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Background. Although patients after Fontan procedure
have a high incidence of thromboembolic complications,
anticoagulant therapy is not handled uniformly. We
analyzed the frequency and clinical relevance of throm-
boembolism after Fontan procedure and compared dif-
ferent therapeutic approaches.

Methods. From 1986 to 1998, 101 patients (mean age,
7.3 = 8.1 years) underwent Fontan type procedure (mod-
ified Fontan, n = 40; total cavopulmonary connection, n =
61). In 85 of 87 survivors, transthoracic echocardiography
was performed; and in 31 transesophageal echocardiog-
raphy and/or angiography was performed. Mean fol-
low-up was 5.7 = 3.5 years. Three groups with different
anticoagulant regimen were compared: group I without
medication (n = 45), group II with acetylsalicylic acid
therapy (n = 14) and group III with Coumadin (n = 26).

Results. Thromboembolic events occurred in 13 of 85
patients (15.3%; 3.3 events/100 patient-years). Type of
operation as well as other known risk factors had no
influence on the rate of thromboembolism. Within the

he Fontan procedure was first described by Francis
Fontan in 1971 [1]. It is currently, in modified form,

a well-established definitive surgical palliation for pa-
tients with complex cardiac malformations, in cases in
which biventricular circulation cannot be achieved [2, 3].
Among various modifications, a significant alteration of
the surgical technique was introduced by de Leval and
associates [4] in 1988, when they described the total
cavopulmonary connection. Over the last decade, hospi-
tal mortality has decreased substantially; therefore, late
mortality and, especially, late morbidity are now of
greater interest. Besides arrhythmias, dysfunction of the
systemic ventricle and protein losing enteropathy,
thromboembolic complications have a major impact on
long-term prognosis [5-8]. Mortality after thromboem-
bolic events in Fontan patients has been reported to be as
high as 25% [7]. This high mortality is explained by the
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first postoperative year, seven of 13 events occurred. A
second peak developed beyond 10 years of follow-up.
Patients benefit significantly from Coumadin compared
with those who did not receive any medication, with
similar results in the entire population and the subgroup
of patients with total cavopulmonary connection (log-
rank, p = 0.031 and p = 0.033, respectively). With 4.2
events/100 patient-years, the cumulative event rate was
substantially higher in group I than with 1.6 in group II
and with 1.1 in group III. No relevant bleeding compli-
cations occurred.

Conclusions. Thromboembolism is frequent after Fon-
tan procedure, with a peak during the first postoperative
year and another peak beyond 10 years of follow-up.
Coumadin is the most effective prophylactic therapy in
preventing thromboembolism. Therefore, we suggest ini-
tial oral anticoagulation therapy in patients with Fontan
type operation.

(Ann Thorac Surg 2002;74:556—62)
© 2002 by The Society of Thoracic Surgeons

fact that any increase of pulmonary vascular resistance
leads to deleterious hemodynamic impairment. Apart
from venous thromboembolic complications, stroke or
arterial embolization have been described in 3% to 19%
of all patients [6, 8-10].

Despite the documented frequency and clinical impact
of thromboembolic complications, no consensus is found
in the literature regarding anticoagulation practices re-
garding prophylaxis, methods (ie, Coumadin vs anti~
platelet agents), or duration of therapy [7, 11, 12]. The aim
of the present study was to analyze retrospectively the
frequency, time course, clinical relevance, and origin of
thromboembolic complications after Fontan-type sur-
gery. Different methods of anticoagulation for prophy-
laxis were compared for the entire population and for the
subgroup of patients who underwent the currently fa-
vored total cavopulmonary connection (TCPC).

Patients and Methods

Between January 1986 and December 1998, 101 patients
(55 male, mean age: 7.3 + 8.1 years) underwent modified
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Fontan procedure for various types of univentricular
heart conditions. Preoperative morphologic diagnoses
included tricuspid atresia (n = 53), double inlet ventricle
(n = 25), and complex malformations (n = 23). The group
of patients with complex malformations consisted mainly
of patients with criss-cross heart (n = 5), complex forms
of congenitally corrected transposition of the great arter-
ies (n = 4), or atrial isomerism (n = 4).

Operative Technique

Two different operative techniques were used to direct
the systemic venous return to the pulmonary arteries. An
anastomosis between the roof of the right atrium and the
pulmonary artery (modified Fontan procedure) was per-
formed in 40 patients. In 26 of these patients, the anas-
tomosis was created with autologous atrial tissue only. In
the remaining 14 patients, atrial tissue was not sufficient,
and a Gore-Tex patch (W. L. Gore & Associates, Flagstaff,
AZ) had to be added. Fenestration was created surgically
in 1 patient to allow decompression of the systemic
venous atrium. Starting in 1991, the concept of modified
Fontan has changed in favor of TCPC, usually carried out
by creating an intraatrial tunnel to conduct inferior vena
cava blood to the superior vena cava orifice. In 27 of 61
patients with TCPC, the intraatrial tunnel could be cre-
ated with autologous tissue only. A fenestration was
performed in 12 of 61 patients.

Anticoagulation Regimen

Until October 1995, patients with Fontan procedure re-
ceived either no prophylactic medication or antiplatelet
therapy in the postoperative period. Only in 1 patient
with a history of deep venous thrombosis was Coumadin
(Du Pont Pharmaceuticals, Wilmington, DE) therapy
started. After October 1995, we started using intravenous
heparin therapy immediately after operation. Then all
except 2 patients received Coumadin early postopera-
tively before hospital discharge. Two patients were
placed on acetylsalicylic acid (ASA) only, as their parents
declined Coumadin therapy. Because of the initial anti-
coagulant regimen, patients were divided into three
groups: patients without any medical prophylaxis (group
I, n = 45); patients treated with ASA at a dose of 2 to 3
mg/kg/d (group II, n = 14); and patients with Coumadin
therapy (target international normalized ratio [INR] be-
tween 2.2 and 2.7; group III, n = 26).

Follow-Up

Follow-up included clinical examination, electrocardiog-
raphy, and transthoracic echocardiography (TTE) (Agi-
Ient Sonos 5500, Andover, MA) once per year. In addi-
tion, transesophageal echocardiography (TEE) was
performed in 31 patients. Cardiac catheterization was
occasionally performed to evaluate the hemodynamic
situation of the patient. Follow-up information was avail-
able in 85 of the 87 hospital survivors. The mean fol-
low-up for the entire population was 5.7 = 3.5 years
(range, 10 months to 15 years).
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Statistical Analysis

Statistical analysis was performed with the Statistical
Package for the Social Sciences (version 10.0; SPSS Insti-
tute, Chicago, IL). Data are expressed as mean * stan-
dard deviation unless otherwise indicated. Differences
between groups were determined using x?, Fisher’s ex-
act, and unpaired Student’s t tests. Multiple logistic
regression analysis was performed to identify predictors
of thromboembolic events. The Kaplan-Meier method
was used to estimate event-free probabilities. Values of p
less than 0.05 were considered to be statistically signifi-
cant. Thromboembolic events were analyzed for the
study population and for the three prophylactic groups
separately. When comparing the three prophylactic ap-
proaches, follow-up was limited to the duration of each
patient’s initial prophylactic approach, and periods after
change of therapy were excluded. Comparison of the
groups was performed after 3 and 5 years using the
log-rank test. Beyond a follow-up period of 5 years, a
comparison was not meaningful because of the small
number of patients in groups II and IIL

Results

Outcome

Overall hospital mortality was 13.9% (14 of 101 patients),
but was substantially lower (4%, 2 patients) in the last 50
patients. None of the early deaths was caused by throm-
boembolic complications. Of four late deaths, in one an
acute pulmonary artery embolism was the cause 41
months after TCPC. Overall survival was 85% at 1 year,
82% at 5 years, and 79% at 10 years, respectively. Clinical
condition was excellent or good in 94% and reduced in
6% at last follow-up.

Thromboembolic Events

Thromboembolic events or thrombus formation were
detected in 13 of 85 hospital survivors (15.3%), for an
overall rate of 3.3 events per 100 patient-years.

Eight patients had a clinical episode of thromboembo-
lism (symptomatic thrombus) (Table 1). Two patients
suffered from stroke with left-sided hemiplegia. The
postevent cardiac catheterization of the normal contract-
ing systemic ventricle failed to detect thrombi, but re-
vealed a residual pulmonary artery trunk or a rudimen-
tary, previously subpulmonary ventricle in both patients.
Both patients did not have a fenestration. Symptomatic
events in the venous circulation included a 24-year-old
women with erysipelas and severe protein losing enter-
opathy. She experienced extensive superior vena cava
thrombosis originating at a central venous line inserted
for albumin substitution and died after pulmonary artery
embolism despite Coumadin therapy. Five months post-
operatively and 2 months after withdrawal of Coumadin
therapy, a 32-year-old woman experienced pulmonary
embolism of the right middle and lower lobe. After
resumption of anticoagulant therapy, she recovered
without persistent perfusion defects or elevated pressure
in the venous circulation. In another patient, a symptom-
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Table 2. Data of Patients With Asymptomatic Thrombus Formation

Patient Number

1 2 3 4 5
Anatomy TA DIV, PS, MS DIV, L-TGA, PS Re-ISO, TA, TGA,PS TA
Type of surgery TCPC TCPC TCPC TCPC Fontan
Thrombus Thrombus SVC  Thrombus residual ~ Thrombus residual ~ Thrombus residual RA Thrombus
PA trunk PA trunk PA trunk )
Interval to surgery (mo) 0.2 0.2 23 32 7
Age at event (y) 1.6 5 16 4 11
Anticoagulant No no No no No
prophylaxis
Outcome Treated with Treated with Treated with Treated with Heparin  Treated with
Heparin and Heparin Heparin and and Coumadin Heparin and
Coumadin Coumadin Coumadin

DIV = double inlet ventricle;
artery;  PS = pulmonary stenosis;

ISO = isomerism;
SVC = superior vena cava;

dure or TCPC (15.1% vs 15.6%), although the duration of
follow-up was significantly longer after modified Fontan
(6.5 £ 4.6 years vs 3.5 + 2.1 years, p = 0.0001). Moreover,
no patient received Coumadin after modified Fontan.
Freedom from thrombus formation at 3 and 5 years after
modified Fontan operation was 94% and 94%, compared
with 91% and 85% after TCPC. There was no significant
difference between these groups (p = 0.43 at the third
postoperative year, p = 0.201 at the fifth postoperative
year). Minor protein C and S deficiency was observed in
some patients with events, but coagulation abnormalities
have not been studied systematically in the whole
population.

Thromboembolic Events Under Different Anticoagulant
Regimen

The majority of thromboembolic events (n = 10) occurred
during follow-up without antithrombotic prophylaxis
(group I). The ASA medication (group II) did not prevent
systemic embolization in 1 child. One patient had a
pulmonary artery embolism despite adequate Coumadin
therapy (group III). Comparison of the three groups with
regard to thromboembolic events and possible risk fac-
tors are shown in Table 3. The cumulative event rate in

Event free survival

w-w Attt

(@=285 69 50 27 17 11 6

0.0

L-TGA = levotransposition of the great arteries;
TA = tricuspid atresia;

MS = mitral stenosis; ~ PA = pulmonary
TCPC = total cavopulmonary connection

group I was 4.2 events/100 patient-years, which is 3.8
times higher than 1.1/100 patient-years in group IIL
Group II had an intermediate rate of thromboembolic
events with 1.6 events/100 patient-years. There were no
relevant bleeding complications or other severe side
effects of antithrombotic treatment in both groups II and
III. Thromboembolic event-free survival with regard to
the initial anticoagulant regimen is depicted in Figure 2.
Up to the third postoperative year, patients benefitted
significantly from Coumadin compared with patients in
group I (p = 0.031 at the third postoperative year), and
showed a tendency toward better event-free survival
compared with patients in (p = 0.17). Thereafter, al-
though not statistically significant, possibly because of
the small absolute number of patients and events, there
was a tendency in favor of Coumadin prophylaxis than
without medication (p = 0.12 at 5 years).

In addition, a comparison of the different therapeutic
approaches for the subgroup of patients with TCPC was
performed to eliminate the interaction of duration of
follow-up and type of operation on our results. The mean
follow-up was comparable in all three groups (group I,
n = 21: 3.5 * 2.8 years; group II, n = 6: 2.9 = 2.5 years;
group III, n = 26: 3.6 * 1.3 years; p = 0.82). Thromboem-

Fig 1. Freedom from thromboembolism in 85
patients with modified Fontan operation. Data
in parentheses indicate numbers of patients at
risk.

3)

16 Years
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Table 3. Comparison of the Initial Anticoagulant Regimen
With Regard to Thromboembolic Events and Possible Risk
Factors

Group I Group II GroupIlll p

(n=45) (n=14) (n=26) Value
Thromboembolic events® 10 (22%) 1(7%) 1(4%) 0.072
Mean follow-up (y)° 53+45 44+28 3613 0134
Type of operation 0.001
TCPC 21 6 26
Modified Fontan 24 8 0
Atrial arrhythmias 13(28%) 2(14%) 3(12%) 0.272
Impaired LV function 2(4%) 1(7%) 1(4%) 0916
Age at operation (y) 8894 58x74 59x71 0287

* The number of thromboembolic events of group I to Il do not match
with the total number because of exclusion of one thromboembolic event
occurring 2 months after withdrawal of Coumadin. p = 0.036 between
group I and group .~ ®p = 0.018 between group I and group IIL

bolic event-free survival at 3 and 5 years was 72% in
group I, 83% in group II, and 100% and 93% in group IIL
Patients treated with Coumadin showed significant ben-
efit compared with untreated patients (log-rank test, p =
0.033).

Comment

Thrombotic and thromboembolic complications after
Fontan-type procedures are a common and serious prob-
lem. In the present study, the incidence during long-term
follow-up was 13 of 85 consecutive patients (15.3%; 3.3
events/100 patient years). This is similar to most other
recent studies, which have reported a 10% to 20% prev-
alence of thromboembolic complications in this patient
population [6-8, 11, 12].

Of all patients with thrombus formation in our study,
60% experienced a symptomatic event, whereas asymp-
tomatic thrombus was found by chance in the others
(mostly detected only by means of TEE). In the past, TEE
has been proved to be superior to TTE for the diagnosis
of thrombus formation in Fontan patients [13, 14]. Thus,
our study (as most previous studies) may underestimate

Fig 2. Kaplan-Meier plot for the three initial Event free survival
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the true frequency of asymptomatic thrombus formation
because TEE was not used systematically. This is mainly
due to the fact that the majority of patients were children
who required in a high percentage general anesthesia to
undergo TEE. Therefore, TEE was performed in selected
patients only.

Risk Factors for Thromboembolism

In 1986, Matthews and coworkers [10], in a small study
group, already recognized that Fontan patients are at risk
for postoperative cerebrovascular events. Three of 16
patients (19%) who survived the early postoperative
period experienced stroke within 3 months after surgery.
The substantially lower prevalence of stroke of 2.3% in
the present study was similar to a rate of 2.6% reported in
a large study with 645 patients [9]. Systemic embolic
complications require either a residual right-to-left shunt
at the atrial level with paradoxical embolism of primarily
venous thrombi or low-flow areas in connection to the
systemic ventricle, with a potential for thrombus forma-
tion and its subsequent embolization. In recent studies,
thrombus formation in the residual pulmonary artery
trunk was detected in 4% to 6% of cases [11, 15]. Throm-
botic material may reach the systemic circulation if
pulmonary valve regurgitation is present. Similarly, an-
giography of the systemic ventricle revealed the potential
source of postoperative embolic stroke in our 2 patients:
long-standing opacification of the residual pulmonary
artery trunk, indicating low-flow areas. In addition,
asymptomatic thrombus formation in the residual pul-
monary artery trunk was found in 3 other patients. As a
consequence finding a persistent flow in the residual
pulmonary artery trunk, oversewing or even excision of
the pulmonary valve have been proposed to prevent
from systemic embolization out of this area [11, 15, 16].
Other potential risk factors for venous and systemic
thrombosis or embolic events after Fontan-type proce-
dures have been described in literature. Morphologic
and functional factors such as patch material used for the
lateral tunnel, fenestration, excessive right atrial enlarge-
ment, severe dysfunction of the systemic ventricle, as
well as supraventricular tachycardia or atrial flutter may

I Coumadin ]

prophylactic approaches (n= 85): patients with 10

Coumadin therapy (boldface solid line), with
acetylsalicylic acid (broken line), and without
anticoagulant prophylaxis (solid line). Data in 8 1
parentheses indicate numbers of patients at

risk. Log-rank test between Coumadin and no

medication: p = 0.031 after 3 years and p = 5
0.12 after 5 years. Log-rank test between Cou-

madin and acetylsalicylic acid: p = 0.17 after

]

E Acetylsalicylic Acid

3 years and p = 0.67 after 5 years. 4
n=26 24 10 0 Coumadin)
2{mn=14 10 8 4 0 Acetylsalicylic Acid)
(=45 33 24 17 11 10 5 3 No Medication)
00
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promote thrombus formation in the right or left atrium
[6, 8, 9, 17]. None of these factors could be identified in
our study. As in recent studies [8, 18], the type of
operation (modified Fontan, TCPC) had no influence on
the actuarial freedom from thrombus formation.

Coagulation abnormalities predisposing for thrombo-
embolic events have been demonstrated in patients after
Fontan-type procedures. It was recommended that these
patients should be treated with anticoagulation [19, 20].
In-dwelling central venous catheters were a possible
source for thrombus formation. Therefore, it was our
policy throughout the study to remove the central venous
catheter as soon as possible.

Time Course of Thromboembolic Events

Rosenthal and colleagues [8] observed a fairly constant
risk for thromboembolism up to 14 years after surgery. In
contrast, the majority of events in our study occurred
within the first postoperative year, as also reported by
others [6, 10, 11]. After 3.5 years a plateau was reached
followed by a second peak beyond 10 years of follow-up.

The number of patients who survive more than 10
years after Fontan procedure will increase constantly in
the near future. Therefore, therapeutic and prophylactic
concepts to avoid thromboembolic complications and
arrhythmias in patients at special risk are needed. Re-
cently, the conversion from Fontan connection to intra-
cardiac TCPC has been described as a therapeutic ap-
proach in patients with excessive enlargement of the
venous atrium to improve blood flow characteristics and
to prevent from thrombus formation and atrial arrhyth-
mias [21, 22]. In 2 of our patients, this conversion has
been performed successfully. Another therapeutic op-
tion, used in one of our patients, could be the treatment
with antiarrhythmic medication and anticoagulant ther-
apy. However, the best management for these patients is
still unknown, and further studies investigating long-
term outcome are urgently required to find a consensus
on type and duration of prophylactic anticoagulant
therapy.

Prophylactic Antithrombotic Therapy

Prophylactic anticoagulation therapy is frequently rec-
ommended [11, 12, 14, 20], but at this time there is no
prospective study investigating different anticoagulation
regimen in Fontan patients. There are several studies and
case reports on the value of anticoagulant prophylaxis in
Fontan patients. Nevertheless, systemic or venous
thromboembolic events have been reported even during
ASA or Coumadin therapy in selective cases [14, 18].
However, all of these studies did not compare different
therapeutic approaches. Because the therapeutic regi-
men in our center changed in 1995, we were able to
compare different prophylactic approaches over a fol-
low-up period of 5 years postoperatively. Since October
1995, all except 2 of our patients received heparin imme-
diately after operation, followed by Coumadin. We kept
the INR target level between 2.2 and 2.7. When compatr-
ing the different therapeutic approaches in our entire
population, patients with Coumadin were shown to have
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significantly fewer thromboembolic complications up to
the third year when compared to patients without med-
ication. Thereafter, we saw a tendency in favor of Cou~
madin prophylaxis as the most effective regimen. The
cumulative thromboembolic event rate was approxi-
mately 4 times higher in patients without medication
than with Coumadin. Patients with ASA medication had
an intermediate state with a higher rate than with Cou-
madin, but a lower rate than without medication. Be-
cause the modified Fontan procedure has now been
abandoned by most surgeons, we consequently com-
pared the different therapeutic approaches in the sub-
group of patients with TCPC. Hereby, we eliminated the
possible interaction of duration of follow-up and type of
operation on our results. Patients benefit significantly
from Coumadin compared with no medication. However,
the absolute number of thromboembolic events in gen-
eral, and of patients with ASA medication, is very lim-
ited, and constitutes the major limitation of this study.
The potential benefit of ASA compared with no medica-
tion, and its role in relation to Coumadin, must be
reproduced in a larger patient sample as part of a
multicenter clinical trial. So far, we believe that our data
support the concept of early postoperative anticoagula-
tion using heparin followed by oral Coumadin therapy
after Fontan-type surgery. The benefit of Coumadin
therapy must, of course, be weighed against its risk. In
recent studies, the risk of bleeding complications in
children with mechanical valves and long-term Couma-
din therapy is known to be within a range of 0.8 to 4.0
events/100 patient-years, depending on and increasing
with the target INR [23, 24]. Thus, it is even more
important to quantify exactly the benefit of anticoagulant
therapy in a higher number of children after Fontan
procedure. Furthermore, no information on the optimal
target INR is available.

In conclusion, thromboembolic events are commonly
observed after Fontan-type procedures. In our patient
population, thromboembolic events were detected in 13
of 85 hospital survivors, with a peak each during the first
postoperative year and beyond 10 years of follow-up.
When comparing different anticoagulant regimens, Cou-
madin was the most effective prophylactic therapy for
preventing thromboembolism. Therefore, we suggest ini-
tial oral anticoagulation in patients undergoing Fontan-
type operations.
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ABSTRACT

Background: Patients with univentricular hearts and Fontan palliation are at risk for thromboembolic compli-
cations, While aspirin and warfarin therapies are currently the mainstay of prophylaxis, controversy exists as
to the optimal prevention strategy.

Methods: A cohort study was conducted on the New England registry of patients born in 1985 or earlier with
Fontan surgery at Boston Children’s Hospital, in order to assess and compare the effect of prophylactic aspirin
and warfarin on incident thromboembolic events.

Results: A total of 210 qualifying patients (49% male) underwent Fontan surgery at a median age of 8.5 years:
48.6% had a right atrium to pulmonary artery anastomosis, 11% a right atrium to right ventricle conduit, 38.6%
a lateral tunnel, and 1.9% an extracardiac conduit. No thromboembolic prophylaxis was prescribed to 50.0%,
whereas 24.3% received aspirin, and 25.7% warfarin. In multivariate analyses, lack of aspirin or warfarin was as-
sociated with a significantly higher thromboembolic event rate when compared to therapy with either [hazard
ratio 8.5, 95% confidence interval (3.6-19.9), P < 0.001], with no difference between the two treatment strate-
gies (P = 0.768). Twenty-year freedom from thromboemboli was 86% versus 52% in patients with and without
thromboprophylaxis, respectively. Other factors independently associated with thromboemboli were a low
post-operative cardiac index [hazard ratio 2.6, 95% confidence interval (1.2, 5.9)] and atrial fibrillation or flutter
{hazard ratio 3.1, 95% confidence interval (1.2, 8.0)].

Conclusions: Prophylaxis with either aspirin or warfarin was associated with a significantly lower rate of inci-

dent thromboembolic events following Fontan palliation, with no difference between the two therapies.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The Fontan procedure encompasses a family of related operations
[1-7] with the common goal of palliating the “univentricular heart”
[6] by rerouting systemic venous return directly to the pulmonary arte-
rial circulation. Outcomes have improved considerably over the last
25 years such that patients are now increasingly surviving into adult-
hood, exposing them to various longer-term complications, including
heart failure, arrhythmias, and thrombosis [4-6,8-12]. Thromboembolic
complications are a well-recognized source of morbidity [13-15] and
mortality [9] in patients with Fontan physiology. Thromboembolic
death may occur suddenly or be preceded by other thromboembolic
events, which may or may not be symptomatic [16-18]. As many as
25% of clinical thromboembolic events in patients with Fontan surgery

* Corresponding author at: Boston Adult Congenital Heart (BACH) Service, Department
of Cardiology, Boston Children's Hospital, 300 Longwood Avenue, Boston, MA, 02115.
Tel.: +1 617 355 6508; fax: +1 617 739 8632.

E-mail address: paul.khairy@cardio.CHBoston.org (P. Khairy).

0167-5273/$ - see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.ijcard.2013.06.058

are fatal [16,18]. While the prevention of thromboembolic events is a de-
sirable clinical goal, controversy exists as to the optimal prophylaxis
strategy [16,18-25]. Given the paucity of evidence regarding prophylac-
tic therapy with newer antithrombotic regimens in this patient popula-
tion [24], aspirin (ASA) or warfarin remain the mainstay of antiplatelet
or anticoagulant therapy. We, therefore, sought to evaluate and compare
the effect of prophylactic ASA and warfarin on incident thromboembolic
events in a cohort of patients with Fontan palliation.

2. Methods
2.1. Study cohort

The New England Fontan registry included all patients who lived in the New
England area, were born before 1985, and had, Fontan.surgery. between.April 1973
at Boston Children's Hospital. Details of this cohort have been previously
0]. Patients with surgery limited to cavopulmonary shunts were ineligi-
ble, including those with an interrupted inferior vena cava and azygos extension to a
superior vena cava who underwent a bidirectional cavopulmonary shunt. For the cur-
rent analysis, patients with early post-operative death (<30 days) or a thromboembol-
ic event within the first 14 days of Fontan surgery were excluded [26,27]. The study
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protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as
reflected in a priori approval by the institution's human research committee.

2.2, Definitions

Systemic ventricular morphology (left, right, or both) and atrioventricular valve
anatomy were categorized in accordance with previously defined nomenclature {28]
on the basis of preoperative studies and surgical observations. The type of Fontan pro-
cedure was classified as right atrial (RA) to pulmonary artery (PA) anastomosis, RA to
right ventricle (RV) connection, intracardiac lateral tunnel (LT), or extracardiac con-
duit (ECC). In all cases, surgery involved separating systemic from pulmonary venous
return by excluding the systemic venous return from the systemic ventricle, with or
without a residual atrial communication or baffle fenestration. Fontan fenestration,
surgical arrhythmia ablation, and concomitant surgery for associated anomalies were
recorded as separate variables,

The “era of the Fontan procedure was classified as ] /1f surgery._was
> and “late” if ii 1985 or after. “Revision” was defined as a re-
peat operatlon that sought to correct a defect in the original Fontan palliation. A sur-
‘gery that sought to transform an earlier Fontan into another type of Fontan was
termed a “conversion”. Atrial fibrillation was defined as the absence of consistent P
waves on electrocardiography, with rapid oscillations or fibrillatory waves typically as-
sociated with an irregular ventricular response. Intra-atrial re-entry/atrial flutter was
defined as a regular atrial rhythm with a constant atrial rate 2_420;0',lgpm.

2.3. Outcomes

The

the systemic or pulmonary cxrculatlon All clinical thromboem-
boﬁc events’ required documentation by non-invasive imaging, angiography. or
post-morterm evaluation. Death was considered thromboembolic if deemed secondary
to thrombus 1dent1ﬁed either’ clxmcally or posthumously The site of thromboembolism
was further classified in one or more of the following locations: right atrium/Fontan,

superlor vena cava mfenor vena cava, systemic venous atrium, pulmonary artery, or,

other.

S

2.4, Statistical Analyses

Continuous variables are summarized by median values and interquartile ranges
(IQR; 25, 75 percentile). Categorical variables are presented as frequencies and per-
centages. Baseline comparisons between patients with no thromboembolic prophylax-
is, ASA, and warfarin therapy were performed by Kruskal-Wallis, chi-squared, or Fisher
Exact tests when appropriate. Survival free from a first thromboembolic event
according to the type of thromboembolic prophylaxis was plotted using the Kaplan-
Meier method and compared by the log-rank statistic. Time 0 was defined as time of
Fontan surgery, after which patient-years were accrued until occurrence of the primary
outcome or upon censoring. Censoring occurred at the last follow-up visit, upon

me was the occurrence of a fatal or non-fatal thromboembolic.

takedown of the Fontan circulation, or at the time of Fontan conversion, cardiac trans-
plantation, or non-thromboembolic death.

Predictors of thromboembolic events were explored in univariate and multivariate
Cox regression analyses, from which hazard ratios and 95% confidence intervals (CI)
were generated. For multivariate analyses, an automated stepwise algorithm was
used, with levels of significance for entry and staying in the model of 0.25. The type
of prophylactic therapy and presence of atrial fibrillation or flutter were forced into
the model as covariates. In order to test the robustness of the primary analysis, several
sensitivity analyses were performed including 1) omitting reoperation (revision or
conversion surgery) from the censoring definition, 2) varying the exclusion period
for early thromboembolic events from 14 to 30 days, and 3) varying the early death ex-
clusion criterion from 30 to 14 days.

Two-tailed values of P-values <0.05 were considered statistically significant. All
statistical analyses were conducted using SAS version 9.3 (SAS Institute, Cary, North
Carolina).

3. Results

3.1. Baseline characteristics

ients, 49.0% of whom were male, underwent a
first Fontan gery at a median age of 8.5 (IQR 4.8, 15.2) years.
Seventy-two (34.3%) patients had tricuspid atresia, 51 (24.3%) a
double-inlet left ventricle, and 4 (1.9%) hypoplastic left heart syn-
drome. The single ventricle was morphologically left in 70.5%. The
type of first Fontan procedure was a RA to PA connection in 102
(48.6%) patients, RA to RV conduit in 23 (11.0%), lateral tunnel in 81
(38.6%), and extracardiac tunnel in 4 (1.9%). No thromboembolic pro-
phylaxis was prescribed in 50.0%, 24.3% received ASA, and 25.7%
warfarin-based therapy. Patient characteristics and clinical events
during follow-up according to the prophylaxis strategy are presented
in Table 1.

3.2. Clinical Events

Over a median follow-up of 14.5 years (IQR 8.7-18.4 years), 25
(9.5%) patients had an eventual surgical conversion, 5 (2.4%) had at
least one surgical revision, 23 (11%) were transplanted, and 34
(16%) died. Overall, a total of 40 (19.%) patients experienced a throm-
boembolic event, 5 (12.5%) of which were fatal, The thromboembolic

Table 1
Patient characteristics.
All Patients No Prophylaxis ASA Warfarin P-value?
N = 210 N = 105 N =51 N = 54
Age at Fontan, years” 8.5 (4.8,15.2) 7.0 (4.3, 13.1) 6.8 (4.5, 15.9) 11.3 (8.0, 17.6) 0.0006
Male, N (%) 103 (49) 49 (47) 26 (51) 28 (52) 0.7889
Type of congenital heart disease, N (%) 0.4715
Tricuspid atresia 72 (34) 36 (34) 13 (25) 23 (43)
Double-inlet left ventricle 51 (24) 26 (25) 14 (27) 11 (20)
Hypoplastic left heart syndrome 4(2) 1(1) 1(2) 2(4)
Other 83 (40) 42 (40) 23 (45) 18 (33)
Systemic right ventricle, N (%) 55 (26) 26 (25) 14 (27) 15 (28) 0.8773
Type of Fontan, N (%) 0.0008
Lateral tunnel 81 (39) 35 (33) 28 (55) 18 (33)
RA-PA anastomosis 102 (49) 58 (55) 22 (43) 22 (41)
RA-RV connection 23 (11) 11 (10) 0(0) 12 (22)
Extracardiac conduit 4(2) 1(1) 1(2) 2 (4)
Early surgical era (pre-1985), N (%) 69 (33) 36 (34) 7 (14) 26 (48) 0.0006
Low cardiac index (<2.35 mL/min/m?), N (%) 80 (38) 35 (33) 20 (39) 25 (46) 0.2771
Atrial fibrillation or flutter, N (%) 95 (45) 33 (31) 24 (47) 38 (70) <0.0001
Ablation procedure, N (%) 49 (23) 17 (16) 10 (19) 22 (41) 0.0032
Follow-up, years™ 14.5 (8.6, 18.1) 12.0 (4.8, 164) 15.8 (13.5,18.7) 17.1 (109, 20.1) <0.0001
Redo-surgery, N (%)
Fontan revision 5(2) 1(1) 1(2) 3(6) 0.1902
Fontan conversion 20 (10) 8(8) 5(10) 7(13) 0.5594
Transplantation 23 (11) 8(8) 6 (12) 9(17) 0.1962
Thromboembolic event, N (%) 40 (19) 28 (27) 5(10) 7 (13) 0.0207

ASA denotes aspirin; RA, right atrium; PA, pulmonary artery; RV, right ventricle.

* Continuous variables are summarized by median and interquartile range (25%, 75 percentile).
T Comparison between the three prophylaxis groups.
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events consisted of thrombus within the RA/Fontan in 25 patients
(62.5%), limited to the PA in 3 (7.5%), the superior vena cava in 2
(5%), and the pulmonary venous atrium in 3 (7.5%). No clots were
identified within the inferior vena cava and precise location informa-
tion was missing for the remaining 7 (17.5%) cases. In one patient
with a fatal thromboembolic event, thrombolysis with recombinant
tissue plasminogen activator was unsuccessful, and a second patient
died despite an attempted thrombectomy.

3.3. Prophylactic strategy and thromboembolic events

Overall, 28 (26.7%) thromboembolic events occurred among 105
patients without any prophylaxis (median follow-up 12.0 years), 5
occurred among the 51 (9.8%) patients on ASA therapy (median
follow-up 15.8 years), and 7 occurred among 54 (13.0%) patients on
warfarin-based therapy (median follow-up 17.1 years). In the 7 pa-
tients receiving warfarin, the international normalized ratio (INR)
was therapeutic (>2.0) in 1, subtherapeutic in 2, and unknown in 4
at the time of the thromboembolic event.

Univariate and multivariate predictors of incident thromboembol-
ic events are summarized in Table 2. In univariate analyses, warfarin
was associated with a significantly lower thromboembolic event
rate [hazard ratio 0.39, 95% CI (0.16, 0.96), P = 0.040]. Aspirin was
associated with a numerically similar albeit non-significant reduction
in the thromboembolic event rate [hazard ratio 0.37, 95% CI (0.13,
1.06), P = 0.063]. In multivariate analyses, there was no significant
advantage of warfarin compared to ASA therapy (P = 0.768). The
lack of ASA or warfarin was associated with a highly significant
8.5-fold increase in the thromboembolic event rate when compared
to therapy with either [adjusted hazard ratio 8.49, 95% CI (3.64-
19.86), P < 0.0001]. The Kaplan-Meyer plot depicting freedom from
a first thromboembolic event is shown in Fig. 1. In patients without
aspirin or warfarin therapy, freedom from a thromboembolic event
was 92% at 10 years and 52% at 20 years. For those receiving aspirin
or warfarin prophylaxis, corresponding 10 and 20-year event-free
survival rates were 94% and 86%, respectively.

Other factors independently associated with a higher thromboem-
bolic event rate in multivariate analyses were a low post-operative
cardiac index [adjusted hazard ratio 2.63, 95% CI (1.17, 5.93), P =
0.0199] and a diagnosis of atrial fibrillation or flutter [adjusted hazard
ratio 3.10, 95% CI (1.20, 7.96), P = 0.0190]. Prespecified sensitivity
analyses with alternate group assignment algorithms and exclusion
criteria did not alter the results appreciably.

4. Discussion

The key findings of this analysis from the New England Fontan
registry are that 1) prophylaxis with either aspirin or warfarin is asso-
ciated with a significantly lower incident thromboembolic event rate;
2) no signal favored one therapy over the other; 3) the residual risk of
thromboemboli remains substantial despite ASA or warfarin therapy;

Table 2
Factors associated with incident thromboembolic events.
Characteristic Hazard ratio  95% CI P-value
Univariate
ASA therapy 0.37 0.13, 1.06 0.0633
Warfarin therapy 0.39 0.16,096  0.0400
ASA or warfarin therapy 0.25 1.88,846  0.0003
Low cardiac index (<2.35 ml/min/m?) 2.33 116,468  0.0172
Atrial fibrillation or flutter 2.44 1.10,543  0.0290
Multivariate
Lack of ASA or warfarin therapy 8.49 3.63,19.86 <0.0001
Low cardiac index (<2.35 ml/min/m?) 2.63 1.17,5.93 0.0199
Atrial fibrillation or flutter 3.10 1.20,7.96 0.0190

CI denotes confidence interval; ASA, aspirin.
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Fig. 1. Freedom from thromboemboli according to the type of prophylactic therapy.
The Kaplan-Meier curves depict freedom from an incident thromboembolic event
according to whether patients received thromboprophylaxis with aspirin (ASA), war-
farin, or neither.

and 4) other factors associated with a higher risk of thromboembolic
events include a low post-operative cardiac index and a history of
atrial fibrillation or flutter.

The high incidence and the type of thromboembolic events ob-
served in our patient population (i.e., 48% at 20 years in patients
without prophylactic therapy) are consistent with previous reports
[9,13,15,16,18,25-27]. During the study period, no formal depart-
mental policy was implemented for anticoagulation therapy, al-
though standard indications (e.g., atrial tachyarrhythmias) were
generally respected. The major reduction in the thromboembolic
event rate with ASA or warfarin therapy (i.e., 14% at 20 years in pa-
tients without prophylactic therapy, representing a 71% unadjusted
relative risk reduction) would suggest that some form of prophylaxis
should be considered as the mainstay treatment for patients with
Fontan palliation, barring contraindication.

The optimal thromboprophylaxis strategy remains a source of con-
troversy [16,19,22]. The observed lack of superiority of one strategy
over the other is consistent with a recent clinical trial that compared
ASA to heparin/warfarin therapy in children during the first two years
after Fontan surgery [16]. Our study extends these findings to an older
population with over 14 years of follow-up. Reasons as to why warfarin
therapy does not outperform ASA in this patient population remain
speculative and may reflect the multifactorial mechanisms of thrombus
formation in Fontan patients, including decreased cardiac output, ab-
normal venous flow, prosthetic material, blind cavities, lack of atrioven-
tricular synchrony, coagulation defects, and platelet abnormalities
{16,18,29-31].

Alternatively, the lack of superiority of prophylactic anticoagulation
versus antiplatelet therapy may be due, in part, to difficulties achieving
and maintaining therapeutic INR levels [16,18,32,33]. In an exploratory
analysis of the pediatric Fontan study, patients on warfarin who often
failed to meet targeted INR levels experienced a significantly higher
rate of thromboemboli than those who consistently achieved targeted
INR levels or received ASA therapy [18]. Our results and others suggest
that alternate thromboprophylaxis strategies should be explored in
light of the high prevalence of thromboembolic events in this patient
population, difficulties achieving consistent protection with warfarin
therapy, and the considerable residual risk that remains in patients
treated with warfarin or ASA.

4.1. Study limitations

The study is observational in nature and subject to the limitations in-
herent to retrospective designs, particularly with regards to unmeasured
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potential confounders. INR values were not routinely collected during
the >14-year follow-up, precluding exploratory analyses regarding the
prevalence of subtherapeutic anticoagulation and its potential impact.
In addition, study power was limited by the 40 thromboembolic events.
The final Cox regression model contained 4 covariates in addition to the
presence or absence of prophylactic therapy and history of atrial tachyar-
rhythmias, resulting in 6 degrees of freedom. Such a model may be at risk
of “over-fitting”, since fewer than 10 outcome events occurred per pre-
dictor variable. However, this approach was deemed justified given the
potential for important confounding in this cohort and our impression
that a model that did not adequately control for such would have limited
utility. Moreover, simulation studies suggest that problems are seldom
encountered with 5-9 events per predictor variable [34].

5. Conclusion

A high rate of incident thromboembolic events was observed in
the New England cohort of Fontan patients followed for over
14 years. Prophylactic therapy with ASA or warfarin was associated
with a significant reduction in the thromboembolic event rate, with
the two treatment strategies yielding similar outcomes. Despite pro-
tective therapy, patients remained at substantial residual risk for
thromboembolic events. Adequately powered prospective trials com-
paring these and other prophylactic antithrombotic regimens in this
high-risk population are warranted. In the interim, in light of these
results, it would appear reasonable to favor some form of routine
thromboprophylaxis.
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Abstract After the Fontan procedure, patients face an
increased risk for thromboembolic events (TE). The etiol-
ogy for this increased thrombogenecity is incompletely
understood. This study aimed to determine the prevalence
of TE in Danish Fontan patients and to bring new insights
into the etiology of TE. Using a population-based design,
we retrospectively identified all TEs in 210 Fontan patients.
Whole blood assays (thromboelastography, thromboelas-
tography functional fibrinogen and Multiplate) reflecting
global hemostasis, clot strength and platelet aggregation
were analyzed prospectively in 112 patients and plasma
was analyzed in 76 patients for biomarkers reflecting
endothelial-, glycocalyx-, platelet-, and fibrinolysis func-
tion (histone-complexed DNA fragments, Protein C, solu-
ble CD40 ligand, soluble thrombomodulin, syndecan-1,
tissue-type plasminogen activator). The results were com-
pared in groups stratified according to age, antithrombotic
therapy, TE, and glycocalyx degradation (syndecan-1 <
or > median). Correlation between biomarkers and
demographic-, anatomical-, clinical- and biochemical
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parameters was investigated. The prevalence of TE was
8.1 % after a mean follow-up of 8.4 years. None of the
stratified groups demonstrated evidence of hypercoagula-
bility in the whole blood assays and no unexpected sig-
nificant differences were found between the groups. All
biomarkers, except protein C, correlated with one another
and after stratification of glycocalyx degradation only
syndecan-1 levels > median correlated with other bio-
markers. The prevalence of TEs was 8.1 % after mean
follow-up of 8.4 years. Overall, the hemostatic profile
appeared normal, however, in a subset of patients, evidence
of some endothelial activation/damage including glycoca-
lyx degradation and fibrinolysis was found, identifying a
potentially more thrombogenic group.

Keywords Fontan procedure - Thrombosis - Prevalence -
Hematology - Coagulation

Introduction

After Fontan surgery, patients face an increased risk for
thromboembolic events (TEs), the prevalence of which
varies from 3 to 33 % depending on study design, imaging
technique, and duration of follow-up [2, 6, 7, 16, 20, 30-32].
The etiology for this apparently increased thrombogenecity
is incompletely understood, but is likely to be multifactorial,
potentially involving all three factors of Virchow’s triad:
hypercoagulability, abnormal hemodynamics, and endo-
thelial injury/dysfunction. Decreased levels of protein C,
protein S, antithrombin I, ND coagulation factor S II, VII,
and X, as well as increased platelet reactivity, have been
described in Fontan patients [7, 12, 26, 33]. Studies evalu-
ating the impact of these altered hemodynamics are sparse.
Modifications of Fontan surgery (from the atriopulmonary
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anastomosis to the lateral tunnel and extracardiac conduit
total cavopulmonary anastomosis) showed no change in the
prevalence of TE [6, 29, 30]. The vascular endothelium is
instrumental for balancing hemostasis [5, 22] as is the
anticoagulant surface layer, the glycocalyx that protects the
endothelium [24, 27]. Impaired endothelial-mediated vaso-
dilation has been reported in Fontan patients [10, 18] as have
signs of impaired endothelial function as assessed by plasma
levels of endothelial derived biomarkers [3, 15]. However,
the combined effect of the abnormalities of coagulation and
endothelial function on thrombus formation is unclear, and
correlation to TE has not been shown.

The aim of this study was to determine a population-
based prevalence of TE in Danish Fontan patients. Fur-
thermore, we sought to bring new insights into the etiology
of TE and to describe the global hemostasis as well as the
separate factors of the hemostasis, such as endothelial and
glycocalyx function, platelet activation, fibrinogen func-
tion, and fibrinolysis. Finally, we aimed to compare
patients stratified according to age, antithrombotic therapy,
previous TE, and glycocalyx degradation and to investigate
correlations between parameters of hemostasis and demo-
graphic, anatomical, and clinical parameters.

Materials and Methods

The study consisted of two parts: a population-based study
to determine the prevalence of TE and a cross-sectional
study to explore the etiology of TE. The population-based
study covers the period from January 1, 1990, to December
31, 2010. The local Ethics Committee approved the study
(approval no. H-C-2009-039), and all patients/guardians
gave informed consent.

Identification of Fontan Patients

Fontan surgery as a routine was implemented in the early
1990s in the two tertiary pediatric cardiology centers in
Denmark: Rigshospitalet (Copenhagen) and Aarhus Uni-
versity Hospital (Skejby, Aarhus). All surgeries were reg-
istered in local registries, and all patients were followed-up
in the outpatient departments in the two centers or at Odense
University Hospital (Odense). Because the study started in
January 2011, information on each patient was collected
from the medical records and through patient interviews at
the next clinical outpatient visit. Previous TE had to be
confirmed by imaging modalities, and previous supraven-
. tricular tachycardia (SVT) had to be confirmed by electro-
cardiography. SVT was defined as three or more QRS
complexes with QRS duration <120 ms and heart rate
>100 bpm and included intra-atrial re-entrant tachycardia,
ectopic atrial tachycardia, atrioventricular re-entrant

tachycardia, and atrial flutter/fibrillation. As a standard
procedure, all of the patients received vitamin K antagonist
(VKA) therapy 6 months after Fontan surgery. Subse-
quently patients either continued with VKA therapy, anti-
platelet therapy, heparin, or no antithrombotic therapy all at
the discretion of the cardiologist. At clinical visits in the
outpatient department, transthoracic echocardiogram
(TTE), but no other imaging, was performed routinely.

Blood Sampling

In the cross-sectional study, blood was sampled on arrival
at the clinical outpatient visit at Rigshospitalet (Copenha-
gen). Patients visiting the Outpatient Department at Aarhus
University Hospital (Skejby, Aarhus) did not participate in
the cross-sectional study because not all blood analyses
could be performed. Blood was sampled in ethylene dia-
mine tetraacetic acid (EDTA), plasma, and serum tubes.
Blood samples were obtained with minimal or no stasis
(<30 s), ice-cooled, and centrifuged at 2,000xg for
10 min. EDTA plasma samples were frozen within 1 h and
stored at —80 °C until analyzed. Antithrombotic medicine
was not paused before blood sampling.

Biochemical Parameters

Biochemical parameters were processed in a standardized
laboratory in 112 patients. The parameters included
hemoglobin, hematocrit, platelet count, albumin, N-termi-
nal pro b-type natriuretic peptide (NT-proBNP), alanine
aminotransferase, lactate dehydrogenase, alkaline phosfa-
tase, homocystein, antithrombin, D-dimer, protein S, pro-
tein C, international normalized ratio (INR), activated
partial thromboplastin time (APTT), factor V Leiden gene
(Arg506GIn) and factor II gene mutation (nucleo-
tide20210), and plasma fibrinogen.

Thromboelastography

The global hemostasis of whole blood was assessed in 112
patients by thromboelastography (TEG) analysis using a
computerized thromboelastograph (model 5000 and soft-
ware version 4.1.73 [database version 1.0.16]; Haemo-
scope, Skokie, IL). All preparations were measured on
TEG by adding 1 ml citrated whole blood into a kaolin
vial, gently mixing and then transferring 340 pl of the
kaolin-activated sample to a prewarmed (37 °C) plain TEG
cup loaded with 20 pl 0.2 mol/l calcium chloride (final
concentration 11.1 mmol/l) for recalcification. Analysis
was started 90-120 min after collection. The TEG vari-
ables recorded were reaction time (R) (rate [min] of initial
fibrin formation reflecting plasma clotting factors), the
alpha-angle () (rate [°] of clot growth reflecting platelet

@ Springer

-113 -



264

Pediatr Cardiol (2013) 34:262-272

function, fibrinogen, and plasma components residing on
the platelet surface), maximum amplitude (MA) (maximum
clot strength reflecting the maximum dynamic properties of
the platelet—fibrin interaction), and lysis 30 (L'Y30) (rate of
amplitude decrease reflecting clot stability).

TEG Functional Fibrinogen

The contribution of fibrinogen function to clot strength of
whole blood was analyzed in 103 patients by TEG func-
tional fibrinogen (FF) (Haemoscope, Skokie, IL) analysis
(sampled in 112 patients but analyses failed in nine). The
FF reagent activates the extrinsic pathway using tissue
factor and inhibits platelet aggregation using a platelet
inhibitor (ReoPro). ReoPro binds to the GPIIb/IMIa recep-
tors and fully inhibits the platelets ability to interact with
fibrin and von Willebrand factor, thereby excluding their
contribution to clot strength, measuring only the FF con-
tribution (MAf) to clot strength. In TEG FF, whole blood
was recalcified with 20 mmol/l CaCl,, and FF reagent was
carefully mixed by inverting the tube five times before
loading the contents to the TEG cup containing CaCls.
Analysis was started 90—-120 min after collection.

Impedance Aggregometry (Multiplate)

Platelet aggregation of whole blood was analyzed in 110
patients by impedance aggregometry using a multiple
platelet function analyzer (Multiplate, Dynabyte Medical,
Munich, Germany) (Multiplate Analyzer, Software version
2.02.11; Dynabyte GmbH) (sampled in 112 patients but
analyses failed in two). All samples of heparinized whole
blood were analyzed according to the manufacturer’s
instructions 90~120 min after collection. Platelet aggrega-
tion was determined in response to commercially available
test reagents (Dynabyte GmbH). Briefly, 300 ul of the
adjusted sample was mixed with 300 pl NaCl (ASPItest) or
NaCl-CaCl, (TRAPtest, ADPtest) and 20 pl platelet ago-
nist (TRAPtest [thrombin-receptor activating peptide -6;
final concentration, 32 pmol/l], ADPtest [adenosine 5'-
diphosphate, 6.5 umol/l], and ASPItest [arachidonic acid,
0.5 mmol/1]). The increase in impedance by the attachment
of platelets onto the Multiplate sensors is transformed to
arbitrary aggregation units and plotted against time. For
each applied platelet agonist, the area under the aggrega-
tion curve (AU x min or U [1 U = 10 AU x min]) after
6 min of analysis was recorded by the Multiplate analyzer.

Soluble Biomarkers
Enzyme-linked immunosorbent assay (ELISA) was per-

formed in a subset of 76 randomly selected patients. Soluble
biomarkers were measured in uniplicate in thawed EDTA
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plasma by commercially available immunoassays according
to the manufacturer’s recommendations: syndecan-1 to
reflect glycocalyx degradation, soluble thrombomodulin
(sTM) to reflect endothelial damage, protein C to reflect
natural anticoagulation, soluble CD40 ligand (sCD40L) to
reflect platelet activation, tissue-type plasminogen activator
(tPA) to reflect fibrinolysis, and histone-complexed DNA
fragments (hcDNAT) to reflect cell damage. In each patient,
all biomarkers were measured corresponding to a total of
6 x 76 = 456 measurements with 14 (3.1 %) missing
measurement values. Syndecan-1 (sCD138; Diaclone SAS,
Besancon, France [LLD 2.56 ng/ml]), sTM (Nordic Biosite,
Copenhagen, Denmark [LLD 0.38 ng/ml]), hcDNAT (Cell
Death Detection ELISA; Roche, Hvidovre, Denmark [LLD
not stated, relative quantification]), protein C (Helena Lab-
oratories, Beaumont, TX [LLD 5 % relative to reference
plasmal), tPA (American Diagnostica, Stanford, CT [LLD
1 ng/ml]), and sCD40L (R&D Systems Europe [LLD
4.2 pg/ml]) were measured in plasma.

Due to changes in the hemostatic profile according to
age and antithrombotic therapy, results of the TEG, TEG
FF, Multiplate, and biomarkers were compared in patient
groups, stratified according to age (<16 years or
>16 years) and antithrombotic therapy (antiplatelet ther-
apy, VKA, heparin or no antithrombotic therapy). In search
of Fontan groups at increased risk of TE, we compared
patient groups stratified according to previous TE and
degree of glycocalyx degradation (syndecan-1 level >
median or < median).

TEG parameters in patients <16-years-old were com-
pared with reference values from 51 healthy children [25],
whereas patients >16-years-old were compared with ref-
erence values obtained from 59 healthy adult blood donors
[13]. TEG FF and Multiplate parameters in patients >16-
years-old were compared with reference values [9]. To our
knowledge, no reference data on TEG FF and Multiplate in
children have been published. The only available reference
values of syndecan-1 levels were measured in 110 male
subjects with a median age of 64 years [1]. Indicators of
hypercoagulability from TEG include decreased R time
and increased o and MA; indicators of hypercoagulability
from TEG FF include increased MAf; and indicators of
hypercoagulability from Multiplate include increased
ASPIiest, TRAPtest, and ADPtest.

Statistical Analysis

Continuous variables are summarized by mean & SD or
median and interquartile range (IQR; 25-75th percentiles)
depending on normality of distribution. Categorical vari-
ables are represented by frequencies and percentages.
Group comparisons of continuous variables were per-
formed using parametric methods whenever possible.
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Therefore, nonnormally distributed variables were trans-
formed (logarithm10) to approximate a normal distribution.
A curve reflecting freedom from TE was generated using
Kaplan—-Meier analysis. In Fontan groups stratified
according to antithrombotic therapy, blood parameters
were compared using one-way analysis of variance
(ANOVA), and in Fontan groups stratified according to
age, TE, and syndecan-1 level, blood parameters were
compared using unpaired Student r test. Correlations
between each biomarker and demographic, anatomical,
clinical, and biochemical parameters were investigated by
Pearson correlation. Separate analyses of correlation were
performed in the groups with high and low syndecan-1
levels. The correlation value of whole-blood assays, bio-
markers, and biochemical parameters for TE was investi-
gated by logistic regression analysis. Because there were
many statistical tests, p < 0.01 were considered statisti-
cally significant. Analyses were performed using Stata 11.0
software (Stata LP, College Station, TX).

Results
Prevalence

During the study period, 210 Fontan surgeries were per-
formed in Denmark: 124 at Rigshospitalet (Copenhagen)
and 86 at Aarhus University Hospital (Skejby, Aarhus)
(Fig. 1). Mean follow-up was 8.4 + 5.7 years, and 16
patients (8 %) died: three from TE, five from other Fontan-
related complications, and eight from unknown reasons
(autopsy was not performed). TE was identified in 17
patients (12 clinical and five routine TTE); hence, the overall
prevalence of TE was 8.1 % (5.7 % for clinical TE). Mor-
tality from TE was 17.6 % (25.0 % for clinical TE). Loca-
tion of the thrombus/embolus was cerebral in nine patients,
inferior vena cava—to—pulmonary artery tunnel in four
patients, intrapulmonary in two patients, and intracardiac in
two patients. Actuarial freedom from TE was 98.6 % at
6 months, 97.6 % at 1 year, 95.5 % at 3 years, 94.9 % at
5 years, 92.8 % at 10 years, 84.2 % at 15 years, and 84.2 %
at 20 years after surgery (Fig. 2). Mean time since Fontan
surgery to TE was 5.0 &£ 5.5 years. Of the 14 patients alive
with TE, 4 (29 %) had SVT before TE. Of the remaining 167

Fig. 1 Outcome of patients
with Fontan surgery in Denmark
between 1990 and 2010
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Fig. 2 Freedom from TE after Fontan surgery

patients alive, SVT was noted in 35 patients (21 %) (Chi-
square p = 0.60). Demographic and clinical data of the
Fontan groups, stratified according to vital status and ana-
lyzed blood samples, are listed in Table 1.

Global Hemostasis

TEG results stratified by age, antithrombotic therapy, TE,
and syndecan-1 level are listed in Table 2. None of the
groups showed evidence of hypercoagulability compared
with reference data, and no statistically significant differ-
ences were found between groups. Only four patients (3 %)
were classified as hypercoagulable based on TEG, and
none of them experienced a TE. Three patients with pro-
tein-losing enteropathy (all on heparin) were investigated,
and none of them were classified as hypercoagulable.

Separate Factors of Hemostasis
Biochemical Parameters

Median value of all biochemical parameters mentioned in
Materials and Methods were within normal reference
intervals for age and sex (data not shown). In particular,
normal parameters of liver function and protein S, protein
C, INR, APTT, plasma fibrinogen, and D-dimer were
found. One patient (0.9 %) was heterozygote for F2 gene

' 210 patients with Fontan operation ‘

l

I

I I |

Alive with Fontan 2010
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Orthotopic heart transplantation Deaths Lost to follow-up
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fTa:ll;lle:ol tDemr(())iraphlc data of Demographic data Group 1 Group 2 Group 3 Group 4
our rontan groups (n = 210) (n = 181) (= 112) (n = 76)
Age (years) 14.1 (7.2) 13.7 (7.3) 13.7 (1.3)
Male 124 (59) 110 (61) 64 (57) 42 (55)
Post-Fontan follow-up (years) 84 (5.7) 8.7 (4.8) 8.6 4.7 8.5 4.7
Age at Fontan surgery (years) 5.0 (4.8) 53(.4) 5.0 (.7 5.1(5.8)
Type of Fontan 4
RA-PA anastomosis 4(2) 1) 0 0
Lateral tunnel 95 (45) 77 (43) 54 (48) 37 (49)
Extracardiac conduit 111 (53) 103 (57) 58 (52) 39 (51)
Fenestration
Patent 18 (10) 11 (10) 70
Data are presented as mean Closed/none 163 (90) 101 (90) 69 (91)
(SD) or n ( %) Anatomical diagnosis
Group 1 patients operated in AVSD 23 (1D 17.(9) 10 (9) 6 (®
Denmark 1990-2010; group 2 DILV 40 (19) 38 (21) 1917 14 (18)
pat_lents alive at the time of HLHS 27 (13) 18 (10) 15 (13) 10 (13)
study; group 3 patients from
group 2 in whom TEG and PA-IVS 21 (10) 17 (9) 13 (12) 8 (12)
biochemical parameters were TA 51 (24) 48 27) 31 (28) 25 (33)
analyzed; and group 4 Fontan Other functional UVH 48 (23) 43 (24) 24 (21) 12 (16)
patients from group 3 in whom Post-Fontan TE
biomarkers were analyzed
RA-PA right atrium—to- Yes 17(8) 14 8 6) > (M
pulmonary artery; AVSD No 193 (92) 167 (92) 106 (95) 71 (93)
atrioventricular septal defect; Time since surgery to TE (years) 5.0 (5.5 5.8 (5.7) 8.2 (6.1) 9.5 (.7
DILV double-inlet left ventricle; Antithrombotic therapy
HLHS hypoplastic left heart . o
syndrome; PA-IVS pulmonary Antiplatelet therapy 104 (57) m67) Sl ©67)
valve atresia and intact Vitamin K antagonist 48 (27) €27 (24) 18 (24)
ventricular septum; TA tricuspid Unfractionated heparin 32 3(3) 2(3)
atresia; UVH univentricular SN
heart; TE thromboembolic event None 26 44 ng«@” 5™

mutation (ga), and seven patients (6.3 %) were heterozy-
gote for F5 gene mutation (arg—gln). None of the hetero-
zygote patients had a previous TE, and none of them were
classified as hypercoagulable based on TEG.

TEG FF and Multiplate

TEG FF and Multiplate results stratified by age, antithrom-
botic therapy, TE, and syndecan-1 level are listed in Table 2.
None of the groups showed evidence of hypercoagulability
regarding clot strength (TEG FF) and platelet activation
(Multiplate), and no significant differences were found
between groups except for those expected from any type of
antithrombotic therapy. Furthermore, we compared TEG,
TEG FF, and Multiplate in patients receiving VKA therapy
stratified according to TE and found no significant difference.

Biomarkers

Median value of syndecan-1 was higher in Fontan patients
(46.4 ng/ml) compared with nonmatched reference value

) Springer

(17 ng/ml) [1]. In patients <16-years-old, the median was
53.7 ng/ml (IQR 38.8-64.4), and in patients >16-years-old
the median was 37.7 ng/ml (IQR 24.6-57.8) (p = 0.09).
Table 3 lists levels of biomarkers by age group, anti-
thrombotic therapy, TE, and syndecan-1 level. In the group
with high syndecan-1 levels (syndecan-1 > median) com-
pared with the group having low syndecan-1 levels, a
tendency toward higher levels of all biomarkers, except
protein C, was found. However, in the group with high
syndecan-1 levels, only the differences between syndecan-
1 and hcDNAS (p < 0.001) and sCD40L (p = 0.009) in
patients <16-years-old and hcDNAf (p = 0.01) in patients
>16-years-old were significant. Differences in biomarkers
were not found between any of the other stratified groups
(except, as expected, lower protein C in patients on VKA).

Correlation
Correlations between each biomarker and demographic

parameters (age, sex, age at Fontan surgery), anatomical
parameters (type of heart defect, type of Fontan surgery),
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Table 2 Comparisons of TEG, TEG FF, and Multiplate in Fontan patients by age group, antithrombotic therapy, previous TE, and syndecan-1 level

Characteristics TEG TEG FF Multiplate
R (s) Angle () MA (mm) LY30 (%) MAf (mm) ASPI test TRAP test AD test
Antithrombotic therapy (<16 years)
Antiplatelet (n = 53) 7.8 (7.2-8.6) 60.7 (56.2-64.4) 61.9 (56.8-63.9) 0.9 (0.1-2.0) 16.0 (12.5-17.9) 34 (26-47) 110 (91-121) 88 (71-98)
VKA (n = 14) 9.0 (7.1-10.6) 60.8 (50.6-64.2) 64.7 (56.4-68.3) 0.5 (0.0-0.9) 15.5 (13.9-17.0) 79 (58-99) 98 (74-116) 67 (52-92)
Heparin (n = 3) 7.8 (1.8-8.9) 61.0 (49.7-61.5) 62.7 (59.4-66.5) 5.2 (0.0-6.2) 15.4 (14.8-16.5) 83 (23-114) 117 (110-117) 91 (87-94)
None (n = 1) 10.5 494 57.9 0.6 11.7 68 78 63
ANOVA (p) 0.10 0.20 0.67 0.92 0.49 <0.001 0.47 0.15
Antithrombotic therapy (>16 years)
Antiplatelet (n = 22) 8.9 (8.2-10.2) 51.7 (47.3-61.5) 57.5 (53.8-61.6) 0.2 (0.0-1.1) 14.3 (11.7-18.7) 42 (31-60) 104 (95-111) 76 (64-87)
VKA (n = 13) 10.5 (9.0-12.0) 49.7 (44.3-54.4) 62.3 (51.0-65.6) 0.1 (0.0-0.7) 14.7 (12.9-18.8) 75 (54-94) 113 (88-117) 77 (59-90)
Heparin (n = 0)
None (n = 6) 8.5 (8.1-11.2) 46.9 (34.0-59.0) 55.1 (51.5-59.9) 0.7 (0.1-1.0) 14.5 (8.1-15.2) 78 (69-100) 105 (93-119) 80 (73-85)
ANOVA (p) 0.02 0.35 0.77 0.44 0.48 0.007 0.99 0.95
Previous TE (<16 years)
Yes (n = 3) 8.9 (7.8-11.9) 49.7 (45.8-63.4) 64.5 (56.4-66.5) 2.4 (1.6-6.2) 15.4 (8.1-18.3) 77 (23-81) 109 (95-110) 62 (61-91)
No (n = 68) 7.8 (1.3-9.2) 60.7 (55.8-64.2) 61.9 (57.4-64.9) 0.7 (0.0-1.9) 15.8 (12.5-17.7) 39 (29-62) 109 (88-120) 87 (69-95)
Student ¢ test (p) 0.15 0.08 0.62 0.10 045 0.56 0.95 0.39
Previous TE (>16 years)
Yes (n = 3) 9.0 (8.8-10.3) 50.4 (49.0-54.4) 62.5 (54.1-65.6) 0.0 (0.0-0.7) 18.6 (13.6-23.6) 75 (15-84) 119 (69-135) 73 (37-84)
No n = (38) 9.2 (8.2-10.8) 51.5 (45.8-58.4) 57.3 (51.5-62.2) 0.4 (0.0-1.0) 14.6 (11.6-18.5) 60 (38-88) 104 (95-113) 78 (62-87)
Student ¢ test (p) 0.76 0.93 0.37 0.89 0.30 0.78 0.74 0.26
Syndecan-1 level (<16 years)
>Median (n = 23) 8.0 (7.5-9.8) 58.9 (49.9-63.4) 61.9 (57.4-65.6) 1.1 (0.4-2.7) 15.6 (12.6-17.6) 39 (26--68) 102 (88-112) 87 (67-91)
<Median (n = 22) 7.9 (71.2-9.1) 61.0 (58.8-64.2) 62.3 (58.0-65.1) 0.6 (0.0-1.4) 17.2 (12.3-19.5) 41 (29-62) 116 (84-125) 85 (73-95)
Student ¢ test () 0.49 0.10 0.97 0.09 0.55 0.96 0.54 0.69
Syndecan-1 level (>16 years)
>Median (n = 12) 8.8 (8.4-9.5) 50.2 (48.0-61.7) 58.5 (53.3-64.2) 0.3 (0.0-1.5) 16.2 (11.6-20.4) 56 (36-76) 104 (97-111) 80 (61-85)
<Median (n = 11) 10.1 (9.0-11.2) 47.1 (44.9-54.3) 55.7 (54.0-62.2) 0.1 (0.0-0.5) 13.7 (11.7-18.4) 49 (31-78) 97 (88-104) 71 (63-76)
Student ¢ test (p) 0.16 0.05 0.30 0.26 0.46 0.66 0.50 0.32
Reference, 95 % CI (<16 years) 2.3-10.3 49.4-75.8 55.0-71.3 0-1.7
Reference, 95 % CI (>16 years) 3-8 55-78 51-69 0-8 11-24.4 79-141 92-151 55-117

Angle = « angle

TEG FF was missing in nine patients and Multiplate in two patients. Data are presented as median (IQR). Comparisons between groups were performed after logarithm transformation. p is bolded

if <0.01

TEG thrombelastography, TEG FF TEG functional fibrinogen, R reaction time, MA maximum amplitude, LY30 Lysis 30, MAf contribution of functional fibrinogen to maximum amplitude, ASPI rest
arachidonic acid test, TRAP test: thrombin receptor activating peptide test, ADP test adenosine diphosphate test, VKA Vitamin K antagonist, ANOVA analysis of variance, TE thromboembolic event
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Table 3 Comparisons of biomarkers in Fontan patients by age group, antithrombotic therapy, previous TE, and syndecan-1 level

Characteristics Biomarker
Syndecan-1 (ng/mL) Protein C (%) sTM (ng/mL) sCD40L (pg/mL) tPA (ng/mL)  HcDNAS (%)

Antithrombotic therapy (<16 years)

Antiplatelet (n = 36) 50.9 (34.7-63.9) 98.6 (85.6-115.7) 54 (44-6.2) 91.6 (57.8-226.2) 4.9 (3.9-6.2) 2.6 (1.24.7)

VKA (n=9) 59.9 (39.0-97.2) 58.5 (53.7-73.6) 3.5(2.8-53) 106.8 (55.3-343.3) 4.3 (3.9-5.57) 2.5 (1.8-3.9)

Heparin (n = 2) 52.5 (44.7-60.3) 152.6 (123.4-182.0) 5.4 (5.1-5.6) 198.0 (144.9-251.2) 4.1 (32-5.0) 2.2 (1.3-3.1)

None (n = 1) 58.6 111.3 42 440.1 4.8 14

ANOVA (p) 0.95 <0.001 0.39 0.74 0.71 0.89
Antithrombotic therapy (>16 years)

Antiplatelet (n = 14) 43.4 (24.6-132.0) 124.1 (115.6-137.0) 4.2 (3.7-5.3) 117.5 (67.8-243.8) 53 (43-6.6) 2.4 (1.1-8.9)

VKA (n=9) 32.8 (14.5-47.1) 63.4 (49.9-80.2) 29 (27-42) 1429 (109.5-165.8) 4.2 (4.0-49) 14 09-22)

Heparin (n = 0)

None (n = 5) 27.8 (25.5-84.1) 106.6 (80.2-137.8) 3.2 (3.2-4.1) 198.6 (80.6-369.5) 8.5 (5.8-9.5) 1.8 (1.5-2.0)

ANOVA (p) 0.19 <0.001 0.20 0.77 0.17 0.32
Previous TE (<16 years)

Yes (n = 2) 133.8 (60.3-207.3) 124.9 (67.8-182.0) 6.2 (5.1-7.2) 105.7 (66.5-144.9) 5.7 (3.2-83) 53(1.3-9.2)

No (n = 46) 52.1 (35.5-64.4) 97.1 (84.2-113.2) 52 (3.9-6.1) 108.1 (55.3-2452) 4.8(3.9-6.1) 2.5(1.4-4.1)

Student ¢ test (p) 0.19 0.17 0.51 0.67 0.80 0.63
Previous TE (>16 years) .

Yes (n = 3) 35.8 (18.9-52.6) 96.7 (68.9-113.7) 3.5(3.0-54) 156.0 (154.6-165.8) 4.2 (4.1-42) 1.8 (0.8-2.0)

No (n = 25) 37.7 (24.6-80.1) 116.7 (77.9-130.7) 3.8 (2.9-4.8) 120.2 (77.3-279.0) 54 (43-8.5) 2.0(1.14.2)

Stadent ¢ test (p) 0.61 0.51 0.93 093 0.20 0.38
Syndecan-1 level (<16 years)

>Median (n = 23) 64.4 (58.6-129.7) 97.0 (73.6-109.5) 5.6 (44-6.8) 180.0 (71.6-4353) 55 (4.1-8.3) 3.9 (2.5-5.5)

<Median (n = 22) 38.8 (26.7-43.2) 104.9 (80.3-117.9) 4.8 (3.0-5.7) 84.4 (45.5-121.6) 43 (3.7-5.8) 1.7 (1.1-2.6)

Student ¢ test (p) NA 0.87 0.04 0.009 0.04 <0.001
Syndecan-1 level (>16 years)

>Median (n = 12) 68.9 (49.9-138.5) 117.6 (89.6-124.5) 4.1 (3.3-6.1)  148.5 (120.2-316.8) 5.2 (4.2-6.6) 3.3 (1.5-9.3)

<Median (n = 11) 24.6 (18.9-32.8) 114.1 (80.2-137.0) 3.7 (3.0-4.2) 80.5 (67.8-110.8)) 4.6 (4.0-5.8) 1.3 (0.9-2.0)

Student ¢ test (p) NA 0.64 0.25 0.03 0.32 0.01

Data are presented as median (IQR) or mean (range) if n < 3. Comparisons between groups were performed after logarithm transformation. p is

bolded if <0.01

sTM Soluble thrombomodulin, sCD40L Soluble CD40 ligand, :PA Tissue-type plasminogen activator, HcDNAf Histone-complexed DNA
fragments, VKA Vitamin K antagonist, ANOVA analysis of variance, TE thromboembolic event

clinical parameters (weight, height, systolic blood pressure,
oxygen saturation, resting heart rate), and biochemical
parameters (TEG, TEG FF, Multiplate, other biomarkers,
and all biochemical parameters) were investigated (data of
correlations between biomarkers are listed in Table 4). All
biomarkers correlated with several other biomarkers except
for protein C. In particular, syndecan-1 and hcDNAf
strongly correlated with all other biomarkers except for
protein C. Syndecan-1, sCD40L, tPA, and hcDNAS did not
correlate with other parameters investigated other than the
biomarkers, whereas sTM also correlated to age at Fontan
surgery (r = —0.33, p = 0.003) and Multiplate ASPItest

@ Springer

(r = —0.33, p = 0.004). Separate analyses of correlation
in the groups with high and low syndecan-1 levels were
performed. Only the group with high syndecan-1 levels
correlated with the other biomarkers (except protein C and
sCD40L [Table 5]).

In univariate logistic regression analyses with TE as the
dependent variable and TEG, TEG FF, Multiplate, bio-
markers and biochemical parameters (homocysteine, anti-
thrombin, D-dimer, protein S, protein C, INR, APTT,
p-fibrinogen, fecal alfa-1-antitrypsin, F5 gene, and F2
gene) as the independent variables, none of the parameters
were associated with TE.
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Table 4 Correlations between biomarkers in 76 Fontan patients

Biomarkers r (p) Syndecan-1 Protein C tPA sCD40L sTM HcDNAS
Syndecan-1 NS 0.53 (<0.001) 0.38 (0.001) 0.53 (<0.001) 0.70 (<0.001)
Protein C NS NS NS NS NS

tPA 0.53 (<0.001) NS NS 0.31 (0.005) 0.41 (<0.001)
sCD40L 0.38 (0.001) NS NS NS 0.38 (<0.001)
sTM 0.53 (<0.001) NS 0.31 (0.005) NS 0.30 (0.009)
HcDNAf 0.70 (<0.001) NS 0.41 (<0.001) 0.38 (<0.001) 0.30 (0.009)

tPA Tissue-type plasminogen activator, sCD40L Soluble CD40 ligand, sTM Soluble thrombomodulin, HcDNAf Histone-complexed DNA

fragments, NS Not significant, r Pearson’s correlation coefficient

Table 5 Correlation between Fontan patients stratified according to
high versus low syndecan-1 level

High syndecan-1 level Low syndecan-1 level

Syndecan-1

Protein C NS NS
tPA 0.58 (<0.001) NS
sCD40L NS NS
sTM 0.63 (<0.001) NS
HcDNAS 0.72 (<0.001) NS

tPA Tissue-type plasminogen activator, sCD40L Soluble CD40
ligand, sTM Soluble thrombomodulin, HcDNAf Histone-complexed
DNA fragments, NS not significant, » Pearson’s correlation coefficient

Syndecan-1 > median vs. < median, respectively
Data presented as r (p)

Discussion U

,,,,,

o
In this study, a population-based prevalence of:\TE of 8.1 %

was found in 210 Fontan patients after a mean™ foltow-up~

after Fontan completion of 8.4 years. In assessment of the
etiology of TE in Fontan patients, we found a normal
global hemostasis, normal platelet activation/function, and
normal clot strength. In a subset of patients, evidence of
some endothelial activation/damage, including glycocalyx
degradation and fibrinolysis as assessed by biomarkers, was
found; however, no correlations between biomarkers and
clinical data were found. No significant differences in
hemostasis were found between Fontan groups stratified
according to antithrombotic therapy, previous TE, and
glycocalyx degradation.

When evaluating the prevalence of TE in Fontan
patients, one must distinguish between clinical and silent
events. Balling et al. [2] performed a cross-sectional study
of 52 Fontan patients and found silent thrombus in 17
(33 %) patients on transesophageal echocardiography
(TEE), of which only one was identified on TTE. Similarly,

Varma et al. [34] found silent pulmonary emboli in 5 of 30
(17 %) Fontan patients using combined ventilation-perfu-
sion scans and confirmatory computed tomography (CT)
angiography. In the present study, routine follow-up inclu-
ded annual clinical evaluation and TTE; therefore, most
likely our prevalence does not include all silent TE. Mean
time from Fontan surgery to TE was 5.0 £ 5.5 years, which
is similar to Rosenthal et al. [30] who reported a prevalence
of clinical TE of 11.4 % in 70 Fontan patients and mean time
from Fontan surgery to TE of 6.1 & 5.0 years. Approxi-
mately 13 years after surgery, we found clustering TEs (four
cases). Apart from that the TE risk appears to be constant,
consistent with previous studies [6, 30]. Khairy et al. [17]
found that cumulative hazard for thromboembolic death
increased steadily 15 years after Fontan surgery. The prev-
alence of TE in Fontan patients is higher than after any other
cardiac surgery in children except patients with prosthetic
valves [11]. However, establishing the true prevalence of TE

“is difficult because longer duration of follow-up and
/,fj improved diagnostic studies will contribute to increase the

prevalence.

Despite antithrombotic treatment, TEs are common in
Fontan pati m’éﬁology of thrombus formation in
Foritan pwa”fi”e.f;?sﬂ has been extensively investigated. Several
coagulation factor abnormalities have been reported [7, 12,
26, 33], and it is likely that the pathophysiology of TE in
Fontan patients i ltifactorial [11]. To ensure that
ﬁatiénts did not suffer from general coagulopathies, simple
screening of proteins S and C, APTT, INR, and fibrinogen
was conducted, and normal results were found. Further-
more, a normal concentration of D-dimer indicated that
persistent microthrombus formation is not a problem.
Previous studies have confirmed that TEG and Multiplate
can identify patients at increased risk of TE [4, 19]. We
performed several whole-blood assays of hemostasis and
analyzed endothelial, glycocalyx, platelet, and fibrinolysis
function in a large Fontan cohort. Overall, global hemos-~

tasis appeared normal as assessed by TEG. This is
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