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Background

Infants with cyanotic congenital heart disease palliated with placement of a systemic-
to-pulmonary-artery shunt are at risk for shunt thrombosis and death. We investi-
gated whether the addition of clopidogrel to conventional therapy reduces mortality 
from any cause and morbidity related to the shunt.

Methods

In a multicenter, double-blind, event-driven trial, we randomly assigned infants 92 
days of age or younger with cyanotic congenital heart disease and a systemic-to-pul-
monary-artery shunt to receive clopidogrel at a dose of 0.2 mg per kilogram of body 
weight per day (467 infants) or placebo (439 infants), in addition to conventional 
therapy (including aspirin in 87.9% of infants). The primary efficacy end point was 
a composite of death or heart transplantation, shunt thrombosis, or performance of 
a cardiac procedure due to an event considered to be thrombotic in nature before 120 
days of age.

Results

The rate of the composite primary end point did not differ significantly between the 
clopidogrel group (19.1%) and the placebo group (20.5%) (absolute risk difference, 
1.4 percentage points; relative risk reduction with clopidogrel, 11.1%; 95% confi-
dence interval, –19.2 to 33.6; P = 0.43), nor did the rates of the three components of 
the composite primary end point. There was no significant benefit of clopidogrel 
treatment in any subgroup, including subgroups defined by shunt type. Clopidogrel 
recipients and placebo recipients had similar rates of overall bleeding (18.8% and 
20.2%, respectively) and severe bleeding (4.1% and 3.4%, respectively).

Conclusions

Clopidogrel therapy in infants with cyanotic congenital heart disease palliated with 
a systemic-to-pulmonary-artery shunt, most of whom received concomitant aspirin 
therapy, did not reduce either mortality from any cause or shunt-related morbidity. 
(Funded by Sanofi-Aventis and Bristol-Myers Squibb; ClinicalTrials.gov number, 
NCT00396877.)
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Congenital heart disease is the most 
common type of birth defect and a com-
mon cause of death in the first year of 

life.1,2 Although many forms of congenital heart 
disease can be repaired in early infancy, provi-
sion of pulmonary blood flow with a systemic-to-
pulmonary-artery shunt remains an essential 
component of initial treatment for some forms of 
complex cyanotic congenital heart disease. Shunts 
are most commonly placed for primary palliation 
or as a component of staged reconstruction in 
infants with single-ventricle disease, such as a 
hypoplastic left ventricle.3,4 They are also used 
as initial palliation for two-ventricle disease 
when the risk of definitive repair in early infancy 
is high.5

Infants who undergo placement of a systemic-
to-pulmonary-artery shunt for palliation are at 
risk for shunt thrombosis and sudden death.6-8 
Effective preventive therapy for thrombosis in 
young infants has not been tested in a random-
ized trial, but aspirin treatment has been associ-
ated with significantly reduced risks of mortality 
and shunt thrombosis in a prospective regis-
try.6,9 In adults with atherosclerotic cardiovascu-
lar disease, prophylactic antiplatelet therapy of-
ten consists of a combination of aspirin and the 
thienopyridine clopidogrel.10-13 As happens with 
many drugs that are approved for use in adults, 
clopidogrel use is spreading into pediatric prac-
tice in the absence of sound evidence of its ef-
ficacy in the pediatric population. Indeed, clopi-
dogrel use increased by a factor of 15 from 2001 
to 2009 in children’s hospitals in the United 
States.14 Some pediatric cardiovascular practi-
tioners have already claimed that clopidogrel is 
safe and effective on the basis of retrospective 
single-center reviews.15

The objective of our trial was to evaluate the 
efficacy of clopidogrel as compared with placebo 
in reducing mortality from any cause and shunt-
related morbidity in young infants with cyanotic 
congenital heart disease palliated with a systemic-
to-pulmonary-artery shunt. The safety of clopido-
grel was also evaluated on the basis of adverse 
events, especially those related to bleeding.

Me thods

Study Design

The Clopidogrel to Lower Arterial Thrombotic 
Risk in Neonates and Infants Trial (CLARINET) 
was a double-blind, randomized, placebo-con-

trolled, parallel-group, event-driven trial. The origi-
nal study design was developed by two of the aca-
demic authors in conjunction with representatives 
of the sponsors, Sanofi-Aventis and Bristol-Myers 
Squibb. The trial was designed in consultation with 
the Food and Drug Administration as part of the 
written request process for pediatric exclusivity 
(a 6-month extension of patent protection for drugs 
studied in children). The investigators at each study 
site gathered the data. The steering committee 
had unrestricted access to the raw data and par-
ticipated in the analysis, which was performed by 
statisticians employed by the sponsors. The pri-
mary end point was additionally validated by stat-
isticians who were not employed by the sponsor, 
and the final interpretation of data was provided 
by the steering committee. The first draft of the 
manuscript was written by two of the academic 
authors and subsequently revised by all the au-
thors. The academic authors vouch for the accu-
racy and completeness of the data and all analy-
ses, and for the fidelity of this report to the trial 
protocol, which is available with the full text of 
this article at NEJM.org.

Patients

Patients were recruited and followed from Novem-
ber 2006 through February 2010 at 134 sites in 
Europe, Asia, North America, South America, and 
Africa. Infants 92 days of age or younger at the 
time of randomization were eligible if they had 
cyanotic congenital heart disease palliated with a 
systemic-to-pulmonary-artery shunt (i.e., a mod-
ified Blalock–Taussig shunt, right ventricular-to-
pulmonary shunt, central shunt, or stent of duc-
tus arteriosus). Patients were excluded if they had 
active bleeding or had an increased risk of bleed-
ing; a full list of exclusion criteria is provided in 
the Supplementary Appendix, available at NEJM 
.org. Before randomization, written informed con-
sent was obtained from a parent or legal guard-
ian of each patient in accordance with the guide-
lines of local institutional review boards, which 
approved the study protocol.

Study Procedures

After shunt placement and as soon as possible 
within a 92-day window, infants were randomly 
assigned, in a 1:1 ratio, to receive clopidogrel 
(Plavix, Bristol-Myers Squibb and Sanofi-Aventis) 
at a dose of 0.2 mg per kilogram of body weight 
per day or matching placebo. Randomization was 
performed with the use of a central interactive 
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voice response system, with stratification accord-
ing to center only. The study drug was formulated 
as a syrup (see the Supplementary Appendix). Con-
comitant aspirin use was permitted, but the use 
of nonsteroidal anti-inflammatory drugs was dis-
couraged.

Efficacy and safety assessments were conducted 
by means of scheduled telephone contact, as well 
as in-person evaluations at baseline (day 1); at 
weeks 4, 12, 24, and 36; and at the final visit, de-
fined as the time of the first occurrence of an 
event marking termination of the study (shunt 
thrombosis, performance of elective surgery for 
correction of the congenital heart disease, death, 
the first birthday, or the common study end date). 
Compliance with study medication was assessed 
on the basis of study drugs returned to the study 
investigator at the end of each 12-week period. If 
necessary, treatment with the study drug could be 
temporarily discontinued and reinitiated. Tempo-
rary discontinuation for more than 2 consecutive 
days was recorded on the case report form. It 
was recommended that treatment be discontin-
ued 5 days before elective surgery.

End Points

The primary efficacy end point was defined as 
the earliest occurrence of any of the following: 
death or heart transplantation, shunt thrombosis 
requiring intervention, or a cardiac procedure per-
formed before 120 days of age because of an 
event adjudicated to be thrombotic. The third 
component was ascertained by an event-adjudi-
cation committee whose members were unaware 
of the group assignments. Detailed definitions of 
end-point events and a description of the event-
adjudication process are provided in the Supple-
mentary Appendix.

We analyzed adverse events and serious adverse 
events, including reports of any bleeding. Bleed-
ing events were classified according to their in-
tensity as judged by the investigator: mild, if they 
required no active intervention other than with-
holding medication or monitoring; moderate, if 
they required medical intervention to treat bleed-
ing or clot formation; and severe, if they required 
any procedural intervention.

Statistical Analysis

We assumed a rate of the primary end point of 
40% in the placebo group, on the basis of data 
compiled at several of the participating centers. 
Using this estimate, we designed the study to de-

tect a 30% relative reduction in the primary event 
rate in the clopidogrel group, with a statistical pow-
er of 80% and a 5% overall type I error rate. Interim 
analyses were performed when approximately 40%, 
60%, and 80% of the required 172 events oc-
curred. The data and safety monitoring commit-
tee recommended continuing the study after each 
interim analysis. At the final analysis, a P value 
of less than 0.035 was considered to indicate sta-
tistical significance.

The intention-to-treat principle was applied to 
all efficacy analyses. The time to occurrence of 
the primary end point was compared between 
the two study groups with the use of a two-sided 
log-rank test. Study-group comparisons were ex-
pressed as the relative risk reduction with clopid
ogrel versus placebo and the corresponding 95% 
confidence interval, estimated with the use of a 
Cox proportional-hazards model. The Cox propor-
tional-hazards model was also used to assess the 
relationship between the treatment effect and the 
following prespecified characteristics: age (neo-
nates vs. older infants), sex, race or ethnic group, 
age at the time of shunt palliation (≤1 week vs. 
>1 week), interval between shunt palliation and 
randomization, type of initial surgery, type of car-
diac defect, and status with respect to prior and 
concomitant aspirin use.

Adverse events were analyzed in the popula-
tion of patients who received one or more doses 
of the study drug and also in the per-protocol 
population. The Pearson chi-square test was 
used to compare the rates of adverse events oc-
curring during treatment in the clopidogrel and 
placebo groups.

R esult s

Randomization and Follow-up

A total of 906 patients were enrolled and random-
ly assigned to either clopidogrel or placebo (Fig. 1). 
The baseline characteristics and time from shunt 
palliation to randomization were similar in the 
two study groups (Table 1); administration of other 
medications (including aspirin) and compliance 
with medication were also similar between the 
two groups. Aspirin was administered in 87.0% of 
placebo recipients and 88.7% of clopidogrel recipi-
ents as part of routine care.

The median duration of follow-up, which was 
similar in the two groups, was 5.8 months over-
all (range, 0 to 12). Study-drug administration was 
temporarily suspended in 53.6% of the patients for 
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a median of 8 days (range, 2 to 156). The study 
drug was permanently discontinued early in a sig-
nificantly greater proportion of patients receiving 
clopidogrel than patients receiving placebo (24.0% 
vs. 18.2%, P = 0.03) (Fig. 1); the overall median time 
to permanent discontinuation was 96 days (range, 
2 to 312). Reasons for premature study termina-
tion were similar in the two groups (Fig. 1).

Efficacy End Points

The primary end point occurred in 89 clopidogrel 
recipients and 90 placebo recipients (19.1% and 
20.5%, respectively; absolute risk difference, 1.4 
percentage points; relative risk reduction with clo
pidogrel, 11.1%; 95% confidence interval [CI], –19.2 
to 33.6; P = 0.43) (Table 2 and Fig. 2). We further 
analyzed each component of the primary end 
point. The rate of heart transplantation or death 
from any cause was slightly lower with clopido-
grel than with placebo (11.8% vs. 13.9%), but this 
difference did not reach statistical significance 
(Table 2, and Fig. S1 in the Supplementary Ap-
pendix). The rates of death and heart transplan-

tation according to specific causes were similar 
in the two groups (Table 2), as were the incidence 
of shunt thrombosis and the rate of cardiac pro-
cedures performed before 120 days of age and 
related to thrombotic events (Table 2, and Fig. S2 
and S3 in the Supplementary Appendix).

In post hoc analyses, patients in the overall 
study population who received concomitant aspi-
rin, as compared with those who did not, had a 
significantly lower rate of the primary end point 
(18.6% vs. 28.2%; absolute risk difference, 9.6 
percentage points; relative risk reduction, 40.1%; 
95% CI, 11.8 to 59.3; P = 0.009 by the log-rank test) 
(Table S1 in the Supplementary Appendix).

We explored the effect of clopidogrel on effi-
cacy end points in prespecified subgroup analyses. 
There was no significant interaction between 
study-group assignment and the incidence of the 
primary end point in subgroups defined by age, 
sex, race or ethnic group, type of palliative surgery, 
number of days from palliation to randomization, 
type of cardiac defect, or status with respect to 
aspirin use before or during the study (Fig. S4 in 
the Supplementary Appendix). Event rates for the 
primary efficacy end point according to whether 
the patient received no antiplatelet therapy, aspi-
rin alone, clopidogrel alone, or aspirin plus clopid
ogrel are presented in Fig. S5 and Table S2 in the 
Supplementary Appendix.

Safety End Points

Among all randomized patients who received one 
or more doses of the study drug, at least one ad-
verse event of any severity occurred in 353 patients 
(76.1%) in the clopidogrel group and 310 (71.1%) 
in the placebo group (P = 0.09); serious adverse 
events occurred in 234 patients (50.4%) in the 
clopidogrel group and 196 (45.0%) in the placebo 
group (P = 0.10) (Table S3 in the Supplementary 
Appendix). The percentage of patients with adverse 
events leading to permanent treatment discontin-
uation was similar in the clopidogrel group and 
the placebo group (7.3% and 7.1%, respectively; 
P = 0.90). More neurologic events occurred in the 
clopidogrel group than in the placebo group — 
most notably, seizure (in 14 patients [3.0%] vs. 
7 [1.6%]) and stroke (in 8 patients [1.7%] vs. 0).

Overall, approximately one in five patients had 
at least one bleeding episode (18.8% in the clo
pidogrel group and 20.2% in the placebo group) 
(Fig. 3). The two groups did not differ signifi-
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Figure 1. Enrollment and Follow-up of the Study Patients, According to 
Study Group.

“Other reasons” for early discontinuation of study drug included the inves-
tigator’s decision to discontinue the study drug more than 5 days before 
surgery because of the risk of bleeding (in 36 patients in the clopidogrel 
group and 27 patients in the placebo group).
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Table 1. Baseline Characteristics of the Intention-to-Treat Population, According to Study Group.*

Characteristic
Clopidogrel 

(N = 467)
Placebo 
(N = 439)

Total  
(N = 906)

Age — days 36.1±22.3 36.0±22.5 36.1±22.4

Male sex — no. (%) 269 (57.6) 254 (57.9) 523 (57.7)

Weight — kg 3.4±0.7 3.5±0.7 3.5±0.7

Congenital cardiac defect — no. (%)

Hypoplastic left heart syndrome 120 (25.7) 104 (23.7) 224 (24.7)

Pulmonary atresia with intact ventricular septum 75 (16.1) 77 (17.5) 152 (16.8)

Tetralogy of Fallot 42 (9.0) 31 (7.1) 73 (8.1)

Tetralogy of Fallot with pulmonary atresia 63 (13.5) 62 (14.1) 125 (13.8)

Tricuspid atresia 49 (10.5) 56 (12.8) 105 (11.6)

Other single-ventricle defect 81 (17.3) 70 (15.9) 151 (16.7)

Other two-ventricle defect 61 (13.1) 64 (14.6) 125 (13.8)

Ebstein’s anomaly 11 (2.4) 8 (1.8) 19 (2.1)

Cardiac arrest before surgery — no. (%) 7 (1.5) 7 (1.6) 14 (1.5)

Type of initial systemic-to-pulmonary-artery shunt — no. (%)†

Modified Blalock–Taussig shunt

With Norwood procedure 62 (13.3) 51 (11.6) 113 (12.5)

Without Norwood procedure 257 (55.0) 252 (57.4) 509 (56.2)

Right ventricular-to-pulmonary shunt

With Norwood procedure 60 (12.8) 54 (12.3) 114 (12.6)

Without Norwood procedure 5 (1.1) 2 (0.5) 7 (0.8)

Central shunt 40 (8.6) 38 (8.7) 78 (8.6)

Stent in ductus arteriosus 42 (9.0) 42 (9.6) 84 (9.3)

Age at shunt palliation — days

Median 8.0 8.0 8.0

Range 0–92 0–91 0–92

Time from shunt palliation to randomization — no. (%)

≤1 wk 113 (24.2) 116 (26.4) 229 (25.3)

>1 to ≤2 wk 126 (27.0) 105 (23.9) 231 (25.5)

>2 to ≤4 wk 119 (25.5) 117 (26.7) 236 (26.0)

>4 wk 109 (23.3) 101 (23.0) 210 (23.2)

Duration of follow-up — mo

Median 5.9 5.6 5.8

Range 0–12 0–12 0–12

Duration of treatment — days

Median 162.0 161.5 —

Range 2–367 1–371

Aspirin use within 10 days before randomization — no. (%) 389 (83.3) 371 (84.5) 760 (83.9)

*	Plus–minus values are means ±SD. There were no significant differences (P<0.05) between the two study groups in any 
of the characteristics listed.

†	Data do not include one infant, in the clopidogrel group, with tetralogy of Fallot and pulmonary atresia who twice under-
went stenting of the right ventricular outflow tract but did not undergo palliation with a systemic-to-pulmonary-artery 
shunt.
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cantly with respect to the incidence of mild, mod-
erate, or severe bleeding (Table S4 in the Supple-
mentary Appendix). The majority of bleeding 
events were spontaneous, and the most common 
sites of bleeding were gastrointestinal. The num-
bers of bleeding events and other adverse events 
were consistent across the prespecified subgroups 
defined by age, sex, race or ethnic group, type of 
palliative surgery, days from palliation to ran-
domization, and status with respect to aspirin use 
before or during the study. Bleeding complica-
tions according to use or nonuse of concomitant 
aspirin therapy are summarized in Table S5 in the 
Supplementary Appendix.

In per-protocol analyses, adverse events oc-
curred in 260 patients (73.9%) in the clopidogrel 
group and 238 patients (66.9%) in the placebo 
group (P = 0.04) (Table S6 in the Supplementary 
Appendix). (The results of per-protocol analyses of 
bleeding events and events according to use or 
nonuse of concomitant aspirin therapy are given in 
Tables S7 and S8 in the Supplementary Appendix.)

Discussion

Our trial shows that adding clopidogrel to con-
ventional therapy did not reduce mortality from 
any cause or shunt-related morbidity in neonates 
or infants with congenital heart disease palliated 
with a systemic-to-pulmonary-artery shunt. The 
rate of the primary end point (the earliest occur-
rence of death or heart transplantation, shunt 
thrombosis, or a cardiac procedure before 120 days 
of age after an event considered to be thrombotic 
in nature) was similar with clopidogrel and pla-
cebo. The study did not show the efficacy of clo
pidogrel for any component of the composite 
primary end point, including shunt thrombosis.

There are several plausible explanations for our 
finding that clopidogrel lacked clinical efficacy as 
compared with placebo. Cyanotic congenital heart 
disease comprises a heterogeneous group of dis-
orders that are managed in diverse ways.16 The 
percentage of the variance in end points explained 
by any single factor, such as use of a medication, 

Table 2. Incidence of the Primary Efficacy End Point in the Intention-to-Treat Population, According to Study Group.

End Point
Clopidogrel 

(N = 467)
Placebo 
(N = 439)

Absolute Risk  
Difference

Relative Risk Reduction 
with Clopidogrel P Value

no. of patients/total no. (%) percentage points percent (95% CI)

Primary end point* 89 (19.1) 90 (20.5) 1.4 11.1 (–19.2 to 33.6) 0.43

Death or heart transplantation 55 (11.8) 61 (13.9) 2.1 19.4 (–16.1 to 44.0) 0.25

Death from cardiovascular cause 27 (5.8) 28 (6.4) — —

Death related to cardiac procedure 2 (0.4) 3 (0.7) — —

Death of unknown cause 8 (1.7) 14 (3.2) — —

Death from noncardiovascular cause 18 (3.9) 15 (3.4) — —

Heart transplantation 0 1 (0.2) — —

Shunt thrombosis† 27 (5.8) 21 (4.8) 1.0 –16.1 (–105.3 to 34.4) 0.61

Decreased murmur and increased cyanosis 16/27 (59.3) 14/21 (66.7) — —

Impairment of shunt flow 24/27 (88.9) 19/21 (90.5) — —

Surgical observation 6/27 (22.2) 2/21 (9.5) — —

Postmortem observation 2/27 (7.4) 0 — —

Progressive cyanosis requiring a procedure 19/27 (70.4) 10/21 (47.6) — —

Cardiac procedure at <120 days of age, after 
thrombotic event

21 (4.5) 14 (3.2) 1.3 –38.0 (–171.4 to 29.8) 0.35

*	The primary end point was a composite of death or heart transplantation, shunt thrombosis requiring intervention, or a cardiac procedure 
performed before 120 days of age, after an event adjudicated as thrombotic. Only the first event was counted.

†	Shunt thrombosis was confirmed by detection of one or more of the following: decreased murmur and increased cyanosis; impairment of 
shunt flow observed on Doppler echocardiography, on angiography during surgery, or on magnetic resonance imaging or computed tomogra-
phy after death; or progressive cyanosis requiring urgent shunt revision or a revascularization procedure.
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may be smaller in our study population than in 
a more homogeneous population of adults with 
atherosclerotic cardiovascular disease.

The efficacy of aspirin in preventing shunt 
thrombosis has never been tested in a random-
ized, controlled trial. Nonetheless, aspirin is wide-
ly used for this purpose, and most infants in our 
study received aspirin treatment as part of their 
routine care. Indeed, the results of our post hoc 
analysis are consistent with prospective registry 
data suggesting that aspirin prevents death and 
shunt-related morbidity in patients like ours.6 It is 
possible that clopidogrel would have been effec-
tive had aspirin not been used concomitantly. 
However, the effect of clopidogrel treatment on 
the primary composite end point did not differ 
according to whether aspirin was used concomi-
tantly.

Platelets in neonates, as compared with plate-
lets in older children and adults, have a decreased 
response to standard physiologically relevant ago-
nists, as reflected in decreased aggregation, gran-
ule secretion, and expression of activation mark-
ers after stimulation with adenosine diphosphate 
(ADP), collagen, epinephrine, thromboxane ana-
logues, or low-dose thrombin.17 The baseline mean 
percentage of platelet aggregation after stimu-
lation with 5 μM ADP is approximately 50% in 
adults but approximately 15% in neonates.18 
A clopidogrel dose of 0.2 mg per kilogram, which 
was the dose used in the infants in this trial, pro-
vides a level of inhibition of the baseline response 
that is similar to the level of inhibition provided 
by a dose of 75 mg in an adult (30 to 50% inhi-
bition after stimulation with 5 μM ADP), as deter-
mined in a previous dose-finding trial in infants.18 
However, the normal baseline aggregation rate is 
lower in infants than in adults,19 so blocking ADP 
with clopidogrel may be less protective against 
thrombosis in infants. A low baseline aggregation 
rate could also explain the absence of an increase 
in the risk of bleeding with the clopidogrel dose 
used in this trial. We chose this dose because it 
provided a level of inhibition of baseline platelet 
aggregation in infants that was similar to the level 
in adults and because we believed it provided the 
safest addition to standard postoperative therapy 
in infants with systemic-to-pulmonary-artery 
shunts. However, the results of our trial do not 
preclude the efficacy or safety of higher-dose 
regimens.

In the present study, we established a standard-
ized approach to assessing bleeding events by de-
veloping defined criteria appropriate for use in 
this infant population. This approach has not been 
used in previous trials, and we do not have spe-
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Figure 2. Kaplan–Meier Event Rates for the Primary Efficacy End Point.

The primary efficacy end point was defined as death or heart transplanta-
tion, shunt thrombosis, or a cardiac procedure performed before 120 days 
of age, after an event adjudicated to be thrombotic. CI denotes confidence 
interval, and RRR relative risk reduction.
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Figure 3. Kaplan–Meier Event Rates for Bleeding.
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cific validation of the clinical usefulness or repro-
ducibility of these criteria. Although we did not 
find significant differences in the percentage of 
adverse events between the two study groups, the 
power of our study to detect such differences was 
limited.

There are other important limitations of this 
trial. Information about the young infants who 
were screened and excluded was not collected, 
limiting insight into the generalizability of our 
study population. Aspirin therapy was the standard 
of care for infants with systemic-to-pulmonary-
artery shunts at most centers, so we could not use 
a factorial design in which patients were random
ly assigned to receive aspirin with clopidogrel or 
clopidogrel alone. Despite the independent ad-
judication of thrombotic events, the clinical di-
agnosis of shunt occlusion and its mechanisms 
is imprecise. We did not collect data on the many 
postrandomization factors, such as the number 
of central catheters or total days in the cardiac 
intensive care unit, which might increase throm-
botic complications. However, because these 

factors occurred after randomization, we believe 
it is unlikely that they affected the results. The 
estimated treatment effects had large confi-
dence intervals. This highlights the challenges 
of conducting a trial of treatment in children 
with a rare disease; despite an aggressive enroll-
ment campaign spread over 134 sites in 31 coun-
tries, our study did not have adequate statistical 
power to test the equivalence of clopidogrel and 
placebo.

In conclusion, we found no benefit of clopido-
grel, as compared with placebo, in reducing the 
rate of death for any cause or shunt-related mor-
bidity, particularly shunt thrombosis, among in-
fants with congenital heart disease palliated with 
a systemic-to-pulmonary-artery shunt.
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MD, Antonio Juanico Enríquez, MD, Irma Miranda, MD, Samuel Ramirez, MD, Instituto Nacional 

de Cardiologia “Ignacio Chavez”/Cardiologia Pediatrica 6° piso, Mexico City; Jose A. Quibrera-

Matienzo, MD (Principal Investigator), Giordano Perez, MD, Hospital Pediátrico de Sinaloa, 

Culiacán; Alexis Palacios-Macedo, MD (Principal Investigator), Esteban Monroy, MD, Violeta 

Castañuelas, MD, Fabiola Perez, MD, Orlando Tamariz, MD, Instituto Nacional de Pediatria, 

Mexico City; Alfredo Vizcaíno Alarcón, MD (Principal Investigator), Begoña Segura, MD, 

Alejandro Bolio, MD, Rosa Maria Garcia, MD, Aurora Lozano, MD, Norma Balderrabano, MD, 

Hospital Infantil de Mexico “Federico Gomez”, Mexico City; Lydia Rodríguez-Hernández, MD 

(Principal Investigator), Charles Cesar Lazo, MD, Centro Medico Nacional Siglo XXI/Hospital de 

Pediatría, Mexico City; Julieta Gonzalez, MD (Principal Investigator), Felipe de Jesus Patiño, 

MD, Carlos Alberto Dominguez, MD, Centenario Hospital Miguel Hidalgo Galeana, 

Aguascalientes. The Netherlands: Willem A. Helbing, MD, PhD (Principal Investigator), 

Rotterdam. Norway: Egil Seem, MD (Principal Investigator), Henrik Holmstrom, MD, Sigurd 

Birkeland, MD, Harald Lindberg, MD, Rikshospitalet-Radiumhospitalet Medical Center, 

Department of Cardiovascular Surgery, Oslo. Poland: Wanda Kawalec, MD, PhD (Principal 

Investigator), Anna Brodzikowska-Pytel, MD, Malgorzata Zuk, MD, Alicja Mirecka-Rola, MD, 

Klinika Kardiologii, Instytut Pomnik Centrum Zdrowia Dziecka, Warszawa; Bożena Werner, MD, 

PhD (Principal Investigator), Tomasz Florianczyk, MD, Beata Kucinska, MD, Klinika Kardiologii 

Wieku Dzieciecego i, Pediatrii Ogolnej AM, Samodzielny Publiczny Dzieciecy Szpital Kliniczny, 

Warszawa; Andrzej Sysa, MD (Principal Investigator), Katarzyna Ostrowska, MD, Piotr Jarosik, 

MD, Anna Mazurek-Kula, MD, Klinika Kardiologii, Instytut Centrum Zdrowia Matki Polki, Lodz; 

Jacek Bialkowski, MD (Principal Investigator), Anna Baranowska, MD, Bozena Zeifert, MD, 

Beata Chodor, MD, Klinika Wrodzonych Wad Serca i Kardiologii, Dzieciecej, Slaskie Centrum 

Chorob Serca, Zabrze. Portugal: José Inacio Fragata, MD, PhD (Principal Investigator), Graça 

Nogueira, MD, Conceição Trigo, MD, Hospital da Santa Marta, Lisboa; Luis Miguel Abecasis, 

MD (Principal Investigator), Rui Anjos, MD, Rui Ferreira, MD, Graça Nogueira, MD, Centro 

Hospitalar de Lisboa Ocidental, Hospital de Santa Cruz, Carnaxide; José Carlos Areias, MD, 

PhD (Principal Investigator), Maria João Baptista, MD, PhD, Hospital de São João, Porto. 

Russia: Yuriy Gorbatykh, MD, PhD (Principal Investigator), Yuriy Sinelnikov, MD, Anastasiya 

Leykekhmann, MD, Alexander Latypov, MD, Center of Childhood & Neonatal Surgery, 
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Meshalkin Research Institute of Blood, Circulation Pathology, Novosibirsk; Sergey Ivanov, MD 

(Principal Investigator), Evgeny Krivoshchekov, MD, PhD (Principal Investigator), Tamara 

Volkova, MD, PhD, Tamara Kondratieva, MD, PhD, Olga Yanulevich, MD, Natalia Shmakova, 

MD, PhD, Irina Kulagina, MD, Scientific Research Institute of Cardiology of Tomsk Scientific 

Center of Russian Medical Science Academy, Tomsk; Alexey Kim, MD, PhD (Principal 

Investigator), Dmitry Ryabtsev, MD, PhD, Tatyana Rogova, MD, PhD, Bakoulev Scientific 

Centre for Cardiovascular Surgery of the Russian Academy of Medical Sciences, Moscow; 

Vadim Lubomudrov, MD, PhD (Principal Investigator), Andrey Tsytko, MD, Children's Hospital 

No. 1, St. Petersburg; Dmitry Duplyakov, MD, PhD (Principal Investigator), Vladimir Goryachev, 

MD, PhD, Sergei Shorohov, MD, PhD, Irina Kozeva, MD, PhD, State Institution of Health Care 

“Samara Regional Cardiology Dispensary”, Samara. Singapore: Keng-Yean Wong, MD 

(Principal Investigator), Tan Teng Hong, MD, Shankar Sriram, MD, KK Women’s & Children’s 

Hospital, Department of Pediatric Cardiology, Singapore. South Africa: John Lawrenson, MD 

(Principal Investigator), Rik De Decker, MD, Red Cross Children War Memorial Hospital, B4 

Cath Lab, Cape Town; Stephen Brown, MD (Principal Investigator), Anari D. Bruwer, MD, 

Universitas Hospital, Paediatric Cardiology, Bloemfontein; Jeffrey Harrisberg, MD (Principal 

Investigator), Govendrageloo Karunagaran, MD, Cardiac Institute for Africa, Sunninghill; 

Antoinette Cilliers, MD (Principal Investigator), Paul E. Adams, MD, Katharina-Marie Van Der 

Donck, MD, Chris Hani Baragwanath Hospital, Department of Paediatrics, Soweto; Ebrahim 

Hoosen, MD (Principal Investigator), Andiswa Nzimela, MD, Inkosi Albert Luthuli Central 

Hospital, Department of Pediatric Cardiology, Durban. Spain: Constancio Medrano López, MD 

(Principal Investigator), José Luis Zunzunegui, MD, Enrique Maroto, MD, Nelia Navarro, MD, 

Andrea Mora, MD, Bibiana Riaño, MD, Laura Moreno, MD, María del Carmen Vázquez, MD, 

Hospital Materno-Infantil Gregorio Marañón, Madrid; Margarita Burgueros, MD (Principal 

Investigator), Luis Garcia Guereta, MD, PhD, Hospital Universitario La Paz, Hospital Infantil, 

Madrid; Jaime Casares, MD (Principal Investigator), Carlos Merino, MD, PhD, Elena Gómez, 

MD, Mª Ángeles Tejero, MD, Hospital Universitario Reina Sofía, Córdoba; Ana Cano, PhD 

(Principal Investigator), José Ignacio Carrasco, MD, Antonio Sanchez, PhD, Hospital 

Universitario La Fe – Hospital Infantil, Valencia; Fernando Rueda Núñez, MD (Principal 

Investigator), Claudio Zavanella, MD, Sonia Marcos, MD, Complejo Hospitalario Juan Canalejo, 

Hospital Materno Infantil, Coruña. Sweden: Jan Sunnegardh, MD (Principal Investigator), 

Håkan Berggren, MD, Anders Nygren, MD, Children Heart Centre, The Queen Siliva Children’s 

Hospital, Gothenburg; Bo Lundell, MD (Principal Investigator), Astrid Lindgren Children’s 
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Hospital, Pediatric Cardiology, Karolinska University Hospital, Stockholm. Thailand: Chanthong 

Prakul, MD (Principal Investigator), Durongpisitkul Kritvikrom, MD, PhD (Principal Investigator), 

Durongpisitkul Kritvikrom, MD, PhD, Chaiyarak Kanoknaphat, MD, Siriraj Hospital, Department 

of Pediatrics, Faculty of Medicine, Mahidol Univeristy, Bangkok. UK: Piers Daubeney, MD 

(Principal Investigator), Zdenek Slavik, MD, Giselle Rowlinson, MD, Royal Brompton Hospital, 

London; Frances Bu’lock, MD (Principal Investigator), Sujeev Mathur, MD, Hussain Mulla, MD, 

Vikram Kudumula, MD, Sanjay Raina, MD, Alan Pateman, MD, Glenfield Hospital, Congenital & 

Paediatric Heart Service, Leicester; Marck Danton, MD (Principal Investigator), Trevor Richens, 

MD, Brodie Knight, MD, Royal Hospital for Sick Children, Glasgow; Nihal A. Weerasena, MD 

(Principal Investigator), Mike Blackburn, MD, Department of Cardiology, Leeds General 

Infirmary, Leeds; Andrew J. Parry, MD (Principal Investigator), Robin Martin, MD, Dirk Wilson, 

MD, Gareth Morgan, MD, Jonathan Forsey, MD, Bristol Royal Hospital for Children, Bristol; 

Francis Casey, MD (Principal Investigator), Jane Murray, MD, Shilpa Shah, MD, Louise 

Morrison, MD, Royal Belfast Hospital for Sick Children, Belfast. USA: Lynn K. Boshkov, MD 

(Principal Investigator), Julie Martchenke, MD, Mark Reller, MD, Oregon Health & Science 

University, Portland, OR; Timothy M. Hoffman, MD (Principal Investigator), Randall Schwartz, 

MD, Timothy Feltes, MD, Children's Hospital Columbus, Columbus, OH; Henri Justino, MD 

(Principal Investigator), Elene Ocampo, MD, John Lynn Jefferies, MD, Karen Jones, MD, Frank 

Ing, MD, Allen Nugent, MD, Christopher Petit, MD, Charles Fraser, MD, Sarah McVey, RN, 

Bogan Dinu, MD, Texas Children's Hospital/Baylor College of Medicine, Houston, TX; Joseph D. 

Kay, MD (Principal Investigator), D. Dunbar Ivy, MD, Eduardo Da Cruz, MD, The Children’s 

Hospital, Aurora, CO; James E. O’Brien, MD (Principal Investigator), Gary K. Lofland, MD, 

Jennifer Swihart, RN, Marcy Tarrants, MPA, Children’s Mercy Hospital, Cardiovascular Surgery, 

Kansas City, MO; Hitendra Patel, MD (Principal Investigator), Kathleen Newkumet, MD, Casey 

Culbertson, Olaf Reinhartz, Children’s Hospital & Research Center at Oakland, Oakland, CA; 

Christian Pizarro, MD (Principal Investigator), Christopher Derby, MD, Alfred I. Dupont Hospital 

for Children, Nemours Cardiac Center, Wilmington, DE; Jonathan J. Rome, MD (Principal 

Investigator), Chitra Ravishankar, MD, Terry Anderson, MD, Marie Gleason, MD, Shobha 

Natrajan, MD, The Children’s Hospital of Philadelphia, Cardiac Catheterization Laboratory, 

Philadelphia, PA; David N. Rosenthal, MD (Principal Investigator), Andrew Shin, MD, Stephen 

Roth, MD, Robert Poole, MD, Ming Tran, PharmD, Lucille Salter Packard Children’s Hospital at 

Stanford, Stanford CA; Janice E. Sullivan, MD (Principal Investigator), Christopher E. Mascio, 

MD, Erle Austin, MD, Carmen Condurache, MD, Amanda Myers, MD, Michael Recto, MD, 
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University of Louisville, Kosair Charities Pediatric Clinical Research Unit, Louisville, KY; Denise 

Suttner, MD (Principal Investigator), Jeff Frazer, MD, Brian Lane, MD, Gail Knight, MD, 

Children’s Hospital, Division of Neonatology, San Diego, CA; David F. Teitel, MD (Principal 

Investigator), Phillip Moore, MD, Theresa Tacy, MD, University of California, San Francisco, 

San Francisco, CA; Vincent Aluquin, MD (Principal Investigator), Jennifer Stokes, RN, Sarah 

Sturgis, CRNP, Gerard Johnson, MD, Heidi Watts, RN, John Myers, MD, Amylee McMonagle, 

RN, Joseph Clark, MD, Julie Jones, PA-C, Rosemary Manbachi, CRNP, Penny Porter, CRNP, 

Marie Shaner, PA-C, Penn State Children’s Hospital, Milton S. Hershey Medical Center, 

Children’s Heart Group, Harrisburg, PA; Andrew Van Bergen, MD (Principal Investigator), Tarek 

Husayni, MD, Nguyenvu Nguyen, MD, Imran Sajan, MD, Advocate Hope Children’s Hospital, 

Oak Lawn, IL; James A. Thompson, MD (Principal Investigator), Patrick Callahan, MD, Inova 

Fairfax Hospital for Children, Falls Church, VA; John R. Charpie, MD, PhD (Principal 

Investigator), Aimee K. Armstrong, MD, Robert J. Gajarski, MD, Rangit Aiyagari, MD, University 

of Michigan Health System, Pediatric Cardiology, Ann Arbor, MI; Wesley Covitz, MD (Principal 

Investigator), James F. Cnota, MD, Kari Crawford, PNP, Wake Forest University Baptist Medical 

Center, Department of Pediatrics, Winston-Salem, NC; Nancy C. Dobrolet, MD (Principal 

Investigator), Jo Ann Nieves, ARNP, Miami Children’s Hospital, Miami, FL; Geoffrey A. Forbus, 

MD (Principal Investigator), Andrew Atz, MD, The Medical University of South Carolina, 

Charleston, SC; James Huhta, MD (Principal Investigator), John W. Sieasman, MD (Principal 

Investigator), Patricia J. Emmanuel, MD, James Quintessenza, MD, Paul Chai, MD, Jeffrey 

Jacobs, MD, Jose Lizarralde, MD, MA, University of South Florida Children’s Research Institute, 

St Petersburg, FL; Umar Boston, MD (Principal Investigator), Jeff L. Myers, MD, PhD (Principal 

Investigator), Joel Lutterman, MD, Christian Gilbert, MD, Antonio Cabrera, MD, Craig Mathis, 

MD, Le Bonheur Children’s Medical Center, Pediatric Cardiothoracic Surgery, Memphis, TN; 

Aykut Tugertimur, MD (Principal Investigator), David G. Nykanen, MD, The Congenital Heart 

Institute, Orlando, FL; Michael G.W. Camitta, MD, Page Anderson, MD, John Rhodes, MD, 

Jennifer Li, MD, Piers Barker, MD, Stephen Miller, MD, Angelo Milazzo, MD, Duke University 

Medical Center, Durham, NC; Thomas Scholz, MD (Principal Investigator), Benet Pardini, PA-C, 

PhD, Trudy Pierick, ARNP, University of Iowa Health Care, Department of Pediatrics, Division of 

Pediatric Cardiology, Iowa City, IA; William T. Mahle, MD (Principal Investigator), Janet Simsic, 

MD, Kirk Kanter, MD, Paul Kirshbom, MD, Brian Kogon, MD, Tanya Bajaj, BA, Jeryl Huckaby, 

RRT, BS, Lisa Pugsley, RN, MSN, Christine Spainhour, RN, MSN, Leticia Dieleman, PharmD, 

Deanna Jensen, RN, BSN, Helen Giannopoulos, PharmD, Sheila Wilkey, RN, BSN, Carey 
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Lamphier, RN, BSN, James Rhodes, PharmD, Shannon Austin Dukes, RN, Joel Bond, RN, BA, 

Emory University and Children's Healthcare of Atlanta Inc., Cardiac Research Department, 

Atlanta, GA; Benjamin Siu, MD (Principal Investigator), Deborah Schutte, MD, Cook Children’s 

Medical Center, Department of Pediatric Cardiology, Fort Worth, TX; Daniel Turner, MD 

(Principal Investigator), Henry Walters, MD, Ralph Delius, MD, Janet McGivern, RN, Nancy 

Sullivan, MS, Kristin Storie, RN, Kristin Kennedy, RN, Thomas Forbes, MD, Gowdagere Srinath, 

MD, Children’s Hospital of Michigan, Detroit, MI; Anil Kumar, MD (Principal Investigator), Sanjay 

Parikh, MD, Children’s Heart Center at St. Vincent Hospital, Indianapolis, IN; John T. Berger, 

MD (Principal Investigator), Russell R. Cross, MD, Deneen M. Heath, MD, Children's National 

Medical Center, Department of Cardiology, Washington, DC; Kirsten Odegard, MD (Principal 

Investigator), Kathy Jenkins, MD, MPH, James DiNardo, MD, Jean Connor, DNS, RN, Lily 

Maltz, BA, Children's Hospital Boston, Boston, MA; Mary Taylor, MD (Principal Investigator), 

Karla G. Christian, MD, Michael R. Liske, MD, Theresa M. Shalaby, RN, BSN, CCRP, Judi M. 

Arnold, RN, BSN, Vanderbilt University Medical Center, Division of Pediatric Critical Care, 

Nashville, TN. 

1.2 Data Monitoring Committee 

Alain Leizorovicz, MD (Chairperson), Linda Danielson, Alan Michelson, MD, Stephen S. 

Sanders, MD. 

1.3 Steering Committee 

David L. Wessel, MD (Chairperson), Felix Berger, MD, Stephen Brown, MD, Timothy Feltes, 

MD, Alain Fraisse, MD, Jennifer S. Li, MD, MHS, Constancio Medrano, MD, Luc Mertens, MD, 

Leonardo Andrade Mulinari, MD, Alexis Palacios-Macedo, MD, Jane W. Newburger, MD, MPH, 

Suresh Rao, MD. 

1.4 Events Adjudication Committee 

Jane W. Newburger, MD, MPH (Chairperson), Felix Berger, MD, Stephen Brown, MD, Carolyn 

Dunbar-Masterson, RN, Timothy Feltes, MD, Alain Fraisse, MD, Judith Geva, MSW, Constancio 

Medrano, MD, Luc Mertens, MD, Leonardo Andrade Mulinari, MD, Alexis Palacios-Macedo, MD, 

Suresh Rao, MD. 
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2. ENROLLMENT CRITERIA  

2.1 Inclusion Criteria 

1. Neonate or infant (age less than or equal to 92 days at the time of randomization) with 

cyanotic congenital heart disease. 

2. Treated by any palliative systemic-to-pulmonary artery shunt (closed shunt or open 

shunt, Norwood, Sano, stent of ductus arteriosus). 

3. Signed informed consent obtained from patient’s legally acceptable representative 

(parents or guardians) according to local regulations. 

2.2 Exclusion Criteria 

1. Active bleeding, increased risk of bleeding (bleeding disorders [e.g., hemophilia, von 

Willebrand disease], arterio-venous malformations, aneurysms) or previous intracranial 

(Grades II–IV) or life-threatening hemorrhage. 

2. Allergy to 2 or more classes of drug. 

3. Current treatment with thienopyridine (open label clopidogrel or ticlopidine), dipyridamole 

or oral anticoagulant. 

4. Adjusted gestational age less than 34 weeks. 

5. Unable to receive study drug orally or enterically. 

6. Concurrent use of another experimental drug/device or participation in another 

investigational drug or device trial within the last 30 days, except if the study involves an 

FDA approved drug/device. 

7. Current clinically significant or persistent thrombocytopenia, neutropenia, severe hepatic 

or renal failure (i.e., more than 2.5 times the upper limit for age of hepatic enzymes or 

creatinine). 

8. Inability to follow the study procedure 

 

If a patient was initially excluded for randomization, re-evaluation for inclusion could be done 

later, and the patient randomized in the study, provided all inclusion/exclusion criteria were 

satisfied, including the requirement to be less than 92 days of age at the time of 

randomization. 
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3. STUDY DRUG  

3.1 Information on study drug (formulation) 

As clopidogrel bisulfate is not sufficiently stable in solution over long-term storage, the 

formulation approach consisted of the development of an extemporaneous solution: powder for 

solution reconstituted with a syrup for reconstitution. 

The liquid formulation used in the phase 3 CLARINET study was a multi-dose formulation that 

could be used for a 14-day treatment period after reconstitution. 

The formulation was a simple, unbuffered, sweetened solution of clopidogrel. A matching 

placebo in terms of appearance was also developed to ensure the study blinding. 

For the constitution of this placebo formulation, a preservative was added into the sucrose syrup 

in order to comply with the antimicrobial preservation required by the US Pharmacopeia. The 

addition of preservative was shown not to be necessary for the constituted active syrup. 

Both the active drug product and placebo were presented as a 10 mL amber glass vial 

(containing a powder either with or without clopidogrel) and a 125 mL amber glass bottle filled 

with 102 mL of sucrose syrup. Clinical supplies were packaged with a bottle adapter and oral 

syringes (1 and 3 mL) to facilitate dosing convenience and accuracy. 

The clopidogrel active drug product was a syrup at a final strength of 1 mg/mL with the following 

composition after constitution:  

Components Function Quantity 

Clopidogrel bisulfate Active ingredient 0.13964 g 

Mannitol Diluent 0.28836 g 

Sucrose syrup (67%)a Diluent/Sweetener 135.96000 g 

Total mass  136.38800 g 

aDepends on batch density of the syrup 
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The placebo matching the drug product was a syrup constituted as follows: 

Components Function Quantity 

Mannitol Diluent 0.28836 g 

Methylparaben/ 

methylparahydroxybenzoate 

Preservative 0.102 g 

Propylparaben sodium/propyl 

parahydroxybenzoate 

Preservative 0.0408 g 

Sucrose syrup (67%)* Diluent/Sweetener 135.96000 g 

Total mass  136.10000 g 

 

Storage conditions were set based on stability results: clopidogrel active drug powder, placebo 

powder and solvent were stable for 24 months when stored between 15°C and 30°C in their 

clinical packaging.  

Storage for constituted solutions was 14 days under refrigerated conditions (2°C–8°C) based on 

in-use stability studies performed on constituted solutions. 
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4. EFFICACY TRIAL ENDPOINT DEFINITIONS 

The Events Adjudication Committee classified procedures and medical interventions prior to 120 

days of age with respect to whether a thrombotic or platelet-related event was likely to have 

played a role. The procedure or intervention could involve:  

 Surgery (i.e., bidirectional Glenn procedure, shunt revision), or  

 Cardiac catheterization, or  

 Administration of a medication targeted at controlling the thrombotic process, such as 

heparin, abciximab, or thrombolytic agents.  

The thrombotic nature of the event could be manifest by: 

 A documented or inferred thrombus, for example in a shunt or the aorta, adjacent 

vessels, or  

 A finding, such as narrowing of a shunt, for which there is histologic and/or 

pathophysiologic data to suggest an etiologic role for platelets.  

Principles for determining the thrombotic nature of the event were as follows:  

 A thrombotic or platelet related process must have probably or definitely played a causal 

role in triggering the procedure or event.  

 A thrombotic or platelet related process does not have to be the sole factor in causing 

the event, but should have made a substantial contribution.  

 Sometimes two or more lesions were detected in a patient at cardiac catheterization, 

surgery, or in another type of intervention. If a thrombotic or platelet-related process 

probably or definitely played a causal role in at least one of these lesions, the event was 

classified as “YES” for component #3 of the primary composite outcome.  

o Stenosis at the site of insertion of either a Blalock-Taussig shunt or right 

ventricle-to-pulmonary artery conduit (i.e., “Sano” shunt) has been shown to 

involve a platelet-related process.  

o If balloon angioplasty was performed at the site of shunt insertion, the event was 

classified as “YES,” even if other procedures (for example angioplasty of a 

residual coarctation or restrictive atrial septum) were performed for lesions in 

which platelets did not probably or definitely play a causal role.  
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Procedures that usually were be considered to be probably or definitely related to a 

preceding thrombotic or platelet-related event (i.e., classified as YES, fulfilling the 

primary endpoint) included: 

 Visualized clot in shunt or adjacent vessels.  

 Visualized clot in aorta, with or without occlusion of a coronary orifice and myocardial 

infarction.  

 Cardiac arrest or near-arrest attributed by study team to be potentially related to shunt 

thrombosis on the basis of at least one of the following:  

o Chest was opened in the intensive care unit to “milk” the shunt.  

o Surgeon took the patient back to the operating room for shunt revision.  

o Patient was taken to the catheterization lab to restore full shunt patency.  

o Caregivers began additional anti-thrombotic therapy (e.g., heparin, Coumadin, 

open-label Plavix and aspirin).  

 Evidence of narrowing of modified Blalock-Taussig shunt or of stenosis at the shunt 

insertion site.  

 Glenn (Stage II) procedure or other intervention prior to 120 days of age secondary to 

cyanosis under the following conditions:  

o For patients who underwent the Norwood procedure with modified Blalock-

Taussig shunt, evidence of shunt narrowing or stenosis at site of anastomosis 

with the pulmonary artery.  

o For patients who underwent the Norwood procedure with Sano modification, 

evidence of narrowing of the right ventricular to pulmonary artery conduit, or 

stenosis at the site of insertion of the conduit into the pulmonary artery. 

 Other confirmed thrombus in cardiac structure or arterial vessels  

 Ischemic stroke confirmed or most probably due to embolic or thrombotic origin  

Procedures that usually would be considered to be unlikely or only possibly related to a 

thrombotic or platelet-related event (i.e., classified as NO, not fulfilling primary endpoint):  

 Glenn procedure prior to 120 days of age performed as part of a center’s routine clinical 

practice.  

 Glenn procedure or other intervention prior to 120 days of age secondary to any of the 

following conditions:  

o Evidence of kinking or tenting of a modified Blalock-Taussig shunt.  
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o Pulmonary artery stenosis at a site remote from where a shunt was inserted (for 

example, left pulmonary artery stenosis from residual ductal tissue in a patient 

with a right modified Blalock Taussig shunt).  

o Evidence of proximal Sano (right ventricular to pulmonary artery) conduit 

obstruction (e.g., muscle bundles at insertion of Sano conduit).  

o Residual or recurrent coarctation.  

o Restrictive atrial septal defect.  

o Poor myocardial function.  

o Severe tricuspid valve regurgitation.  

o Pulmonary vein stenosis. 
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5. PROCESS FOR REVIEW OF REPORTED EVENTS AND 

ADJUDICATION  

5.1 Review Process for Reported Events  

 All documents contained in the dossiers of patients which needed adjudication were 

transmitted to the Events Adjudication Committee.  

 Each event or a shunt narrowing leading to a bi-directional Glenn procedure or any 

cardiac-related intervention prior to 120 days of age was declared on a specific page of 

the Case Report Forms (CRFs), which were entered into the study clinical database on 

the same business day. Quality Control (QC) notes were sometimes required to confirm 

or correct responses given on the event CRFs page.  

 Investigators were queried locally at the site level for their assessment of the thrombotic 

nature of the event CRFs.  

 When the thrombotic nature was uncertain, this CRF form was entered into the 

Adjudication Tracking database by the study team and was updated daily.  

 Those event dossiers deemed to be complete were prepared for initial review by the 

Events Adjudication Coordinator.  

 Investigators were required to submit additional source documentation when the 

information recorded on the CRF did not match the source documentation received.  

 Those events which were deemed to satisfy the protocol criteria with well-documented 

evidence were reviewed by one of the study Regional Coordinators following initial 

review by the study coordinator or research assistant (licensed registered nurse who 

was blinded to the study treatment). The Events Adjudication Coordinator recorded 

his/her assessment of the reported event (agreement/disagreement with the reporting 

investigator). All disagreements or those where a decision could not be made for any 

reason was sent to the Chair of the Events Adjudication Committee for complete 

adjudication.  

 The Chair of the Events Adjudication Committee reviewed the events reviewed and 

verified by the Events Adjudication Coordinator to ensure validity of the process.  

 The Chair was allowed to question any adjudicator when she disagreed with the 

adjudication.  
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5.2 Process for Adjudication  

Reported events were adjudicated by at least one Events Adjudication Committee member. 

Dossiers of reported events requiring complete adjudication were prepared and distributed to 

Committee members on a regular basis to ensure that events were adjudicated in a timely 

fashion. Each Committee member was requested to review the dossiers and acknowledge in 

writing his/her agreement/disagreement with the Investigator’s impression of the events of a 

specific form.  

If the First Adjudicator and Events Adjudication Chair agreed with the Investigator’s assessment 

of outcome events, this agreement was acknowledged in writing and in the adjudication report 

field. The Event Adjudication database was updated accordingly, with acceptance of the 

Investigator’s report of outcome, and adjudication was considered complete.  

If the First Adjudicator disagreed with the Investigator’ report of outcome events, the 

disagreement was acknowledged in writing and the Event Adjudication database was updated 

accordingly. The outcome event was forwarded to the Events Adjudication Chair. If the Chair 

agreed with Investigator’s report of the outcome event, the agreement was acknowledged in 

writing and the Event Adjudication database was updated accordingly indicating that the 

Investigator’s assessment of the outcome event was accepted, and the adjudication process 

was considered as complete. If the Chair disagreed with Investigator’s report of the outcome 

event but agreed with the First Adjudicator, the disagreement was acknowledged in writing and 

in the adjudication report field, the Event Adjudication database was updated accordingly, the 

Adjudicators’ assessment of outcome event was accepted, and the adjudication process was 

considered complete.  

If the Chair of the Events Adjudication Committee was uncertain how to classify an outcome 

event, she and the First Adjudicator discussed and tried to resolve the issues surrounding the 

disagreement. If they subsequently agreed with the events as reported by the Investigator, this 

agreement was acknowledged in writing and in the adjudication reports field; the Event 

Adjudication database was updated accordingly; and the Investigator’s report of the outcome 

event was accepted. Adjudication was then considered as complete.  
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If both adjudicators subsequently disagreed with the events as reported by the investigator, this 

disagreement was acknowledged in writing and in the adjudication reports field; the Event 

Adjudication database was updated accordingly, and adjudication considered as complete. 



 

21 

 

6. Supplementary Appendix Figures 

Supplementary Appendix Figure S1. Kaplan-Meier event rates for death or heart 

transplantation.  

 

CI, confidence interval; RRR, relative risk reduction. 
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Supplementary Appendix Figure S2. Kaplan-Meier event rates for shunt thrombosis requiring 

intervention.  

 

CI, confidence interval; RRR, relative risk reduction. 

 



 

23 

 

Supplementary Appendix Figure S3. Kaplan-Meier event rates for any cardiac procedure prior 

to 120 days of age considered to be thrombotic in nature.  

 

CI, confidence interval; RRR, relative risk reduction. 
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Supplementary Appendix Figure S4. Relative risk of the primary efficacy outcome of death or 

heart transplantation, shunt thrombosis, or cardiac procedure before 120 days of age following 

an event considered thrombotic in nature in different patient subgroups.  

 

 

*The upper CI for patients with RV-to-PA shunt without Norwood is beyond the last value of the 

x-axis (8.42). 

CI, confidence interval; RV-to-PA, right-ventricular-to-pulmonary artery shunt.  
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Supplementary Appendix Figure S5. Kaplan-Meier event rates for the primary efficacy 

outcome according to treatment with no antiplatelet therapy, aspirin alone, clopidogrel alone, or 

clopidogrel plus aspirin. 

 

 



 

26 

 

7. Supplementary Appendix Tables 

Supplementary Appendix Table S1. Post hoc Analysis of Frequency of the Composite 

Primary Efficacy Outcome in the Overall Study Population by Concomitant Aspirin Use. 

Frequency, n (%) No concomitant aspirin 

(N=110) 

Concomitant aspirin 

(N=796) 

Primary outcome 31 (28.2) 148 (18.6)a 

Death or heart transplantation 25 (22.7) 86 (10.8) 

Shunt thrombosis 4 (3.6) 43 (5.4) 

Cardiac procedure at age <120 days 

following an event considered 

thrombotic in nature 

2 (1.8) 19 (2.4) 

aLog-rank P=0.009; relative risk reduction, 40.1% (95% confidence interval, 11.8 to 59.3). 
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Supplementary Appendix Table S2. Frequency of Primary Outcome According to Treatment 

with no Antiplatelet Therapy, Aspirin Alone, Clopidogrel Alone, or Clopidogrel Plus Aspirin. 

Frequency, n (%) No aspirin/ 

No clopidogrel 

(N=57) 

Aspirin 

only 

(N=382) 

Clopidogrel 

only 

(N=53) 

Clopidogrel  

+ aspirin 

(N=414) 

Primary outcomea 18 (31.6) 72 (18.8)b 13 (24.5)c 76 (18.4)d,e 

Death or cardiac 

transplant 

14 (24.6) 46 (12.0) 11 (20.8) 40 (9.7) 

Shunt thrombosis 3 (5.3) 18 (4.7) 1 (1.9) 25 (6.0) 

Cardiac intervention 

<120 days for event of 

thrombotic nature 

1 (1.8) 8 (2.1) 1 (1.9) 11 (2.7) 

aThe earliest occurrence of death or heart transplantation, shunt thrombosis requiring 

intervention, or hospitalization for bidirectional Glenn procedure or other cardiac-related 

intervention prior to 120 days of age following a thrombotic event or narrowing of the shunt, 

determined by a blinded events adjudication committee. 

bLog-rank P=0.01; relative risk reduction, 48.1% (95% confidence interval, 12.9 to 69.0). 

cLog-rank P=0.35; relative risk reduction, 28.8% (95% confidence interval, –45.5 to 65.1). 

dLog-rank P=0.005; relative risk reduction, 51.7% (95% confidence interval, 19.3 to 71.1). 

eOverall log-rank test P=0.03. 
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Supplementary Appendix Table S3. Summary of Treatment-Emergent Adverse Events 

Occurring in ≥2% of Subjects in the Treated Population. 

Adverse Event Placebo 

(N=436), 

n (%) 

Clopidogrel 

(N=464), 

n (%) 

P value 

Any adverse event 310 (71.1) 353 (76.1) 0.09 

Bleeding eventsa 88 (20.2) 87 (18.8) 0.59 

Non-bleeding events 222 (50.9) 266 (57.3) 0.54 

Any serious adverse event 196 (45.0) 234 (50.4) 0.10 

Bleeding eventsa 32 (7.3) 30 (6.5) 0.60 

Non-bleeding events 164 (37.6) 204 (44.0) 0.053 

Serious adverse event leading to death 14 (3.2) 16 (3.4) 0.84 

Infections and infestations 215 (49.3) 247 (53.2) 0.24 

Upper respiratory tract infection 65 (14.9) 68 (14.7) 0.91 

Gastroenteritis 23 (5.3) 40 (8.6) 0.049 

Pneumonia 11 (2.5) 23 (5.0) 0.056 

Bronchiolitis 20 (4.6) 22 (4.7) 0.91 

Nasopharyngitis 24 (5.5) 21 (4.5) 0.50 

Urinary tract infection 14 (3.2) 16 (3.4) 0.84 

Viral infection 10 (2.3) 13 (2.8) 0.63 

Bronchitis 7 (1.6) 11 (2.4) 0.41 

Wound infection 10 (2.3) 10 (2.2) 0.89 

Lower respiratory tract infection 7 (1.6) 10 (2.2) 0.54 

Postoperative wound infection 6 (1.4) 10 (2.2) 0.38 

Pharyngitis 3 (0.7) 10 (2.2) 0.07 

Influenza 9 (2.1) 9 (1.9) 0.89 

Respiratory tract infection 11 (2.5) 8 (1.7) 0.40 

Viral upper respiratory tract infection 11 (2.5) 8 (1.7) 0.40 

Gastrointestinal disorders 97 (22.2) 121 (26.1) 0.18 

Vomiting 21 (4.8) 37 (8.0) 0.054 

Diarrhea 21 (4.8) 29 (6.3) 0.35 

Hematochezia 21 (4.8) 16 (3.4) 0.30 
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Adverse Event Placebo 

(N=436), 

n (%) 

Clopidogrel 

(N=464), 

n (%) 

P value 

Gastroesophageal reflux disease 11 (2.5) 14 (3.0) 0.65 

Gastrointestinal hemorrhage 5 (1.1) 10 (2.2) 0.24 

Respiratory, thoracic, and mediastinal disorders 81 (18.6) 82 (17.7) 0.72 

Hypoxia 13 (3.0) 18 (3.9) 0.46 

Cough 16 (3.7) 14 (3.0) 0.59 

Cardiac disorders 48 (11.0) 73 (15.7) 0.04 

Cyanosis 13 (3.0) 26 (5.6) 0.054 

Injury, poisoning, and procedural complications 50 (11.5) 54 (11.6) 0.94 

Post-procedural hemorrhage 11 (2.5) 17 (3.7) 0.32 

Skin and subcutaneous tissue disorders 50 (11.5) 40 (8.6) 0.15 

Diaper dermatitis 8 (1.8) 10 (2.2) 0.73 

Rash 14 (3.2) 9 (1.9) 0.23 

General disorders and administration site 

conditions 

32 (7.3) 38 (8.2) 0.63 

Pyrexia 16 (3.7) 23 (5.0) 0.34 

Nervous system disorders 10 (2.3) 36 (7.8) <0.001 

Seizuresb 7 (1.6) 14 (3.0) 0.16 

Strokesc 0 8 (1.7) 0.006 

Metabolism and nutrition disorders 31 (7.1) 35 (7.5) 0.80 

Investigations 28 (6.4) 22 (4.7) 0.27 

Oxygen saturation decreased 11 (2.5) 15 (3.2) 0.53 

Vascular disorders 20 (4.6) 19 (4.1) 0.72 

Blood and lymphatic system disorders 12 (2.8) 17 (3.7) 0.44 

Eye disorders 11 (2.5) 16 (3.4) 0.42 

Conjunctivitis 8 (1.8) 12 (2.6) 0.44 

aPatients having both a bleeding event and non-bleeding adverse event are counted only in the 

bleeding event row. 

bIncludes the following preferred terms: convulsion, clonic convulsion, partial seizures, 

convulsions local, hypoglycemic seizure, and febrile convulsion. 
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cIncludes the following preferred terms: cerebral ischemia, cerebral infarction, ischemic cerebral 

infarction, and ischemic stroke. 
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Supplementary Appendix Table S4. Treatment-Emergent Bleeding Events in the Treated 

Population. 

Bleeding Placebo 

(N=436),  

n (%) 

Clopidogrel 

(N=464),  

n (%) 

P value 

Severity    

Any 88 (20.2) 87 (18.8) 0.59 

Mild 53 (12.2) 44 (9.5) 0.20 

Moderate 20 (4.6) 24 (5.2) 0.68 

Severea 15 (3.4) 19 (4.1) 0.61 

Type/etiology    

Spontaneous 60 (13.8) 56 (12.1) 0.45 

Post-traumatic 6 (1.4) 11 (2.4) 0.27 

Puncture (vascular access site) 16 (3.7) 9 (1.9) 0.11 

Surgical 10 (2.3) 17 (3.7) 0.23 

Associated with hemodynamic 

compromise 

15 (3.4) 17 (3.7) 0.86 

Criteria    

Blood loss more than expected 34 (7.8) 31 (6.7) 0.52 

Bleeding requiring procedure 39 (8.9) 42 (9.1) 0.96 

aTwo severe bleeding events were fatal (one in each treatment group). 
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Supplementary Appendix Table S5. Patients with Any Treatment-Emergent Bleeding 

According to Concomitant Aspirin Use among Patients in the Treated Population. 

Interaction 

Variable 

Subgroup Placebo, 

n (%) 

Clopidogrel, 

n (%) 

Odds ratio 

(95% CI) 

Aspirin usea No (N=109) 9 (16.1) 7 (13.2) 0.79 (0.27 to 2.31) 

 Yes (N=791) 79 (20.8) 80 (19.5) 0.92 (0.65 to 1.30) 

Aspirin (mg/kg) No intake (N=109) 9 (16.1) 7 (13.2) 0.79 (0.27 to 2.31) 

 ≤3 mg/kg (N=137) 18 (28.6) 18 (24.3) 0.80 (0.38 to 1.72) 

 >3 to ≤5 mg/kg (N=309) 26 (17.6) 25 (15.5) 0.86 (0.47 to 1.57) 

 >5 to ≤10 mg/kg (N=310) 35 (22.7) 35 (22.4) 0.98 (0.58 to 1.68) 

 >10 mg/kg (N=35) 0 (0.0) 2 (10.0)  

aP value for interaction = 0.44 

CI, confidence interval. 
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Supplementary Appendix Table S6. Summary of Treatment-Emergent Adverse Events 

Occurring in ≥2% of Subjects in the Per-Protocol Population. 

Adverse Event Placebo 

(N=356), 

n (%) 

Clopidogrel 

(N=352), 

n (%) 

P value 

Any adverse event 238 (66.9) 260 (73.9) 0.04 

Bleeding eventsa 65 (18.3) 64 (18.2) 0.98 

Non-bleeding events 173 (48.6) 196 (55.7) 0.06 

Any serious adverse event 143 (40.2) 162 (46.0) 0.12 

Bleeding eventsa 20 (5.6) 18 (5.1) 0.77 

Non-bleeding events 123 (34.6) 144 (40.9) 0.08 

Serious adverse event leading to death 7 (2.0) 10 (2.8) 0.45 

Infections and infestations 174 (48.9) 190 (54.0) 0.17 

Upper respiratory tract infection 58 (16.3) 60 (17.0) 0.79 

Gastroenteritis 21 (5.9) 33 (9.4) 0.08 

Bronchiolitis 18 (5.1) 19 (5.4) 0.84 

Nasopharyngitis 22 (6.2) 18 (5.1) 0.54 

Pneumonia 7 (2.0) 16 (4.5) 0.053 

Urinary tract infection 10 (2.8) 11 (3.1) 0.08 

Wound infection 9 (2.5) 9 (2.6) 0.98 

Postoperative wound infection 6 (1.7) 9 (2.6) 0.42 

Pharyngitis 3 (0.8) 9 (2.6) 0.08 

Viral upper respiratory tract infection 9 (2.5) 8 (2.3) 0.82 

Influenza 7 (2.0) 8 (2.3) 0.78 

Viral infection 7 (2.0) 8 (2.3) 0.78 

Bronchitis 6 (1.7) 8 (2.3) 0.57 

Lower respiratory tract infection 6 (1.7) 8 (2.3) 0.57 

Respiratory tract infection 10 (2.8) 6 (1.7) 0.32 

Gastrointestinal disorders 71 (19.9) 80 (22.7) 0.37 

Vomiting 16 (4.5) 28 (8.0) 0.057 

Diarrhea 20 (5.6) 23 (6.5) 0.61 

Hematochezia 16 (4.5) 12 (3.4) 0.46 
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Adverse Event Placebo 

(N=356), 

n (%) 

Clopidogrel 

(N=352), 

n (%) 

P value 

Gastroesophageal reflux disease 7 (2.0) 8 (2.3) 0.78 

Respiratory, thoracic, and mediastinal disorders 52 (14.6) 60 (17.0) 0.37 

Cough 13 (3.7) 8 (2.3) 0.28 

Hypoxia 7 (2.0) 8 (2.3) 0.78 

Epistaxis 3 (0.8) 8 (2.3) 0.12 

Cardiac disorders 37 (10.4) 54 (15.3) 0.049 

Cyanosis 11 (3.1) 18 (5.1) 0.17 

Injury, poisoning, and procedural complications 38 (10.7) 42 (11.9) 0.60 

Post-procedural hemorrhage 9 (2.5) 16 (4.5) 0.15 

Skin and subcutaneous tissue disorders 39 (11.0) 34 (9.7) 0.57 

Diaper dermatitis 6 (1.7) 8 (2.3) 0.57 

Rash 13 (3.7) 7 (2.0) 0.18 

General disorders and administration site 

conditions 

28 (7.9) 29 (8.2) 0.86 

Pyrexia 14 (3.9) 19 (5.4) 0.36 

Metabolism and nutrition disorders 24 (6.7) 22 (6.3) 0.79 

Nervous system disorders 10 (2.8) 21 (6.0) 0.04 

Investigations 22 (6.2) 16 (4.5) 0.33 

Oxygen saturation decreased 9 (2.5) 12 (3.4) 0.49 

Eye disorders 9 (2.5) 15 (4.3) 0.20 

Conjunctivitis 8 (2.2) 11 (3.1) 0.47 

Blood and lymphatic system disorders 7 (2.0) 11 (3.1) 0.33 

Vascular disorders 14 (3.9) 10 (2.8) 0.42 

aPatients having both a bleeding event and non-bleeding adverse event are counted only in the 

bleeding event row. 
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Supplementary Appendix Table S7. Treatment-Emergent Bleeding Events in the Per-Protocol 

Population. 

Bleeding Placebo 

(N=356),  

n (%) 

Clopidogrel 

(N=352),  

n (%) 

P value 

Severity    

Any 65 (18.3) 64 (18.2) 0.98 

Mild 42 (11.8) 35 (9.9) 0.43 

Moderate 14 (3.9) 15 (4.3) 0.83 

Severea 9 (2.5) 14 (4.0) 0.28 

Type/etiology    

Spontaneous 40 (11.2) 40 (11.4) 0.96 

Post-traumatic 5 (1.4) 10 (2.8) 0.18 

Puncture (vascular access site) 16 (4.5) 6 (1.7) 0.03 

Surgical 8 (2.2) 14 (4.0) 0.18 

Associated with hemodynamic 

compromise 

11 (3.1) 10 (2.8) 0.85 

Criteria    

Blood loss more than expected 23 (6.5) 18 (5.1) 0.44 

Bleeding requiring procedure 28 (7.9) 27 (7.7) 0.92 

aOne severe bleeding event was fatal in the clopidogrel group. 
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Supplementary Appendix Table S8. Patients with Any Treatment-Emergent Bleeding 

According to Concomitant Aspirin Use among Patients in the Per-Protocol Population. 

Interaction 

Variable 

Subgroup Placebo, 

n (%) 

Clopidogrel, 

n (%) 

Odds Ratio 

(95% CI) 

Aspirin usea No (N=77) 5 (12.2) 4 (11.1) 0.90 (0.22 to 3.64) 

 Yes (N=631) 60 (19.0) 60 (19.0) 1.00 (0.67 to 1.48) 

Aspirin (mg/kg) No intake (N=77) 5 (12.2) 4 (11.1) 0.90 (0.22 to 3.64) 

 ≤3 mg/kg (N=118) 17 (29.3) 17 (28.3) 0.95 (0.43 to 2.12) 

 >3 to ≤5 mg/kg (N=249) 18 (14.8) 17 (13.4) 0.89 (0.44 to 1.83) 

 >5 to ≤10 mg/kg (N=244) 25 (19.7) 24 (20.5) 1.05 (0.56 to 1.97) 

 >10 mg/kg (N=20) 0 (0.0) 2 (16.7)  

aP value for interaction = 0.54 

CI, confidence interval. 
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