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consistent with the only previous study analyzing TEG in
25 Fontan patients [25]. The TEG FF results indicated
normal clot strength, and the Multiplate results indicated
normal platelet aggregation. No significant differences in
whole-blood assays were found between patient groups
stratified according to antithrombotic therapy (except AS-
Pltest, which, as expected, was suppressed in patients on
antiplatelet therapy). Similarly, no significant difference in
biomarkers was found between the treatment groups,
indicating a similar hemostatic function in Fontan patients
regardiess of treatment modality. This is in agreement with
a recent study in which no significant difference in TE was
seen in patients randomized to either acetylsalicylic acid or
heparin/warfarin within the first 3 years after the Fontan
surgery [21]. We hypothesized that patients with previous
TE and patients with high glycocalyx degradation would
demonstrate signs of increased thrombogenecity. Surpris-
ingly, the subset of patients with previous TE showed
normal platelet function, normal clot strength, and no signs
of hypercoagulability in the whole-blood assays. In addi-
tion, whole-blood assays and biomarkers were not signifi-
cantly different between groups with and without TE.
However, the results may be explained by the small
number of events and potentially many silent TEs. Given
the well-documented abnormalities in coagulation factors
and high prevalence of TEs in Fontan patients, Raffini et al.
[25] speculated that the overall balance between hemos-
tasis and thrombosis are maintained, as reflected by the
normal TEG results, and that TEs are related to alterations
in circulating coagulations protein concentrations. In our
study, blood was sampled during stable clinical conditions,
and potentially the results would change if sampled during
stress, heart failure, infection, etc. Ideally blood should be
sampled immediately after thrombus formation (which in
practice would be at detection of TE). In patient groups
stratified according to glycocalyx degradation, whole-
blood assays showed no signs of hypercoagulability, nor-
mal platelet function, and normal clot strength in the group
with high syndecan-1 levels; however, in this group, a clear
tendency toward higher levels of all biomarkers, except
protein C, was found. The vascular endothelium and the
glycocalyx are known to play a vital role in maintaining a
nonthrombogenic and anticoagulant blood-tissue interface,
mainly mediated by anticoagulant proteins. Although
endothelial dysfunction is known to be a risk factor for
coronary artery disease and stroke [8, 23], less is known
about the predictive value of abnormal glycocalyx degra-
dation. Trauma patients with increased syndecan-1 levels
are known to have worse outcome [14], and damage to the
glycocalyx increases platelet adhesion [28]. Interestingly,
we found a strong correlation between syndecan-1 levels
and markers of endothelial damage (sTM), fibrinolysis
(tPA), and cell damage (hcDNAf) but not platelet

&\ Springer

activation (sCD40L). Furthermore, we found highly sig-
pificant correlations between syndecan-1 and sTM, tPA,
and hcDNAfT in the group with high syndecan-1 levels and
no correlations in the group with low syndecan-1 levels.
This finding indicates that in a subset of Fontan patients,
evidence of increased glycocalyx degradation and endo-
thelial damage/dysfunction is present. Furthermore, the
correlation with tPA indicates simultaneous fibrinolysis;
however, no correlation with biochemical parameters
reflecting thrombus formation (e.g., d-dimer), parameters
of whole-blood assays, or anatomical or clinical parameters
were found. Thus, although all biomarkers offer different
perspectives on hemostatic and thrombotic physiology, it is
unclear which biomarker will prove to be the most useful in
helping to understand the disease process of increased
thrombus formation in Fontan patients.

Optimal follow-up of Fontan patients in terms of diag-
nosing TE, in particular silent TE, remains challenging.
One method could be to measure d-dimer and perform TEE
or CT scan of the heart and lungs if it is increased
(although being aware of the low specificity of d-dimer).
The benefits of prophylactic antithrombotic therapy in
Fontan patients still are a matter of debate. A prospective,
longitudinal study could potentially add further knowledge
to this area. Patients could be randomized to either VKA or
antiplatelet therapy and undergo baseline and regular fol-
low-up using imaging modalities (e.g., TEE, CT scan of the
heart and lungs, magnetic resonance imaging of the brain)
with new TE as the primary end point. Likewise, blood
sampled and analyzed longitudinally could potentially add
further knowledge to the etiology of TE. In assessment of
the etiology of TE, we did not include hemodynamic fac-
tors. Because of insufficient correlation between endothe-
lial, glycocalyx, and platelet function, hypercoagulability,
and TE, future studies should include hemodynamic factors
in the analysis of the TEs experienced by Fontan patients.
The clinical implication of high levels of biomarkers on the
development of TE remains to be shown.

Limitations

The Fontan cohort was heterogeneous regarding age and
antithrombotic therapy, both factors that influence the he-
mostatic profile. In addition, few patients experienced TE,
thereby decreasing the statistical power to show differences
between groups. In addition, blood samples were not col-
lected at the time of TE, and the hemostatic profile might
change over time. Furthermore, we could not establish the
abnormality of the levels of biomarkers due to lack of
reference values. In addition, the prevalence of silent TE in
our cohort is unknown, which makes comparison between
a TE group and a non-TE group uncertain; consequently,
the prevalence of TE in our cohort is most likely
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underestimated due to the unknown number of silent TEs.
Finally, eight patients died during follow-up for unknown
reasons, and their TE status is not known.

Conclusion

In conclusion, we found a population-based prevalence of
TE of 8.1 % in 210 Fontan patients after a mean follow-up
after Fontan completion of 8.4 years. In assessment of the
etiology of TE, we found normal global hemostasis, normal
platelet aggregation, and normal clot strength in Fontan
patients. Furthermore, no significant difference in global
hemostasis and separate factors of hemostasis (clot strength,
endothelial, glycocalyx, platelet, and fibrinolysis function)
were found between patient groups stratified according to
age, antithrombotic therapy, previous TE, and glycocalyx
degradation. However, all biomarkers, except protein C,
correlated with one another, and after stratification of gly-
cocalyx degradation, only syndecan-1 levels > median
correlated with other biomarkers, thus identifying a poten-
tially more thrombogenic group. However, no correlations
between biomarkers and demographic, anatomical, clinical,
and biochemical parameters were found.
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Factors Associated With Thrombotic
Complications After the Fontan Procedure
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Thromboprophylaxis for 2 Years After the Fontan Procedure
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Objectives The study sought to identify factors associated with increased risk of thrombosis after Fontan.

The Fontan procedure is the culmination of staged palliation for patients with univentricular physiology. Throm-
bosis is an important complication after this procedure.

Background

Methods An international multicenter randomized controlled trial of acetylsalicylic acid versus warfarin for thrombopro-
phylaxis after the Fontan procedure was conducted in 111 patients, and did not show a significant difference
regarding thrombotic complications. We performed a secondary analysis of this previously published manuscript
to identify factors associated with thrombosis in this population. Standardized prospective data collection in-

cluded independent adjudication of all events.

At 2.5 years after randomization, time-related freedom from thrombosis was 69% (all venous, no arterial
events), with 28% of thrombosis presenting with clinical signs or events. Hazard of thrombosis was highest
immediately after Fontan with a gradual increase in risk during late follow-up. In multivariable models, fac-
tors associated with higher risk of thrombosis were pulmonary atresia with intact ventricular septum (haz-

Results

ard ratio [HR]: 3.64, 95% confidence interval [Cl]: 1.04 to 12.70, p = 0.04), pulmonary artery distortion
(HR: 2.35, 95% ClI: 0.96 to 5.73, p = 0.06), lower pre-operative unconjugated bilirubin (HR: 0.84 pmol/,
95% Cl: 0.72 to 0.99, p = 0.04), use of central venous lines for >10 days or until hospital discharge (HR: 17.8,
95% Cl: 3.97 to 79.30, p < 0.001), and lower FiO, 24 h after the procedure (HR: 0.67/10%, 95% ClI: 0.45 to 1.00,p =
0.08). Patients on warfarin who consistently achieved minimum target international normalized ratio levels or those on
acetylsalicylic acid had a decrease in risk of thrombosis compared with patients who often failed to meet target intema-
tional normalized ratio level (HR: 3.53, 95% ClI: 1.35 to 9.20, p = 0.01).

Conclusions

More favorable thromboprophylaxis strategies are needed in light of the difficulties in controlling warfarin ther-

apy and the high prevalence of thrombosis in this population (International Multi Centre Randomized Clinical

Trial of Anticoagulation in Children Following Fontan Procedures; NCT00182104)

(J Am Coll Cardiol 2013;61:

346-53) © 2013 by the American College of Cardiology Foundation

Thrombosis and thromboembolic events are a major cause
of morbidity and mortality after the Fontan procedure.
Multiple observational studies with various designs and
duration of follow-up have reported the prevalence of
thrombosis after the Fontan procedure to be between 1%
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and 33% (1-8), with the highest prevalence reported in
studies using systematic detection protocols with trans-
esophageal echocardiography (TEE) (4,9). Previous studies
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have shown a high, immediate risk of thrombosis after the
procedure, likely related to the surgery and the impact of
cardiopulmonary bypass itself (10). There also appears to be
an increasing risk over the long term after Fontan (11),
culminating in a substantial proportion of late-term (>10
years) mortality in this population being associated with
thromboembolic complications (7,12,13).

Multiple studies have explored the effectiveness of throm-
boprophylaxis strategies in this population (3,14); consensus
has yet to be achieved on the matter. This has led to
institutional variation in practices, with some centers using
low-intensity antiplatelet-based therapy and others using high-
intensity anticoagulation-based therapy (15). Therapy is se-
lected on the basis of physician discretion, with decision
making being driven by weighing the perceived thrombosis risk
for a given patient against the inherent risks of long-term
anticoagulation (14). In this context, an evidence-based strat-
ification of patients according to thrombosis risk would be a
useful tool in selecting the intensity of thromboprophylaxis
strategy warranted in these patients.

Few risk factors have been confirmed from observational
studies, including the presence of bilateral bidirectional cavo-
pulmonary shunts, a blind-ended pulmonary artery stump, a
hypoplastic chamber with stasis of flow, and previous throm-
bosis (2,16). An atriopulmonary or Kawashima Fontan con-
nection type, presence of thrombogenic material, dilated
atrium, arrhythmias, ventricular dysfunction, patent fenestra-
tion, and protein-losing enteropathy have all also been hypoth-
esized as potential risk factors in this population (7,17).
Increased presence of thrombophilic risk factors have been
described, with uncertain clinical meaning, both before and
after Fontan (18-23). As a secondary analysis of a prospective,
multicenter randomized clinical trial of thromboprophylaxis
strategies for the first 2 years after the Fontan procedure (24),
we sought to identify factors associated with increased risk of
thrombosis in this population.

Methods

This is a secondary analysis of a previously published random-
ized controlled trial. Complete details of study intervention and
trial results have been previously reported (24).

Study subjects. Patients were recruited between 1998 and
2003 from 6 institutions (242 patients screened, 208 eligi-
ble, 111 enrolled and randomized). All patients who under-
went Fontan procedure at participating institutions were
eligible for inclusion in the trial. Exclusion criteria were a
recognized indication for long-term anticoagulation; patient
characteristics increasing the risk of hemorrhagic complica-
tions; known contraindication for heparin, warfarin, or
acetylsalicylic acid (ASA); and the inability to supervise
therapy because of social or geographic circumstances.
Randomization and study intervention. Randomization
(centrally performed but stratified by center) was performed
immediately after completion of the Fontan procedure.
Subjects were randomized to either warfarin therapy (0.1
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mg/kg titration to achieve and
international normalized ratio
(INR) of 2 to 3 with heparin
lead-in) or ASA (5 mg/kg/day)
for a 2-year period after the pro-
cedure. INR monitoring was
prescribed to be performed at
least every 2 to 3 weeks for stable
patients and more frequently for
patients with dosing challenges.
Proportion of INR measurement
within the target range was cali-
brated to risk and then included
in risk factor analyses. On the basis of this analysis, we
defined controlled warfarin therapy as >30% of INR
measurements within the target range (INR 2 to 3).
Measurements. Demographics, underlying cardiac anat-
omy, previous interventions and complications, and previ-
ous and current medical therapy were abstracted for each
patient from their respective medical records, including data
regarding the Fontan procedure and post-operative compli-
cations. Patients were asked to undergo clinical evaluation at
3, 6, 12, 18, and 24 months after randomization and
whenever it was clinically indicated regardless of whether
they were still taking their assigned study medication and/or
had reached a study endpoint. Thrombotic events (venous
or arterial) were the study primary endpoint. Thrombosis
was defined as the appearance of a space-occupying lesion
on ultrasound within the cardiovascular system (mild lam-
inar thickening of the internal surface of the Fontan
pathway was not included) or the occurrence of a clinical
event known to be strongly associated with thrombus
(stroke, pulmonary embolism). Thrombosis with clinical -
presentation or clinical events known to be strongly associ~
ated with thrombus (cardioembolic stroke, pulmonary em-
bolism), were captured for all patients, regardless of whether
planned echocardiography or TEE were performed. Trans-
thoracic echocardiography and TEE were sought twice at 3
and 24 months post-Fontan procedure. An independent
central adjudication committee reviewed all clinically driven
and routine echocardiograms. All thrombosis and major
adverse clinical events were adjudicated by an expert panel.
Statistics. Data are presented as mean = SD, median with
minimum and maximum value, and frequency, as appropri-
ate. Time-related risk of thrombosis was modeled in para-
metric hazard regression model (maximum likelihood
method for parameter estimation), which allows for risk of
thrombosis to be divided in up to 3 distinct phases of risk,
although only an early and a late phase were present in this
study. Because of the limited number of events, risk hazard
analysis was performed assuming a single phase of risk. A
stepwise variable selection strategy was used (forward entry,
only variables with univariable p values <0.10 eligible for
entry) to create a multivariable parametric survival regres-
sion model. All analyses presented in this study combined

ASA = acetylsalicylic acid

Cl = confldence interval

CNS = central nervous
system

HR = hazard ratio

INR = international
normalized ratio

TEE = transesophageal
echocardiography
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both groups. All analyses were performed using SAS version
9.2 (SAS Institute, Cary, North Carolina).

Results

Study population. A total of 111 patients (64% male,
average age at Fontan 4.8 * 2.8 years) were enrolled.
Primary diagnoses were tricuspid atresia (n = 21, 19%),
double inlet left ventricle (n = 21, 19%), double outlet right
ventricle (n = 12, 11%), pulmonary atresia with intact
ventricular septum (n = 6, 5%), unbalanced atrioventricular
septal defect (n = 10, 9%), hypoplastic left heart (n = 17,
15%), and other/multiple anomalies (n = 24, 22%). The
majority of patients had previous cardiac catheterization
(n = 63, 56%), and 24 (22%) had a previous Norwood
operation. A total of 72% of patients had a previous
bidirectional cavopulmonary shunt, 14% had a bilateral
cavopulmonary shunt, and 14% had undergone the Damus-
Kaye-Stansel procedure. The majority of patients had a
Fontan procedure utilizing an extracardiac conduit (n = 95,
85%) with GORE-TEX baffle (n = 81, 73%) and fenes-
tration (n = 69, 62%).

Original trial results. The original trial found no differ-
ence in risk of thrombosis between patients randomized to
warfarin (n = 54) versus those randomized to ASA (n =
57); hazard ratio [HR]: 1.35, 95% confidence interval [CI]:
0.62 to 3.00, p = 0.45) at the 2 years study endpoint (24).
Patient characteristics and compliance with study proce-
dures and measurements were similar between both exper-
imental groups (24). Because of the lack of differences, all
analyses presented in this study combined both groups.
Study follow-up and compliance with study procedures.
Of the 111 patients enrolled in this study, 3 patients died
or were withdrawn from the study prior to study end or
reaching primary outcomes. A further 3 patients died or
were withdrawn from the study after reaching the study
primary outcome. All other patients attended the final study
visit within 30 months of enrollment. Complete accrual of
clinical events was obtained, 81% of patients underwent at
least 1 TEE (69% having the 3-month TEE, 61% having
the 24-month TEE) and 48% having both protocol TEEs.
Prevalence of thrombosis. At 2.5 years after randomiza-
tion, time-related freedom from thrombosis was 69% (all
venous, no arterial events), with 28% of thrombosis present-
ing with clinical signs or events. Time-related risk of
thrombosis was divided in 2 distinct phases—an early phase
of risk spanning the first 6 months after the Fontan
procedure, followed by late phase spanning the subsequent
2 years (Fig. 1). The risk of thrombosis associated with a
clinical presentation was highest immediately following
Fontan surgery, but persisted with a gradual increase
throughout the study period.

Compliance with study drug assignment and protocol.
Early discontinuations of study drug were more frequent in
the warfarin group (19% vs. 9%), with patients assigned to
ASA therapy spending 92% of expected study days on the
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Regarding freedom from (A) and hazard of (B) thrombosis, all patients are
included from study randomization up to first thrombotic event, study with-
drawal, or end of study, no censoring for drug discontinuation. Dotted lines rep-
resent 95% confidence interval. A high early-phase hazard is present followed
by a lower, but increasing, hazard of thrombosis in the late phase.

study drug compared to 84% for patients assigned to
warfarin (p = 0.02). A total of 2,166 INR monitoring values
were available in 45 patients (INR monitoring results were
not available for 9 patients), of which 41% were below target
range (<2), 44% were within target range, and 15% were
above target range (>3). According to our classification
30/45 patients (66%) assigned to warfarin had controlled
INR (>30% of INR values within target) and 15 of 45
patients (33%) had uncontrolled INR (=30% within of INR
values within target). None of the factors evaluated in this
study was found to be associated with increased risk of
poorly controlled warfarin therapy.

Factors associated with increased risk of thrombosis. Pa-
tient characteristics at the time of randomization are pre-
sented in Table 1, stratified according whether they devel-
oped thrombosis during follow-up. Because of the limited
number of events, risk factor analysis was performed by
combining the early and the late phase into a single phase of
risk. Factors associated with thrombosis in multivariable
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parametric regression models are listed in Table 2. In
multivariable models, factors associated with higher risk of
thrombosis included pulmonary atresia with intact ventric-
ular septum (HR: 3.64, 95% CI: 1.04 to 12.70, p = 0.04),
pulmonary artery distortion before Fontan procedure (HR:
2.35, 95% CI: 0.96 to 5.73, p = 0.06), lower pre-operative
unconjugated bilirubin (HR: 0.84 umol/l, 95% CI: 0.72 to
0.99, p = 0.04), post-operative use of central venous lines
for >10 days or until discharge (HR: 17.8, 95% CI: 3.97 to
79.30, p < 0.001), and lower FiO, at 24 h post-surgery
(HR: 0.67, 95% CI: 0.45 to 1.00, p = 0.06). Patients on
warfarin who achieved target INR levels >30% of time or
those on acetylsalicylic acid had a 3.5-fold decrease in risk of
thrombosis compared patients who often failed to meet
target INR level (HR: 3.53, 95% CI: 1.35 t0 9.20, p = 0.01)
(Fig. 2). The difference in risk between controlled warfarin
and ASA was not statistically significant (HR: 0.34, 95%
CL 0.10 to 1.13, p = 0.08). There was no association
between presence of pulmonary atresia or pulmonary artery
distortion and location of thrombosis. Year of enrolment,
age at Fontan surgery, interventions prior to Fontan, pre-
vious thromboembolic complications, pre-operative hema-
tological laboratory values, or hemodynamics and type of
Fontan connection were not associated with risk of
thrombosis.

Discussion

The current study found that there is a substantial imme-
diate risk of thrombosis which diminishes but persists over
the first 2.5 years after Fontan procedure. Overall time-
related risk of thrombosis as found in this study was
somewhat different from that reported before in population-
based observational studies (3,11,17), which have showed a
~10% surgery-related thrombosis prevalence and then an
ongoing risk over time. Prevalence of surgery-related
thrombosis has previously been reported (10) at approxi-
mately ~10% for low-risk surgeries such as the Fontan
procedure. Because patients with surgery-related thrombo-
sis are often required to be on anticoagulation for an
extended period of time, these patients would not have been
eligible for this study. Our rate of thrombosis after the
immediate high-risk surgical period in enrolled patients is
consistent with previously reported studies (11). Of note, all
thromboses were found in the venous system. This is
consistent with previous reports where thrombosis is typi-
cally located within both pulmonary and systemic venous
systems (2,25). However, no thromboembolic event, such as
central nervous system (CNS) or pulmonary or coronary
artery embolism, were noted in our subjects. There was
no routine CNS surveillance, so clinically silent events
may have been missed. Previous studies have reported the
incidence of stroke to be as high as 19% post-Fontan
(2,7,26-28).

Factors associated with thrombosis in this population
included anatomical characteristics, pre-operative clinical
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status and post-operative outcomes, and anticoagulation
management. Anatomical factors disturbing laminar blood
flow are known to increase the risk of thrombosis in children
with congenital heart disease by creating physiological dead
ends and areas of sluggish flow promoting thrombus for-
mation (2,16). Other identified risk factors have been
associated with increased propensity to clot, either by
promoting platelet activation through inflammation (low
oxygen saturation), impaired metabolism of coagulation
proteins secondary to liver dysfunction (low bilirubin)
(29-31), and/or damage to vascular walls (central venous
lines). Most of these risk factors have been reported previously,
both in the Fontan population and in other populations with
congenital heart disease (10). Of particular importance is the
increased risk of thrombosis associated with prolonged use of
central venous lines (10). Aggressive strategies for early line
removal and interventions aimed at reducing the prevalence of
line-related thrombosis might have an important impact on the
occurrence of early thrombosis in this population.

The most important finding of this study is the decreased
risk of thrombosis associated with properly controlled war-
farin therapy or ASA compared with warfarin therapy with
<30% of INR monitoring within the target range. Diffi-
culties in controlling warfarin therapy are well documented
in pediatric patients (32,33). Individual response to warfarin
varies between patients on the basis of physiological and
genetic factors. Furthermore, warfarin dosing is known to
be affected by a multitude of drug and food interactions.
Previous studies have shown minimal anticoagulation activ-
ity with INR <2, and almost nonexistent anticoagulation
activity when INR falls below 1.5 (34).

Our study showed an increased risk of thrombosis for
patients with poorly controlled warfarin therapy. Clinically,
this finding has multiple implications; it may provide an
explanation why previous studies have found inconsistent
results regarding the efficacy of strategies for thrombopro-
phylaxis in Fontan patients. The earliest nonrandomized
comparison reported better event-free survival for patients
receiving warfarin versus no anticoagulation (3). Three
small case series with few events (2 studies, n = 4; 1 study,
n = 10) concluded that there was no influence of antico-
agulation (6,28,35). The trial on which this study is based
found no differences between ASA and warfarin (24).
Finally, a recent single-center observational study of throm-
boprophylaxis in single ventricle patients, in which warfarin
was favored for the majority of patients, found that
warfarin-based thromboprophylaxis was associated with a
significant reduction of thrombosis risk compared with no
thromboprophylaxis and to ASA-based thromboprophy-
laxis (11).

The other important clinical consideration raised by these
results regards the risk-benefit ratio for these patients. Since
risk reduction for thrombosis is minimal in patients with
poorly controlled warfarin therapy, the risk of anticoagula-
tion becomes unwarranted. Future studies should try to
determine patient characteristics are associated with diffi-
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Factors Associated With Thrombosis

Univariable HR

n No Thrombosis n Thrombosis (95% CI) p Yalue
Treatment and randomization : ) S R
Treated with asplrin 86 - 45(52%) 25 12 (48%) E 0.74(0.33-1.09) ,'  045
Controlled warfarin : 86 27(31%) 25 3(12%) 0.34(0.10-1.13) - ' 0.08.
Uncontrolled warfarin : 86 8(9%) 25 7 (28%) +370(2.81-4.58) 0.004'
Warfarin monitoring, no data : 86 6 (7%) 25 T 3(42%) 247(064-733) . . 021
Demographics
Gender (female) 86 27 (31%) 25 13 (52%) 0.50 (0.23-1.10) 0.09
Older age at surgetry, yrs 86 4.7 =26 25 4.7 =39 1,05 (0.93-1.19) 0.45
Greater weight (kg) at surgery 86 17068 25 181 = 8.8 1.01 (0.96-1.06) 0.86
Primary diagnosis . o :
Tricuspld atresia B 86 16 (19%) 25 5(20%) - ' 1.03(0.39-2.76) = . 0.95
Double inlet ventricle 8 86 17 (20%) : 25 4 (16%) © 0.80(0.27-2.36) - .0.89 -
Double outlet right ventricle 86 8 (9%) . 25 ; 4 (16%) 1.60(0.54-4.72) - 0.39
Pulmonary atresia with lntaét ventricular septum = - 86 3(3%) - ' 25 3(12%) - 3.31(0.98-11.18) 0.05
Unbalanced atrioventricular septal defect : 86 8 (3%) 25 . 2 (8%) 0.86 (0.20-3.65) - .. 0,83
Hypoplastic left heart syndrome : 86 14 (16%) 25 3(12%) 0.95 (0.28—3.20): B 0.23
Previous cardiac surgical procedures
Cardiac catheter/interventional procedures 86 48 (56%) 25 15 (60%) 1.10 (0.49-2.46) 0.81
Pulmonary artery banding 86 15 (17%) 25 5 (20%) 1.09 (0.41-2.91) 0.86
Patent ductus arteriosus ligation or clipping 86 16 (19%) 25 3{12%) 0.76 (0.23-2.57) 0.66
Systemic-pulmonary shunt 86 49 (57%) 25 16 (64%) 1.25 (0.55-2.83) 0.60
Atrial septostomy 86 28 (33%) 25 7 (28%) 0.87 (0.36-2.09) 0.75
Norwood operation 86 18 (21%) 25 6 (24%) 1.52 (0.60-3.85) 0.38
DKS procedure for subaortic stenosis 86 13 (15%) 25 3(12%) 0.96 (0.28-3.22) 0.94
Bidirectional cavopulmonary shunt 86 61 (71%) 25 19 (76%) 1.30 (0.52-3.28) 057
Bilateral cavopulmonary shunt 86 12 (14%) 25 3(12%) 0.83 (0.25-2.77) 0.76
Classic Glenn shunt 86 - 7(8%) 25 2 (8%) 1.03 (0.24-4.42) 0.96
Coarctation repair 86 6 (7%) 25 2(8%) 1.37 (0.32-5.88) 0.67
Branch pulmonary artery repait 86 12 (14%) 25 3(12%) 0.78 (0.23-2.61) 0.69
Previous thromboembolic event 86 13 (15%) 25 2 (8%) 0.57 (0.13-2.44) 0.45
Pre-operative assessment (bloodwork) ; .
Hemoglobin (>{10 /b X 86 166 = 20 25 167 =20 1.00 (0.98-1.02) : 0.75
Piatelet count (X1.0%/1) 86 280 =79 25 292 =82 1.00 (1.00-1.01) -~ ' 0;64
Activated partial thromboplastlh time, s . 79 36.3 =179 21 324 =36 0.97 (0.91-1.04) FE 0.38
International normalized ratio (X0.1) - - 75 148 + 0,51 18 1.05 011 0.82(0.57-1.18) - - 0,29 .
Prothrombln time, s R 41 125 £ 4.5 13 134+ 14 1.03 (0.88-1.20) 0.74
Albumin, g/t : 33 398 +6.4 17 42331 -1.05(0.96-1.16) . 030
AST, U/t R - ; 20 37(26-163) 8 30 (18-45) 0.88 (0.79-0.99) 003
ALT, U/l : k 31 20(9-33) 17 20 (11-33) 1.02 (0.95-1.11) ' 0.56
Bilirubin (cdnjuga;ed). umol/t ) 29 0(0-3) 16 : 0 (0—11) 1.14 (0.92-1.41) S 023
Bilirubin (Unconjugated), wmol/i 31 10 (5-24) 17 9(0-19) 0.90 (0.79-1.01) 007
Pre-operative assessment (ca rdiéc catheterization)
Mean pulmonary artery pressure, mm Hg 84 11 +3 25 11=x2 0.96 (0.81-1.13) 0.62
Mean left atrial pressure, mm Hg 64 6*+2 23 7+2 1.10(0.93-1.29) 0.26
Right atrial pressure, mm Hg 66 6+2 22 6+3 1.03(0.87-1.23) 0.70
Systolic aortic pressure, mm Hg 83 84 =12 24 81 +12 0.98 (0.94-1.02) 0.27
Mean aortic pressure, mm Hg 81 59 +13 22 599 1.01 (0.97-1.04) 0.72
SVC oxygen saturation, % 77 69 = 10 22 69*+9 0.99 (0.96-1.03) 0.78
Pulmonary artery oxygen saturation, % 72 708 22 70 =7 0.92 (0.94-1.04) 0.62
Left atrium oxygen saturation, % 51 86 + 19 19 91+ 9 1.03 (0.98-1.08) 0.25
Aorta oxygen saturation, % 79 875 22 86 =6 0.98 (0.90-1.07) 0.69
Oxygen saturation in room air, % 81 818 25 789 0.98 (0.95-1.02) 0.39
Sinus rhythm 86 77 (90%) 25 23 (92%) 1.33(0.31-5.67) 0.70
Cutrent atrioventricular valve regurgitation 86 12 (14%) 25 4 (16%) 0.64 (0.24-1.70) 0.36
Current pulmonary artery distortion 86 15 (17%) 25 8(32%) 2.25(0.96-5.28) 0.06

Continued on the next page
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Univariable HR

n No Thrombosis n Thrombosis (95% Cl) p Value
~Fontan procedure : ) ) Yo R A S
 Type of Fontan procedure 86 25 10.27(0.04-1.98) 020
Lateral tunne!/total cavopulmonary connectlon 15 (17%) 1 (4%) L '
- Extracardiac conduit 71(83%) i 24 (96%) o : :
_ Type of baffle or conduit used 86 , 5 ' 0.67 (0.29-157) 036
GORE-TEX 64 (74%) 17 (68%) s e
 Homograft 22/(26%) 8(32%) , i
- Size of baffle of condult used, mm 79 19.0 = 3.0 22 “ 19.4 £ 2.5 1,02 (0.88-1.18) 0.80
Fenestration 86 55 (64%) 25 14 (56%) 0.90 (0.40-1.99) 0.79.
Size of fenestration, mm 55 45x18 14 38+18 092 (0.78-1.09) 034
Patch repair of pulmonary artery stenosis 86 5 (6%) 25 : 3(12%) 1.86 (0.55-6.27) 0.31
Atriat septostomy 86 7(8%) 25 2 (8%) 0.99 (0.23-4.20). 0.99
Divislon of main pulmonary artery 86 6(7%) 25 4 (16%) 1.81(0.62-5.30) 028
Perioperative assessment
Cardiopulmonary bypass time (X10 min) 86 106 =55 25 102 + 42 0.99 (0.91-1.07) 0.78
Aortic cross-clamp time (X10 min) 86 0(0-78) 25 0 (0-48) 0.85 (0.69-1.06) 0.14
Minimum temperature on bypass, °C 81 306 = 4.2 23 313 =37 1.04 (0.92-1.47) 0.55
Inotropes support duration (X10 h) 86 22 (0-165) 25 24 (0-95) 0.99 (0.92-1.08) 0.88
Vasodilators support duration (X10 h) 86 12 (0-60) 25 11 (0-70) 1.14 (0.97-1.34) 0.11
Central venous line >10 days or at CCU discharge 86 4 (5%) 25 3(12%) 3.06 (0.91-10.29) 0.07
Mean blood pressure, mm Hg 86 69 = 11 25 71+9 1.02 (0.98-1.05) 0.42
Central venous/pulmonary artery pressure, mm Hg 83 145 24 14 x5 1.02(0.93-1.11) 0.67
Left atrial pressure, mm Hg 58 8x3 19 7x2 0.96 (0.83-1.12) 0.64
Arterlal oxygen saturation, % 82 91+9 24 92+6 1.02 (0.96-1.08) 0.57
Inspired oxygen (FIO,) (X10%) 64 41 = 18 24 3411 0.82 (0.59-1.14) 0.24
Post-operative assessment ' :
Persistent effusion 86 39(45%) 25 15.(60%) 1.79 (0.80-3.99) 0.16
Persistent chylothorax 86 16 (19%) 25 5 (20%) 1.18 (0.44-3.15) 0.75
Total parenteral nutrition 86 5 (6%) 25 U 3(12%) 2.98 (0.89-10.03) 1008
Creatlniné (X10 pmol/l) 84 40 (28-105) 25 . 44 (25-80) 0.97 (0.82-1.13) 0.67
AST (X20 U/) 38 59 (16-2,658) 15 51 (29-2,617) ©4.03(0.90-1.16) 0.70
‘ ALT (x20 U/ 50 26 (11-1,142) 21 36 (16-540) 1.01 (0.99-1.03) 0.18
Duration of ventilation (X410 h) 86 10 (3-190) 25 11(3-143) 1.00 (0. 94‘—1 08) 0.89
Duration of intensive care unit stay, days . 84 21-7 25 201~ 0.98 (0.82-1..16) : 0.81
Central venous lines >10 days 86 4 (5%) 25 3 (12%) 2.97(0.45-16. 42) 0-19' i

Values are n (%), mean = SD, or medlan (Sth, 95th percentile).
ALT = alanine aminotrasnferase; AST = aspartate transaminase; CCU = critical care unit; Cl = confidence interval; DKS = Damus-Kaye-Stansel; HR = hazard ratio; SVC = superior vena cava.

culties achieving consistent anticoagulation with warfarin.
The thromboprophylaxis strategy in these patients should
be carefully selected taking this information into account.

Faators Assaciated Wath

Multivariable HR

Thmmbos:s m Muitwanable Regressxon Moﬁei

Variables (95% Cl) p Value
Pulmonary atresia with intact ventricular septum 3.64 (1.04-12.7) 0.04
Pulmonary artery distortion 2.35 (0.96-5.73) 0.06
Lower preoperative bilirubin (unconjugated), 0.84 (0.72-0.99) 0.04
< umol/i
Central venous line >10 days or at 17.8(3.97-79.3) <0.001
CCU discharge
LoWer inspired oxygen (Fjoz) at 24 h after . 0.67(0.45-1.00) 0.06
surgery (X10%) .
Uncontrolled warfarin thromboprophylaxis 3.53 (1.35-9.20) 0.01

Abbreviations as in Table 1,

Patients who have started warfarin-based thromboprophy-
laxis but who are unable to maintain adequate INR levels
may be better off receiving ASA therapy alone. New oral
anticoagulants, which have been shown in adult trials to be
noninferior regarding efficacy while being more stable,
easier to dose, and overall safer than warfarin (36-39),
might be a solution for this population, however, as their
safety in children is undetermined, future comparative trials
would be required (40).

Study limitations. This study must be viewed in light of
some limitations. Children in our study did not undergo
CNS imaging, and clinically silent events may have been
missed. Not all patients had both TEEs as stipulated in the
protocol. Therefore, some asymptomatic thrombi might not
have been identified. Because of the limited number of
events available for analysis we had to collapse the 2
identified phases of risk (early and late) into 1 and perform
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All patients included from study randomization up to first thrombotic event,
study withdrawal, or end of study, no censoring for drug discontinuation, Con-
trolled warfarin was defined as >30% of international normalized ratio (INR)
within target over the study period. Patients on warfarin who consistently
achieved target INR levels >30% of the time or those on acetyisalicylic acid
had a 3.5-old decrease in risk of thrombosis compared patients who often
failed to meet target INR level (hazard ratio: 3.53, 95% confidence interval:
1.35 to0 9.20, p = 0.01), and difference in risk between controlled warfarin
and ASA was not statistically significant (hazard ratio: 0.34, 95% confidence
interval: 0.10 to 1.13, p = 0.08).

a classic single-phase risk factor analysis that might not be
optimal. Additionally, details of INR monitoring were not
available for all patients included in the warfarin group;
therefore, our classification of controlled vs. uncontrolled
warfarin applied only to a subset of patients. Finally,
although our study outlines the importance of achieving
target levels of anticoagulation with warfarin, the determi-
nation of whether a given patient is likely to have warfarin
dosing difficulties requires a lengthy exposure to warfarin
and consequently a lengthy increased-risk period for throm-
bosis. The results of this post hoc secondary analysis must be
viewed as hypothesis generating, although they also suggest
superiority of well-controlled warfarin over ASA, which is
in contrast to the primary intention to treat analysis reported
for the clinical trial (24). Considering the fact that we could
not identify factors associated with poorly controlled war-
farin therapy in these patients, ASA might be the best
current strategy to prevent thrombosis for the overall pop-
ulation. Future studies, including both laboratory assess-
ments and genetic evaluations, may be helpful to determine
which patients are at increased likelihood of having prob-
lems with warfarin dosing.

Conclusions

This study demonstrated that patients with Fontan physi-
ology have a high and ongoing risk of thrombosis, which is
highest in the immediate perioperative period, followed by
a lower chronic risk that may gradually increase with
longer-term follow-up. Underlying physiology and post-
operative clinical status were associated with increased risk

JACC Vol. 61, No. 3, 2013
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of thrombosis. This study also outlined the importance of
achieving minimum therapeutic targets when using warfarin
for thromboprophylaxis. Future studies should focus on
identifying factors associated with failure of warfarin ther-
apy and evaluating the effectiveness and safety of new oral
anticoagulants.
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Abstract

Background: The necessity for chronic anticoagulation of Fontan patients remains controversial. We determined the prevalence of
thromboembolic complications after the Fontan procedure in relation to different long-term anticoagulation strategies.

Methods: The clinical outcomes, postoperative anticoagulation strategies and occurrence of thromboembolic complications in 102 ethnic
Chinese patients who had undergone Fontan procedure between 1980 and 2002 were reviewed.

Results: The early and late surgical mortalities, all unrelated to thromboembolism, were 10.8% (11/102) and 5.8% (6/104), respectively. Of
the 85 survivors, 46 (54%) were maintained on long-term warfarin therapy, 8 (9%) on aspirin prophylaxis while 31 (37%) were not on
chronic anticoagulation. Four (4.5%) patients, two with and two without warfarin prophylaxis, developed thromboembolic complications at
0.14 to 7.7 years after the Fontan procedure (0.74%/patient-year). Three had a grossly dilated right atrium after atriopulmonary connection,
two of whom had atrial fenestrations. The other had atrial tachycardia. Freedom from development of thromboembolic complications
(mean+S.E.) at 1, 5 and 10 years after surgery was 97+19%, 96+2.5% and 92+4.2%, respectively. When compared with those on long-
term warfarin therapy, patients without chronic anticoagulation were followed-up longer (p=0.001), more likely to have undergone
atriopulmonary connection (p<0.001), less likely to have fenestrations (p=0.02) and cardiac arthythmias (p=0.02) but not predisposed to
increased risk of thromboembolism ( p=1.00).

Conclusion: The study supports the contention that chronic anticoagulation may not be required for majority of ethnic Chinese Fontan
patients. Nonetheless, it may perhaps be considered in those with grossly dilated right atrium, cardiac arthythmias and residual right-to-left
shunts.

© 2004 Elsevier Ireland Ltd. All rights reserved.

Keywords: Fontan procedure; Thromboembolism; Anticoagulation

1. Intreduction

Thromboembolic complications occurring after the Fon-
tan procedure are well documented [1-7]. Studies using a
thromboembolic event as the primary outcome measure
have reported a prevalence of thrombosis and embolism
varying from 3% to 16% and from 3% to 19%, retro-
spectively [1,2,6,8—13]. While imbalance between procoa-

* Corresponding author. Tel.: +852 25182629; fax: +852 25539491.
E-mail address: xfcheung@hkucc.hku.hk (Y.F. Cheung).

gulant and anticoagulant pathways after the Fontan
procedure has been regarded as an important factor
predisposing to thrombosis [14-16], the necessity for
long-term anticoagulation therapy remains controversial
[17,18]. Furthermore, the optimal type and duration of
anticoagulation, if indeed indicated, remain to be defined.
The controversies in anticoagulation strategy have led
inevitably to differences in clinical practice upon long-term
follow-up of Fontan patients. In our institution, depending
on the preference of the attending paediatric cardiologist,
different strategies, ranging from no anticoagulation to
lifelong warfarin prophylaxis, have been used in the past

0167-5273/$ - see front matter © 2004 Elsevier Ireland Ltd. All rights reserved.
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two decades. Our heterogeneity in the anticoagulation
strategies is, however, not unique, given the limited
availability of evidence-based data [18]. Nonetheless, this
provides us with an opportunity to determine the relation of
different anticoagulation strategies to the occurrence of
thromboembolic complications after the Fontan procedure.
In this study, we determined the prevalence of thromboem-
bolic complications after the Fontan procedure and its
relation to different long-term anticoagulation strategies.

2. Methods
/‘ ) J

This is a retrospective review o./f“\}_Qgépg,ﬁe,ﬁts\\ who had
undergone the Fontan procedure between .
our institution. From the clinical records, the following data
were collected: demographic data, cardiac diagnoses, the
type of modified Fontan procedure, thromboembolic com-
plications, cardiac arrhythmias, long-term use of warfarin or
aspirin and early and late mortalities. The cardiac diagnoses
of the patients are summarized in Table 1.

The Fontan procedure was performed as an atriopulmo-
nary anastomosis in 64 patients, total cavopulmonary
pulmonary connection using the lateral tunnel technique in
21 patients and total cavopulmonary pulmonary connection
using an extracardiac polytetrafluoroethylene (IMPRA,
Tempe, AZ) conduit in 17 patients. Fenestrations were
created in 20 patients.

Serial postoperative echocardiography was performed to
assess systemic ventricular function, atrioventricular valve
regurgitation, flow pattern within the Fontan circuit and
thrombus formation. Transthoracic echocardiography was
performed prior to discharge, at 2 and 4 weeks after the
operation, and thereafter at 6- to 18-month intervals. In
addition, suspicious symptoms or signs thought to be related
to thromboembolism were investigated by transthoracic, and
transesophageal if necessary, echocardiography and other
relevant imaging studies. A thrombus was defined echo-
cardiographically as a localized echogenic mass within the
lumen of the Fontan circuit or cardiac chambers and
visualized in at least two different planes.

Absolute indications for lifelong warfarin therapy were
prosthetic atrioventricular valve replacement and history of
documented thromboembolism. In the light of data suggest-

Table 1
Cardiac diagnoses of the 102 patients undergoing the Fontan procedure
Diagnosis Number (%)

35 (34.3%)
28 (27.5%)
18 (17.6%)

Tricuspid atresia
Univentricular atrioventricular connection
Right atrial isomerism

Mitral atresia 9 (8.8%)
Pulmonary atresia with intact ventricular septum 6 (5.9%)
Left atrial isomerism 3 (2.9%)
Ebstein anomaly 2 (2%)

Discordant atrioventricular connection, crisscrossing 1 (1%)
of atrioventricular valves, pulmonary stenosis

Table 2

Current anticoagulation strategies among the 85 survivors

Type of Fontan procedure Warfarin Aspirin None

Atriopulmonary connection 21 4 26

Total cavopulmonary 10 4 5
connection (lateral tunnel)

Extracardiac conduit 15 0 0

ing an increased thrombotic risk with the use synthetic
conduits [1], long-term warfarin was continued indefinitely
in our patients with an extracardiac conduit. In the absence
of these indications, one of following long-term antico-
agulation strategies would be adopted, depending of the
preference of the attending paediatric cardiologist: (i)
lifelong warfarin therapy, (ii) no or short-term (3 to 12
months) warfarin therapy or (iii) long-term aspirin prophy-
laxis. For patients on warfarin therapy, the prothrombin time
and international normalized ratio (INR) were determined
every 3 months and the dose was adjusted to keep the ratio
between 1.5 to 2.5 [19]. In addition, bleeding complications
in relation to anticoagulation therapy were enquired.

Data are presented as mean+standard deviation, unless
otherwise stated. Comparisons of variables between patients
receiving different anticoagulation regimens were per-
formed using unpaired Student’s ¢ test and Chi-square test
as appropriate. The Kaplan—-Meier survival analysis was
used to determine the freedom from development of
thromboembolic complications after the Fontan procedure.
A P value of <0.05 was considered statistically significant.
All statistical analyses were performed using SPSS version
10.0 (SPSS, Chicago).

3. Results

One hundred and two ethnic Chinese patients (56 males)
underwent Fontan procedure at an age of 6.2X+4.8 years.
The early surgical mortality, as defined by death within 1
month of operation, was 10.8% (11/102). The causes of
death were low cardiac output syndrome in four patients,
multiorgan failure in four, bleeding complications in two
and failure to wean off cardiopulmonary bypass in one. The
late mortality was 5.8% (6/104), being related to cardiac
arthythmia during transcatheter creation of atrial fenestra-
tion in a patient with protein-losing enteropathy, infection in
one, end-stage heart failure in one and sudden death of
unknown aetiology in three patients. None of the latter three
patients, however, were found to have venous or intra-
cardiac thrombosis during postmortem examination.

The 85 survivors were followed-up for 6.6:+3.8 years.
Their current anticoagulation strategies in relation to the
different types of Fontan procedure are summarized in Table
2. Forty-six (54%) survivors were maintained on long-term
warfarin therapy, 8 (9%) were on daily antiplatelet dose of
oral aspirin while 31 (37%) were not on any chronic
anticoagulation therapy. Of the latter 31 patients, 24 had not
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Table 3
Clinical details of the four patients who developed thromboembolic complications
Patient  Cardiac Type of Age at  Time from Clinical Echo and Warfarin at Atrial Other
diagnoses Fontan surgery  surgery to presentation other time of fenestraton  post-Fontan
procedure  (years)  thromboembolic imaging thromboembolism complications
complication findings
(years)
1 TA, VA APC 2.8 33 Right RA thrombus No Yes Nil
discordance hemiplegia Cerebral
infarct
2 TA, PA APC 13.0 77 Blurring Cerebral Yes No Atrial
of right infarct tachycardia,
eye version PLE
3 TA, DOLV  APC 1.6 0.14 Left third Normal No Yes Nil
nerve palsy
4 DILV, VA ECC 5.2 0.17 Asymptomatic ~ Thrombus Yes No Nil
discordance in blind
PS PA stump

Abbreviations: APC, atriopulmonary connection; DOLV, double-inlet left ventricle; ECC, extracardiac conduit; TA, tricuspid atresia; PA, pulmonary atresia;
PLE, protein-losing enteropathy; PS, pulmonary stenosis; RA, right atrial; VA, ventriculoarterial.

been started on any anticoagulation treatment after the
Fontan procedure while 7 had been given warfarin for a
median duration of 6 months (range: 3 to 12 months).
Fifteen survivors had an extracardiac PTFE conduit, for
which long-term warfarin was instituted.

Four patients developed thromboembolic complications
at 0.14 to 7.7 years after the Fontan procedure. Their clinical
data are summarized in Table 3. Three of the four (75%)
patients had undergone atriopulmonary connection for
tricuspid atresia. One had atrial tachycardia, requiring
amiodarone for its control. The overall prevalence of
thromboembolism was 4.5% (4/88). At a total follow-up
duration of 542 patient-years, the event rate was 0.74% per
patient-year. The freedom from development of throm-
boembolic complications (mean+S.E.) at 1, 5 and 10 years
after surgery was 97+19%, 96%2.5 % and 92+4.2 %,
respectively (Fig. 1).

—
=3
(=]

Freedom from thromboembolic complications

0 5 10 15 20
Duration of follow-up since Fontan procedure (years)

Fig. 1. Kaplan-Meier analysis of the freedom from the development of
thromboembolic complications with follow-up duration since the Fontan
procedure.

Of the eight patients maintained on aspirin therapy, none
developed thromboembolic complications. We then com-
pared the clinical parameters and risk of thromboembolism
between patients who were maintained on warfarin therapy
and those without chronic anticoagulation, excluding those
on aspirin prophylaxis (Table 4). Patients not maintained on
long-term anticoagulation were followed-up for a longer
duration (p=0.001), more likely to have an atriopulmonary
connection (p<0.001) and less likely to have atrial
fenestrations (p=0.02) and symptomatic cardiac arrhyth-
mias that required antiarrhythmic medications (p=0.02).

Table 4
Comparisons of demographic and clinical parameters between patients with
and those without long-term warfarin therapy

Patients on Patients P
long-term not on
warfarin long-term
(n=46) anticoagulation
(r=31)
Age of Fontan 6.7+4.9 6.0£4.4 0.56
procedure (years)
Follow-up duration 55435 8.6+3.7 0.001*
(years)
Sex (male/female) 32:14 15:16 0.09
Type of Fontan procedure 21:10:15 25:5:0 <0.001*
(APC/TCPC/EC)
Atrial fenestrations 13:33 2:29 0.02%
(yes/no)
Symptomatic cardiac 8:38 0:31 0.02%
arrhythmias requiring
antiarrhythmic
medications (yes/no) :
Thromboembolic 2:42 s 2:31° 1.00
complications (yes/no) ‘ L

Abbreviations: APC, atriopulmonary anastomosis, EC, extracardiac con-
duit; TCPC, total cavopulmonary connection.

? Statistically significant.

® Two patients were not receiving warfarin at the time of developing
thromboembolic complications.
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Despite the absence of anticoagulation, the prevalence of
thromboembolic complication was not significantly differ-
ent between the two groups. On the other hand, despite
warfarin therapy, two patients (patients 2 and 4 in Table 3)
developed thromboembolic complications. Their INR at the
time of thromboembolic events was 1.69 and 1.97,
respectively. However, none of the warfarinized patients
developed serious bleeding complications.

4. Discussion

This study is unique in its analysis of the prevalence of
thromboembolic complications in relation to different anti-
coagulation strategies. The controversy of the role of
prophylactic anticoagulation therapy after the Fontan
procedure is in part related to the paucity of data comparing
the outcomes of patients receiving different types of
anticoagulation regimen. Despite suggestions of a pro-
thrombotic tendency in Fontan patients [14—16], there were
only few reported series in which all or most of the patients
receive long-term anticoagulation [18,20]. Indeed, studies
comparing the prevalence of thromboembolic events

between patients with and without long-term prophylactic_

warfarin therapy are Virtuall ent. This study
provides evidence  that long term antxcoagulatmn does not
confer additional protection against clinically significant
thromboembolic complications in ethnic Chinese Fontan
patients who had atriopulmonary connect1on or total
cavopulmonary connection using a lateral tunnel.

The 4.5% prevalence of thromboembolism in our patient
cohort is in keeping with those reported previously [1,2,6,8—
13]. The small number of patients with thromboembolic
complications in the present study limits the statistical
power to identify predisposing risk factors. Nonetheless,
previous studies have implicated cardiac arrhythmia [1], low

residual nght—to-left shunting through fenest 15115 [8,9] as

possible risk factors. While the efﬁcacy of total cavopulmo-

nary connection in preventing thromboembolic complica-
tions has not been confirmed in previous studies [1,2], it is
intriguing that of our four patients who developed the
complications, three had undergone atriopulmonary con-
nection, which is known to cause greater distortion of the
normal streamlined venous flow [21].

The relatively low prevalence of thromboembolic com-
plications in our cohort may perhaps also be a reflection of
the ethnic differences in the risk of venous thrombosis
[22,23]. The lower incidence of venous thrombosis in
Chmese patxents has been attributed m part to ethhlg

[2?1~25] “Nevertheless, a rising ‘trend in the
inciderice of venous thromboembolism has been docu-
mented in the past decade in this locality due to adoption of
more aggressive surgical approaches and westernization of
the Chinese diet among other causes [23]. Notwithstanding
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the possible ethnic differences in coagulation cascade, the
use of transthoramc echocard1ography for thrombi detection,
ality for detection of

" The diversity in anticoagulation strategies in our institu-
tion is indeed a reflection of the controversial nature of the
issue. Each of the approaches, however, has its proponents.
The procoagulant state, the incidence and poor prognosis of
thromboembolism after the Fontan procedure have promp-
ted the recommendation of routine prophylactic anticoagu-

latlon by a numher of authors [2 6 26] The optimal degree

patients receiving warfarin, we target the 1ntemat10nal
normalized ratio in the range of 1.5 to 2. 5,:which has been
shown to provide adequate protection against thromboemb-
olism in Chinese children after prosthetic valve replacement
[19]. On the other hand, Strief et al. [27] suggested a target
INR rtange of 2.0 to 3.0, while Balling et al. [28] suggested
an even hlgher range ‘between 3.0 and 4.5. Regardless of the
target INR range, Fontan patients require a lower warfarin
dosage as compared to patients after other types of
congenital heart surgery for a similar degree of anti-
coagulation [19,27]. Notwithstanding the perceived benefits
of long-term warfarin, the risk of significant bleeding
complications has been reported to occur in approximately
1.7% of children warfarinized for indications other than
mechanical prosthetic valves [29]. In addition, the need for
regular monitoring of INR and the problem of drug
compliance, especially in adolescents, are issues of concern.
Furthermore, the 7.4% incidence of venous thrombosis
despite prophylactic oral anticoagulation, as reported by
Jonas [30], casts doubt on the efficacy of routine prophy-
lactic warfarin therapy. It is apparent that factors other than
alteration of coagulation contribute to thromboembolism
after the Fontan surgery and that the risks attributable to
unfavourable surgical or haemodynamic factors cannot
possibly be completely eliminated by oral anticoagulation
therapy.

Low dose aspirin therapy has recently also been
demonstrated to be an alternative, effective strategy by
Jacobs et al. [31]. The authors attributed the absence of
thromboembolic complications in their 72 patients not only
to the use of aspirin alone but also operative and post-
operative management designed to minimize the complica-
tion. Nevertheless, the lack of a control group in their study
casts doubt on the genuine efficacy of prophylactic aspirin
therapy. Indeed, the absence of thromboembolic complica-
tions was similarly demonstrated in our subgroup of
patients, which was under a similar protocol of echocardio-
graphic surveillance, not receiving long-term anticoagula-
tion therapy.

While our findings do not support the need for long-term
anticoagulation in all Fontan patients, a number of
limitations to this study may deserve comments. In our
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institution, it is not a routine to perform regular trans-
esophageal echocardiography for the screening of thrombus
formation in Fontan patients. Although the sensitivity of
transesophageal echocardiography in the detection of
clinically silent thrombus is higher than that of transthoracic
echocardiography [4], we concur with Jacobs et al. [31] that
in the absence of adverse clinical outcomes secondary to
thromboembolic complications, the type of surveillance
adopted by us and their group appears efficacious. Second,
as all of the patients with an extracardiac synthetic conduit
were receiving long-term warfarin therapy, we cannot assess
the role of prophylactic anticoagulation in this subgroup.
Third, as the follow-up duration of our patients is relatively
short, the anticoagulation issues being addressed in the
present study are those of the paediatric patient population
and may not necessarily apply to the adult cohort.

In conclusion, this study supports the contention that
long-term anticoagulation may not be required for majority
of ethnic Chinese Fontan patients. Optimization of the
venous flow within the Fontan circuit by elimination of
stenosis and use of total cavopulmonary connection,
elimination of unintended right-to-left shunts and vigorous
control of cardiac arrhythmias would probably help to
minimize the risk of thromboembolism. Long-term warfarin
therapy may perhaps be considered, on an individual basis,
in Fontan patients with gross dilation of the right atrium
after atriopulmonary connection, poorly controlled cardiac
arrhythmias and residual right-to-left shunts. Whether life-
long warfarin is indeed indicated for patients with an
extracardiac conduit remains to be clarified.
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Preventing Thrombosis
After the Fontan Procedure
Not There Yet*

Charles E. Canter, MD

St Louts, Missourt

In 2007 (1), a review of the experience with thromboem-
bolism and use of anticoagulation after the Fontan proce-
dure in patients with single-ventricle lesions came to 4
conclusions: 1) thromboembolic events occur both early and
late after the Fontan procedure at a frequency higher than
any other cardiac surgery in children other than prosthetic

valve replacement; 2) these thromboembolic events contrib-

ute to the failure of Fontan physiology and their occurrence
increases in a “failed Fontan”; 3) these thromboembolic
events occur in the presence of absence of standard antico-
agulation schemes, including combinations of heparin and
warfarin; and 4) the factors predisposing to thromboembo-
lism after the Fontan procedure likely represented a complex
interaction of multiple factors. They speculated that it
would be unlikely that any single anticoagulation agent
would provide a solution to such a complex problem.

See page 645

In this issue of the Journal, Monagle et al. (2) present the
findings of a study that would appear to confirm this
opinion, Their study began as an ambitious randomized trial
comparing a regimen of acetylsalicylic acid (ASA) with
post-operative heparin followed by oral warfarin therapy to
prevent thromboembolism in children undergoing the Fon-
tan procedure. In addition to perspective randomization of
patients to ASA or heparin/warfarin, the study’s primary
endpoint was innovative because it included both thrombus
that led to clinical events and the presence of asymptomatic
or silent thromboemboli that were detected by transesoph-
ageal echocardiography (TEE), a relatively invasive proce-
dure not usually in done in the routine clinical management
of Fontan patients.

*Editorials published in the Journal of the American College of Cardiology reflect the
views of the authors and do not necessarily represent the views of JACC or the
American College of Cardiology.

From the Division of Pediatric Cardiology, Department of Pediatrics, Washington
University School of Medicine, St. Louis, Missouri. Dr. Canter has served as a
consultant for Blue Cross Blue Shield and Optum Health.

Vol. 58, No. 6, 2011
ISSN 0735-1097/636.00
doi:10.1016/j.jacc.2011.01.062

Unfortunately, the execution of the study fell short of its
initial intent. The targeted recruitment goal was 242 pa-
tients to attain statistical power. Only 111 patients were
eventually enrolled. Although 81% of the population un-
derwent at least 1 surveillance TEE, only 48% of the
subjects had both surveillance TEEs; thus, the true preva-
lence of silent thromboemboli was not fully ascertained. The
numbers of silent and clinically evident thromboemboli
were nearly identical in the ASA and heparin/warfarin
groups. However, the sample size is too small to confirm
noninferiority of either therapy as the possible differences
between ASA and heparin/warfarin therapies range from
ASA therapy conferring a 1.6 times greater risk of throm-
boembolism compared with heparin/warfarin and heparin/
warfarin conferring a 3 times greater risk than ASA.

Although this study did not accomplish its initial purpose
as a clinical trial, it does offer important data in its final form
as 3 large multicenter observational studies rolled into one:
1) a large prospective intention-to-treat study of ASA
prophylaxis after the Fontan procedure; 2) a similar
intention-to-treat study for heparin/warfarin prophylaxis in
Fontan patients; and 3) an assessment of TEE as a means
for surveillance for thromboembolism in Fontan patients.
The study confirms results from a contemporary Fontan
experience (3) demonstrating the rate of clinical events
associated with thromboemboli in the first years after the
Fontan procedure to be low. In the current study (2),
symptoms from a clot in the Fontan connection developed
in only 3 of the 111 patients. The rest of the clinically
detected thrombi were in the femoral (n = 3) and jugular
(n = 1) veins where previous cardiac catheterization and/or the
placement of central intravenous lines may have also influenced
thrombus formation. This study also confirms another recent
experience (4) demonstrating a low, clinically evident preva-
lence of thromboemboli using ASA as prophylaxis.

The study clearly illustrates the challenges of using
warfarin as prophylactic therapy in children. Nearly one-
fifth of the patients started on warfarin stopped the drug
before the end of the study. Forty-one percent of interna-
tional normalized ratio measurements were below the rec-
ommended therapeutic range. Poor compliance with war-
farin therapy (patients who had <30% of international
normalized ratio measurements in the therapeutic range)
had a significant greater risk of thrombosis. Thus, even
discounting the extra need for performing periodic blood
testing with warfarin therapy, “maintenance” of anticoagu-
lation with warfarin was suboptimal and frequently erratic.

This study also confirmed findings from previous expe-
rience (5) that surveillance TEE frequently detects emboli
without clinical symptoms and/or not seen on standard
transthoracic echocardiography. In all cases, the intensity of
anticoagulation was increased and no clinical events oc-
curred. However, it appears that routine periodic TEE
surveillance was difficult because only one-half of the
subjects had 2 TEE studies.
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A recent large, single-center experience (6) of long-term
Fontan survivors identified thromboembolism as an impor-
tant continuing cause of mortality in this patient group and
that no anticoagulation therapy confers a substantial risk
(hazard ratio: >90) for thromboembolic death. Another
study (7) found a higher rate of thromboembolic events in
patients not treated with anticoagulation compared with
treatment with ASA or warfarin. Thus; it is unlikely that
most clinicians would not attempt some form of anticoag-
ulatio T2
Monagle et al. have provided evidence that currently used
therapies are not as effective as we would like them to be.
However, their experience also suggests that primary pre-
vention antithrombotic strategies using recurrent invasive
surveillance must be associated with a high enough benefit/
risk and/or inconvenience ratio to gain acceptance by
patients and their families.

Optimal strategies to reduce mortality and morbidity
with thromboembolism after the Fontan procedure clearly
remain to be determined. It is likely that the newer
anticoagulants un ing evaluation in adults with atrial
fibrillation (8) will be tested in Fontan patients. Antithrom-
botic strategies should also not be limited to primary
prophylaxis. Screening for hereditary thrombophilia before
surgery may be helpful. Care needs to be taken to avoid
creation of areas of stagnant flow such as pulmonary artery
stumps (9) or ascending aortas in aortic atresia (10) that
predispose to arterial thrombi and stroke. Individualization
of antithrombotic strategies for patients who demonstrate
prothrombotic states such as increased levels of factor VIII
(11) may be efficacious. As patlents who undérwent the
- Fontan procedure age, and complications develop such as
ventricular systolic dysfunction, atrial arrhythmias, and
chronic lower extremity venous insufficiency (12) that in-
crease the risk of thromboembolic events, the surveillance
and therapy to prevent such events should become more
intense and aggressive. Ultimately, tailored antithrombotic
therapy for individual Fontan patients as they age will likely
be more effective than a “one-size-fits-all” approach.

4py i panents after the Fontan procedure

Canter 653
Preventing Thrombosis After the Fontan Procedure

Reprint requests and correspondence: Dr. Charles E. Canter,
Division of Pediatric Cardiology, Department of Pediatrics,
Washington University School of Medicine, 1 Children’s Place,
St. Louis, Missouri 63110. E-mail: canter@kids.wustl.edu.

REFERENCES

1. Jacobs ML, Pourmoghadam KK, Thromboembolism and the role of
anticoagulation in the Fontan patients. Pediatr Cardiol 2007;28:
457-64.

2. Monagle P, Cochrane A, Roberts R, et al. A multicenter, randomized
trial comparing heparin/warfarin and acetylsalicylic acid as primary
thromboprophylaxis for 2 years after the Fontan procedure in children.
J Am Coll Cardiol 2011;58:645-51.

3. Tweddell JS, Nersesian M, Mussatto KA, et al. Fontan palliation in
the modern era: factors impacting mortality and morbidity. Ann
Thorac Surg 2009;88:1291-9.

4. Jacobs ML, Pourmoghadam KK, Geary EM, et al. Fontan’s operation:
is aspirin enough? Is Coumadin too much? Ann Thorac Surg 2002;
73:64-8.

5. Balling G, Vogt M, Kaemmerer H. Intracardiac thrombus formation after
the Fontan operation. J Thorac Cardiovasc Surg 2000;119:745-52.

6. Khairy P, Fernandes SM, Mayer JE Jr., et al. Long-term survival,
modes of death, and predictors of mortality in patients with Fontan
surgery. Circulation 2008;117:85-92.

7. Seipelt RG, Franke A, Vazquez-Jimenez JF, et al. Thromboembolic
complications after Fontan procedures: comparison of different ther-
apeutic approaches. Ann Thorac Surg 2002;74:556—63.

8. Schirmer SH, Baumhikel M, Neuberger H-R, et al. Novel anticoagulants
for stroke prevention in atrial fibrillation. Current clinical evidence and
future developments. J Am Coll Cardiol 2010;56:2067-76.

9. OskiJA, Canter CE, Spray TL, et al. Embolic stroke after ligation of
the pulmonary artery with functional single ventricle. Am Heart J
1996;132:836-40.

10. Owens ST, Gomez-Fifer C, Ensing GJ. Thrombus formation in the
native aortic root in patients with hypoplastic left heart syndrome.
Pediatr Cardiol 2006;27:385-7.

11. Odegard K, Zurakowski D, DiNardo JA, et al. Prospective longitu-
dinal study of coagulation profiles in children with hypoplastic left
heart syndrome from stage I through Fontan completion. J Thorac
Cardiovasc Surg 2009;137:934~41.

12. Valente AM, Bhatt AB, Cook S, et al. The CALF (Congenital Heart
Disease in Adults Lower Extremity Systemic Venous Health in
Fontan Patients) study. ] Am Coll Cardiol 2010;56:144-50.

Key Words: anticoagulation 8 congenital heart disease ¥ Fontan
procedure B thromboembolism.

- 137 -



jf)umal of the American College of Cardiology
( © 2013by the American College of Cardiology Foundation
Published by Elsevier Inc.

An Aspirin a Day .

Carl L. Backer, MDt#+
Chicago, Illinois

The old adage, “an apple a day keeps the doctor away,”
when altered to “an aspirin a day keeps the doctor away”
appears to be especially appropriate for patients who have
had a Fontan operation. The group from the Hospital for
Sick Children has in this issue of the Jowrnal reported a
secondary analysis of an important trial of thromboprophy-
laxis after the Fontan procedure (1). In this secondary
analysis the Toronto group further investigated the
unique and important data set accumulated in their
previous study, “A Multicenter, Randomized Trial Com-
paring Heparin/Warfarin and Acetylsalicylic Acid as
Primary Thromboprophylaxis for 2 Years After the Fon-
tan Procedure in Children” (2).

See page 346

Any surgeon who performs the Fontan procedure has
encountered at some point in his or her career a thrombotic
post-operative complication. These patients appear to be at
risk of thromboembolism for many reasons: a known
hypercoagulable state, the use of intracardiac prosthetic
materials, atrial arrhythmias, intracardiac shunting (fenes-
tration), low-flow states, and stasis in the venous pathways.
The original paper published by the Toronto group ran-
domized patients to receive either aspirin (5 mg/kg/day) or

warfarin with a target international normalized ratio of 2.0..

t0 3.0.(2). A total of 111 eligible patients were randomized
ifi a prospective fashion. The incidence of thrombosis was
essentia]ly identical between the 2 groups and major bleed-
ing occurred in only 1 patient in each group. The concluswn

of this randomized prospective trial was that there wa

szgmﬁcant difference between aspirin therapy and warfarin

as primary thromboprophylams in the first 2 years following
the Fontan procedure. The thrombosis incidence was still
high at 19% in both groups, which the authors suggested
means there is still room for improvement in the care of
these patients.

*Editorials published in the Journal of the American College of Cardiology reflect the
views of the authors and do not necessarily represent the views of JACC or the
American College of Cardiology.
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The current review delves deeper into the potential
areas for improvement that might be brought to the
forefront from the original study group. This secondary
analysis of a unique and important dataset revealed the
following important factors. First, the hazard of throm-
bosis was noted to be highest immediately after the
Fontan procedure, but there was also a gradual increase in
risk during late follow-up. The higher incidence of
thromboembolism in the first several weeks and months
following the Fontan procedure has been previously
demonstrated and has some logical explanations. The
delayed hazard, however, seems somewhat counterintui-
tive as one would think that after several years there
would be less chance of thrombosis formation at suture
lines and along prosthetic pathways which presumably
would become covered with neointima over a period of
time. The inference here is that lifetime anticoagulation
of some sort is probably necessary.

The most striking and important new information,
though, appears to be the fact that patients who were on
a warfarin dose that was subtherapeutic actually had a
significantly increased incidence of thrombosis issues
compared with patients who were maintained on either
carefully controlled warfarin therapy or the aspirin ther-
apy. It is well known to clinicians that the difficulties of
managing warfarin therapy in children are not insignifi-
cant. Missing doses, changing diets, and intercurrent
illnesses all affect the international normalized ratio
levels. The ease of aspirin administration by contrast and
the attendant higher compliance presumably accounts for
the improved outcomes.

There were several other findings with the secondary
review regarding the factors associated with a higher risk of
thrombosis: 1) the diagnosis of pulmonary atresia with
intact ventricular septum; 2) pulmonary artery distortion; 3)
higher pre-operative unconjugated bilirubin; 4) the use of
central venous lines for >10 days or until hospital discharge;
and 5) a lower FiO, 24 h after the procedure. Pulmonary
artery distortion is understandable, as is prolonged central
line use. The others are not necessarily intuitive.

Other surgeons have previously suggested that aspirin
therapy may be a better strategy after the Fontan proce-
dure than the use of warfarin. Marshall Jacobs published
a study in 2002, “Fontan’s Operation: Is Aspirin Enough?
Is Coumadin Too Much?” (3). He was actually quite
prescient in his analysis as many of the points demon-
strated by this secondary analysis were noted in his
review. His conclusion was that “low dose aspirin can be
used safely in young patients with Fontan connections. In
the intermediate follow-up the strategy of aspirin therapy
was effective in preventing thromboembolic complica-
tions. The routine use of more aggressive anticoagulation
such as Coumadin may be unwarranted” (3). Those
conclusions from a very experienced Fontan surgeon were
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nearly identical to those of the recent randomized pro-
spective study!

It may be that improvements in surgical techniques (i.e., the
use of a bidirectional superior cavopulmonary anastomosis and
the extracardiac Fontan) will decrease the incidence of throm-
boembolic events. These operations are associated with more
laminar blood flow and less blind cul-de-sacs than the previ-
ously described atriopulmonary and lateral tunnel Fontan
operations. These operations avoid stasis in the venous path-
ways and may decrease atrial arrhythmias that are known to
contribute to thrombus formation. Other risk factors such as
the need for bilateral bidirectional cavopulmonary anastomosis
may not be amenable to modification.

I congratulate the Toronto group on enhancing our
understanding of the important issue of thrombotic com-
plications after the Fontan operation. Their ability to
organize and conduct a randomized trial of thrombopro-
phylaxis is a notable event in pediatric cardiac surgery. The
secondary analysis has improved our understanding of how
to care for and prevent thrombotic complications in this
unique patient population.

Backer 355
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An apple a day keeps the doctor away. In Fontan patients
an aspirin a day seems to keep the clots away.
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