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Bivalirudin, a direct thrombin inhibitor, is a useful alternative to heparin for anticoagulation in infants and
children. It has been found to be effective in patients requiring treatment of thrombosis, as well as those
needing anticoagulation during cardiopulmonary bypass, extracorporeal life support, or with a ventricular
assist device. While it has traditionally been used in patients who were unresponsive to heparin or who de-
veloped heparin-induced thrombocytopenia, it has recently been studied as a first-line agent. Bivalirudin,
unlike heparin, does not require antithrombin to be effective, and as a result, has the potential to provide a
more consistent anticoagulation. The case reports and clinical studies currently available suggest that bivali-
rudin is as effective as heparin at reaching target activated clotting times or activated partial thromboplastin
times, with equivalent or the lower rates of bleeding or thromboembolic complications. It is more expensive
than heparin, but the cost may be offset by reductions in the costs associated with heparin use, including
anti-factor Xa testing and the need for administration of antithrombin. The most significant disadvantage
of bivalirudin remains the lack of larger prospective studies demonstrating its efficacy and safety in the
pediatric population.
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INTRODUCTION

The direct thrombin inhibitors (DTIs), bivali-
rudin and argatroban, offer an alternative to
unfractionated heparin (heparin) for providing
intravenous anticoagulation. Bivalirudin was
the first DTI to be marketed in the United States,
approved by the Food and Drug Administration
(FDA) on December 15,2000.! It is currently indi-
cated for use with aspirin in adults with unstable
angina undergoing percutaneous transluminal
coronary angioplasty and for use with glyco-
protein IIb/IIla inhibitors in adults undergoing
percutaneous coronary intervention. The clinical
applications for bivalirudin have expanded to
include off-label use in cardiopulmonary bypass
(CPB) during cardiac surgery and in patients
receiving extracorporeal life support (ECLS) or
being supported with a ventricular assist device
(VAD) as a bridge to cardiac transplantation. As
experience with bivalirudin has grown in adults,
clinicians have begun to explore its potential in

the pediatric population. While it is not yet con-
sidered a first-line therapy by most clinicians, it
has been found to be an effective alternative to
heparin in both children and adults with hepa-
rin-induced thrombocytopenia (HIT), heparin
resistance (inability to achieve anticoagulation
goals with heparin doses > 70 units/kg/hr), or
evidence of continued clot formation or extension
during treatment with heparin.**

Direct thrombin inhibitors have several ad-
vantages over heparin, including the potential
to produce more consistent anticoagulation.
Heparin acts through potentiation of endogenous
antithrombin and is known to be less effective
in patients with low levels. Studies have shown
that serum antithrombin levels are naturally
low in neonates and may be reduced in patients
undergoing CPB and ECLS, placing patients at
risk for clot formation in spite of appropriate
heparin dosing.”* Many hospitals have begun
to develop guidelines for antithrombin supple-
mentation to optimize heparin response, either
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by administration of human or recombinant
antithrombin or the use of fresh frozen plasma,
which contains antithrombin. This can lead to sig-
nificant fluctuations in coagulation parameters,
as well as increasing costs and creating a greater
reliance on donor blood products. Use of a DTI
avoids the need for antithrombin supplementa-
tion entirely. Direct thrombin inhibitors are also
effective against both circulating and clot-bound
thrombin, as opposed to heparin, which forms a
complex only with circulating thrombin, which
may also add to a more consistent and effective
level of anticoagulation in patients requiring
long-term treatment. In spite of these advantages,
the use of DTIs continues to be limited by the
small number of studies demonstrating their
safety and efficacy in the pediatric population.

PHARMACOKINETIC AND
PHARMACODYAMIC PROFILE

Bivalirudin is a synthetic analogue of hirudin,
the anticoagulant found in the saliva of the leech
Hirudo medicinalis. Following intravenous ad-
ministration, it exhibits linear pharmacokinetics
over the standard dosing range."” Bivalirudin
is not bound to plasma proteins other than
thrombin. It is cleared by proteolytic cleavage
in the blood, with approximately 20% cleared
renally. In adults with normal renal function,
bivalirudin has a clearance of 3.4 mL/min/kg
and an elimination half-life of approximately
25 minutes.! The shorter half-life of bivalirudin
offers an advantage compared to the 40-minute
half-life of argatroban, making it a safer choice
when rapid discontinuation of anticoagulation is
needed. The clearance of bivalirudin is reduced
by approximately 20% in adults with moderate
to severe renal impairment and by 80% in pa-
tients with end stage renal disease. While little
is known of the effects of renal dysfunction on
bivalirudin clearance in children, a published
case report describes potential accumulation in
a 2-month-old who had been receiving a bivali-
rudin infusion for occlusive iliac and femoral
deep vein thromboses.? When the patient’s se-
rum creatinine rose to 0.98 mg/mL on day 5 of
therapy activated partial thromboplastin times
(aPTTs) values began to rise, suggesting reduced
drug clearance. Lowering the infusion rate by
20% each day for the next 2 days failed to bring
aPTT values below 400 seconds, and the patient

developed pulmonary bleeding. Bivalirudin was
discontinued, resulting in normalization of aPTT
values and resolution of the bleeding.

Bivalirudin is a bivalent DTI, binding to both
the catalytic site and the anion-binding exosite of
circulation and clot-bound thrombin.! Adminis-
tration produces an immediate anticoagulant ef-
fect. Measures of anticoagulation typically return
to baseline an hour after discontinuing treatment,
as thrombin slowly cleaves the bivalirudin bonds,
reversing its effects and resulting in recovery of
thrombin function. Administration of bivalirudin
produces dose and concentration-dependent
anticoagulation, as measured by activated clot-
ting time (ACT), aPTT, prothrombin time (PT),
and thrombin time (TT). The best method for
monitoring anticoagulation produced by DTIs,
however, has not yet been established. While
the manufacturer recommends monitoring ACT
for adults undergoing cardiac procedures, the
majority of hospitals use aPTT as their primary
indicator of efficacy outside of the procedural
or operative settings.”** The use of aPTT for
monitoring may not always accurately reflect
the degree of anticoagulation. A recent in vitro
experiment using 235 plasma samples from 82
adults treated with a DTI found that aPTT was
only poorly correlated with other tests of DTI
activity: the ecarin chromogenic assay (ECA) to
assess the ability to block thrombin generation,
the dilute thrombin time (dTT), and a prothrom-
binase-induced clotting time (r* = 0.04-0.23).%
The best correlation was between dTT and ECA
(r?2 = 0.92). Additional studies will be needed to
determine if any of these newer tests will provide
areliable and timely assessment of DTI-induced
anticoagulation that can be incorporated into
routine clinical practice.

The pediatric pharmacokinetic and pharma-
codynamic profile of bivalirudin was studied in
110 children undergoing cardiac catheterization.’
This open-label study was conducted by the
manufacturer in response to a written request
by the FDA for pediatric information. Twenty-
two neonates, 33 infants, 32 children 2 to 6 years
of age, and 34 children 6 to 16 years of age with
congenital heart disease were enrolled. All pa-
tients received the standard adult percutaneous
coronary intervention regimen: a 0.75 mg / kg
bolus dose followed by a 1.75 mg/kg/hr infu-
sion. There were pharmacokinetic differences
across all age groups. Neonates had a more rapid
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clearance of bivalirudin, as well as a lower mean
maximum concentration (C__ ), mean area under
the concentration time curve (AUC_ ), and mean
average concentration (C_ ) than older children.
There was a trend towards increasing mean C__
and mean AUC , with increasing age, resulting
in values approximately 1.5-fold higher in the
older children compared to the neonates. This
was offset by a decreasing clearance with age,
from 11.2 + 4.3 mL/min/kg in the neonates to
5.98 + 1.3 mL/min/kg in the older children. As a
result, half-life was similar among all age groups,
ranging from 0.25 to 0.28 hours. There was also a
positive correlation between bivalirudin plasma
concentrations and ACT values in all age groups.

ADVERSE EFFECTS

In adults, the rate of major bleeding with bivali-
rudin use during procedures is 2.3% to 3.7%, with
arate of minor bleeding of 13.6%.' Thrombocyto-
penia, defined as a platelet count <100,000/ mm?,
has been reported in 0.3% to 0.7% of patients.
Other adverse effects reported in clinical trials
of bivalirudin include nausea (in up to 15% of
patients), hypotension (12%), hypertension (6%),
bradycardia (5%), vomiting (6%), and injection
site pain (8%). While limited experience prevents
an accurate assessment of the adverse effect
profile of bivalirudin in children, initial studies
suggest results similar to those in adults.**¢ In
the open-label pediatric pharmacokinetic and
pharmacodynamic study described earlier, 2 of
the 110 subjects (1.8%) developed hematomas at
the site of sheath removal that met the criteria
for a major bleeding event.® Minor bleeding was
reported in 12 subjects (11%), primarily bleeding
or small hematomas at the catheterization site.
Thrombosis was reported in 8 patients (7.3%).
Three patients had a thrombus form in the sheath
during their procedure, with the remainder
developing a thrombus after the catheterization
was completed. Only one required thrombolysis
with alteplase.

CLINICAL EXPERIENCE

Arecent survey of pharmacists at 56 hospitals
throughout the United States evaluated the avail-
ability and use of DTIs within their pediatric
patient population.” Thirty-four percent of the
respondents were at free-standing pediatric hos-

pitals, with 62.5% at hospitals providing both pe-
diatric and adult care. Most institutions had more
than 1 DTI on their formulary. Argatroban was
the most common, available in 80% of hospitals,
with bivalirudin available in 41%. Lepirudin was
available in 4% of hospitals prior to its removal
from the market by Bayer Healthcare in 2012. Use
of a DT in infants and children was uncommon.
The majority of respondents (41.1%) used DTIs 2
to 4 times per year. Another 33.9% reported using
DTIs less than twice a year. Only 19% of institu-
tions used DTIs more frequently. The primary
reasons for use were the development of HIT
or thrombus extension during heparin therapy.
Although not common in pediatrics, the use of
DTIs has slowly increased over the past decade. A
2014 analysis of the Pediatric Health Information
System (PHIS) database found that 208 children
between 2 and 12 years of age received a DTI
during the period from 2004 to 2011.2 The PHIS
database includes information from 43 tertiary
care pediatric hospitals throughout the United
States, making it a reasonable representation
of medication use in the United States. The di-
agnosis of HIT led to the use of a DTI in 15.6%
of cases. Of the patients managed with a DTI,
73.1% were treated with argatroban, 23.1% re-
ceived bivalirudin, and 7.7% received lepirudin.
While there was no change in the annual rate
of argatroban use during the study, the use of
bivalirudin increased from 13.6% of the patients
given a DTI during 2004-2007 to 26.9% during
2008-2011 (p < 0.05). The authors also found that
the rate of bleeding documented after DTI use
was significantly lower with bivalirudin than
argatroban (18.8% versus 41.5%, p = 0.002). The
most common complications were hemorrhage
or hematomas following a procedure, reported in
11% of cases and hemoptysis, reported in 5.8%.
The same authors also used the PHIS database
to investigate anticoagulant use in children sup-
ported by a VAD.* A total of 466 patients were
identified during the period from 2000 to 2011.
Heparin was used in 98.3% of patients, while
argatroban was used in only 0.9% of patients,
bivalirudin in 0.6%, and lepirudin in 0.2%.

TREATMENT OF THROMBOSIS

The first pilot study of bivalirudin as primary
treatment of thrombosis in infants was published
in 2007 (Table).® This open-label dose-finding and
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safety study, conducted as part of a FDA Inves-
tigational New Drug Application, enrolled 16
infants less than 6 months of age. Eight patients
had extremity deep vein thromboses, 4 had
right atrial thromboses, 3 had inferior vena cava
thromboses, and 1 had a right ventricular outflow
tract thrombus. Efficacy was determined by evi-
dence of clot resolution at 48 to 72 hours and by
measurement of aPTT 15 minutes after the bolus
and at4, 12, and 24 hours. In addition, molecular
markers of thrombin generation, including D-
dimer, thrombin-antithrombin complexes (TATs),
and prothrombin fragment 1.2 were assessed at
baseline, 12, 24, 48, and 72 hours, and 7 and 14
days after treatment initiation. The first 5 patients
received a bolus dose of 0.25 mg/kg. The remain-
ing patients where then divided into 2 cohorts
who received a bolus dose of either 0.125 mg/
kg or 0.5 mg/kg. The patients were also divided
into 2 groups for their initial infusion rate, with
the first 9 receiving 0.25 mg/kg/hr as their rate
and the remainder starting therapy at 0.125 mg/
kg/hr. The infusion rates chosen by the authors
were similar to those reported in studies of adults
with HIT, ranging from 0.03 to 0.25 mg/kg/hr.*
Doses were adjusted to maintain an aPTT of 1.5
to 2.5x the patient’s baseline.

Thirteen of the 16 patients had an aPTT mea-
surement 15 minutes after their bolus dose; 12
(75%) had an aPTT within their target range (1.5-
2.5x baseline), with a median of 1.87x baseline
(range 1.1-2.5). The initial infusion rate produced
an aPTT within the target range in 15 of the 16
patients (94%) at the 4-hour measurement, with
a median of 1.97x baseline (range 1.6-2.7). One
patient in the 0.25 mg/kg/hr group was above
the desired aPTT range. Infusion rates were
increased or decreased by 50% for subsequent
aPTT values outside of the patient’s target range.
A dose-response effect for the continuous infu-
sion was demonstrated for both aPTT and aPTT
ratio (p <0.0001 and p < 0.001, respectively). All 3
molecular markers of thrombin generation were
significantly lower after initiation of bivalirudin,
indicating adequate thrombin inhibition. Three
infants had complete resolution of their thrombus
by 72 hours, while another 3 had partial resolu-
tion. None of the patients had progression of their
thrombus. Two patients were considered to have
major bleeding, with gross hematuria that re-
solved with dose reduction. Minor bleeding was
reported in 9 patients. The authors concluded

that the results from their pilot study supported
further research into the role of bivalirudin as an
alternative to heparin in infants.?

The following year, the authors published a
single-center retrospective study of 16 children
from 4 months to 14 years of age given bivaliru-
din for prophylaxis or treatment of thrombosis.*
Three children received bivalirudin after devel-
oping HIT; 7 had evidence of heparin resistance,
and 6 had compromised hepatic and renal
function. Therapy was initiated with a bolus
dose of 0.05 to 0.25 mg/kg in 10 patients, while
the other 6 did not receive a bolus dose. The
bivalirudin infusion was started at 0.05 to 0.25
mg/kg/hr, based on prescriber preference, and
titrated to achieve an aPTT 1.5 to 2.5x baseline.
The mean effective dose was 0.16 + 0.07 mg/kg/
hr. Ultrasound studies performed in 10 children
at 72 hours demonstrated evidence of thrombus
regression in all cases. One patient experienced
gross hematuria after urethral catheterization
that resolved with temporary discontinuation
of treatment. Bivalirudin was reinstituted the
following day without incident. There were no
other adverse effects reported.

CARDIAC CATHETERIZATION

Bivalirudin has been used successfully in sev-
eral case reports of children undergoing cardiac
catheterization.” The first report described a
2-month-old infant with DiGeorge syndrome
who developed acute kidney injury after surgery
in the first week of life to place a right ventricle-
to-pulmonary arterial conduit.® When the patient
needed cardiac catheterization to place a stent in
the conduit, the patient’s clinical status, along
with a low serum antithrombin level, led the
medical team to select bivalirudin for antico-
agulation. A bolus dose of 0.5 mg/kg was given,
followed by a bivalirudin infusion of 0.25 mg/
kg/hr. Within 15 minutes after initiation of the
infusion, ACT had increased to 353 seconds and
remained at goal (>200 seconds) throughout the
procedure. Within 30 minutes of discontinuing
bivalirudin, the ACT had dropped to 180 seconds.
There were no bleeding complications.

Asecond case described a 2-year-old boy with
ventricular inversion, mitral atresia, pulmonary
atresia, and malposition of the great vessels.’”
After a Blalock-Taussig shunt as a neonate and
a Glenn procedure at 6 months, the patient had
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a St. Jude aortic valve implanted and a Gortex
shunt placed from the aorta to the superior vena
cava to supplement pulmonary blood flow at
18 months. He developed HIT during the post-
operative course following the last surgery. Six
months later, he required a cardiac catheteriza-
tion for stent placement and was managed with
bivalirudin. He was treated according to the
recommendations for adults undergoing percu-
taneous coronary interventions: a bolus dose of
0.75 mg/kg followed by an infusion of 1.75 mg/
kg/hr.! Within 15 minutes of initiation, the ACT
was 522 seconds. Stent placement was successful.
Atbivalirudin discontinuation, the ACT was 632
seconds; within 30 minutes it had fallen to 307
seconds. As in the previous case, there were no
bleeding complications even with the use of a
much larger dose.

CARDIOPULMONARY BYPASS

There are a small number of case reports de-
scribing the use of bivalirudin during CPB, begin-
ning in 2006.5™ An early case report described
the use of bivalirudin for anticoagulation during
CPBin 2 infants with HIT after previous surgery.
After a bolus of 1 mg/kg, an infusion of 2.5 mg/
kg/hr was started and continued throughout the
case to maintain ACT values over 400 seconds.
An additional 50 mg was added to the CPB circuit
prime.® This dose has previously been reported
as effective in adults undergoing bypass.? Suc-
cessful surgery was also reported in a 5-year-old
girl receiving CPB during cardiac transplanta-
tion.” The patient had received extracorporeal
membrane oxygenation (ECMO) prior to trans-
plantation and developed HIT with a platelet
count of 41,000/mm?, thrombosis of the distal
extremities, and a positive test for PF4 antibodies.
She was transitioned to an argatroban infusion
for the remainder of her ECMO course. Twenty-
five days after decannulation, she received a
donor heart. Rather than restarting argatroban,
the authors chose bivalirudin for anticoagulation
during surgery because of its shorter half-life
and potentially better elimination by dialysis if
needed. Not having access to any pediatric dos-
ing information at the time, the authors elected to
initiate bivalirudin at 10% of the recommended
adult dose with an initial bolus dose of 0.15 mg/
kg followed by a continuous infusion of 0.25
mg/kg/hr. A supplemental dose of 50 mg was

added to the bypass circuit to produce an ACT
greater than 400 seconds. Additional bolus doses
of 0.1 to 0.5 mg/kg were given and the infusion
increased as needed for subtherapeutic ACT
levels. Following surgery, the patient received
fresh frozen plasma, packed red blood cells,
and recombinant factor VII to decrease bleeding
at the time of separation from the CPB circuit.
No adverse bleeding or thrombotic events were
noted during the postoperative period.

A third case report described an infant with
hypoplastic left heart syndrome who developed
HIT following Norwood surgery complicated by
bowel ischemia requiring resection."” For her sec-
ond stage cardiac surgery, the now 5-month-old
infant was given bivalirudin for anticoagulation
during CPB. After completion of the sternotomy,
a 1 mg/kg bivalirudin bolus dose was admin-
istered, producing an ACT of 286 seconds. A
bolus of 0.5 mg/kg was given 5 minutes later
to produce an ACT of 597 seconds (goal > 400
seconds). An infusion was then started at 2.5
mg/kg/hr, which maintained ACT values be-
tween 461 and 597 seconds. The CPB circuit was
also primed with 50 mg of bivalirudin per 400
mL circuit volume. There was no clot formation
in the CPB circuit and no evidence of bleeding
after surgery. In a fourth case, a 17-month-old
with HIT following an arterial switch after
birth for transposition of the great arteries was
given bivalirudin for CPB during pulmonary
arterioplasty.” Bivalirudin administration was
initiated with boluses of 1 mg/kg and two 0.5
mg/kg doses to achieve an ACT of 370 seconds,
followed by an infusion of 2.5 mg/kg/hr. The last
ACT prior to discontinuation was 945 seconds,
with an aPTT of 167 seconds. After modified
ultrafiltration (MUEF), the ACT had dropped to
389 seconds. The patient was given fresh frozen
plasma and cryoprecipitate to ensure no residual
bleeding. There were no complications noted.

EXTRACORPOREAL LIFE SUPPORT

The greatest experience with bivalirudin in
children to date has been with ECLS."**>* One of
the first reports was published in 2011, describing
a 5-day-old infant with congenital diaphragmatic
hernia who developed HIT as well as small ves-
sel arterial thrombosis while receiving ECLS.*
A transition from heparin to bivalirudin, using
a loading dose of 0.4 mg/kg followed by an
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infusion of 0.15 mg/kg/hr titrated to an ACT
of 180 to 200 seconds allowed for a successful
ECLS course without further complications. Later
that year, the safety and efficacy of a bivalirudin-
maintained ECLS was compared to traditional
heparin-based anticoagulation in a retrospective
study of 21 patients, including 9 children.” The
first 8 consecutive patients were managed with
the institution’s traditional heparin-based anti-
coagulation, followed by 13 patients managed
with bivalirudin. The heparin group received
a loading dose of 100 units/kg at cannulation,
followed by an initial dose of 5 to 10 units/kg/
hr titrated to achieve a target ACT of 160 to 180
seconds and an aPTT of 50 to 80 seconds. Throm-
boelastography (TEG) was also performed every
8 hours with a target value of 12 to 30 minutes.
The mean bivalirudin starting dose of 0.05 mg/
kg/hr (range 0.05-0.1 mg/kg/hr) was adjusted
in the same manner as heparin. In comparison,
studies of bivalirudin in adult ECMO have used
doses as low as 0.025 mg/kg/hr without a load-
ing dose.”

Patients in the bivalirudin group had longer
ACTs, aPTTs, and reaction times measured by
TEG compared to the patients in the heparin
group. In addition, the bivalirudin group had
less bleeding, 16 + 13 mL/kg/day, versus 51 + 46
mL/kg/day in the heparin group (p = 0.015), and
received significantly less fresh frozen plasma,
fewer platelet transfusions, and less antithrom-
bin (all p < 0.05). There was a trend towards
lower costs with bivalirudin in the adults, but
the difference reached statistical significance in
the children, largely the result of reduced blood
product and antithrombin use."® There were no
significant differences in rates of bleeding or
thromboembolic complications. The authors
concluded that bivalirudin provided an effective
alternative to heparin for anticoagulation and
may have the potential to reduce blood product
administration and costs during ECLS. In a let-
ter following publication of their study, the lead
author cautioned readers that slower intracardiac
blood flow during ECLS may allow for greater
proteolytic cleavage of bivalirudin and a risk for
less effective anticoagulation.” It is suggested
that ECLS patients on bivalirudin maintain
some degree of pulsatile flow to prevent areas of
stagnation and that periodic echocardiographic
evaluation for movement of the heart valves be
used to document good blood flow.

In 2013, a case series described bivalirudin use
in another 12 children on ECLS." The patients
ranged in age from 1 day to 6 years (median 8
days). All patients initially received heparin and
were transitioned to bivalirudin for evidence of
HIT, heparin resistance, or clot formation within
the circuit. Four patients received bolus doses of
bivalirudin during the transition from heparin
(median dose 0.1 mg/kg, range 0.04-0.14 mg/
kg). Bivalirudin infusions were initiated at 0.05 to
0.3mg/kg/hr. The aPTT goals were determined
for each patient individually based on underly-
ing disease and risk factors. The median time to
achieve an aPTT level within the goal range was 4
hours, with a range of 1 to 25 hours. The median
duration of bivalirudin use was 92 hours, with
a range of 60 to 230 hours. The average percent-
age of time spent within 90% to 110% of the goal
aPTT range was 70.3% + 10.9%. The median
effective maintenance dose was 0.16 mg/kg/
hr, with a range of 0.05 to 0.48 mg/kg/hr. There
was a positive correlation between dose and
aPTT (1> = 0.264, p = 0.044). Subgroup analysis
revealed no correlation between the effective
maintenance dose and patient age or indication.
Eight patients survived to discharge. Routine
intracranial ultrasounds revealed no evidence of
hemorrhage, but 2 patients developed transient
pulmonary hemorrhage. While one of the known
disadvantages of anticoagulation with a DTI is
the inability to reverse its effects with protamine,
the authors noted that 3 patients were success-
fully treated with low-dose factor VII (< 30 meg/
kg) prior to surgical procedures to minimize the
risk of excessive bleeding.

A recent case report describes an additional
twist on bivalirudin use during ECLS." An
8-year-old patient was placed on venovenous
ECLS as a bridge to lung transplantation. The
patient had initially been anticoagulated with
heparin during ECLS, but developed HIT with a
positive antibody assay. Bivalirudin was chosen
to replace heparin and initiated with an infusion
of 1.2 mg/kg/hr. As a part of his transplantation
evaluation, the patient was found to have signifi-
cant allosensitization and underwent 2 plasma
exchanges within 48 hours to reduce antibody
titers. During the exchanges, aPTT was moni-
tored every 15 to 20 minutes. Bivalirudin bolus
doses of 0.75 to 1.6 mg/kg were given and the
infusion titrated to maintain values of 60 to 80
seconds. The infusion was increased to 1.6 mg/
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kg/hr during the first plasma exchange and 1.8
mg/kg/hr during the second. The patient toler-
ated both plasma exchanges without incident;
there were no clots in the ECLS circuit or clinical
concerns for bleeding.

VENTRICULAR ASSIST DEVICES

A recent retrospective study described 6
pediatric patients at 2 hospitals who received
bivalirudin while being supported with a Berlin
Heart EXCOR VAD.'® The patients ranged in
age from 9 months to 14 years, with durations
of VAD support ranging from 21 to 155 days.
All patients had previously received heparin;
3 had developed thrombosis, 2 had HIT, and
1 was considered a high-risk patient due to a
prosthetic mitral valve. Bivalirudin was initiated
according to institutional protocol, at 0.5 mg/
kg/hr in patients with normal renal function,
0.3 mg/kg/hr in those with moderate renal
impairment, and 0.2 mg/kg/hr in those with
severe renal impairment. No loading doses were
used. The infusion was subsequently titrated to
achieve an aPTT target of 1.5 to 2x baseline. The
median effective bivalirudin infusion rate was
0.685 mg/kg/hr, with a range of 0.1 to 0.8 mg/
kg/hr. Patients also received an epoprostenol
infusion to reduce platelet aggregation, with the
addition of aspirin, dipyridamole, or clopidogrel
as needed. One patient developed a cerebro-
vascular infarct with complete recovery and 1
patient experienced ischemia in a foot where
an arterial line had been placed; there were no
other complications. Five patients underwent
successful cardiac transplantation. Bivalirudin
was continued during surgery, with an addi-
tional dose of 1 mg/kg used to prime the CPB
circuit and bolus doses of 0.1 to 0.5 mg/kg and
titration of the bivalirudin infusion to maintain
target ACTs of 400 to 500 seconds. One patient
had significant bleeding in the operating room
managed with blood products and factor VII.

RECOMMENDATIONS FOR
ADMINISTRATION

There is no established dosing range for bivali-
rudin in infants and children. Based on the pilot
dose-finding study in neonates and the pediatric
clinical data published to date, an effective dos-
ing regimen for bivalirudin would include a

bolus dose of 0.125 to 0.25 mg/kg followed by
an initial infusion of 0.125 to 0.25 mg/kg/hr in
patients requiring prophylaxis or treatment for
thrombosis.*¢ Larger bolus doses, 0.5to 1 mg/g,
with an infusion rate of 0.25 to 2.5 mg/kg/hr
have been used to produce adequate anticoagula-
tion for cardiac catheterization or CPB. Several
institutions reported adding an additional 50 mg
of bivalirudin directly into the CPB circuit prior to
surgery. Most hospitals monitored their patients
with aPTT, with a goal of 1.5 to 2.5x baseline,
typically checked every 2 to 4 hours. In patients
undergoing cardiac catheterization or CPB, ACTs
should be checked at 15-minute intervals. The
goal ACT varies among the published bivalirudin
cases, but most centers have aimed for ACTs of
400 to 500 seconds. Monitoring for ECLS and
VAD:s for patients varies among centers, but may
include ACT, aPTT, and TEG.

Bivalirudin is available in single-use 250-mg
vials, with an average wholesale price of $1150
per vial.? This does not include the cost of
relatively frequent monitoring. A cost analysis of
bivalirudin versus heparin use in ECLS or other
pediatric indications has not been completed.
While certainly much more expensive than hepa-
rin, the indirect costs of using heparin, including
anti-factor Xa monitoring and administration of
exogenous antithrombin or fresh frozen plasma
to potentiate heparin, must also be taken into
consideration.

CONCLUSION

While heparin continues to be the primary
means of providing anticoagulation in the pe-
diatric population, there is a role for DTIs such
as bivalirudin in patients with HIT, evidence
of heparin resistance, or clot extension during
heparin treatment. Initial clinical data in infants
and children have shown that bivalirudin can
provide effective anticoagulation, achieving
target ACT, aPTT, and TEG goals with minimal
dosage adjustment and a relatively low incidence
of serious hemorrhagic or thrombotic complica-
tions. The primary disadvantage of bivalirudin
continues to be the lack of pediatric studies.
Additional research is needed to better define
its safety and efficacy in infants and children, as
well as to determine the optimal dosing strat-
egy and monitoring parameters for this patient
population.
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