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Keypoints

sistance.

and the lack of a rapid reversal agent.

1. Various religions hold tenets regarding the consumption or utilization of animal-derived products, which
may impact medical care when selecting animal-derived medications and products. As unfractionated hep-

arin is porcine-derived, it may be objectionable to patients of specific religious groups.

2. Bivalirudin is a synthetic direct thrombin inhibitor that is related to hirudin. It was developed to provide an

alternative anticoagulant to heparin in patients with heparin-induced thrombocytopenia or heparin re-

3. Although it is not currently FDA-approved for use in pediatric patients, there is significant anecdotal clini-
cal experience with its use during cardiac catherterization, cardiac surgery requiring cardiopulmonary by-

pass, and during extracorporeal support procedures.

4. Although it provides effective anticoagulation, concerns with bivalirudin include identification of the opti-

mal mode to monitor and adjust dosing, need to adjust dosing in patients with renal insufficiency or failure,

Abstract

Various clinical scenarios may require the short or long-
term administration of agents to provide anticoagula-
tion. In the vast majority of scenarios and clinical situa-
tions, heparin remains the agent of choice. However,
patient concerns or conditions such as heparin-induced
thrombocytopenia (HIT) or religious concerns regarding
the use of porcine-derived medications may require the
use of alternative anticoagulants. We present the use of

bivalirudin for anticoagulation during a cardiac catheter-
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ization procedure in a 9-year-old patient of the Islamic
faith who requested no porcine-derived medications.
Basic principles of bivalirudin are discussed, previous
reports of its use during cardiac catheterization re-
viewed, and clinical guidelines for its use in this clinical
scenario presented.
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Introduction

Various religions hold tenets regarding the consumption
or utilization of animal-derived products, which may
impact medical care when selecting animal-derived
medications and products. Gelatin capsules, surfactants,
surgical implants, and specific medications may be de-
rived from porcine or bovine material.!* One commonly
used medication that is frequently porcine derived is
heparin.® Heparin, a glycosaminoglycan produced by
basophils and mast cells in all mammals, is a naturally
occurring anticoagulant. This makes it convenient for
pharmaceutical companies to extract heparin from va-
rious animals (porcine, bovine, and ovine).

The original clinically available heparin products from
the 1930s were from a bovine source (cow lung). Al-
though this a 50-60 year history of the safe use of bovi-
ne-derived heparin, due to concerns of the theoretical
transmission of spongiform encephalopathy agents, bo-
vine lung heparin was voluntarily removed from the US
market by manufacturers in the late 1990s and replaced
by porcine heparin. Despite this, bovine mucosa heparin
drug products remain available and manufactured in
various South American countries including Brazil and
Argentina. However, in light of concerns over future
global heparin supply shortages, the FDA has begun to
encourage bovine derived heparin as purification pro-
cesses for removing potential pathologic prions continue
to advance.®

The advances in the development of synthetic heparins
(fondaparinux) have been extensive, but manufacturing
cost, availability, and the inability to quickly reverse
these synthetic variants with protamine sulfate remain
disadvantages to their use for acute anticoagulation.” As
unfractionated heparin (UFH) may be porcine-derived,
it may pose dilemmas with caring for patients of certain
religious groups. We present the use of bivalirudin for
anticoagulation during a cardiac catheterization proce-
dure in a 9-year-old patient of the Islamic faith who re-
quested no porcine-derived medications. Basic princi-
ples of bivalirudin are discussed, previous reports of its
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use during cardiac catheterization reviewed, and clinical
guidelines for its use in this clinical scenario presented.
Case report

Review of this case and presentation in this format fol-
lowed guidelines of the Institutional Review Board of
Nationwide Children’s Hospital (Columbus, Ohio). The
patient was a 9-year-old, 30.6 kilogram female child
who presented with increased cyanosis and clubbing for
a Fontan fenestration closure. Her prior cardiac medical
history included double outlet right ventricle (DORYV),
pulmonary stenosis, right ventricular hypoplasia, dextro-
transposition of the great arteries (d-TGA), and large
subpulmonic ventricular septal defect (VSD). Prior sur-
gical procedures included bidirectional Glenn proce-
dure, fenestrated extracardiac Fontan, tricuspid valve
repair, pulmonary valve over-sewing, and patch aug-
mentation of the pulmonary arteries. She developed atri-
al flutter following Fontan palliation which was con-
trolled with amiodarone. Additional past surgical history
included gastrostomy tube placement and dorsal rhizot-
omy. Additional past medical history and comorbid
conditions included cerebral vascular events following
her previous cardiac surgery, a seizure disorder, IVC
thrombus requiring long term anticoagulation with
coumadin, spastic quadriplegic cerebral palsy, develop-
mental delay, cognitive impairment, mixed receptive-
expressive language disorder, and muscle spasticity. At
the time of cardiac catheterization procedure, medica-
tions included baclofen (30 mg by mouth every day),
levetiracetam (800 mg by mouth every day), lisinopril
(2 mg by mouth every day), and melatonin (2 mg by
mouth every night). Physical examination revealed a
normal pulmonary exam and airway with no loose teeth.
The cardiovascular exam revealed a regular rhythm with
cyanosis and clubbing. As the patient followed the Is-
lamic faith, they requested no porcine-derived medica-
tions including heparin. The patient was admitted the
day before the procedure in anticipation of the need to
bridge anticoagulation with bivalirudin. However, as the
international normalized ratio (INR) was 1.7 even after
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holding the warfarin for 2 days, it was decided that pre-
operative bridging was not indicated. The patient was
held nil per os after midnight and transported to the car-
diac catheterization suite where standard American So-
ciety of Anesthesiologists’ monitors were placed. Anes-
thesia was induced with intravenous fentanyl (25 pg),
propofol (20 mg), midazolam (2 mg), and lidocaine (30
mg). Neuromuscular blockade was provided with intra-
venous rocuronium (30 mg). Intravenous cefazolin
(1500 mg) was administered for antimicrobial prophy-
laxis. Direct laryngoscopy provided a Cormack-Lehane
grade 1 view and the trachea was intubated with a 5.5
mm cuffed endotracheal tube without difficulty. Bival-
irudin was administered intravenously for anticoagula-
tion during the procedure (0.25 mg/kg bolus followed
by an infusion starting at 0.25 mg/kg/hour) with a pro-
posed activated clotting time (ACT) goal of >250 sec-
onds. The infusion rate was down titrated to 0.125
mg/kg/hour when the patient’s first ACT was 322 sec-
onds, an hour after the bolus and initiation of the initial
infusion rate. The infusion rate was subsequently in-
creased to 0.2 mg/kg/hour, approximately 25 minutes
later when the ACT had decreased to 255 seconds. The
infusion was held constant at 0.2 mg/kg/hour. The ACT
was 251 seconds, 2 hours after the start of the infusion.
The cardiac catheterization ablation procedure lasted
approximately 3 hours. Postoperative anti-emetic medi-
cation included intravenous dexamethasone (4 mg) and
ondansetron (4 mg). Postoperative analgesia therapy
was provided with intravenous acetaminophen (450
mg). Residual neuromuscular blockade was reversed
with sugammadex (75 mg) and the patient’s trachea was
extubated in the operating room. She was transported to
the cardiothoracic intensive care unit (CTICU). In con-
sultation with hematology, the bivalirudin infusion (0.2
mg/kg/hr) was continued in the CTICU to bridge anti-
coagulation until a therapeutic prothrombin time
(PT)/INR was achieved with oral coumadin with an INR
goal of 2.5-3.0. Coumadin (3 mg every night) was start-
ed the day after surgery and increased to 4 mg every
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night, 6 days post-surgery as the INR remained at 2.1
while bridging with bivalirudin. Bivalirudin was discon-
tinued 7 days post-procedure with an INR at 2.8. The
patient remained hemodynamically stable throughout
the post-operative course and was discharged home 8
days after the procedure with an INR at 2.2.
Discussion
The direct-thrombin inhibitors (DTIs) were introduced
into clinical practice in 1909 with the availability of hir-
udin, the first parental anticoagulant.®® Hirudin is a nat-
ural thrombin inhibitor, which is produced by the sali-
vary gland of the leech.® Although hirudin was used for
anticoagulation during hemodialysis, heparin became
available in the early 1950s and has subsequently be-
come the most commonly used agent for parenteral anti-
coagulation. Although hirudin is no longer available,
lepirudin subsequently became available. It is a recom-
binant form of hirudin (r-hirudin) that forms an irre-
versible (1:1) complex with thrombin.!® Unlike heparin,
lepirudin also inhibits clot-bound thrombin, including
thrombin on fibrin independent of antithrombin III
(ATIIN).'® Although clinical trials have demonstrated its
efficacy to provide anticoagulation, allergic reactions
ranging from urticaria to hemodynamic instability have
been reported.!'"!3 Anaphylactoid reactions may occur
regardless of previous exposure. However, as re-
exposure is associated with a greater risk, it is recom-
mended that exposure to lepirudin be limited to a single
exposure whenever clinically feasible.
Bivalirudin is a synthetic DTI that is related to hirudin.
It was developed in the early 1990s and acquired its first
FDA-approval for percutaneous transluminal coronary
angioplasty (PTCA) in 2000 under the brand name An-
giomax® by The Medicines Company (Parsippany, NJ).’
It is a 20-amino acid synthetic peptide consisting of a
12-amino acid carboxy-terminal segment (dodecapep-
tide) derived from natural hirudin residues 53-64, a
tetrapeptide amino-terminal segment, and a connecting
tetraglycine spacer segment.'* Like lepirudin, bivaliru-
din is a bivalent DTI binding both free circulating (solu-
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ble) and clot-bound (fibrin-bound) thrombin independ-
ent of ATIII. The amino-terminal segment electively
binds to the catalytic site of thrombin and the carboxyl-
terminal portion binds to the fibrinogen site on throm-
bin. Anticoagulation is achieved through specific and
reversible interaction with the catalytic site of thrombin
responsible for converting fibrinogen to fibrin, a termi-
nal step in the coagulation cascade. The half-life of bi-
valirudin is only 25 minutes, and it is predominantly
(80%) eliminated through proteolytic cleavage within
the plasma. A minority (20%) is excreted by the kid-
neys. Despite limited dependence on renal excretion, its
clearance is reduced by ~80% in patients with renal
failure.'s

Bivalirudin was originally developed with the goal of
providing a safe alternative anticoagulant when heparin
use is contraindicated, including HIT or heparin re-
sistance.'®!” Bivalirudin received its first FDA-approved
indication in 2000 for anticoagulation during PTCA fol-
lowing the Bivalirudin Angioplasty Trial (BAT).” The
Bivalirudin Angioplasty Study from 2001 reanalyzed
the same data from the BAT study comparing high-dose
UFH (175 units/kg bolus followed by an infusion of 15
units/kg/hr) to bivalirudin (1.0 mg/kg bolus followed by
an infusion of 2.5 mg/kg/hr) during coronary angioplas-
ty in adults with unstable angina.!® The composite end-
points of death, myocardial infarction (MI), or the need
for surgical revascularization were significantly lower
(p<0.039) in bivalirudin-treated patients with an associ-
ated reduction in major bleeding complications
(p<0.001)."®

The first pilot study on dosing, the Comparison of
Abciximab Complications with Hirulog for Ischemic
Events Trials (CACHET) determined that that the most
effective dosing of bivalirudin was a 0.75 mg/kg bolus
dose followed by an infusion of 1.75 mg/kg/hr during
the span of percutaneous coronary intervention (PCI)."
This subsequently became the FDA-approved dosage
and is still the most employed dosing regimen today in
routine clinical practice. Since its initial success in
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PTCA for unstable angina, bivalirudin use in adults has
expanded to other surgical and interventional scenarios
including PCI for ST-elevated myocardial infarction
(STEMI) and cardiopulmonary bypass (CPB), as well as
patients with a history of HIT.2*% Although PCI re-
mains the only FDA-approved indication for anticoagu-
lation with bivalirudin, the applications and safety of
bivalirudin in on-pump and off-pump coronary artery
bypass graft (CABG) surgery, acute coronary syndrome
(ACS), transcatheter valve intervention, extracorporeal
membrane oxygenation (ECMO), and deep vein throm-
bosis (DVT) prophylaxis has seen increased use.?63°

The growing anecdotal reports and clinical experience
have expanded to include the pediatric population, most
commonly in those with confirmed or suspected HIT,
ATIII deficiency, or hypersensitivity to heparin or pork
products, requiring cardiac catheterization or surgery for
congenital heart disease using CPB.2%31-33 The first suc-
cessful use of bivalirudin for anticoagulation in the pe-
diatric population was published in 2006 and included a
2-month old infant with ATIII deficiency who required
a stent placement to correct stenosis of a previously
placed conduit between the right ventricle and pulmo-
nary trunk.>! Two additional case reports and a large co-
hort case series have since been published on bivaliru-
din use during pediatric cardiac catheterization.?*34
Streiff et al. described the successful use of bivalirudin
in a 4-year old male with a history of complex congeni-
tal heart disease and HIT who required anticoagulation
during two separate cardiac catheterizations 3 months
apart.>? While both procedures were successful, the first
and second case both required increasing bivalirudin in-
fusion due to inadequate ACT and clotting in access
sheaths, respectively.>? The authors noted the difficulty
in monitoring and dosing of bivalirudin during cardiac
catheterization as there is a lack of well-established evi-
dence-based medicine for age-specific dosing regimens
and monitoring techniques. The 106-patient study by
Forbes et al. in 2011 is the only study to examine bival-

irudin pharmacokinetics (PK) and pharmacodynamics
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(PD) in pediatric patients undergoing cardiac catheteri-
zation.? The study monitored PK/PD data (ACT,
steady-state concentration, max concentration, clear-
ance, and half-life) in the neonate to 16-year-old pediat-
ric age range undergoing PCI procedures. The safety
endpoints included bleeding and thrombotic events. The
PK/PD outcomes performed similar to adults and there
was no increased risk in either safety endpoint.>* This
led the authors to conclude that bivalirudin was safe and
its pharmacologic effects predictable in pediatric pa-
tients undergoing PCI procedures.

In addition to its use for pediatric cardiac catheteriza-
tion, there has been expanded anecdotal clinical experi-
ence with bivalirudin for anticoagulation during pediat-
ric cardiac surgery, largely for children with HIT, as
well as a recent randomized controlled trial.>>*? The
first reported use in cardiac surgery included a 5-year-
old child with HIT requiring CPB during orthotopic
heart transplantation.>> Bivalirudin dosing included an
initial bolus dose of 0.15 mg/kg followed by an infusion
at 0.25 mg/kg/hr. Despite this, the authors noted the
need for several additional bolus doses and a rapid in-
crease in the infusion rate to achieve and sustain their
target ACT >400 seconds. The post-operative course
was reported to be without any thrombotic events or ma-
jor bleeding. Following this, six additional cases regard-
ing bivalirudin use during pediatric CPB have been re-
ported.**! Although bivalirudin was successful without
thrombotic or bleeding complications, many of the au-
thors expressed the need for a standardized, evidence-
based medicine protocol for bivalirudin use during CPB,
were concerned over inconsistencies in using ACT to
monitor anticoagulation during surgery, and noted vari-
able approaches to minimize postoperative bleeding (in-
cluding the use of tranexamic acid and modified ultrafil-
tration). This initial work led to a prospective, random-
ized study in 2018 directly comparing heparin to bival-
irudin for anticoagulation during cardiac surgery in pe-
diatric patients ranging in age from 1 to 12 years.** The
trial evaluated the dose of heparin or bivalirudin re-
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quired to achieve an ACT greater than 480 seconds dur-
ing CPB in two groups of 25 pediatric patients. Bival-
irudin dosing requirements included a bolus dose of 1.7
+ 0.2 mg/kg followed by an infusion at 3.0 + 0.7
mg/kg/hr (comparably higher than routine dosing in
adults of 1 mg/kg bolus followed by an infusion of 2.5
mg/kg/hr).*> Anticoagulation was evaluated using the
Sonoclot Coagulation and Platelet Function Analyzer
(Sienco Inc., Arvada, CO). Heparin was judged to be
more effective in regard to the 3 endpoints evaluated
including the prolongation of clot formation, decreased
stable thrombus formation, and inhibition of platelet
function. Bivalirudin required frequent additional bolus-
es (n=13, 54.2%) compared to heparin (n=1, 3.9%),
which led to a prolongation of the overall surgical time
in the bivalirudin group. In addition, the ACT remained
elevated in bivalirudin patients for 2 hours postopera-
tively due to the lack of availability of a reversal agent.
For the above reasons, the authors recommended that
bivalirudin not be used routinely during CPB in infants
and children unless there is a contraindication to hepa-
rin. Similar findings were noted in a more recent report
from 2021.% Over the past decade, reports of bivalirudin
use in pediatrics continue to expand into other proce-
dures including ECMO, ventricular assist device (VAD)
implantation, and DVT treatment.***> Four case reports
outline the novel use of bivalirudin in combination with
tissue plasminogen activator (tPA) as thrombolytic ther-
apy in pediatric patients.*6#

Although it provides effective anticoagulation, concerns
with bivalirudin include identification of the optimal
mode to monitor and adjust dosing as well as the lack of
a rapid reversal agent. Unlike the reversibility of heparin
with protamine, there is no reversal agent for bivaliru-
din. Once the need for anticoagulation has ceased, the
bivalirudin infusion is discontinued and its effects al-
lowed to dissipate, generally over 2 hours. Approxi-
mately 20% of bivalirudin is excreted via the kidney;
the remainder is eliminated by proteolytic enzymatic
degradation. Elimination can be accelerated by ultrafil-
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tration after separation from CPB.® Bivalirudin pro-
longs the activated partial thromboplastin time (aPPT),
thrombin time (TT), ACT, and to a lesser degree
PT/INR. As a rapid point-of-care test, the ACT has been
used most commonly to monitor anticoagulation during
bivalirudin administration. While bivalirudin concentra-
tion is positively correlated with an increase in ACT, it
does not demonstrate a linear dose-response relation-
ship. ACT values exceeding 350 seconds were shown to
not accurately reflect increasing doses of bivalirudin.>!
In addition, ACT has been shown to poorly differentiate
between common low-dose (0.75 mg/kg bolus, 1.75
mg/kg/hr) and high-dose (1 mg/kg bolus, 2.5 mg/kg/hr)
bivalirudin regimens.’! The dose-response correlation
declines even further at higher concentrations, notably
in the case of pediatric patients and CPB.2’ Monitoring
methods that have been shown to have more sensitivity
and a greater range of measurement have been suggest-
ed for routine use, such as ecarin clotting time (ECT),
but none are FDA-approved or widely available.>

In summary, we report the use of bivalirudin in a 9-
year-old patient of Islamic faith who requested no por-
cine-derived medications including heparin. Bivalirudin,
a DTI, has seen increased use in clinical practice over
the past two decades, particularly in patients with con-
traindications to heparin, most commonly HIT. Alt-
hough it is not currently FDA-approved for use in pedi-
atric patients, there is a large amount of anecdotal expe-
rience reported in the literature to provide safety data
and dosing guidelines. Current point-of-care monitoring
techniques require sound clinical judgment and aware-
ness of limitations. Cardiac catheterization and cardiac
surgery requiring CPB remain the most common scenar-
ios in pediatrics where bivalirudin is employed, with
other surgical procedures being increasingly explored in
the past decade. As experience with bivalirudin among
pediatric patients increases, it may be appropriately used
outside the context of HIT, as in unique cases of the re-
quest of no porcine-derived medications due to religious
convictions.
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