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ABSTRACT

AIM: To analyze the impact of Tranexamic acid (TXA) on perioperative hemodynamics in craniosynostosis surgery.

MATERIAL and METHODS: Data of thirty-six children (operated between 2014-2017) were categorized into two groups depending
on TXA delivery. Patient demographics, preoperative, intraoperative, postoperative data on hemostasis and metabolic outcomes
were recorded. Blood loss from the drains, estimated blood loss (EBV loss), volume of blood transfusions, hemodynamic alerations
and complications were extracted. Postoperative outcome involved variables at admission, 2, 6%, 12, 24" hours. A multiple
logistic regression analysis was also performed.

RESULTS: Demographics presented mean age of 8.14 + 3.53 months, male/female ratio:1.76/1, procedure length 3.98 + 0.78
hours. Intraoperative analysis indicated TXA deliveries manifested fewer blood transfusion volumes (p=0.002) due to lower EBV loss
(4.02 = 1.19 ml/kg vs. 5.97 + 1.61 ml/kg, p<0.001) with better metabolic outcome.

Postoperative outcomes presented all children manifested hematocrit decline after surgey. TXA did not influence postoperative
hemodynamic alterations (p=0.090, p=0.112), despite reduced blood loss from the drains and transfusion necessity (p=0.015,
p=0.0175). Intraoperative transfusion volumes and EBV loss were associated with postoperative hemodynamics (OR: 3.033, 95% Cl:
1.286-7.154; p=0.011; OR: 0.280, 95% CI: 0.081-0.972; p=0.045, respectively). ROC analysis indicated 10.13 ml/kg of intraoperative
blood transfusion requirement as the cut off value for hemodynamic instability with 91% sensitivity and 80% specificity. One unit
increase in intraoperative transfused blood volume increased the odds of developing hemodynamic alterations by 3.033 times.

CONCLUSION: Intraoperative TXA is crucial for successful surgical management; however postoperative period carries out
paramount importance due to excessive bleeding after surgery. In case of severe intraoperative transfusion necessity, postoperative
TXA utilization might be considered to minimize potential risks by balancing the pros and cons of the drug.

KEYWORDS: Tranexamic acid, Craniosynostosis, Blood loss, Surgery

ABBREVIATIONS: TXA: Tranexamic acid, Hct: Hematocrit, EBV loss: Estimated blood volume loss, FFP: Freshfrozenplasma,
PLT: Platelet, INR: International normalized ratio, Hb: Hemoglobin, LOS: Length of stay, HCOS: Bicarbonate, BE: Base excess,
pRBC: Packed red blood cell, PICU: Pediatric intensive care unit.

B INTRODUCTION

Craniosynostosis is premature fusion of the cranial network of the skull (29). Frequent perioperative transfusions
sutures and may lead to a cranial growth restriction also contribute to the odds of developing complications,
if no intervention occurs (3). Surgical intervention is such as transfusion-related acute lung injury, acute hemolytic
the treatment of choice; however, it embodies substantial reaction, blood contamination, or circulatory overload due to
risks of perioperative bleeding due to the enriched capillary transfusion volume (16).
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Blood management protocols have been implemented to
reduce transfusion requirements for cranial vault surgery.
Erythropoietin alpha (EPO) and intravenous iron administration
prior to surgery (25), intraoperative blood salvage (18),
autologous bank donations (20), acute normovolemic
hemodilution (12), and lower hemoglobin thresholds for
the transfusion requirement have been implemented in
recent years (34). The use of tranexamic acid (TXA) as an
antifibrinolytic drug to reduce perioperative bleeding has
gained popularity and is used during various procedures
(3,9,27,29). TXA is a synthetic analog of lysine that acts on
plasminogen molecules by blocking lysine binding sites;
hence, it inhibits the conversion of plasminogen to plasmin
(21). Studies regarding the use of TXA during craniosynostosis
surgery mostly involve intraoperative blood loss. However,
postoperative outcomes are equally important in small
children because of their relatively large head circumference
to body mass and significant volume of blood loss by oozing
from the skull surface (14,29).

Craniosynostosis surgery is performed regularly on infants
at referral university hospitals in the Mediterranean region.
To maintain hemostasis during the perioperative period, our
institutional policy has included the administration of TXA
during cranial vault surgery since August 2015. Therefore, we
planned a retrospective study to analyze the efficacy of TXA
administration for perioperative hemodynamic outcomes in
children undergoing craniosynostosis surgery.

B MATERIAL and METHODS

We obtained approval from the local ethics committee (code:
2012-KAEK-20; no: 427, date: 27.06.2018). Thirty-nine
synostotic children operated on at Akdeniz University Hospital
between January 2014 and January 2018 were included in
this study. The senior author (MSK) performed the procedures
using open surgical techniques. Three patients were excluded
from the study due to a lack of intraoperative data. Thirty-six
children were categorized into two groups, based on whether
they received TXA.

The institutional blood management protocol includes TXA at
a loading dose of 50 mg/kg followed by a 5 mg/kg per hour
infusion throughout the procedure. Intraoperative transfusion
requirements depend on the transfusion guidelines (17,30,31):
blood pressure drops with hematocrit (Hct) < 30%, acute
bleeding resulting in a 15% estimated blood volume loss
(EBVloss) during surgery, tachycardia and any clinical signs
of acute anemia in the presence of Hct < 24%. However, the
postoperative transfusion threshold was set to hemoglobin
< 8 g/dL in the absence of hemodynamic instability. Fresh
frozen plasma (FFP) and platelet (PLT) transfusions were
also recorded (in case of clinical coagulopathy, such as PLT
< 50,000 mm? or international normalized ratio > 2 times the
reference value).

Patient demographics (age, sex, diagnosis, type of procedure),
preoperational hemoglobin (Hb) and Hct, and length of the
surgery were recorded. The intraoperative analysis included
the lowest obtained values for repeated measures during the
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procedure, including intraoperative Hb, Hct (%), blood gas
pH, bicarbonate (HCO,) and base excess (BE). The decline in
Hct during the procedure was calculated by subtracting the
lowest Hct measured during surgery from the preoperative
Hct value. If given, we recorded intraoperative volume of
packed red blood cell (pRBC), FFP, and PLT infusions as well
as any observed hemodynamic alterations and complications
during the procedure.

Postoperative outcome involved the first 24 hours in the
pediatric intensive care unit (PICU). Time repeated variables
at admission and at 2, 6, 12, and 24 hours were analyzed.
We also documented blood gas parameters (pH, HCO, and
BE) at admission and at 2, 6, and 12 hours. Blood loss from
the drains (ml/day) was recorded. To determine the blood loss
accurately, we calculated weight-adjusted EBVloss during the
procedure and during the postoperative period by adapting a
previous formula (9,33):

EBV,,. (ml/kg) = ERCV, (ml)/weight (kg) x hematocrit

preop’ 1005
Where intraoperative ERCV,__, was calculated by:
ERCVpreop + ERCV transfused ERCVintraop'

ERCV (estimated red cell volume) = estimated blood
volume (EBV) x hematocrit/100

*Estimated blood volume was 80 mi/kg and 75 ml/kg for
infants younger and older than 12 months, respectively.

“To calculate postoperative EBV, (mi/kg): we adapted
a previous formula by replacing intraoperative Hct and
ERCYV to the preoperative values; and postoperative Hct

and ERCV to the intraoperative values.

All intubated patients were transferred directly to the PICU
from the operating room. Once hemodynamic balance was
achieved, sedation weaning and extubation were initiated.
The length of intubation and the lengths of the PICU and
hospital stays were all recorded for analysis. Any surgery or
drug-related complication (seizure, thrombosis, hemorrhage,
or hemodynamic instability) and postoperative computed
tomography (CT) scans were examined until hospital
discharge.

SPSS version 23 software (SPSS Inc., Chicago, IL, USA)
was used for the statistical analysis. Descriptive analyses are
presented as frequency (n), percentage (%), mean + standard
deviation, and median (range) values. Categorical data were
assessed using the x2 and Fisher exact test; continuous
variables were analyzed by Mann-Whitney U-test or the
independent samples t-test. Repeatedly measured variables,
such as Hb, Hct, blood gas pH, HCO,, and BE were analyzed
using Bonferroni corrected linear mixed models. Multiple
logistic regression models were applied to analyze the risk
factors for hemodynamic instability. A p-value <0.05 was
considered significant.



B RESULTS

Thirty-six infants (mean age 8.14 + 3.53 months and weight
8.14 + 2.14 kg) were included in the study at a male/female
ratio of 1.76:1. Trigonocephaly was the common diagnosis
(47.2%) and the mean procedure length was 3.98 + 0.78
hours. The groups did not present any differences in terms of
age, weight, sex, or length of hospital stay (p=0.257, p=0.462,
p=0.923, p=0.935, respectively). The preoperative data also
revealed similar Hct values between the groups (TXA: 33.92%
+2.23%), non-TXA: 34.27% + 2.39%; p=0.653). Table | shows
the demographics of the population.

The intraoperative analysis indicated that all children received
pRBC transfusions throughout the procedure due to drops
in Hct following the incision; however, TXA manifested lower
blood transfusion volumes (p=0.002) due to lower weight-
adjusted EBVloss (4.02 + 1.19 ml/kg vs. 5.97 + 1.61 ml/kg,
p<0.001; Figure 1). The metabolic parameters also favored
the use of TXA at higher pH and HCO, levels (p=0.005 for
pH; p=0.008 for HCO,; p<0.001 for BE). Table Il presents the
intraoperative hematological and metabolic outcomes in both
groups. No drug or surgery-related complications, including
hemodynamic alterations, were noted throughout the surgery.

The postoperative outcomes at different time intervals
are presented at Tables Il and Ill. Regardless of drug
administration, all children manifested a decline in Hct at

Table I: The Demographics of the Study Population
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the early follow up (p=0.091, Table Ill, Figure 2), yet TXA
influenced the postoperative outcomes in terms of reduced
blood loss volumes from the drains and pRBC transfusions
(p=0.015, p=0.0175). We observed a linear correlation
between intraoperative blood transfusion volume and the
postoperative transfusion requirement (greater intraoperative
transfusion volume, more frequent postoperative transfusion
necessity; p=0.015). However the metabolic outcomes for

6
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= EBVloss
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Figure 1: Intraoperative and postoperative EBV loss.

TXA group Non-TXA group
(n=17) (n=19) P

Age, (mean = SD) 8.85+3.78 7.5+3.25 0.257
Weight, (mean = SD) 8.42 + 2.31 7.89 +2.01 0.462
Gender, n (%)

e 1t 64n) 12 @52 023
Craniosynostosis, n (%)

Trigonocephaly 9 (52.9) 8 (42.1)

Scaphocephaly 7(41.2) 7 (36.8) NA

Brachiocephaly 1(5.9) 1(5.3)

Anterior plagiocephaly - 3(15.8)
Operation Type, n (%)

Total calvarial reconstruction 7(41.2) 7 (36.8)

Frontoorbital advancement 7(41.2) 8 (42.1) NA

Strip craniectomy 3(17.6) 4(21.1)
Length of surgery, (hours), median (min-max) 4 (3-5.5) 4 (3-6) 0.935
Length of intubation (hours), median (min-max) 6 (3-16) 5(1-15) 0.584
Length of PICU stay, (days) median (min-max) 2 (2-3) 3 (1-6) 0.155
Length of hospitalization, (days) (mean + SD) 9.71 +1.31 11.79 £ 1.55 <0.001
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Table lI: Hematological and Metabolic Outcome

TXA group non-TXA group
(n=17) (n=19) P
Preoperative Period
Hematocrit (%) (mean + SD) 33.92 +2.23 34.27 + 2.39 0.653
Hemoglobin, (gr/dL) (mean + SD) 11.41 £ 0.68 11.39 £ 1.07 0.942
Intraoperative Period
Hematocrit (%), (mean + SD) 27,26 + 3,39 24,37 + 2,57 0.007
Hemoglobin, (gr/dL) (mean + SD) 8,96 + 0,8 8,14 + 0,93 0.008
Hematocritdecline, (mean + SD) -6.66 + 3.69 -9.89 + 2.27 0.003
Hemoglobin decline, (mean + SD) -2.45 + 0.65 -3.25 + 0.71 0.001
EBVloss, (ml/kg) (mean + SD) 4.02+1.19 5.97 + 1.61 < 0.001
pRBCtransfusion, n (%) 17 (100) 19 (100) -
Transfused pRBC volume* 9.02 + 3.08 11.55 £ 4.63 0.002
FFP transfusion n (%) 2(11.8) 3(15.8) NA
Blood gas parameters
pH * 7.35 (7.25-7.45) 7.33 (7.19-7.40) 0.005
HCO,(meq/L)* 16.4 (13-24) 15 (10-26) 0.008
BE, (mean + SD) -6.78 +2.14 -9.54 +1.52 <0.001
Lactate (mmol/L)* 1.34 (0.4-2) 1.36 (0.9-3.5) 0.255
Postoperative Period
pRBC transfusion, n (%) 4 (28.5) 12 (63.2) 0.017
Blood loss from drains (ml/day), mean + SD 23.24 + 9.51 34.21 +15.13 0.015
EBV loss, (ml/kg) (mean + SD) 2.98 +1.78 417 +2.25 0.090
Hemodynamical terations, n (%) 3(17.6) 8 (42.1) 0.112
HCO, replacement, n (%) 4 (23.5) 9 (47.3) 0.036
*median(min-max).
40
S35 *
‘g 20 .
2 15 ——TXA
m: | o SIS s —u—Non-TXA
o=
B
= 0 T T T !
] 2 [\ 12 24
Time (hours) Figure 2: Postoperative time-repeated
measures of hematocrit.
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Parameters Time (hour) T)((.:‘\jr;))up Non-&)il:gg))roup p*
0 34.14 + 4.35 31.85 + 5.89 0.199
2 30.49 + 4.40 28.1+4.12 0.121
Hematocrit, 6 28.66 + 4.12 26.06 + 3.93 0.064
(%) (mean + SD) 12 28.02 + 4.18 27.82 + 4.63 0.894
24 29.16 + 3.18 28.81 + 3.20 0.767
p** <0.001 0.051 0.091
0 11.4 +1.57 10.54 + 2.08 0.174
2 10.12 + 1.44 9.39 + 1.37 0.148
Hemoglobin, (gr/dL) 6 9.48 + 1.48 8.76 + 1.3 0.134
(mean + SD) 12 9.35 + 1.47 9.39 + 1.37 0.932
24 9.76 + 1.21 9.44 +1.12 0.457
p** <0.001 0.080 0.053
0 7.28 + 0.06 7.26 + 0.07 0.425
2 7.31+0.05 7.32 +0.06 0.685
Ph, (mean = SD) 6 7.35 +0.08 7.35+0.05 0.999
12 7.39 = 0.03 7.36 + 0.06 0.195
p** 0.003 0.001 0.608
0 18.12+1.78 16.71 + 3.95 0.183
2 18.31 +1.97 16.81 + 3.34 0.128
:'rfe%";‘l’_) (mean = SD) 6 18.19 £ 2.14 19.14 + 2.69 0.290
12 20.89 + 2.16 20.56 + 2.51 0.717
p** <0.001 <0.001 0.051
0 -7.9 (-10.1--4.7) -9.3 (-14--3.2) 0.098
2 -6.5 (-11.1--3.7) -7.1 (-15--1.6) 0.787
z'i’ dian (min-max) 6 -6 (-11--3.5) -4.4 (-9--0.6) 0.065
12 -2 (-6.3-3.7) -3.2 (-7.1--0.1) 0.479
p** <0.001 <0.001 0.041
0 0.99 (0.5-2.9) 1.13 (0.5-4.0) 0.749
2 1.01 (0.5-3.1) 1.11 (0.5-4.1) 0.533
:';:272_) (mesn = SD) 6 1.05 (0.4-3.9) 0.97 (0.1-2.5) 0.620
12 0.81 (0.1-1.8) 0.84 (0.5-1.5) 0.870
p** 0.001 0.014 0.187

p* defines the significance between TXA and non-TXA groups within a mentioned time period; p** defines the significance of time-repeated

variables of each group.
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blood gas pH, HCO,, and lactate were not different between
the two groups (p=0.608, p=0.051, p=0.187 respectively;
Table Ill, Figure 3A-D).

Weaning from the ventilator was initiated in all children
as soon as hemodynamic stability was achieved. Eleven
children (30.6%) developed hypotension after the procedure.
The administration of TXA had no impact on hemodynamic
alterations (p=0.112, Table V). The receiver operating
characteristic (ROC) curve analysis for hemodynamic changes
indicated the cutoff value for the volume of intraoperative
blood transfusion was over 10.13 ml/kg (area under the curve
[AUC]: 0.885, 95% confidence interval [Cl] = 0.761-1), with
sensitivity of 91% and specificity of 80%. Intraoperative
transfusion volumes and EBVioss were associated with
postoperative hemodynamics (odds ratio [OR]: 3.033, 95% CI:
1.286-7.154; p=0.011 and OR: 0.280, 95% CI: 0.081-0.972;
p=0.045, respectively). A 1 unit increase in intraoperative
transfused blood volume increased the odds of developing
hemodynamic changes by 3.033 times.

The lengths of PICU admission and hospitalization were
2.86 + 1.19 days and 10.81 + 1.77 days, respectively. TXA
administration shortened the hospitalization period, but had
no effect on PICU stay (p<0.001, p=0.155). Four children
(one from the TXA group, three from the non-TXA group) had
a superficial hematoma on their cranial CT scans. Seizures
were observed in two infants in the TXA group while at the

neurosurgical ward; however, attempts to identify the cause
were inconclusive because both infants had a previous
epilepsy history and were taking anticonvulsive medication
before the procedure.

B DISCUSSION

Hemodynamic alterations, metabolic imbalance, and
transfusion reactions due to blood loss and blood product
transfusions are the major cause of morbidity in patients
undergoing cranial vault surgery (32). Blood loss can be 20—
500% of estimated blood volume in the surgical correction
and extend beyond the procedure (15). Smaller children often
require blood transfusions due to their relatively lower blood
volumes (ranging between 50% and 100%) (5). Therefore,
blood loss and transfusion volume should be minimized to
improve patient safety (16,32).

TXA is a commonly used drug for its antifibrinolytic activity in
various surgeries (2-4,9,19,21). However little known is about
how much of the blot-clotting effect expedites postoperative
recovery. Thus, we analyzed both the intraoperative and
postoperative data to determine whether TXA contributed
to maintaining intensive care hemodynamics. The findings
in this study were: TXA successfully reduced blood loss and
transfusion volumes during surgery. Intraoperative outcome
resembled those documenting an influence of lower blood
transfusion volumes and weight-adjusted blood loss (9,21,29).

7,40 0 ; ; : s
/ 0 2 6 12
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720 = /
g |
s PR
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Figure 3: A) Postoperative time-repeated measures of blood gas pH. B) Postoperative time-repeated measures of HCO,. C) Postoperative
time-repeated measures of base excess (BE). D) Postoperative time-repeated measures of lactate.
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However, the beneficial effect was limited to the postoperative
outcome. Even if the postoperative results demonstrated
evidence of reduced blood loss from the drains (possibly
due to a direct residual effect at the incision site) (1,9), and
the need for a transfusion (TXA: 23.5% vs. non-TXA: 63.2%),
it was noteworthy to observe the declining Hcts lasting for
12 hours. Kim et al. expressed similar results in the ROTEM
study: they also observed reduced transfusion rates, but
insignificant volumes of blood loss during the postoperative
period (17). The clinical outcomes of both studies were
different from other studies reporting less bleeding due to

Table IV: Postoperative Outcome for Hemodynamics

Ongun EA. et al: Tranexamic Acid in Craniosynostosis Surgery

the clot-stabilizing effect from circulating drug levels, which
might extend up to 24 hours (7,9,13). The underlying cause
of this conflict remains uncertain; it is unknown whether it
was because of hemodilution by fluid resuscitation resulting
in a 20% reduction in hemoglobin, oozing of blood from the
surgical site (2,14), or excessive bleeding due to the variations
in TXA pharmacokinetics (17,28). The young age in the present
study population (8.85 + 3.78 months and 8.14 + 2.14 kg) may
have altered the drug’s pharmacokinetics, as infants (<1 year)
weighing < 10 kg exhibit reduced TXA clearance (10).

Hemodynamic Intact Hemodynamics
Alteration (n=11) (n=25) P

Age, (months)* 7.36 + 3.14 8.48 £ 3.7 0.390
Weight, (kg) * 7.35 + 1.49 8.49 + 2.32 0.145
Gender, n(%)

Male 6 (54.5) 17 (68) 0.475
Craniosynostosis, n(%)

Trigonocephaly 5 (45.5) 12 (48)

Scaphocephaly 3(27.3) 11 (44)

Brachiocephaly 1(9.1) 14) NA

Anterior plagiocephaly 2(18.2) 14)
Operation type, n(%)

Total calvarial reconstruction 6 (54.5) 8 (32)

Frontoorbital advancement 2(18.2) 13 (52) NA

Strip craniectomy 3(27.3) 4 (16)
Length of surgery, (hours) ** 4 (3-6) 3.5 (3-6) 0.074
TXA administration, n (%) 3(27.3) 14 (56) 0.112
Hematocrit Decline * -8.64 £ 2.7 -8.25 £ 3.71 0.757
Hemoglobin Decline * -2.9+0.76 -2.86 = 0.81 0.901
Intraop. transfusion volume, (ml/kg)* 15.86 + 3.89 9.46 + 3.43 <0.001
Intraop. EBVloss, (ml/kg)* 6.01 +1.71 4.61 +1.57 0.022
Postop EBVloss, (ml/kg)* 3.68 +1.97 3.57 £2.19 0.744
Blood loss from the drains (ml/day)* 33.18 + 16.01 27.2+12.6 0.236
HCO, replacement, n (%) 11 (100) 18 (72) 0.076
Postoperative albumin, (gr/dL)* 3.46 + 0.65 3.48 £ 0.37 0.926
Length of intubation, (hours)** 8 (8.5-15) 5(1-16) 0.152
Length of PICU stay, (days)** 3 (2-6) 2 (1-6) 0.025
Length of hospitalization, (days)* 11.45 £1.51 10.52 + 1.83 0.147

*mean + SD; ** median (min-max).

Student’s t test. Mann-Whitney U test. Pearson Chi-square test. Fisher’s Exact Test. NA: Not applied.
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Of note, the present study found a limited effect of TXA on
hemodynamics. Instead of a direct postoperative effect (due
to the drug’s half-life lasting 2 hours) (6,10,13), TXA indirectly
acted upon the hemodynamics by reducing intraoperative
blood loss and transfusion volume. The ROC curve analysis
indicated that 10.13 ml/kg (AUC: 0.885, 95% CI=0.761-1.0;
sensitivity: 91%, specificity: 80%) of the pRBC transfusion
during the procedure predicted the odds of hemodynamic
changes by 3.033 times (OR: 3.033, 95% CI: 1.286-7.154;
p=0.011). However, the cutoff point in the present study was
far behind the limits of Goobie et al. (11). They documented
intraoperative blood transfusion of >60 ml/kg as an
independent risk factor for postoperative cardiorespiratory
events. They created an algorithm to identify patients at risk
for postoperative complications, but the transfusion volume
in their study was above the limits of massive transfusion
criteria in children (>40 ml/kg) (26). There is no doubt of
the high probability of a postoperative event occurring
for those receiving a massive transfusion; but the primary
goal of therapy is to identify infants at risk before reaching
the limit for a massive transfusion requirement. In cases of
excessive intraoperative transfusion volumes, extending
drug administration beyond the postoperative period might
be an option to prevent hemodynamic and hematological
events. Nevertheless, both clinical and pharmacokinetic
studies are needed to investigate the precise dosing and the
length of postoperative drug utilization for safer therapeutic
management.

Documented drug-related adverse effects are scarce (21),
even if doses reach the limits of recommendations (ranging
from 10-100 mg/kg loading dose followed by 5-10 mg/
kg/hour maintenance infusion) (9,13,19,22). The Pediatric
Craniofacial Surgery Perioperative Registry database review
announced a seizure rate of 0.6% in 1,638 children undergoing
cranial vault surgery between 2010 and 2015; the outcomes
were insignificant for children regardless of whether they
received an intraoperative antifibrinolytic drug (8). The seizure
rate was 0.3% (in 2/591 children) in a large multi-institutional
study. It appears that seizures do not occur even at a loading
dose of 100 mg/kg (13,24). We observed seizures in two and
a superficial hematoma in four children. The search for the
underlying causes of the seizures was inconclusive because
both children had a history for epilepsy and had received anti-
seizure medication before the surgery. No thromboembolic
events were observed in the study population. Despite the
side effects that are reported in pediatric cardiac surgeries
(23), further studies are needed to highlight the complications
of antifibrinolytic drugs during craniosynostosis surgery.

We should also emphasize the necessity of close monitoring
for those undergoing such an extensive procedure. The
metabolic demands of small children are greater than those
of any other age category. Not only postoperative blood loss
but also the loss of interstitial fluid from the incision site could
change the hemodynamic and metabolic demands. Restoring
the metabolic balance (pH>7.35) within 6 hours after the
procedure might be more than we could anticipate, due to the
relatively large head circumference to body surface area.
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The limitations of this study were the retrospective nature of the
study and the relatively small study population. The inability to
measure drug blood levels also prevented us from assessing
the pharmacokinetics of TXA and TXA-related complications.
The main strength was that we recorded all intraoperative and
postoperative variables, including the assessment of cranial
imaging.

B CONCLUSION

Administering intraoperative TXA is crucial for successful
management during the surgery; but the postoperative period
is of paramount importance due to excessive bleeding (3).
Postoperative utilization of TXA should be investigated in
future studies to minimize the potential risks by balancing the
pros and cons of the drug.
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