opera-
tive blood loss was more than 3 ml/kg/hour and the
hematocrit was less than 35 per cent, a PRC trans-
fusion was given to raise the hematocrit to 40 per
cent. The total blood transfusion volume included
the total volume of whole blood, packed red cells,
and blood components that were transfused during
the time from the initial protamine administration
until 24 hours after admission to the ICU.

Postoperative arterial blood samples were
used to determine hematocrit on arrival at ICU and
after that at 3, 6, 12 and 24 hours. The prothrombin
time (PT), partial thromboplastin time (PTT), and
platelet count were also recorded on admission to
the ICU. If an abnormal coagulogram was present,
the hemostatic parameters were rechecked after
treatment. Any occurrence of hemodynamic instabi-
lity after administration of the study drug was noted.
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Thrombotic complications, postoperative renal pro-
blems, and other major morbidity and mortality were
recorded.

All values are presented as mean + stan-
dard deviation. Statistical analyses were performed
using unpaired t-test for comparison of discrete
differences between the two groups. Statistical sig-
nificance for all tests was accepted as p<0.05.

RESULTS

Sixty-seven cyanotic children were enrolled
in the study. Five patients in group II were excluded
from analysis. Three of these returned to the opera-
ting room for reoperation within 12 hours due to
excessive bleeding, which was clearly attributable
to inadequate surgical hemostasis. The other two
subjects had a pleural effusion during the first 24
hours as a result of congestive heart failure follow-
ing total repair of tetralogy of Fallot. The sixty-
two cases who completed the study included 33 in
group I (two-dose tranexamic acid) and 29 in the
group II (single dose tranexamic acid, and NSS).
No patients died and no adverse effects were attri-
buted to the administration of tranexamic acid. The
patient characteristics are shown in Table 1. There
was no statistical difference between the two groups
with respect to age, weight, anesthetic time, surgical
time, duration of CPB and aortic crossclamp time.
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The preoperative and immediate ICU entry
coagulation profile results for the two groups are
shown in Table 2. Significant within-group reduc-
tions were seen in hematocrit and platelet count,
accompanied by significant increases in ACT, PT
and PTT. However, these increases of coagulation
values were of equal magnitude when compared
between the two groups. The reduction in hematocrit
value and platelet count, which were measured on
arrival in the ICU and at 24 hours postoperatively
were not statistically different between the two
groups. Twenty-four hours postoperation, the hema-
tocrit were 43.8 per cent and 41.7 per cent in group
I and group II respectively. Postoperative blood
losses in the both treatment groups are shown in
Table 3. No significant difference in total blood
loss was observed between the two groups when all
patients were analyzed together. Total blood and
blood components transfusion volumes are shown
in Table 3. In univariate analyses, the transfusion
volumes of PRC, FFP and platelet were not signi-
ficantly different between the two-dose tranexamic
acid group and the single dose tranexamic acid group.

DISCUSSION

In this prospective, blind, placebo-con-
trolled study, we demonstrated that patients with
cyanotic CHD who were treated with two doses of

Table 1. Patient characteristics and clinical data.
Variable Group I Group II P-value
Two-dose tranexamic acid Tranexamic acid + NSS

Number of patients 33 29
Age (yr) 6.81 +3.87 5.45+3.31 0.1
Age range 1-14yr 4m-12yr
Body weight (kg) 18.52 + 8.96 16.96 + 7.11 0.5
Anesthetic time (min) 225.33 +36.36 236.33 + 50.78 0.3
Operative time (min) 194.33 1+ 40.64 202.63 +50.17 0.5
CPB time (min) 114.16 + 35.50 107.69 + 35.32 0.5
Aortic crossclamp time (min) 7225 +23.54 66.69 + 32.85 0.4
Type of repair

TOF repair 29 23

DORYV repair 1

AV canal repair 1 1

DOLV-repair MV, TV,

Atrial septectomy 0 1

TAPVC repair 1 0

Ebstein anomaly repair 1 i

dTGA for septectomy 0 1

TOF = tetralogy of Fallot, DORV = double outlet right ventricle, AV canal = atrioventricular canal,
DOLYV = double outlet left ventricle, MV = mitral valve, TV = tricuspid valve, dTGA = transposition of great arteries,
TAPVC = total anomalous pulmonary venous connection.
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Table 2. Preoperative and immediate postoperative coagulation.
Group I Group I1

Preop Imm postop 24-h postop Preop Imm postop 24-h postop
Hematocrit (%) 54.7+9.9 374149 43.8+40 529491 369+6.2 41.7+3.7
Activated clotting time (sec) 148.7 + 16.1 1533+ 15.6 - 1389+16.0 1483t 146 -
Prothrombin time (sec) 123+14 150+ 1.7 - 127+19 159+25 -
Partial thromboplastin time (sec) 296+44 369+58 - 299+39 37.1+59 -
Platelet count (x 1,000/mm3) 239.1 +87.1 148.4 +38.5 - 2826+ 1104 173.2+42.1 -

All within-group preoperative and immediate postoperative difference are significant (p<0.05).
None of between-group comparisons are significantly different.

Table 3. Postoperative blood loss and transfusion volume in Group I (two-
dose tranexamic acid) and Group II (single dose tranexamic acid).
Variable Group I Group I P-Value
Blood loss
Total (ml) 195.63 + 188.03 186.30 + 163.78 0.5
mbkg/24 h 12.51 +£13.20 10.68 + 6.38 0.5
Transfusion volume
PRC  : Total (ml) 395.82 + 160.50 434.04 + 200.82 0.4
ml/kg/24 h 23.72 £ 10.61 27.05 + 11.28 0.2
FFP : Total (ml) 29422 + 139.62 276.18 + 152.80 0.6
ml/kg/24 h 19.39+£9.98 16.21 + 6.98 04
Platelet : unit/kg/24 h 0.12 +0.05 0.11 £0.05 04

tranexamic acid had the same total blood loss as
children who received a single dose of tranexamic
acid (15 mg/kg). Additionally, the total transfusion
volume requirement for PRC, FFP and platelet con-
centrate were of equal magnitude for each group.
This finding suggests that a single dose of 15 mg/
kg tranexamic acid injected as a bolus before skin
incision provided the same hemostatic efficacy as
an additional second bolus administrated after com-
pletion of CPB. There are a few reports of the use
of tranexamic acid in cyanotic pediatric open heart
surgery(12,14), Zonis, et al. reported a reduction in
postoperative blood loss and blood product require-
ments in cyanotic children by using a single dose of
tranexamic acid at a dose of 50 mg/kg(14). In an
effort to maximize antifibrinolytic activity and the
observed outcome of tranexamic acid, Reid, et al.
(12) used a larger dose (100 mg/kg after induction,
followed by 10 mg/kg/hour and 100 mg/kg in pump
prime) in children undergoing repeat sternotomy and
CPB.\The results showed a reduction of 24 per cent
in total blood loss in the tranexamic group when
compared with the placebo group. Tranexamic acid
may improve hemostasis after open heart surgery

in two ways(4.15) :- 1) it blocks plasmin-induced
platelet activation, consequently preserving platelet
function, and 2) it is a lysine analog that effec-
tively inhibits fibrinolysis. However, pharmaco-
kinetic and pharmacodynamic data are limited in
pediatric patients. There has been a report by Isetta,
et al.(16), that showed an 80 per cent decline in the
plasma concentration of tranexamic acid between
the postbolus peak and the end of CPB when a
continuous infusion was not used. It is possible that
a single dose administered before skin incision may
result in a subtherapeutic plasma concentration after
CPB ends when the fibrinolytic mechanism is most
significant. It may be of benefit to administer the
second bolus at the termination of CPB in the pedia-
tric population. We did not give additional tran-
examic acid by continuous infusion after a bolus
injection nor did we prime the patient because of
concerns about a hypercoagulable state. However,
thrombotic complications or other side effects are
very infrequent. In adults, cases of cerebral, pulmo-
nary, and retinal thrombosis have been reported(17-
19), No patients died and no side effects were attri-
buted to the study drugs in either group in our study.
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In conclusion, this study showed that a
single dose of tranexamic acid (15 mg/kg) follow-
ing induction of anesthesia and two doses of tran-
examic acid (the second dose of 15 mg/kg given
on completion of CPB) in cyanotic children under-
going cardiac repair had the same effect on the
amount of blood loss when cardiopulmonary bypass
was reversed. The amount of blood and blood pro-
duct requirements were not statistically significantly
different between the two groups. It is not necessary
to administer an additional dose of tranexamic acid
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at the termination of cardiopulmonary bypass. Tran-
examic acid was well tolerated by all patients in this
study. There were no hemodynamic instability,
thrombotic complications, or other adverse reactions
associated with the drugs.
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