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Abstract

Craniosynostosis, the premature fusion of skull sutures in children, requires surgical correction. This
procedure routinely requires allogeneic blood transfusions, which are associated with multiple risks of their
own. Since 2008, antifibrinolytics tranexamic acid (TXA) and epsilon aminocaproic acid (EACA or Amicar)
have been widely used. There is literature comparing the two agents in scoliosis and cardiothoracic surgery,
but the literature comparing the two agents in pediatric craniofacial surgery (CF) is limited. Tranexamic acid
use is more common in pediatric CF surgery and has been thoroughly studied; however, it costs about three
times as much as EACA and has been associated with seizures. This study compiles the literature assessing
the safety and efficacy of EACA in reducing blood loss and transfusion volumes in children and explores its
potential use in pediatric CF surgery.

Papers from 2000 to 2021 regarding the effectiveness and safety of EACA in Pediatric scoliosis,
cardiothoracic, and craniosynostosis surgery were reviewed and compiled. Papers were found via searching
PubMed and Cochrane databases with the key terms: Epsilon aminocaproic acid, EACA, Amicar, Tranexamic
acid, TXA, craniosynostosis, scoliosis, cardiothoracic, and pediatric. Prospective studies, retrospective
studies, and meta-analyses were included.

Twenty-nine papers were identified as pertinent from the literature searched. Four were meta-analyses, 14
were retrospective, and 11 were prospective. Of these papers, seven were of cardiac surgery, 12 were of
scoliosis, and nine were of craniosynostosis. During our search, EACA has been shown to consistently
reduce blood transfusion volumes compared to control. However, it is not as effective when compared to
TXA. EACA has a similar safety profile to TXA but has a reduced risk of seizures. There are not many studies
of EACA in craniosynostosis repair, but the existing literature shows promising results for EACA's efficacy
and safety, warranting more studies.

Categories: Anesthesiology, Pediatric Surgery, Neurosurgery
Keywords: pediatric, transfusion, blood loss, craniofacial surgery, craniosynostosis, eaca, amicar, epsilon
aminocaproic acid

Introduction And Background

Craniosynostosis, the premature fusion of skull sutures in children, requires surgical correction to ensure
normal craniofacial and neurological development of the patient. Despite the use of cell-saver devices and
refined surgical techniques, the invasive nature of this surgery routinely leads to significant blood loss. This
requires the administration of allogenic blood or blood products to prevent exsanguination. Indeed,
exsanguination is the major complication and cause of death associated with craniosynostosis correction
[1,2]. To add to this risk, allogenic blood transfusions are associated with risks of their own (infectious and
immunologic) [3-5]. Also, pediatric direct donation programs have not proven to be satisfactory and can be
associated with wasted or unused blood products [6]. There is a need to find the ideal agent to minimize
bleeding during these surgeries.

In 2008, the Food and Drug Administration removed the blood-sparing agent aprotinin from the market after
it was associated with death in adult cardiothoracic surgery [7,8]. Following this, the antifibrinolytics
tranexamic acid (TXA) and epsilon aminocaproic acid (Amicar, or EACA) became more widely used as blood
sparing agents to lower transfusion volumes. TXA and EACA are lysine analogs that bind to lysine receptors
on plasminogen, preventing its conversion to plasmin. Therefore, plasmin is prevented from degrading
fibrin, enhancing clot formation [9-12].

Despite the increase in the use of these drugs, there exists no standardized protocol for their use in
craniosynostosis correction. There exists a large body of literature on TXA for craniosynostosis repair [13-
20]. However, TXA has been associated with seizures [21-23], thrombosis [24,25], and costs about three times
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as much as EACA [26,27]. Therefore, there has been recent interest in using EACA instead of TXA. However,
there exists no current comprehensive review of the literature on the use of EACA for craniosynostosis. The
authors are particularly interested in comparing EACA and TXA. The goal of this project is to compile,
compare, and analyze the current literature on EACA to evaluate the scientific consensus on EACA’s
potential safety and efficacy in craniosynostosis surgery.

Review
Methods

The studies included in this review are prospective studies, retrospective studies, and meta-analyses.
Searches were conducted in the PubMed and Cochrane databases. The key terms: epsilon aminocaproic acid,
EACA, Amicar, tranexamic acid, TXA, craniosynostosis, scoliosis, cardiothoracic and pediatric were used.
The references of each paper were also examined, and pertinent ones were included. The review was
conducted between August 1, 2021, and September 30, 2021. A single author conducted the search, and each
paper was reviewed by at least three authors to ensure each paper fit the inclusion criteria. One author
collated each study into a single table. Authors were assigned to cardiac, spinal, and craniosynostosis
studies and then collated the data. One other author reviewed each table to ensure accuracy. The consensus
was met about conclusions, and then the results were written into the discussion.

Papers published between the years 2000-2021 were used. Prospective studies, retrospective studies (i.e.,
chart review), and meta-analyses were included. Papers comparing EACA to TXA were included. Only papers
in English were included. Any papers that do not assess the efficacy or safety of EACA at reducing blood loss
and transfusion volumes in children or adolescents were excluded. Preliminary studies were excluded.

Results

A total of 29 papers were included for consideration; four were meta-analyses, 14 were retrospective, and 11
were prospective. Of these papers, seven were of cardiac surgery, 12 were of scoliosis, nine were of
craniosynostosis, and one did not fit into any other category. Eleven studies compared TXA and EACA. The
primary reason a study was excluded was that either the efficacy of EACA was not being evaluated, or it was
not studying a pediatric population. All papers included in the study were collated in Table 1. For reference,
a detailed summary of EACA in non-craniosynostosis surgeries is compiled in Table 2. Finally, a detailed
summary of EACA in craniosynostosis surgeries is compiled in Table 3.
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Report and Year of
Publication

Borst et al. [28] 2021
Kurlander et al. [29] 2020
Nguyen et al. [30] 2019

Lam et al. [31] 2019
Karimi et al. [32] 2019

Lonner et al. [33] 2018

Thompson et al. [34] 2017

Goobie et al. [35] 2017
Reddy et al. [36] 2016

Hsu et al. [37] 2016

Lu etal. [38] 2015

Stricker et al. [39] 2015

Wang et al. [40] 2015

McLeod et al. [41] 2015
Verma et al. [42] 2014

Oppenheimer et al.
[43] 2014

Halanski et al. [44] 2014
Scott et al. [45] 2014

Stricker et al. [46] 2013

Pasquali et al. [47] 2012

Dhawale et al. [48] 2012

Martin et al. [49] 2011

Martin et al. [50] 2011

Thompson et al. [51] 2008
Thompson et al. [52] 2008
Thompson et al. [53] 2007

Florentino-Pined et al.
[54] 2004

Chauhan et al. [55] 2004

Rao et al. [56] 2000

Study Type

Retrospective
Retrospective
Retrospective
Retrospective

Meta-
Analysis

Retrospective
Retrospective
Retrospective
Prospective

Retrospective

Meta-
Analysis

Prospective

Meta-
Analysis

Retrospective

Prospective

Retrospective

Prospective
Retrospective
Prospective

Meta-
Analysis

Retrospective

Prospective

Prospective

Retrospective
Retrospective

Prospective

Prospective

Prospective

Prospective

Study Size
(N)

95
39
53

74

285

1,769
43

1,638

152

515

1,158

4,269

125

148

47

145

22,258

84

105

234

73
96

51

59

150

170

TABLE 1: All Study Characteristics

EACA: Epsilon Aminocaproic Acid, TXA: Tranexamic Acid

Type of Intervention(s)

EACA vs TXA
EACA vs. EACA + EPO
EACA vs. Placebo

Low vs high dose EACA

EACA vs TXA vs Control

EACA vs. TXA vs. Control
EACA vs. Control

EACA vs. TXA vs. Control
EACA only

EACA vs. Control

EACA vs. Placebo

EACA only

Antifibrinolytics (EACA, Aprotinin, TXA)
vs. Placebo

EACA vs TXA

EACA vs. TXA vs. Placebo

EACA vs. Control

EACA vs. TXA
EACA vs Aprotinin

EACA

EACA vs. TXA vs. Aprotinin vs. Placebo

EACA vs. TXA vs. Placebo

EACA vs. TXA

EACA vs. TXA

EACA vs. TXA
EACA vs. Control

EACA

EACA vs. Control

EACA vs. TXA vs. Control

EACA vs. Control

Intervention(s) (N)

47 (EACA), 48 (TXA)

11 (EACA), 9 (EACA + EPO)

23

36 (low dose), 38 (high dose)

EACA (61), TXA (101)

117 (EACA), 525 (TXA)
14

383 (EACA), 591 (TXA)
2

66

248

613

155 (EACA), 72 (TXA)

42 (EACA), 36 (TXA)

30

25
68 (Aprotinin), 77 (EACA)

18

1,667 (EACA), 7,329 (Aprotinin),

1,486 (TXA)
14 (EACA), 30 (TXA)

77

120

57
62

51

28

50 (EACA), 50 (TXA)

85

Control

(N)

19

30

123

1,127
29

664

86

267

545

47

118

22

11,766

40
28 (TXA)

114
(TXA)

16 (TXA)

34

31

50

85

2022 Bolufer et al. Cureus 14(5): €25185. DOI 10.7759/cureus.25185

30f10



Cureus

Intervention(s)

Reference
Indication Analyzed
(Study Type) .
(Sample Size)
Luetal.
EACA vs.
[38]2015
Placebo
(Meta-
. (N=515)
analysis)
Scott et al. EACA vs.
[45] 2014 Aprotinin
(Retrospective) (N=145)
Pasqualietal. TXAvs. EACA
[47] 2012 vs. Aprotinin
(Retrospective) (N=22,258)
Cardiac .
Martin et al.

Surgery TXA vs. EACA
[50] 2011

(N=7) ) (N=234)
(Prospective)

Martin et al.

TXA vs. EACA
[49] 2011

. (N=105)

(Prospective)
Chauhanetal. TXAvs. EACA
[55] 2004 vs. Control
(Prospective) (N=150)
Rao et al. EACA vs.
[56] 2000 Control
(Prospective) (N=170)

Low
Lametal. [31]  (10mg/kg/hr)
2019 vs. High Dose
(Retrospective) (33 mg/kg/h)

EACA (N=74)
Lonner et al. TXA vs. EACA
[33]2018 vs. Control
(Prospective) (N=1,769)
McLeod et al. EACA vs. TXA
[41] 2015 vs. Aprotinin
(Retrospective) (N=4,269)
Stricker et al. Various
[39] 2015 regimens of
(Prospective) EACA (N= 20)
Wang et al. TXA vs. EACA
[40] 2015 vs. Apronitin
(Meta- vs. Placebo
analysis) (N=1,158)
Halanski et al.
e TXA vs. EACA

Spinal [44] ) (N=47)

Surgery (Prospective)

(N=12) " Vermaetal.  TXAvs. EACA
[42] 2014 vs. Placebo
(Prospective) (N=125)
Dhawale etal. TXAvs. EACA
[48] 2012 vs. Placebo
(Retrospective) (N=84)

Primary Outcome

Postoperative blood loss mean difference
compared to placebo: -7.08 mL; 95% ClI: -
16.11 to 1.95; P=0.12

Infants on EACA required significantly more
rFVila P<0.001

Overall, in-hospital mortality rate TXA: 2%;
EACA: 3.9%; Aprotinin: 4% P=0.009

24-hour postoperative blood loss TXA: 21
mL/kg (14 - 38) EACA: 29 mL/kg (14 - 40)
P=0.242

24-hour postoperative blood loss TXA: 39
mL/kg; EACA: 41 mL/kg P=0.625

24-hour postoperative blood loss EACA: 28 +
13 mL/kg; TXA: 27 + 14 mL/kg P>0.05

24-hour postoperative blood loss EACA: 23.7
+/- 5.8 mL/kg Control: 42.6 +/- 6.9 mL/kg
P<0.001

High dose EACA was associated with a
greater intraoperative blood loss of 8.1 mL/kg
P=0.009

Estimated Blood Loss TXA: 742.3 mL; EACA:
1,420.6 mL; Control 1,010.6 mL P<0.0001

EACA reduced odds of transfusion in
adolescent idiopathic scoliosis. (OR=0.4,
P<0.001). No reduction in transfusion with
TXA

Optimal regimen based on weight (loading
dose and infusion rate) <25 kg: 100 mg/kg; 40
mg/kg/hr 25-50 kg: 100 mg/kg; 35 mg/kg/hr =
50 kg: 100 mg/kg; 30 mg/kg/hr

Mean difference of total blood loss compared

to placebo TXA: -828.60 mL P=0.0004 EACA:

-329.34 mL P=0.004

Mean volumes transfused TXA: 461 mL;
EACA: 1,014 mL; P=0.03

Mean blood loss TXA: 783 + 514 mL; EACA:
493 + 120 mL; Control: 960 + 175 mL

Mean blood loss TXA: 1,301 mL; EACA:
2,502 mL; Control 2,684 mL P<0.001

2022 Bolufer et al. Cureus 14(5): €25185. DOI 10.7759/cureus.25185

Other Notes

Two fatal cases of thrombosis. Analyzed trials used
different dosing regimens.

Bleeding in infant cardiac surgery increased in the
switched from aprotinin to EACA.

TXA provided the best outcomes. Dosing regimens
used were not fully provided. No difference in blood
loss in EACA vs. aprotinin.

Dosing was standardized in this study. Seizure rate
was significantly lower is EACA group. Renal
dysfunction, but not renal failure or in-hospital
mortality, was significantly lower in TXA group.

This study was conducted exclusively on neonates.
Dosing was standardized in this study.

No complications in the form of renal failure or
neurologic events were reported.

EACA significantly reduced packed red cells and
platelet concentrate.

Authors noted that EACA does not appear to have a
dose dependent effect, which is backed by prior
studies.

This was a multicenter, multi-surgeon study.

Neither TXA nor EACA reduced odds of transfusion
in neuromuscular scoliosis. Number of vertebrae
fused correlates to odds of needing transfusion.
Overall use of antifibrinolytics still unclear.

Weight, age, and perioperative conditions can
influence EACA pharmacokinetics. The authors
recommended employing an efficacy trial to evaluate
this dosing regimen.

One pulmonary embolism was reported in TXA
group. No adverse events were reported in the EACA
group.

TXA group demonstrated a statistically significant
smaller change in INR, a lower PTT, and greater
fibrinogen levels postoperatively.

Maintaining MAP at <75 mm Hg contributed to less
blood loss. TXA and EACA blood loss similar, neither
affected transfusion rate.

No adverse events were reported.
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Thompson et
al. [51] 2008
(Retrospective)

Thompson et
al. [52] 2008
(Retrospective)

Thompson et
al. [53] 2007
(Prospective)

Florentino et
al. [54] 2004
(Prospective)

Karimi et al.
[32] 2019
(Meta-
Analysis)

Other

EACA vs.
Control (N=73)

EACA vs.
Control (N=96)

Fibrinogen
levels following
EACA
administration
(N=51)

EACA vs.
Control (N=36)

EACA vs. TXA
vs Control
(N=285)

Total perioperative blood loss EACA: 2,095.7
+952.3 mL; Control: 3,442.8 + 1,344 mL
P=0.001

Intraoperative blood loss EACA: 1,125 + 715
mL; Control: 2,194 +1,626 mL P<0.0002

Preoperative fibrinogen levels were 255.5
mg/dL, rose through postoperative period to
680.9 mg/dL on fifth day

Total perioperative blood loss EACA: 1,391 +
212 mL; Control: 1,716 + 513 mL P=0.036

Antifibrinolytics are effective at reducing
perioperative and intraoperative blood loss

and transfusion volumes

No complications were reported due to EACA use.

No complications were reported due to EACA use.

Authors noted significance is unknown.

No complications were reported due to EACA use.

While EACA does reduce blood loss it was not
statistically significant. Authors unsure if due to less
potency or insufficient study.

TABLE 2: Amicar (EACA) and/or TXA Use in Non-Craniosynostosis Surgeries

EACA: Epsilon Aminocaproic Acid, TXA: Tranexamic Acid, MAP: Mean Arterial Pressure, PTT: Partial Thromboplastin Time, INR: International Normalized

Ratio
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Reference
(Study)

Sample
Size

Borst et al.
[28] 2021 N=95
(Retrospective)

Kurlander et
al. [29] 2020
(Retrospective)

N=39

Nguyen et al.
[3012019 N=53
(Retrospective)

Thompson et
al. [34] 2017
(Retrospective)

N=43

Goobie et al.
[35]2017
(Meta-
analysis)

N=1,638

Reddy et al.
[36] 2016
(Prospective)

N=2

Hsu et al.
[37] 2016
(Retrospective)

N=152

Oppenheimer
etal. [43] 2014
(Retrospective)

N=148

Stricker et al.
[46]2013 N=6
(Prospective)

Intervention(s)
Analyzed

EACA vs TXA

EACA vs. EACA +
Erythropoietin (EPO)

vs. Control

High infusion rate (40
mg/kg/h) vs. a low
infusion rate (<30
mg/kg/h) EACA

EACA vs. Control

EACA vs. TXA vs.
Control

EACA + EPO

EACA vs. Control

EACA vs. Control

3 different EACA dose
regimens

Primary Outcome

Calculated Blood Loss (ml/kg) 35+24
(EACA) and 3318 (TXA) P=0.827

Estimated blood loss EACA: 16.7 mL/kg
Control: 47.9 mL/kg P<0.05

Median decrease in intraoperative blood
loss for high infusion EACA: 14.32 mL/kg
(95% Cl 6.64-23.92), P <0.001

Patients receiving EACA had reduced
blood loss (P=0.005) and reduced blood
transfusion requirement (P=0.010).

Post-operative incidence of seizures or
seizure-like events. TXA: 0.34%; EACA:
1.04%; Control: 0.60%

Estimated blood loss from two cases: 43
mL/kg and 19 mL/kg Institution average
estimated blood loss for non-EACA
cases: 63 mL/kg

Calculated blood loss EACA: 82 + 43
mL/kg Control: 106 + 63 mL/kg P=0.01

Perioperative transfusion volume EACA:
25.5 mL/kg Control: 53.3 mL/kg P<0.0001

Optimal regimen for 6 — 24-month-olds:
loading dose of 100 mg/kg followed by a
CIVI of 40 mg/kg/h

TABLE 3: Amicar Use in Craniosynostosis Surgeries (N=9)

Other Notes

No difference in intraoperative or perioperative blood
loss or complications. Authors recommend using the
fibrinolytic most cost effective, which in most cases is
EACA

Transfusion free discharge rate: EACA: 27%; EACA
+ EPO: 66% Estimated Blood loss EACA: 16.7 mL/kg
EACA + EPO: 11.7 mL/kg P = 0.82

This corresponds to about 15% of the child’s total
blood volume.

These results apply to shorter surgical cases.

One reported case of Deep Vein Thrombosis in TXA
patient

EACA may be indicated in certain religious scenarios
where patients deny transfusions.

Post-operative 24 h surgical drain output EACA: 28
mL/kg Control: 37 mL/kg P = 0.001

Percentage of patients requiring a second unit of
blood EACA: 21% Control: 43%, P < 0.0001
Intraoperative estimated blood loss EACA:322 mL
Control: 327 mL P > 0.05

Weight, age, and perioperative conditions can
influence EACA pharmacokinetics

EACA: Epsilon Aminocaproic Acid, TXA: Tranexamic Acid, CIVI: Continuous Intravenous Infusion, EPO: Erythropoietin

Discussion

EACA in Pediatric Cardiac Surgery

In the two prospective studies comparing EACA and TXA from 2011 by Martin et al. [49,50], EACA had
slightly higher rates of blood loss than TXA, although this was not statistically significant (P=0.242,
P=0.625). No significant difference in perioperative or intraoperative complications was appreciated. The
other prospective study comparing TXA and EACA, performed in 2004 by Chauhan et al., also reported no
significant difference in blood loss [55]. The final prospective study, performed in 2000 by Rao et al.,
compared EACA vs. control and appreciated a dramatic and statistically significant reduction in blood loss
(EACA: 23.7 +/- 5.8 mL/kg, Control: 42.6 +/- 6.9 mL/kg, P<0.001) [56].

A 2014 single-center retrospective study by Scott et al. compared their institution’s experiences with EACA
versus aprotinin after they ceased their aprotinin use in 2007. They found EACA to be associated with
increased median volumes transfused for certain blood transfusion products in infant surgery with
cardiopulmonary bypass (CPB). The authors state this is because EACA lacks certain platelet stabilizing

effects. Those being intraoperative platelets (0 vs. 28, P=0.005, adjusted P=0.06), perioperative Packed Red
Blood Cells (40 vs. 60, P=0.02, adjusted P=0.22), fresh frozen plasma (22 vs. 40, P=0.07, adjusted P=0.60) and
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total volume (73 vs. 135, P=0.04, adjusted P=0.28). They found no increase in events of mortality, renal
failure, CNS events, or thrombosis. However, EACA was associated with an increased incidence of post-CPB
surgical re-exploration (7 vs. 21, P=0.01), rFVIIa infusion (3 vs. 19, P<0.001), and Inhaled Nitric Oxide (iNO)
use (1 vs. 8, P=0.04). The authors explain that their antifibrinolytic use was not randomized, their subgroup
size was small, and this was just a single institutional experience. These limiting factors may explain the
higher rates of post-surgical exploration and complications in the EACA group [45].

In another retrospective study by Pasquali et al. consisting of 25 centers and 22,258 patients between 2004
and 2008, EACA and aprotinin were similar in overall efficacy and safety, except EACA was associated with
greater mortality in patients who needed re-operation, 2.59 (1.04-6.45, P=0.04), and with neonates who had
bleeding requiring surgical intervention, 2.81(1.12-7.09, P=0.03). Compared to aprotinin, TXA’s overall in-
hospital mortality was found to be significantly better at 0.39 (0.21-0.71, P=0.002). The authors noted that
the higher complication and mortality profile of EACA may have been due to the limitations of their study,
such as small populations in patient subgroups, institutional variation in the protocol, and missing data
such as dosing or indications for medication [47].

Finally, a 2015 meta-analysis by Lu et al. analyzed five prospective studies from Asia (Total N=515), which
compared EACA versus placebo. EACA reduced mean transfusion volumes by a mean of -7.08 mL (95% CI: -
16.11 to 1.95; P=0.12); however, two instances of fatal thrombosis were reported. Authors recommend that
EACA be used, but only in instances where it is essential [38].

EACA in Pediatric Spinal Surgery

Studies comparing TXA and EACA found TXA to be superior at reducing estimated blood loss and
transfusion volumes [33,40,44,48], except for McLeod et al. [41] and Verma et al. [42]. In a retrospective
study of 37 institutions conducted by McLeod et al., EACA was found to be associated with a lower incidence
of transfusion (OR=0.4, P<0.001) in Adolescent Idiopathic Scoliosis. There was no difference between TXA
and EACA in Neuromuscular scoliosis. However, the strongest association with transfusion volumes was the
number of vertebrae fused. Verma et al. found no difference between TXA and EACA in estimated blood loss;
however, total postoperative drainage volumes were lower with TXA, and when compared to saline, post-
operative Hematocrit was reduced with EACA but not with TXA (P<0.001 and P= 0.011, respectively) [40].

Studies of EACA versus control found EACA to statistically reduce intraoperative blood loss without
complications [51,52,54]. Lam et al. conducted a retrospective analysis of 74 patients at a single institution
to see if larger doses of EACA are associated with less blood loss [31]. Interestingly, their data suggests the
contrary. High dose EACA (33 mg/kg/hr) was associated with a greater intraoperative blood loss of 8.1 mL/kg
than the low dose (10 mg/kg/hr, P=0.009). The authors believe this result may be because EACA interferes
with platelet-vessel interactions. Finally, in 2007 Thomson et al. performed a prospective study measuring
post-operative fibrinogen levels in patients who received EACA. Preoperative fibrinogen levels were 255.5
mg/dL and rose through the postoperative period to 680.9 mg/dL on the fifth day. The others noted that they
were unsure of the significance of this finding [53].

EACA in Craniosynostosis Surgery

A recent 2021 retrospective study by Borst et al., N=95, compared TXA with EACA and concluded that there
is no difference in efficacy or complications [28]. With these findings, Borst et al. recommended using the
more cost-effective anti-fibrinolytic, which is EACA in most instances. Likewise, meta-analyses of 31
institutions (N=1,638) by Goobie et al. found no statistically significant difference in the incidence of
seizures attributable to TXA, EACA, or control use. However, it is worth noting that one patient who received
TXA was found to have suffered a Deep Vein Thrombosis [35].

Additionally, studies of EACA versus control have demonstrated EACA to be efficacious and safe, with a
statistically significant reduction in blood loss or perioperative transfusion volume noted in each study
[29,34,37,43]. The dosing effects of Amicar in craniosynostosis have also been analyzed in a retrospective
study by Nguyen et al. [30] and a prospective study by Stricker et al. [46]. These studies found EACA to be
most efficacious if the patient is given a 100 mL loading dose followed by a relatively high continuous
intravenous infusion (CIVI) of 40 mg/kg/hr, as opposed to lower dosing regiments. This finding is contrary to
the experience of Lam et al., who did not find the efficacy of EACA to be dose-dependent in spinal surgeries
[31]. More studies will need to be conducted to determine if this dose-dependent effect is only a
phenomenon observed in spinal surgeries and not craniosynostosis surgeries.

Finally, Kurlander et al. [29] and Reddy et al. [36] both documented the effect of perioperative administration
of erythropoietin along with EACA use. Although Kurlander et al. noted no statistically significant

difference in estimated blood loss when comparing groups given EACA and erythropoietin versus EACA
alone (P=0.82), they did note an increase in the transfusion free rate (66% in the EACA+ EPO group versus
27% in the EACA group). Reddy et al. documented two uncommon cases involving patients who declined
blood transfusions due to their religious beliefs. In both of these cases, co-administration of EACA and
erythropoietin led to both patients experiencing less blood loss than the institution average. These findings
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suggest that concurrent administration of erythropoietin may provide additional benefits when administered
with EACA. More research will need to be conducted to explore and potentially optimize this protocol.

Conclusions

EACA has been used for a variety of indications ranging from cardiothoracic surgery to spinal surgery and,
more recently, for craniosynostosis surgery. Although EACA showed effectiveness at reducing blood loss
when compared to controls, it did not consistently reduce blood loss when compared to TXA. It is worth
noting that the protocols implemented for EACA, such as the loading dose and infusion rates, were often not
standardized, which may have contributed to the unfavorable data obtained. On the other hand, the data on
EACA use in craniosynostosis surgery suggests that EACA is associated with a lower risk of seizures and
provides comparable outcomes with a similar safety profile as TXA. As the literature involving EACA use in
craniosynostosis is limited, further studies investigating its optimal dosing, interactions with
erythropoietin, as well as other effects are necessary to elucidate the true applications of this therapeutic
agent.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Czerwinski M, Hopper RA, Gruss ], Fearon JA: Major morbidity and mortality rates in craniofacial surgery:
an analysis of 8101 major procedures. Plast Reconstr Surg. 2010, 126:181-6. 10.1097/PRS.0b013e3181da87df
2.  Stricker PA, Shaw TL, Desouza DG, et al.: Blood loss, replacement, and associated morbidity in infants and
children undergoing craniofacial surgery. Paediatr Anaesth. 2010, 20:150-9. 10.1111/j.1460-
9592.2009.03227.x
3. Klein HG: Allogeneic transfusion risks in the surgical patient. Am J Surg. 1995, 170:21. 10.1016/s0002-
9610(99)80054-3
4. van de Watering LM, Hermans ], Houbiers JG, et al.: Beneficial effects of leukocyte depletion of transfused
blood on postoperative complications in patients undergoing cardiac surgery: a randomized clinical trial.
Circulation. 1998, 97:562-8. 10.1161/01.cir.97.6.562
5. Vamvakas EC, Blajchman MA: Deleterious clinical effects of transfusion-associated immunomodulation:
fact or fiction?. Blood. 2001, 97:1180-95. 10.1182/blood.v97.5.1180
6. Knuckey MI, Wood EM, Savoia HF: Audit of a paediatric directed donation programme . | Paediatr Child
Health. 2003, 39:364-7. 10.1046/j.1440-1754.2003.00175.x
7. Shaw AD, Stafford-Smith M, White WD, et al.: The effect of aprotinin on outcome after coronary-artery
bypass grafting. N Engl ] Med. 2008, 358:784-93. 10.1056/NEJMoa0707768
8. Schneeweiss S, Seeger D, Landon J, Walker AM: Aprotinin during coronary-artery bypass grafting and risk
of death. N Engl ] Med. 2008, 358:771-83. 10.1056/NEJMoa0707571
9. Okamoto S, Nakajima T, Okamoto U, et al.: A suppressing effect of €-amino-n-caproic acid on the bleeding
of dogs, produced with the activation of plasmin in the circulatory blood. Keio ] Med. 1959, 8:247-266.
10.2302/kjm.8.247
10. Hoylaerts M, Lijnen HR, Collen D: Studies on the mechanism of the antifibrinolytic action of tranexamic
acid. Biochim Biophys Acta. 1981, 673:75-85. 10.1016/0304-4165(81)90312-3
11.  Slaughter TF, Greenberg CS: Antifibrinolytic drugs and perioperative hemostasis. Am ] Hematol. 1997, 56:1-
32.10.1002/(sici)1096-8652(199709)56:1<32::aid-ajh7>3.0.c0;2-3
12.  Okamoto S, Okamoto U: Amino-methyl-cyclohexane-carboxylic acid: AMCHA a new potent inhibitor of the
fibrinolysis. Keio ] Med. 1962, 11:105-115. 10.2302/kjm.11.105
13.  Goobie SM, Meier PM, Pereira LM, et al.: Efficacy of tranexamic acid in pediatric craniosynostosis surgery: a
double-blind, placebo-controlled trial. Anesthesiology. 2011, 114:862-71. 10.1097/ALN.0b013e318210fd8f
14. Dadure C, Sauter M, Bringuier S, et al.: Intraoperative tranexamic acid reduces blood transfusion in children
undergoing craniosynostosis surgery: a randomized double-blind study. Anesthesiology. 2011, 114:856-61.
10.1097/ALN.0b013e318210f9e3
15.  White N, Bayliss S, Moore D: Systematic review of interventions for minimizing perioperative blood
transfusion for surgery for craniosynostosis. ] Craniofac Surg. 2015, 26:26-36.
10.1097/5CS.0000000000001108
16. Martin DT, Gries H, Esmonde N, et al.: Implementation of a tranexamic acid protocol to reduce blood loss
during cranial vault remodeling for craniosynostosis. ] Craniofac Surg. 2016, 27:1527-31.
10.1097/SCS.0000000000002835
17.  Kurnik NM, Pflibsen LR, Bristol RE, Singh DJ: Tranexamic acid reduces blood loss in craniosynostosis
surgery. ] Craniofac Surg. 2017, 28:1325-9. 10.1097/5CS.0000000000003731
18. Lu VM, Goyal A, Daniels DJ: Tranexamic acid decreases blood transfusion burden in open craniosynostosis
surgery without operative compromise. ] Craniofac Surg. 2019, 30:120-6. 10.1097/5CS.0000000000004875
19. Danforth RM, Cook JA, Bennett WE, Tholpady SS, Gerety PA: Tranexamic acid in infantile craniosynostosis
surgery: friend or foe?. Plast Reconstr Surg. 2020, 146:1119-27. 10.1097/PRS.0000000000007245

2022 Bolufer et al. Cureus 14(5): €25185. DOI 10.7759/cureus.25185 8 of 10


https://dx.doi.org/10.1097/PRS.0b013e3181da87df
https://dx.doi.org/10.1097/PRS.0b013e3181da87df
https://dx.doi.org/10.1111/j.1460-9592.2009.03227.x
https://dx.doi.org/10.1111/j.1460-9592.2009.03227.x
https://dx.doi.org/10.1016/s0002-9610(99)80054-3
https://dx.doi.org/10.1016/s0002-9610(99)80054-3
https://dx.doi.org/10.1161/01.cir.97.6.562
https://dx.doi.org/10.1161/01.cir.97.6.562
https://dx.doi.org/10.1182/blood.v97.5.1180
https://dx.doi.org/10.1182/blood.v97.5.1180
https://dx.doi.org/10.1046/j.1440-1754.2003.00175.x
https://dx.doi.org/10.1046/j.1440-1754.2003.00175.x
https://dx.doi.org/10.1056/NEJMoa0707768
https://dx.doi.org/10.1056/NEJMoa0707768
https://dx.doi.org/10.1056/NEJMoa0707571
https://dx.doi.org/10.1056/NEJMoa0707571
https://dx.doi.org/10.2302/kjm.8.247
https://dx.doi.org/10.2302/kjm.8.247
https://dx.doi.org/10.1016/0304-4165(81)90312-3
https://dx.doi.org/10.1016/0304-4165(81)90312-3
https://dx.doi.org/10.1002/(sici)1096-8652(199709)56:1<32::aid-ajh7>3.0.co;2-3
https://dx.doi.org/10.1002/(sici)1096-8652(199709)56:1<32::aid-ajh7>3.0.co;2-3
https://dx.doi.org/10.2302/kjm.11.105
https://dx.doi.org/10.2302/kjm.11.105
https://dx.doi.org/10.1097/ALN.0b013e318210fd8f
https://dx.doi.org/10.1097/ALN.0b013e318210fd8f
https://dx.doi.org/10.1097/ALN.0b013e318210f9e3
https://dx.doi.org/10.1097/ALN.0b013e318210f9e3
https://dx.doi.org/10.1097/SCS.0000000000001108
https://dx.doi.org/10.1097/SCS.0000000000001108
https://dx.doi.org/10.1097/SCS.0000000000002835
https://dx.doi.org/10.1097/SCS.0000000000002835
https://dx.doi.org/10.1097/SCS.0000000000003731
https://dx.doi.org/10.1097/SCS.0000000000003731
https://dx.doi.org/10.1097/SCS.0000000000004875
https://dx.doi.org/10.1097/SCS.0000000000004875
https://dx.doi.org/10.1097/PRS.0000000000007245
https://dx.doi.org/10.1097/PRS.0000000000007245

Cureus

20.

21.

22.

23.

24.

25.

26.
27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

45.

46.

47.

48.

Hansen JK, Lydick AM, Wyatt MM, Andrews BT: Reducing postoperative bleeding after craniosynostosis
repair utilizing a low-dose transexamic acid infusion protocol. ] Craniofac Surg. 2017, 28:1255-9.
10.1097/SCS.0000000000003711

Murkin JM, Falter F, Granton J, Young B, Burt C, Chu M: High-dose tranexamic Acid is associated with
nonischemic clinical seizures in cardiac surgical patients. Anesth Analg. 2010, 110:350-3.
10.1213/ANE.Ob013e3181¢92b23

Sharma V, Katznelson R, Jerath A, et al.: The association between tranexamic acid and convulsive seizures
after cardiac surgery: a multivariate analysis in 11 529 patients. Anaesthesia. 2014, 69:124-30.
10.1111/anae.12516

Martin K, Knorr J, Breuer T, et al.: Seizures after open heart surgery: comparison of e-aminocaproic acid
and tranexamic acid. ] Cardiothorac Vasc Anesth. 2011, 25:20-5. 10.1053/j.jvca.2010.10.007

Sjoblom MD, Busso VO, Linscott LL, Sadhasivam S: Postoperative cerebral arterial thrombosis following
cranial surgery in an infant. Paediatr Anaesth. 2013, 23:1105-6. 10.1111/pan.12270

Chung E, Karlberg HI: Ulnar artery thrombosis following tranexamic acid administration for
craniosynostosis repair. ] Craniofac Surg. 2019, 30:186-7. 10.1097/5CS.0000000000004905

Lexicomp: Tranexemic acid (login required) . (2020). Accessed: May 9, 2022: https://online.lexi.com.
Lexicomp: Aminocaproic acid (login required) . (2020). Accessed: May 9, 2022: https://online.lexi.com.
Borst AJ, Bonfield CM, Deenadayalan PS, Le CH, Xu M, Sobey JH, Reddy SK: €-Aminocaproic acid versus
tranexamic acid in children undergoing complex cranial vault reconstruction for repair of craniosynostosis.
Pediatr Blood Cancer. 2021, 68:€29093. 10.1002/pbc.29093

Kurlander DE, Ascha M, Marshall DC, et al.: Impact of multidisciplinary engagement in a quality
improvement blood conservation protocol for craniosynostosis. ] Neurosurg Pediatr. 2020, 26:406-14.
10.3171/2020.4.PEDS19633

Nguyen TT, Lam HV, Austin TM, Stricker P, Tunceroglu H, Schoenecker J: Comparison of different dosage
regimes of epsilon aminocaproic acid on blood loss in children undergoing craniosynostosis surgery.
Paediatr Anaesth. 2019, 29:858-64. 10.1111/pan.13671

Lam H, Austin T, Nguyen T, Martus J, Schoenecker J: Unexpected higher blood loss associated with higher
dose €-aminocaproic acid in pediatric scoliosis surgery. | Pediatr Orthop B. 2019, 28:40-4.
10.1097/BPB.0000000000000545

Karimi S, Lu VM, Nambiar M, Phan K, Ambikaipalan A, Mobbs R]: Antifibrinolytic agents for paediatric
scoliosis surgery: a systematic review and meta-analysis. Eur Spine J. 2019, 28:1023-34. 10.1007/s00586-
019-05911-8

Lonner BS, Ren Y, Asghar J, Shah SA, Samdani AF, Newton PO: Antifibrinolytic therapy in surgery for
adolescent idiopathic scoliosis does the level 1 evidence translate to practice?. Bull Hosp Jt Dis (2013). 2018,
76:165-70.

Thompson ME, Saadeh C, Watkins P, Nagy L, Demke J: Blood loss and transfusion requirements with
epsilon-aminocaproic acid use during cranial vault reconstruction surgery. | Clin Anesth. 2017, 36:153-7.
10.1016/j.jclinane.2016.10.007

Goobie SM, Cladis FP, Glover CD, et al.: Safety of antifibrinolytics in cranial vault reconstructive surgery: a
report from the pediatric craniofacial collaborative group. Paediatr Anaesth. 2017, 27:271-81.
10.1111/pan.13076

Reddy SK, Swink JM, Rogers GF, Myseros JS, Keating RF, Santos DN: Transfusion-free calvarial vault
reconstruction using multimodal blood conservation strategies in two pediatric Jehovah’s witness patients
with craniosynostosis. A A Case Rep. 2016, 7:33-6. 10.1213/XAA.0000000000000334

Hsu G, Taylor JA, Fiadjoe JE, Vincent AM, Pruitt EY, Bartlett SP, Stricker PA: Aminocaproic acid
administration is associated with reduced perioperative blood loss and transfusion in pediatric craniofacial
surgery. Acta Anaesthesiol Scand. 2016, 60:158-65. 10.1111/aas.12608

LuJ, Meng H, Meng Z, Sun Y, Pribis JP, Zhu C, Li Q: Epsilon aminocaproic acid reduces blood transfusion
and improves the coagulation test after pediatric open-heart surgery: a meta-analysis of 5 clinical trials. Int
] Clin Exp Pathol. 2015, 8:7978-87.

Stricker PA, Gastonguay MR, Singh D, et al.: Population pharmacokinetics of €-aminocaproic acid in
adolescents undergoing posterior spinal fusion surgery. Br ] Anaesth. 2015, 114:689-99. 10.1093/bja/aeu459
Wang M, Zheng XF, Jiang LS: Efficacy and safety of antifibrinolytic agents in reducing perioperative blood
loss and transfusion requirements in scoliosis surgery: a systematic review and meta-analysis. PLoS One.
2015, 10:e0137886. 10.1371/journal.pone.0137886

McLeod LM, French B, Flynn JM, Dormans JP, Keren R: Antifibrinolytic use and blood transfusions in
pediatric scoliosis surgeries performed at US children's hospitals. ] Spinal Disord Tech. 2015, 28:E460-6.
10.1097/BSD.0b013e3182a22a54

Verma K, Errico T, Diefenbach C, et al.: The relative efficacy of antifibrinolytics in adolescent idiopathic
scoliosis: a prospective randomized trial. ] Bone Joint Surg Am. 2014, 96:e80. 10.2106/JBJS.L.00008
Oppenheimer AJ, Ranganathan K, Levi B, Strahle JM, Kapurch J, Muraszko KM, Buchman SR: Minimizing
transfusions in primary cranial vault remodeling: the role of aminocaproic acid. ] Craniofac Surg. 2014,
25:82-6. 10.1097/SCS.0b013e3182a2e23f

Halanski MA, Cassidy JA, Hetzel S, Reischmann D, Hassan N: The efficacy of Amicar versus tranexamic acid
in pediatric spinal deformity surgery: a prospective, randomized, double-blinded pilot study. Spine Deform.
2014, 2:191-7. 10.1016/j.jspd.2014.02.001

Scott JP, Costigan DJ, Hoffman GM, et al.: Increased recombinant activated factor VII use and need for
surgical reexploration following a switch from aprotinin to epsilon-aminocaproic acid in infant cardiac
surgery. ] Clin Anesth. 2014, 26:204-11. 10.1016/j.jclinane.2013.10.015

Stricker PA, Zuppa AF, Fiadjoe JE, et al.: Population pharmacokinetics of epsilon-aminocaproic acid in
infants undergoing craniofacial reconstruction surgery. Br ] Anaesth. 2013, 110:788-99. 10.1093/bja/aes507
Pasquali SK, Li ]S, He X, et al.: Comparative analysis of antifibrinolytic medications in pediatric heart
surgery. ] Thorac Cardiovasc Surg. 2012, 143:550-7. 10.1016/j.jtcvs.2011.06.048

Dhawale AA, Shah SA, Sponseller PD, et al.: Are antifibrinolytics helpful in decreasing blood loss and

2022 Bolufer et al. Cureus 14(5): €25185. DOI 10.7759/cureus.25185

90of 10


https://dx.doi.org/10.1097/SCS.0000000000003711
https://dx.doi.org/10.1097/SCS.0000000000003711
https://dx.doi.org/10.1213/ANE.0b013e3181c92b23
https://dx.doi.org/10.1213/ANE.0b013e3181c92b23
https://dx.doi.org/10.1111/anae.12516
https://dx.doi.org/10.1111/anae.12516
https://dx.doi.org/10.1053/j.jvca.2010.10.007
https://dx.doi.org/10.1053/j.jvca.2010.10.007
https://dx.doi.org/10.1111/pan.12270
https://dx.doi.org/10.1111/pan.12270
https://dx.doi.org/10.1097/SCS.0000000000004905
https://dx.doi.org/10.1097/SCS.0000000000004905
https://online.lexi.com
https://online.lexi.com
https://online.lexi.com
https://online.lexi.com
https://dx.doi.org/10.1002/pbc.29093
https://dx.doi.org/10.1002/pbc.29093
https://dx.doi.org/10.3171/2020.4.PEDS19633
https://dx.doi.org/10.3171/2020.4.PEDS19633
https://dx.doi.org/10.1111/pan.13671
https://dx.doi.org/10.1111/pan.13671
https://dx.doi.org/10.1097/BPB.0000000000000545
https://dx.doi.org/10.1097/BPB.0000000000000545
https://dx.doi.org/10.1007/s00586-019-05911-8
https://dx.doi.org/10.1007/s00586-019-05911-8
https://pubmed.ncbi.nlm.nih.gov/31513519/
https://dx.doi.org/10.1016/j.jclinane.2016.10.007
https://dx.doi.org/10.1016/j.jclinane.2016.10.007
https://dx.doi.org/10.1111/pan.13076
https://dx.doi.org/10.1111/pan.13076
https://dx.doi.org/10.1213/XAA.0000000000000334
https://dx.doi.org/10.1213/XAA.0000000000000334
https://dx.doi.org/10.1111/aas.12608
https://dx.doi.org/10.1111/aas.12608
https://pubmed.ncbi.nlm.nih.gov/26339364/
https://dx.doi.org/10.1093/bja/aeu459
https://dx.doi.org/10.1093/bja/aeu459
https://dx.doi.org/10.1371/journal.pone.0137886
https://dx.doi.org/10.1371/journal.pone.0137886
https://dx.doi.org/10.1097/BSD.0b013e3182a22a54
https://dx.doi.org/10.1097/BSD.0b013e3182a22a54
https://dx.doi.org/10.2106/JBJS.L.00008
https://dx.doi.org/10.2106/JBJS.L.00008
https://dx.doi.org/10.1097/SCS.0b013e3182a2e23f
https://dx.doi.org/10.1097/SCS.0b013e3182a2e23f
https://dx.doi.org/10.1016/j.jspd.2014.02.001
https://dx.doi.org/10.1016/j.jspd.2014.02.001
https://dx.doi.org/10.1016/j.jclinane.2013.10.015
https://dx.doi.org/10.1016/j.jclinane.2013.10.015
https://dx.doi.org/10.1093/bja/aes507
https://dx.doi.org/10.1093/bja/aes507
https://dx.doi.org/10.1016/j.jtcvs.2011.06.048
https://dx.doi.org/10.1016/j.jtcvs.2011.06.048
https://dx.doi.org/10.1097/BRS.0b013e31823d009b

Cureus

49.

50.

51.

52.

53.

54.

55.

56.

transfusions during spinal fusion surgery in children with cerebral palsy scoliosis?. Spine (Phila Pa 1976).
2012, 37:E549-55. 10.1097/BRS.0b013e31823d009b

Martin K, Gertler R, Sterner A, et al.: Comparison of blood-sparing efficacy of e-aminocaproic acid and
tranexamic acid in newborns undergoing cardiac surgery. Thorac Cardiovasc Surg. 2011, 59:276-80.
10.1055/5-0030-1250645

Martin K, Breuer T, Gertler R, et al.: Tranexamic acid versus €-aminocaproic acid: efficacy and safety in
paediatric cardiac surgery. Eur | Cardiothorac Surg. 2011, 39:892-7. 10.1016/j.ejcts.2010.09.041

Thompson GH, Florentino-Pineda I, Poe-Kochert C, Armstrong DG, Son-Hing JP: The role of Amicar in
same-day anterior and posterior spinal fusion for idiopathic scoliosis. Spine (Phila Pa 1976). 2008, 33:2237-
42.10.1097/BRS.0b013e31817bd889

Thompson GH, Florentino-Pineda I, Poe-Kochert C, Armstrong DG, Son-Hing J: Role of Amicar in surgery
for neuromuscular scoliosis. Spine (Phila Pa 1976). 2008, 33:2623-9. 10.1097/BRS.0b013%e318187c046
Thompson GH, Florentino-Pineda I, Armstrong DG, Poe-Kochert C: Fibrinogen levels following Amicar in
surgery for idiopathic scoliosis. Spine (Phila Pa 1976). 2007, 32:368-72. 10.1097/01.brs.0000253962.24179.bc
Florentino-Pineda I, Thompson GH, Poe-Kochert C, Huang RP, Haber LL, Blakemore LC: The effect of
amicar on perioperative blood loss in idiopathic scoliosis: the results of a prospective, randomized double-
blind study. Spine (Phila Pa 1976). 2004, 29:233-8. 10.1097/01.brs.0000109883.18015.b9

Chauhan S, Das SN, Bisoi A, Kale S, Kiran U: Comparison of epsilon aminocaproic acid and tranexamic acid
in pediatric cardiac surgery. ] Cardiothorac Vasc Anesth. 2004, 18:141-3. 10.1053/j.jvca.2004.01.016

Rao BH, Saxena N, Chauhan S, Bisoi AK, Venugopal P: Epsilon aminocaproic acid in paediatric cardiac
surgery to reduce postoperative blood loss. Indian ] Med Res. 2000, 111:57-61.

2022 Bolufer et al. Cureus 14(5): €25185. DOI 10.7759/cureus.25185

10 of 10


https://dx.doi.org/10.1097/BRS.0b013e31823d009b
https://dx.doi.org/10.1055/s-0030-1250645
https://dx.doi.org/10.1055/s-0030-1250645
https://dx.doi.org/10.1016/j.ejcts.2010.09.041
https://dx.doi.org/10.1016/j.ejcts.2010.09.041
https://dx.doi.org/10.1097/BRS.0b013e31817bd889
https://dx.doi.org/10.1097/BRS.0b013e31817bd889
https://dx.doi.org/10.1097/BRS.0b013e318187c046
https://dx.doi.org/10.1097/BRS.0b013e318187c046
https://dx.doi.org/10.1097/01.brs.0000253962.24179.bc
https://dx.doi.org/10.1097/01.brs.0000253962.24179.bc
https://dx.doi.org/10.1097/01.brs.0000109883.18015.b9
https://dx.doi.org/10.1097/01.brs.0000109883.18015.b9
https://dx.doi.org/10.1053/j.jvca.2004.01.016
https://dx.doi.org/10.1053/j.jvca.2004.01.016
https://pubmed.ncbi.nlm.nih.gov/10824468/

	Epsilon Aminocaproic Acid’s Safety and Efficacy in Pediatric Surgeries Including Craniosynostosis Repair: A Review of the Literature
	Abstract
	Introduction And Background
	Review
	Methods
	Results
	TABLE 1: All Study Characteristics
	TABLE 2: Amicar (EACA) and/or TXA Use in Non-Craniosynostosis Surgeries
	TABLE 3: Amicar Use in Craniosynostosis Surgeries (N=9)

	Discussion

	Conclusions
	Additional Information
	Disclosures

	References


