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Pediatric Circulatory Support

Antithrombotic Therapy in a Prospective Trial of a Pediatric
Ventricular Assist Device

MARIE E. STEINER,* LisA R. BOMGAARS,T AND M. PATRICIA MASSICOTTE, ¥ FOR THE BERLIN HEART EXCOR PEDIATRIC
VAD IDE sTUDY INVESTIGATORS

Efficacious ventricular assist device (VAD) support in pedi-
atric patients depends on successful antithrombotic manage-
ment. The experience with antithrombotic management for
the EXCOR Pediatric VAD Investigational Device Exemption
(IDE) study is described. All 68 children in North America
enrolled in the IDE study from May 9, 2007 to December 10,
2010 are included. The Edmonton Anticoagulation and Plate-
let Inhibition Protocol was provided for management guid-
ance. Monitoring parameters, drug dosing, targeted serious
adverse events, and pump changes were reviewed. Major
bleeding occurred in 43% of all subjects with most events
occurring within 14 days of implantation. Bleeding events
were probably/definitely related in 24% to antithrombotic
management. Neurologic events occurred in 28% of subjects
and were probably/definitely related in 9% to antithrombotic
therapy intensity. Most neurologic events occurred between
4 and 30 days postimplantation and sporadically thereaf-
ter. Pump change occurred in 56% of subjects. Use of an
antithrombotic protocol for enrolled subjects was possible
in this multicenter study. Incidence of significant bleeding
and thromboembolic events was acceptable when balanced
against life-saving benefits of VADs. Further studies are
needed to optimize the antithrombotic management of this
patient population. ASAIO Journal 2016; 62:719-727.
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Heart failure in children results in either mortality or heart
transplantin 46% within 5 years of diagnosis.' Although survival
posttransplant has increased to approximately 87% at 3 years,?
donor availability is limited and many children die on wait-
ing lists.> Mechanical circulatory support can provide a bridge
to heart transplant in life-threatening heart failure. Ventricular
assist devices (VADs) have been increasingly utilized to extend
the time of support to transplant in adults. The Berlin Heart
EXCOR Pediatric VAD (EXCOR) IDE study (cohorts 1 and 2)
demonstrated a significantly higher bridge to transplant or
wean rate as compared with historical matched extracorpo-
real membrane oxygenation (ECMO) controls. However, the
use of VAD support in children requires successful hemostasis
and thrombosis management, balancing the risk of thrombo-
embolic complications with potential life-threatening bleed-
ing.? To optimize EXCOR patient management, the Edmonton
Anticoagulation and Platelet Inhibition Protocol (protocol),
an antithrombotic management guideline, was developed
for the EXCOR Investigational Device Exemption (IDE) study.
This study evaluates protocol use within the EXCOR study
as follows: 1) outcomes using a predetermined management
strategy; 2) features associated with thromboembolism or hem-
orrhage; and 3) future management modifications to limit mor-
bidity and mortality.

Materials and Methods

In the EXCOR IDE study (a prospective, multicenter, single-
group cohort study, 17 pediatric cardiac center study in the
United States and Canada), a total of 68 subjects <16 years
of age, who weighed 3-60kg and had two ventricle circula-
tion, severe heart failure, and were on the cardiac transplant
waiting list, were recruited. The full inclusion/exclusion criteria
details are described in the published study summary.**> Cohort
1 included children less than 0.7 m?, and cohort 2 children
at least 0.7 m? but less than 1.5 m?. In addition, following
planned study recruitment, subjects continued to be recruited
into cohort 1, known as continued access cohort, and are
included in this analysis.*®

The protocol for the EXCOR study was developed after lit-
erature review and expert opinion, incorporating modulation
of both coagulation and platelet function.” The protocol is a
detailed guideline for anticoagulation and antiplatelet therapy
using standard management of anticoagulant (unfractionated
heparin [UFH], low-molecular-weight heparin [LMWH] and
warfarin) and thromboelastography (TEG, Haemonetics, Brain-
tree, MA) results to modify therapy. Protamine is used to reverse
heparin effect after cardiopulmonary bypass for VAD implanta-
tion. When bleeding is minimal at 24-48 hours postimplanta-
tion, UFH is started, titrating to an antifactor Xa (anti-Xa) level
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0.35-0.5 units/ml and corresponding partial thromboplastin
time (PTT) 1.5-2.5 times the subject’s baseline. Thromboelas-
tography is obtained before implantation, immediately after
implantation, and then at least every 24 hours. The UFH is
adjusted to maintain a TEG Kaolin R-time between 8 and 15
minutes. At 48 hours, antiplatelet therapy is generally started;
dipyridamole is begun at 4 mg/kg/day if the patient is stable and
meets specific laboratory parameters (platelets > 40,000/ul,
TEG Maximum Amplitude obtained with citrated kaolin with
heparinase (MA_,,) > 56 mm). After chest tube removal, ace-
tylsalicylic acid (aspirin, ASA; 1 mg/kg/day divided twice daily)
is initiated according to TEG/Platelet Mapping parameters if
the MA ,, remains >72mm, ADP Net G> 8 (calculated from
the product of the baseline G,,, and [100% - % adenosine
diphosphate (ADP) inhibition/100]), and arachidonic acid (AA)
% inhibition is <70% compared with the standard activator
line in the TEG Platelet Mapping assay. Long-term anticoagula-
tion for stable patients <12 months of age includes transition-
ing from UFH to LMWH (enoxaparin 1.5 mg/kg every 12 hours
if <3 months old, 1mg/kg every 12 hours if >3 months) with
goal anti-Xa 0.6-1.0 units/ml. In children >12 months, long-
term oral anticoagulation with warfarin is started at 0.2 mg/kg/
day and titrated to maintain an international normalized ratio
(INR) 2.7-3.5. Subjects were occasionally transitioned back to
UFH from LMWH or warfarin if they were medically unsta-
ble or bridging to/from an invasive procedure. Anticoagulant
(UFH/LMWH/warfarin) and antiplatelet (dipyridamole/ASA)
doses were subsequently adjusted according to the protocol
(Figure 1). Study sites were instructed to follow the protocol,
however, physicians could diverge to provide best care.

Monitoring data from the primary (PTT, INR, anti-Xa) and sec-
ondary (TEG and platelet mapping [AA % inhibition and ADP
NetG]) laboratory tests and drug dosages from preestablished
time points at 1, 2, 4, 6 weeks, and 3 months and at the time of
serious adverse event (SAE) were reviewed. Monitoring data were
included and analyzed when the subjects were on the associated
anticoagulation or antiplatelet medication. Testing for underlying
prothrombotic predisposition was recommended preimplanta-
tion and included Protein C, Protein S, FactorV Leiden, Prothrom-
bin 20210 defect, and heparin-induced thrombocytopenia.

An independent committee adjudicated all SAEs using defi-
nitions within INTERMACS (United States national registry for
mechanical circulatory support device therapy) established
a priori.® Targeted events reviewed included major bleeding,
neurologic events, major infection, and pump changes for sus-
pected thrombus. Thromboembolic and hemorrhagic events
were reviewed for relatedness to the protocol management.

Summary statistics are presented as medians and ranges or
number with percentage. Demographic characteristics were
compared using the y? test or Fisher’s exact test where appro-
priate, for categorical variables and the Kruskal-Wallis test
for continuous variables.

The IDE study protocol was approved by the Institutional
Review Board at each site, and written informed consent was
obtained for all subjects.

Results

There were 24 subjects in cohort 1 with an additional 20
subjects in the continued access cohort and 24 subjects in
cohort 2. Analysis demonstrated significant differences in the

medians of age, height, weight, and body surface area between
cohort 1 and continued access subjects versus cohort 2 as
expected, because cohort 2 subjects were larger by definition.
However, all other demographic and preimplant variables as
summarized in Table 1 were not significantly different between
cohorts, and therefore these groups were combined for this
review. Potential age-related differences were explored for cer-
tain medications (UFH, LMWH, and warfarin).

Management

Medication doses at scheduled follow-ups are presented
in Figure 2. Unfractionated heparin, LMWH, and antiplatelet
agent dosages were widely variable. Too few subjects received
warfarin to reliably determine a typical/generalizable dose
range (only 4-11 subjects at prespecified reporting times).
Median UFH dose decreased beyond 2 weeks of implantation,
whereas LMWH and warfarin increased. Median dose of anti-
platelet agents increased over time. Age-related dose differ-
ences were demonstrated in subjects receiving UFH who were
<12 and 212 months (30.0 vs. 23.0 unit/kg/hour; p < 0.001).

Medication doses were compared between subjects
implanted with a left ventricular assist device (LVAD) and
biventricular assist devices (BVAD). Median doses were higher
in subjects with a BVAD for UFH (30 vs. 23 unit’kg/hour; p =
0.005) and ASA (6.8 vs. 2.8 mg/kg/day; p = 0.002) only.

Monitoring

Monitoring data were collected at the specified follow-up
points (Figure 3). Overall, the prespecified monitoring data for
all agents were 83% complete. Low-molecular-weight heparin
anti-Xa was in protocol target range 54%, and UFH anti-Xa
and UFH PTT were in protocol target range 32% at reported
follow-up visits. Dipyridamole ADP NetG and ASA AA % inhi-
bition were in protocol target range 31% and 28%, respec-
tively. Monitoring parameters achieved target range by 2 weeks
postimplantation for 35% of UFH anti-Xa, 46% of UFH PTT,
and 62% of LMWH anti-Xa values. Compared with BVAD sub-
jects, LVAD subjects had higher median UFH PTTs (61.5 vs.
49 second, p = 0.018) and ASA AA % inhibition (72 vs. 53%,
p = 0.022) despite lower median UFH (23 vs. 30 unit/kg/hour,
p = 0.005) and ASA doses (2.8 vs. 6.8 mg/kg/day, p = 0.002).

Prespecified monitoring data were not uniformly collected
at the time of events but was obtained for 74% of the requested
studies. Overall, 40% of all monitoring values for all agents
were within the target range.

Events

Laboratory values were compared in subjects with and with-
out events. Sequential occurrence of events and relatedness
of event to antithrombotic management is summarized below.

Major Bleeding Events

Major bleeding events occurred in 43% of subjects with 24%
of the events adjudicated to be probably/definitely related to
protocol medication. Subjects with major bleeding events had
monitoring values for anticoagulant medications above the rec-
ommended protocol target range only 22% of the time, ASA AA
% inhibition above target range 25% of the time, and never below
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Figure 1. Anticoagulation and Platelet Inhibition Protocol (Edmonton Protocol). Bleeding or clotting issues recurring during therapy are
addressed in an individualized manner dependent on etiology and laboratory and clinical parameters. Hgb, hemoglobin; INR, international
normalized ratio; PTT, partial thromboplastin time; TEG, thromboelastography.

the protocol target range for dipyridamole ADP NetG. Compari-
son of overall median laboratory values between subjects who
had major bleeding events to those who did not showed signifi-
cantly higher median ASA AA % inhibition (81 vs. 69, p = 0.033)
and dipyridamole ADP NetG (5.6 vs. 3.1, p = 0.005). The majority
of subjects were on both anticoagulant and antiplatelet therapy
at the time of the event. Initial bleeding events post implantation
occurred on day 0-2 and day 3—4 in eight and seven subjects,
respectively. Overall, 10% of subjects experienced subsequent
neurologic dysfunction and 19% a subsequent pump change.

Neurologic Events

Neurologic events occurred in 28% of subjects and were
adjudicated to be probably/definitely related to protocol
medication in 9%. Subjects had monitoring values below the
recommended target range in 78% for UFH anti-Xa, 17% for
LMWH anti-Xa, 29% for ASA AA % inhibition, and above tar-
get range in 50% of dipyridamole ADP NetG. Comparison of
median values between subjects with and without neurologic
events showed statistical differences in UFH anti-Xa (0.30 vs.
0.39, p = 0.010), LMWH anti-Xa (0.6 vs. 0.8, p = 0.013), and
antiplatelet monitoring (dipyridamole ADP NetG 5.8 vs. 4, p
= 0.002; ASA AA% inhibition 88 vs. 63, p < 0.001), however,
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medians for the subjects with events were within the target
range except for UFH anti-Xa. Subjects were on no antithrom-
botic medications or anticoagulation alone in nine cases,
anticoagulation and one antiplatelet agent in five, and antico-
agulation and two antiplatelet agents in 14 cases. Neurologic
events followed a pump change in only 10% of subjects expe-
riencing both events. Most neurologic events occurred day
4-30 and only sporadically thereafter. Only two subjects had
their neurologic event within the first 4 days postimplantation.
Both hemorrhagic strokes occurred in LVAD subjects at 18 and
56 days post ischemic stroke.

Major Infection

Major infection occurred in 50% of subjects. Monitoring
values for anticoagulation agents were below target range
60% of the time, below protocol target range for ASA AA
% inhibition 39% of the time, and above protocol target
range for dipyridamole ADP NetG 19% of the time. Param-
eters showed statistically lower median UFH anti-Xa (0.3
vs. 0.39, p = 0.024), higher median dipyridamole ADP
NetG (5.27 vs. 2.9, p = 0.005), and higher median ASA AA
% inhibition (88 vs. 52, p < 0.001) in subjects with major
infection. Only median UFH anti-Xa was below the desired
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Table 1. Demographic and Implant Variables

IDE Study n = 68

[Cohort 1, n =24
Cohort 2, n=24

Variable Cohort 1 CAP, n = 20]

Age (months), median [range]
Height (cm), median [range]

25.1 [1.0-191.8]
85.9 [50.0-171.0]

Weight (kg), median [range] 12.1 [3.0-58.1]
BSA (m?), median [range] 0.53 [0.20-1.66]
Female gender 34 (50.0%)

INTERMACS profile 1
Primary diagnosis

30 (44.1%)

Congenital heart disease 10 (14.7%)
Dilated cardiomyopathy 43 (63.2%)
Hypertrophic cardiomyopathy 1(1.5%)
Restrictive cardiomyopathy 2 (2.9%)
Myocarditis 12 (17.7%)
Preimplant ECMO 18 (26.5%)
Previous cardiac surgery 15 (22.1%)
Stroke before implant 2 (2.9%)
Active infection at time of implant 3 (4.4%)
Device type:
LVAD 42 (61.8%)
BVAD 26 (38.2%)
Support time on device (days), median 42.0 [0-192]
[range]

Outcome: successfully transplanted/weaned
Death or unsuccessful wean

62 (91.2%)
6 (8.8%)

Unsuccessful wean is weaned subject that dies or has unaccept-
able neurologic outcome within 30 days of wean (n = 1).

BSA, body surface area; BVAD, biventricular assist device;
ECMO, extracorporeal membrane oxygenation; LVAD, left ventricu-
lar assist device.

target range. At the time of infection event, 31 subjects were
on no antithrombotic medication or anticoagulation alone,
38 on an anticoagulant and two antiplatelet agents, three
on two anticoagulants and two antiplatelet agents, and two
subjects on two antiplatelet agents alone. Overall, 16%
experienced a subsequent neurologic event, and 28% expe-
rienced a pump change.

Pump Changes Because of Suspected Thrombosis

Pump changes occurred in 56% of subjects. Monitoring val-
ues at the time of the change were below the recommended
target range 38% of the time for anticoagulants and 40% for
ASA AA % Inhibition and below protocol target range 27%
of the time for dipyridamole ADP NetG. Comparing subjects
with and without pump changes showed significantly higher
median LMWH anti-Xa (0.8 vs. 0.6, p = 0.007) and signifi-
cantly lower median dipyridamole ADP NetG (4.2 vs. 6.2,
p = 0.002) for subjects with pump changes. Pump changes
followed a major bleeding event 19% of the time and fol-
lowed major infection 28% of the time; 10% of the subjects
experienced a subsequent neurologic event. Only four pump
changes occurred by day 4. Pump changes were not defined as
a study SAE or centrally adjudicated.

Distribution of the 75 pump changes in 38 subjects included
21 with one change, three with two changes, and 14 with three
or more changes with most occurring in LVADs (64%). Of the
14 subjects with three or more pump changes, 71% were LVAD
only. Subjects with three or more pump changes experienced

a disproportionate SAEs, including 21 major infections in 10
subjects (71%; 8 events occurring before initial pump change),
nine neurologic events in six subjects (43%), and seven major
bleeding events in five subjects (36%). These subjects were
supported with the EXCOR longer (median 108 vs. 35 days),
and their median time to first pump change was earlier than
those with fewer changes (median 10 vs. 15 days).

Two of the 59 subjects with positive preimplant ELISA
heparin-induced thrombocytopenia assays both experienced
multiple SAEs or pump changes; confirmatory testing was not
collected in the study. Despite protocol recommendations,
other procoagulant testing was inconsistently obtained.

Death Because of Thrombosis

Of the five deaths in the study cohort, four were related to
thrombotic events (3 stroke, 1 pulmonary embolism), three of
whom had BVAD implants.

Discussion

United States Food and Drug Administration approval for the
EXCOR partially depended on demonstration of acceptable
thromboembolic or hemorrhagic risk-benefit balance. Adult
VAD management is challenged by these complications,® but
no standardized guidelines for antithrombotic management
exist. Pediatric VAD patients are similarly challenged,® thus
the protocol was developed to minimize thromboembolic or
hemorrhagic SAEs in neonatal and pediatric patients treated
with the EXCOR. In this study, adherence with the protocol
was demonstrated by the overall monitoring medians largely
achieving target range within 1-2 weeks of implantation
although antiplatelet agent effects remained variable. This pro-
tocol is unique as the first successful multi-institutional attempt
to standardize antithrombotic management of pediatric extra-
corporeal support.

Antithrombotic management varied by age and across time
with broad dosing ranges for all antithrombotic agents (Fig-
ure 2). The maximum reported dosage of UFH (76 unit/kg/
hour) highlights the need to monitor and individualize patient
dosing, incorporating circuit volume, degree of coagulation
activation, overall higher UFH dosing attributed to variable
formulation, or potency.'® Warfarin management is especially
difficult in children," thus administration in patients <12
months was not recommended. Low-molecular-weight hepa-
rin median doses in <3 month old subjects are consistent with
recently revised dosing recommendations.'? The AA % inhibi-
tion and ADP NetG were used to determine the initiation and
modification of antiplatelet agent dosing. Multiple factors (e.g.,
concomitant medications, cardiopulmonary bypass effects,
prior ECMO course, continued bleeding) influence these test
parameters. Dipyridamole and ASA dose ranges increased
across all ages with increasing duration of EXCOR support,
perhaps related to protocol titration or indicating progressive
inflammation, vasculopathy, or other accrued events destabi-
lizing hemostasis. Both agents were occasionally dosed higher
than generally prescribed, likely because of pharmacologic
complexity in this population, lack of pediatric formulation for
oral agents requiring local compounding, and enteral absorp-
tion inconsistency. However, despite these higher dose ranges,
monitoring values did not always achieve target range. This
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protocol finding informs potentially increased dosing recom-
mendations in the future.

Serious adverse events were adjudicated to be unrelated to pro-
tocol medications in the majority of the cases. This is evidenced
by median monitoring parameters at time of major bleeding
within the target range, with a statistically higher ADP NetG that
would not be consistent with bleeding. Half of the subjects with
a bleeding event had their first episode within 4 days of implanta-
tion and remained at a higher risk for a subsequent bleeding event
over their EXCOR course. When bleeding starts within days post

implantation after initiation of anticoagulation, it is possible that
raw surfaces or poor tissue integrity present after difficult or repeat
dissections may be susceptible to rebleeding with introduction of
UFH. Other factors may also contribute to early bleeding such
as hypothermia, postimplantation fibrinolysis (demonstrated to
be increased in adult studies), persistent coagulopathy, abnormal
von Willebrand multimers, residual functional platelet abnor-
malities, or inadequate postimplantation heparin reversal. Ideally,
postimplantation pharmacologic anticoagulation is initiated only
when minimal bleeding is evident; bleeding may thus delay the
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commencement and escalation of antithrombotic therapy, predis-
posing the patient to subsequent SAEs. However, the impact of
surgical or postimplantation bleeding on protocol initiation and
adherence cannot be fully assessed because of lack of complete
systematic data collection, including bleeding characteristics at
the time of UFH initiation. In future studies, collection of com-
plete clinical data with concurrent complete hemostatic testing
may provide more insight into early bleeding post implantation.

Neurologic events occurred in 28% of subjects with three-
quarters occurring within 4 weeks of implantation and the
rest occurring sporadically thereafter. Events occurred despite
median monitoring values being largely in target ranges, with
half the subjects on anticoagulants as well as two antiplatelet
agents. This timing and lack of clear association with specific
medication use suggests that the first month postimplantation
is a period of extreme hemostatic instability and vulnerability
to thromboembolic complications.

The relation of infection and inflammation to thromboem-
bolic events is not a novel association. EXCOR implantation
is associated with significant and prolonged C-reactive protein
elevation,” suggesting that ongoing inflammation is highly
associated with the development of thrombosis. Most com-
mon of the sequential SAE associations was the occurrence
of pump change after major infection (28%), reinforcing the
likely impact of inflammatory and prothrombotic contribution
of immune response during an EXCOR course. Hemostatic

perturbations from baseline frequently precede major infection
and could be indications for proactive interventions."

Pump change guidelines were not established a priori
because of the complexity of the decision-making process,
producing challenges assessing protocol effectiveness. Pump
changes occurred in 56% of subjects with subjects undergoing
three or more pump changes having disproportionate SAEs and
longer support duration. The monitoring data suggest that there
is manipulation of therapy occurring around the pump change.
This complication could be more specifically addressed in
future protocol modifications.

Serious adverse events experienced with other types of
VADs, such as the HeartWare VAD (HVAD), are of variable
incidence in comparison to the EXCOR. Miera’s series in
seven patients (6-16 years) included six with dilated cardio-
myopathy and one with congenital heart disease. There were
no thromboembolic events in 480 days of accumulated sup-
port.’> However, in his series of 13 younger patients (3.7-10.5
years) <1 m? with 61% primary diagnosis of cardiomyopathy/
myocarditis, the group had 23% early bleeding and 15% late
bleeding events (38% total) along with two (15%) patients
with thromboembolic neurologic events and four with (31%)
pump thrombosis.'® Peng et al.'” series of 12 patients were
3.7-17 years, three < 5 years, all but one of whom had cardio-
myopathy. Anticoagulation was begun 24 hours after implan-
tation and only when surgical bleeding was <1 ml/kg/hour
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for three consecutive hours. Two patients experienced device
thrombosis but no neurologic events, two patients required
mediastinal reexploration for bleeding and clot removal, and
two patients developed ischemic bowel, with one death."”
The mechanical features and intrathoracic placement of the
HVAD are potentially advantageous in terms of reducing
thromboembolic complications. However, the Berlin patients

reported in this paper included a broad range of patient sizes
and a larger proportion of both congenital cardiac disease and
infectious diagnoses, which may impact SAEs and outcomes.
A larger, adequately powered prospective trial stratifying by
patient size and initial diagnosis and using standardized Pedi-
MACS SAE definitions would be needed to properly perform
VAD comparisons.'®
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Figure 3. Monitoring values for scheduled follow-ups. A: UFH anti-factor Xa; (B) UFH PTT; (C) LMWH anti-factor Xa; (D) warfarin INR; (E)
dipyridamole ADP Net G; (F) ASA AA% inhibition. Dotted lines indicate protocol target ranges. AA, arachidonic acid; ASA, acetylsalicylic acid;
INR, international normalized ratio; LMWH, low-molecular-weight heparin; PTT, partial thromboplastin time; UFH, unfractionated heparin.
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Figure 3. Continued.

Limitations of this study are largely consequences of pre-
specified laboratory data collection dates and on the day of an
SAE or pump change, with inexact timing relative to the actual
onset of the event. More comprehensive predetermined data
collection design could facilitate more precise protocol evalu-
ation. Aberrant monitoring values can occur from sampling,
contamination and timing errors.'” Additionally, TEG tracings
were not centrally reviewed, and results can be misinterpreted,
especially with rising activator lines from inflammation,

1 Month 6 Weeks 3 Months
TIME PERIOD

heparin-activated platelets, or other factors*® and contribute to
inappropriate antiplatelet dose titration resulting in increased
risk of SAEs. Preexisting procoagulant states and definitive
heparin-induced thrombocytopenia testing were not uniformly
investigated, which could provide more insight into mecha-
nisms of SAE.

In summary, this is the first multi-institutional standardization
of antithrombotic management in EXCOR pediatric patients.
The outcomes and features associated with thromboembolism
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and hemorrhage provide an opportunity to refine the proto-
col to reduce thromboembolic complications. The incidence
of stroke (28%) and major bleeding (43%) and the four deaths
attributed to thrombosis may be decreased by protocol revi-
sions. Consideration could be given to earlier initiation of
ASA with more rapid upward dose titration or use of agents
with alternative mechanisms of action. Additionally, different
methods of monitoring antiplatelet effect could be considered.
Unique infant and toddler developmental hemostasis issues,
including LMWH dosing, were not fully incorporated into the
protocol''; earlier therapeutic anti-Xa levels may improve pro-
tection from thrombotic events. The association between pump
changes with prior major bleeding and infection suggests
continuing interplay of complex factors that alter hemostatic
and thrombotic balance, including inflammation. The use of
anti-inflammatory agents may decrease thrombotic events, but
further study is required, as only a single center report dem-
onstrating the association of decreased SAEs with anti-inflam-
matory therapy has been published.?" Finally, consequences
of surgical and postimplantation hemostasis potentially delay
commencement and escalation of antithrombotic therapy,
potentially predisposing the patient to subsequent SAEs.

The incidence of significant thromboembolic and hemor-
rhagic SAEs was deemed acceptable when balanced against
the life-sustaining benefit of the EXCOR resulting in FDA
approval of the EXCOR. Although the majority of the SAEs
were not adjudicated to be related to the protocol, improve-
ment of event-free survival may result from modifications of
the protocol. It is critical that future guidelines are prospec-
tively designed, have clearly defined objectives, use the same
definitions of SAEs (PediMACS definitions'®), and collect com-
prehensive monitoring data with predetermined analysis plans
to optimize future antithrombotic modifications.

Acknowledgment

The authors thank Ms. Christine Tjossem, Berlin Heart, for statistical
assistance and contribution to reviewing and editing the manuscript. The
authors thank Dr. Joshua Woolley, Berlin Heart, for his contribution to
reviewing and editing the manuscript. In addition, the authors thank the
Berlin Heart IDE Investigators for recruiting patients and collecting data.

References

1. Towbin JA, Lowe AM, Colan SD, et al: Incidence, causes, and
outcomes of dilated cardiomyopathy in children. JAMA 296:
1867-1876, 2006.

2. Colvin-Adams M, Smith JM, Heubner BM, et al: OPTN/SRTR 2013
Annual data report: Heart. Am J Transplant 15 (suppl 2): 1-28,
2015.

3. Blume ED, Naftel DC, Bastardi HJ, et al: Outcomes of children
bridged to heart transplantation with ventricular assist devices:
A multi-institutional study. Circulation 113: 2313-2319, 2006.

4. Morales DL, Almond CS, Jaquiss RD, et al: Bridging children of all
sizes to cardiac transplantation: The initial multicenter North

20.

21.

727

American experience with the Berlin Heart EXCOR ventricular
assist device. / Heart Lung Transplant 30: 1-8, 2011.

. Fraser CD Jr, Jaquiss RD, Rosenthal DN, et al; Berlin Heart Study

Investigators: Prospective trial of a pediatric ventricular assist
device. N Engl | Med 367: 532-541, 2012.

. Almond CS, Morales DL, Blackstone EH, et al: Berlin Heart

EXCOR pediatric ventricular assist device for bridge to heart
transplantation in US children. Circulation 127: 1702-1711,
2013.

. Almond CS, Buchholz H, Massicotte P, et al: Berlin Heart EXCOR

Pediatric ventricular assist device Investigational Device
Exemption study: Study design and rationale. Am Heart ] 162:
425.e6-435.€6, 2011.

. Blume ED, Rosenthal D, Jaquiss R, et al: INTERMACS Manual

of Operations and Procedures; Appendix A Adverse Event
Definitions. Available at: https:/Awww.uab.edu/medicine/inter-
macs/appendices-4-0/appendix-a-4-0. Accessed October 3, 2015.

. Miller LW, Pagani FD, Russell SD, et al; HeartMate Il Clinical

Investigators: Use of a continuous-flow device in patients await-
ing heart transplantation. N Engl / Med 357: 885-896, 2007.

. Guzzetta NA, Amin §J, Tosone AK, Miller BE: Change in heparin

potency and effects on the activated clotting time in children
undergoing cardiopulmonary bypass. Anesth Analg 115: 921-
924, 2012.

. Monagle P, Chan AKC, Goldenberg NA, et al: Antithrombotic

therapy in neonates and children: Antithrombotic therapy and
prevention of thrombosis, 9th ed: ACCP evidence-based clini-
cal practice guidelines. Chest 141: €7375-e801S, 2012.

. Bauman ME, Belletrutti MJ, Bajzar L, et al: Evaluation of enoxapa-

rin dosing requirements in infants and children. Better dosing
to achieve therapeutic levels. Thromb Haemost 101: 86-92,
2009.

. Yu X, Larsen B, Rutledge J, et al: The profile of the systemic inflam-

matory response in children undergoing ventricular assist
device support. Interact Cardiovasc Thorac Surg 15: 426-431,
2012.

. Johansen, ME: Haemostasis and endothelial damage during sep-

sis. Dan Med 62:1-26, 2015.

. Miera O, Potapov EV, Redlin M, et al: First experiences with the

HeartWare ventricular assist system in children. Ann Thorac
Surg 91: 1256-1260, 2011.

. Miera O, Kirk R, Buchholz H, et al: A multicenter study of the

HeartWare ventricular assist device in small children. J Heart
Lung Transplant 35: 679-681, 2016.

. Peng E, Kirk R, Wrightson N, et al: An extended role of continuous

flow device in pediatric mechanical circulatory support. Ann
Thorac Surg 102: 620-627, 2016.

. Rosenthal DN, Almond CS, Jaquiss RD, et al: Adverse events

in children implanted with ventricular assist devices in the
United States: Data from the Pediatric Interagency Registry
for Mechanical Circulatory Support (PediMACS). | Heart Lung
Transplant 35: 569-577, 2016.

. Massicotte MP, Bauman ME, ChanV, et al: The unique challenges

of hemostatic testing in children, in Kitchen S, Olson J, Preston
FE (eds). Quality in Laboratory Hemostasis and Thrombosis,
2nd ed. West Sussex, Shire, Wiley Blackwell, 2013, pp.
77-94.

Nelles NJ, Chandler WL: Platelet mapping assay interference due
to platelet activation in heparinized samples. Am J Clin Pathol
142:331-338, 2014.

Byrnes JW, Bhutta AT, Rettiganti MR, et al: Steroid therapy attenu-
ates acute phase reactant response among children on ventricu-
lar assist device support. Ann Thorac Surg 99: 1392-1398, 2015.

Copyright © American Society of Artificial Internal Organs. Unauthorized reproduction of this article is prohibited.


https://www.uab.edu/medicine/intermacs/appendices-4-0/appendix-a-4-0
https://www.uab.edu/medicine/intermacs/appendices-4-0/appendix-a-4-0

