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ABSTRACT
Background: Thromboembolic events are a cause of signiﬁcant morbidity and mortality in the Fontan population. We previously reported on coagulation proﬁle changes in a cohort of patients with hypoplastic left heart
syndrome (HLHS) from Stage I through Fontan completion. In this report, we examine their clinical status, anticoagulation and incidence of thromboembolic events up to 20 years post Fontan. Methods: A retrospective chart
review was conducted for twenty (20) surviving patients, from 1998 through December 2020. Patients who underwent orthotopic heart transplantation (OTx) were followed until their transplant. Patients who were found in the
original study to have a factor VIII activity level >160%, were examined separately. Results: Most patients had
follow-up within the last two years (2018–2020). Two patients underwent OTx and two patients died. Anticoagulation strategy was variable. Most patients were on aspirin monotherapy. There was a total of twelve thrombotic
events (63.2%). These included six cerebrovascular accidents (two of which were fatal). Three out of the seven
patients with elevated factor VIII activity from the original study had thromboembolic events (42.9%). Fontan
complications were variable. Some degree of Fontan Associated Liver Disease was universal. Conclusions: This
retrospective review of a group of single-ventricle patients post Fontan, illustrates the variability in anticoagulation therapy that exists in this population. A large proportion of patients suffered a signiﬁcant thromboembolic
event, including the patients with elevated factor VIII. Further investigation into the patients with elevated factor
VIII may help determine whether a different antithrombotic strategy post Fontan would be beneﬁcial.
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Glossary of Abbreviations
ALT
alanine aminotransferase
APC
atriopulmonary connection
AST
aspartate aminotransferase
BDG
bidirectional Glenn
CRT
cardiac resynchronization therapy
CVA
cerebrovascular accident
EC
extracardiac
FALD
Fontan Associated Liver Disease
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HIT
HLHS
LT
LTFU
mBTS
NOAC
NYHA
OTx
PLE
TIA
TR
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heparin induced thrombocytopenia
hypoplastic left heart syndrome
lateral tunnel
lost to follow up
modiﬁed Blalock Taussig Shunt
non vitamin K antagonist oral anticoagulant
New York Heart Association
orthotopic heart transplantation
protein losing enteropathy
transient ischemic attack
tricuspid regurgitation

1 Introduction
Operative survival and long-term outcomes for patients with single ventricle physiology undergoing the
Fontan operation have markedly improved over the last few decades [1,2]. However, the Fontan circulation is
still associated with several morbidities, resulting in decreased functional capacity and quality of life [1].
Thromboembolic events remain major contributing factors to morbidity and mortality in this patient
population. The incidence of thrombosis and cerebrovascular accidents (CVA) can be as high as 19% in
the Fontan population [1]. Characteristics which predispose to clot formation and are unique to the
Fontan circulation compared to other types of congenital heart disease, include low ﬂow with often
elevated central venous pressure within the Fontan bafﬂe and pulmonary circulation, and loss of the
physiologic pulsatile circuit. Arrhythmia, ventricular dysfunction and hepatic disease also contribute to
morbidity and mortality [2].
Conducted by Odegard et al. [3] in 1998–2009, a cohort of patients with hypoplastic left heart syndrome
(HLHS) was followed in an original prospective, longitudinal study from birth until after the Fontan
operation. The study evaluated the changes in coagulation proﬁles from before the Stage I palliation
through Fontan completion. The study demonstrated signiﬁcantly lower levels of both pro- and anticoagulation factor levels when compared to age matched healthy controls, at all stages. After the Fontan
procedure, there was a signiﬁcant increase in factor VIII level, which could suggest a prothrombotic
relationship in patients with Fontan physiology [3].
The purpose of this retrospective follow-up study of this population published in 2009 was to evaluate
the clinical status, antithrombotic strategies and incidence of thrombotic events in the same group of patients
with HLHS up to 20 years post the Fontan procedure.
2 Materials and Methods
In the original cohort, thirty-seven (37) neonates with the diagnosis of HLHS were enrolled and
followed from 1998 to 2006, with the purpose of following the changes in coagulation proﬁles over time
throughout stages of treatment [3–6]. Patients were excluded from the original study if they had other
known congenital abnormalities or syndromes and had a pre-existing or known family history of
hematologic disorders or coagulopathy. All patients underwent Stage I palliation with a modiﬁed Blalock
Taussig Shunt (mBTS), Stage II with a bidirectional Glenn procedure (BDG), and the fenestrated lateraltunnel Fontan procedure, and the study continued during the early period post the Fontan operation. A
Gantt Chart of this cohort, including number of patients and age at surgery or investigation of
coagulation proﬁle, is shown in Fig. 1.
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Figure 1: Number of original study patients from the study conducted by Odegard et al. [3], showing mean
age and mean weight at each stage (Authors have obtained the copyright permission for this ﬁgure)
Notes: LTFU, lost to follow-up; BDG, bidirectional Glenn procedure; OTx, orthotopic heart transplant.

The twenty (20) surviving patients from the early post-Fontan group form the cohort of patients for this
long term follow up. A retrospective electronic medical record review was conducted of these twenty
patients. Chart reviews consisted of viewing clinical, procedural, and anesthetic notes. Chart reviews were
conducted from the time of the Fontan completion through the most recent follow up visit, until the end
of 2020 where available. In the early post-Fontan analysis, a group of patients were noted to have
markedly elevated Factor VIII activity >160%, which could be a marker for risk of thrombus [4]. Those
patients who had an elevated Factor VIII activity were examined separately. Patients who underwent
orthotopic heart transplantation (OTx) were followed until their transplant and then exited the study.
Data was collected on the occurrence of thromboembolic events. These events were classiﬁed according
to their location in the circulation: cerebrovascular (CVA or transient ischemic attack [TIA]), intracardiac
thrombus and peripheral venous thrombus. Patient clinical status was documented based on clinician and
parental assessment of their ability to carry out activities of daily living. Patients were symptomatically
classiﬁed according to the New York Heart Association (NYHA) classiﬁcation scale, with NYHA Class I
being asymptomatic and NYHA IV symptoms at rest. Patients with ‘Failing Fontan’ symptoms (protein
losing enteropathy [PLE] and plastic bronchitis) were automatically put into NYHA Class IV.
Neurological and developmental status were collected based on clinician and parental assessment.
Antiplatelet and anticoagulation medications were documented for each patient. Compliance with this
medication was noted based on provider documentation within the clinic note. Changes to regimens were
also documented based on clinical events. Ventricular, atrioventricular valve, and semilunar valve
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function were assessed by 2-dimensional and Doppler echocardiographic examination for all patients at their
follow up visits. Cardiac catheterization was not routinely conducted other than based on clinical indication.
The availability of laboratory data was variable and included if important.
To assess for the impact of Fontan Associated Liver Disease (FALD), we also collected liver function
testing values where available within two years of the last follow-up. The most common lab results were
alanine transaminase (ALT), aspartate transaminase (AST), total bilirubin and albumin. Gamma-glutamyl
transferase and alkaline phosphatase were not tested for in most patients and therefore not included.
Hepatic imaging, when performed, was also collected.
A Kaplan-Meier curve was constructed to estimate freedom from thromboembolic events during followup after Fontan completion. Numbers at risk are presented and 95% conﬁdence bands were obtained using
Greenwood’s formula. Statistical analyses were performed using Stata (version 16.1, Stata Corp LLC,
College Station, Texas).
3 Results
3.1 Demographics
Of the twenty patients from the original study, two patients underwent OTx, two patients had died, and
one out-of-state patient was lost to follow-up (LTFU). The remaining Fontan patients (n = 15) at the time of
current follow up, had a mean age of 19.6 (±1.4 years) (Fig. 2). Two patients have been followed up in our
cardiology clinics within the last three years (2016–2017), and the remaining 13 patients within the last year
(2019–2020).

Figure 2: Current study patients showing the timeline of when patients died (n = 2), were transplanted
(n = 2), or LTFU (n = 1). Mean age at last follow-up included
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3.2 Transplantation
Of the patients who underwent transplantation, one patient had a transplant 27 months after the Fontan
procedure because of ventricular failure. The second patient developed multiple complications after the
Fontan procedure, including plastic bronchitis and intra-bafﬂe thrombosis, and underwent transplantation
42 months after their Fontan procedure.
3.3 Survival
Of the 2 deaths, one patient developed severe protein losing enteropathy (PLE) and recurrent hemoptysis
from arterio-pulmonary collateral (APC) vessels within 2 years of their Fontan procedure. In this setting,
antiplatelet medication was discontinued. The patient ultimately had a catastrophic CVA, culminating in
re-direction of care and death 7 years after their Fontan procedure; the cause of the CVA was not
determined. The second patient who died also had developed severe PLE. Nine years after their Fontan
procedure, the patient had an acute thalamic infarct from which the patient recovered. The patient was on
antiplatelet therapy at the time of the infarct and Warfarin was added to the regimen after this.
Unfortunately, 3 years later, the patient had a catastrophic CVA, culminating in re-direction of care and
death; the cause of the CVA was not determined at the time.
3.4 Thromboembolic Events
Excluding the patient who was LTFU and for which no information was available, in the 19 patients post
Fontan, there were 12 acute thromboembolic events in 10 patients (52.6%). Of these, 6 were cerebrovascular
events (31.6%), ﬁve of which were CVAs and one of which was a TIA. One patient had two CVAs, and these
were counted as separate events as they occurred 3 years apart from each other. There were 4 intracardiac clots
(21.1%); 2 of the intracardiac clots were located within the Fontan bafﬂe, the other two were located within the
systemic ventricle. These four patients were all treated with an anticoagulant (warfarin or Apixaban). No
interventions were performed. One patient had heparin-induced thrombocytopenia (HIT) immediately
following their Fontan with minor digital tissue necrosis and nail bed loss. This patient had an episode
concerning for digital thrombosis for which she was seen by a hematologist eight years later (Fig. 3).

Figure 3: Timeline of thromboembolic events in the post Fontan group
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Patients 1 and 7 had two independent thromboembolic events three years apart. Patient 7 (highlighted)
had two CVAs. CVA, cerebrovascular accident; TIA, transient ischemic attack; HIT, heparin-induced
thrombocytopenia.
The median time to thromboembolic event in this cohort was 7.5 years (range 1 month to 16 years). A
freedom from event curve indicated that <50% of patients were free from thromboembolic event at 20-year
follow-up (Fig. 4).

Figure 4: Freedom from thromboembolic events
In the original study of 37 patients, eight were found to have a factor VIII level >160% activity level [3].
One was lost to follow-up. Looking speciﬁcally at this group of seven patients, two of them had CVAs and
one had intracardiac thrombus. This demonstrates an incidence of thrombotic event of 42.9% in patients with
a factor VIII level >160%.
3.5 Therapy
Treatment to prevent thrombus was at the discretions of each patient’s cardiologist and not according to a
treatment protocol. Based on provider documentation for each patient clinical encounter, all of the patients in
the study were compliant with their medications. At the last follow up, 13 of the 15 non-transplanted, living
patients who were not lost to follow-up, were either receiving antiplatelet treatment with aspirin alone (n = 9),
or combination with anticoagulation (2 aspirin and warfarin, and 2 aspirin and apixaban). One patient was on
only warfarin and one patient was on apixaban only. Of the two patients who died, one was on aspirin and
clopidogrel, and the other on aspirin, clopidogrel and warfarin (Fig. 5a). The anticoagulation treatment at the
time in those patients who had a thrombotic event is shown in Fig. 5b.
3.6 Functional and Neurologic Status
For the 15 non-transplanted, living patients who were not lost to follow-up, according to baseline
functional level, thirteen would be classiﬁed as doing clinically well, NYHA Class I (86.7%). One patient
has decreased exercise tolerance, NYHA Class II, and one has severe Fontan-related complications,
NYHA Class IV. From a cognitive standpoint, eleven of the ﬁfteen patients are eligible for (i.e., deferred
college entry), attending or have ﬁnished higher education (73.3%) (college or university). Four out of
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the ﬁfteen have developmental delay or behavioral and psychiatric issues (26.7%). Two of these four have
had CVAs, one of which has more signiﬁcant developmental delay and a seizure disorder. This patient had
also suffered a prior CVA after the Stage I procedure. The other two of the four patients with developmental
delay had intracardiac thrombus.

Figure 5: (a) Antiplatelet and anticoagulation combinations post Fontan, (b) Thromboembolic events post
Fontan and antithrombotic medication combinations. ASA, aspirin; CVA, cerebrovascular accident; TIA,
transient ischemic attack; HIT, heparin-induced thrombocytopenia
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3.7 Fontan-Related Complications
Complications related to the Fontan procedure included PLE, plastic bronchitis, arrhythmia, pacemaker
placement and FALD. The only patient with plastic bronchitis was transplanted. The two patients who died
following their Fontan procedure had severe PLE. Of the remaining 15 patients, only one has severe PLE.
One patient has had a signiﬁcant arrhythmia burden requiring multiple electrophysiology studies and
interventions. Four patients (26.7%) have permanent pacemakers, one of which needed conversion to
cardiac resynchronization therapy (CRT).
3.8 Liver Disease
FALD was present in fourteen of the ﬁfteen patients remaining (93.3%). The one patient not diagnosed
with FALD has not undergone speciﬁc imaging or testing. Overall, the degree of ﬁbrosis was mild in most
patients, with one patient having esophageal varices requiring periodic banding. Only one patient has had a
liver biopsy. Liver function testing was available for twelve patients within two years of their last follow-up.
In spite of the almost universal presence of FALD, laboratory testing was normal (Table 1).
Table 1: Liver function testing available for twelve of the ﬁfteen patients within two years of last follow-up and
their FALD status. ALT, alanine aminotransferase; AST, aspartate aminotransferase; FALD, Fontan Associated
Liver Disease
Date
Patient
Patient
Patient
Patient
Patient
Patient
Patient
Patient
Patient
Patient
Patient
Patient

A
B
C
D
E
F
G
H
I
J
K
L

Albumin (g/dL)

AST (U/L)

ALT (U/L)

Bilirubin (mmol/L)

FALD (Y or N)

4.8
4.7
5.1
4.6
4.7
2.4
4.8
4.9
4.8
4.8
5
5.2

17
19
19
32
16
38
27
26
28
21
21
23

17
14
17
37
15
29
62
22
31
35
17
15

1.3
0.5
0.6
1.6
0.9
0.4
1.8
0.6
0.8
0.5
0.6
0.4

Y
Y
Y
Y
Y
Y
Y
Y
N
Y
Y
Y

3.9 Echocardiographic Data
Five out of the ﬁfteen remaining patients had mild tricuspid regurgitation (TR). Three had mild-tomoderate TR. No patients had severe TR. Only three patients had mild and one patient had moderate
right ventricular dysfunction. The remaining had either normal or low-normal function. Mild neo-aortic
regurgitation was seen in only three patients.
4 Discussion
In this follow-up to adulthood of a single-center cohort of patients with HLHS who were enrolled as
newborns prior to Stage I palliation and followed through completion of the Fontan operation, 52.6% of
patients experienced a thromboembolic event sometime after the Fontan operation. The intent at initial
enrollment as newborns with HLHS was to describe the changes in anti- and pro-coagulants over the
course of single ventricle palliation, and these studies reported signiﬁcantly lower levels of both pro- and
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anti-coagulation factor levels when compared to age matched healthy controls, at all stages [3–6]. In some
patients early after the Fontan procedure, a signiﬁcant increase in factor VIII activity was noted which could
be a potential pro-thrombotic risk [4], but on longer term follow up, these patients did not have a higher
incidence of thrombus (42.9% incidence in the subgroup with previously elevated VIII activity vs. 66.6%
in those who did not have an elevated VIII activity).
The short-term survival after the Fontan is reported as high as 95% [7]. However, for the speciﬁc patient
population with HLHS, the longer-term outcomes indicate that only about 70% of patients survive to
adulthood after the Fontan procedure [3]. In our initial cohort of 37 patients and excluding the 12 patients
LTFU over the 20 years, transplant free survival of the Fontan circulation was 60% (15 of 25 patients).
This cohort also experienced a number of known Fontan circulation–related complications in addition to
the risk for thrombus. Three of 19 patients (15.8%) experienced severe PLE at some point since their
Fontan operation. Of those patients with a Fontan circulation at the time of last follow up, 14 of 15 had
FALD (93.3%), 5 of 15 patients (33.3%) had had an arrhythmia of some sort, 8 of 15 (53.3%) had at
least mild TR and 4 of 14 (26.7%) had at least mild ventricular dysfunction. Despite this, we could
classify 13 of 15 (86.7%) of patients with the Fontan circulation as NYHA functional Class I.
The risk for thrombus in our patient population is similar to the risk reported elsewhere. New
information in this cohort indicated that the freedom from thromboembolic event was just under 50% at
20-year follow-up. It remains unclear how the risk for thrombus changes with age, and the potential
contributing factors have been reported. These include the nature of the Fontan circulation with elevated
central venous pressure and low ﬂow states, and the potential for acquired pro-thrombotic states, such as
with the development of FALD [8]. A recent study demonstrated progression to liver ﬁbrosis in up to
43% of patients after thirty years with Fontan physiology [9]. The presence of subclinical liver
alterations, often in the absence of elevated liver enzymes, are present from childhood [10,11] and in a
series looking at liver biopsies from asymptomatic patients, changes were almost universally present
[11,12]. There is no information relating FALD with changes in anticoagulation. Fourteen out of our
ﬁfteen patients in our follow-up group demonstrated some degree of liver pathology on imaging,
including all 7 patients who had previously had an elevated Factor VIII activity. Out of the twelve
patients in our cohort who had LFTs available, the values were normal in spite of coexisting pathology
on imaging. While liver biopsy remains the gold standard for diagnosing FALD, and it has been reported
that non-invasive imaging and cardiac catheterization data, speciﬁcally looking for Fontan bafﬂe pressure
elevation, may not correlate with liver biopsy ﬁndings [10]. There is no information relating changes in
anti- and pro-coagulant activity or platelet function with liver biopsy ﬁndings, and this is an area for
future investigation within our cohort.
With the elevated risk for thrombus after the Fontan operation, numerous articles have reported on
strategies for managing anticoagulation and antiplatelet therapy. The American Heart Association
Consensus Statement from 2019 [13] suggests that all patients post Fontan should receive antiplatelet
therapy in the form of ASA, with the addition of anti-coagulation dependent upon individual risk factors
for thrombosis. As noted in Figs. 5a and 5b, there were different strategies for anticoagulation and
antiplatelet therapy in our cohort of patients, based on clinician preference predominantly. With the small
cohort size on follow up and without laboratory testing, we were unable to determine whether a speciﬁc
strategy was preferable.
Which medication, or combination of medications, to use in Fontan patients is debated [14,15]. While
aspirin is commonly used, there is evidence for aspirin resistance, especially into adulthood [16]. In a
multicenter retrospective study of Fontan patients from twelve North American Centers, Deshaies et al.
[17] found that the risk of thromboembolic events was lower in those patients on antiplatelet therapy, and
that anticoagulation therapy was not superior. Notably, one of the primary aims of this study by Deshaies
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was also to look at the differences in thromboembolic outcomes based on type of Fontan; atriopulmonary
connection (APC), lateral tunnel (LT) and extracardiac (EC). APC was associated with the highest risk,
and EC was superior to LT in terms of freedom from events [17]. In our study, all patients had a LT
Fontan operation. There is limited information on the use of apixaban and other non-vitamin K antagonist
oral anticoagulants (NOACs) in patients with congenital heart disease and are currently not recommended
as ﬁrst-line in the Fontan population [18]. Only two patients in our group were on apixaban.
The quality of life and psycho-social and emotional well-being are important longer-term outcomes [19].
Eleven out of the ﬁfteen surviving patients in our cohort were either in college at follow-up or had the ability
to go to college but had opted to wait. These eleven patients were noted to be physically active and
independent. The remaining four patients had either signiﬁcant developmental delay, as is the case for the
two patients who suffered from CVAs. Two had milder developmental delay but difﬁculty with
psychiatric and behavioral issues. These two patients also had complications related to their Fontan
circulation, including PLE and arrhythmia. Similar to the Pediatric Heart Network Fontan Cohort [20],
the large majority of our patients are in a somewhat ‘normal’ range for quality of life measures when
compared to subjects free from CHD.
Over the course of our studies, 12 of the original cohort were LTFU to our institution because they lived
out of state, and we have no information on whether these patients are alive or the current state of their Fontan
circulation. Given the incidence of Fontan circulation-related complications in our cohort, it is important
there be ongoing care and follow up, and as these patients reach adulthood, that there are seamless
transitions of care.
There are limitations to this study, including that it is a retrospective chart review with a small sample
size, which lead to limited ability to perform statistical analyses.
5 Conclusion
This retrospective review of a homogeneous cohort of patients with HLHS followed through staged
palliations to adulthood shows the high incidence and risk for thrombus over time. Despite a high
incidence of FALD, most patients had an acceptable quality of life and NYHA Class I functional status.
Based on our review of the literature, we believe that our ﬁndings reﬂect what is seen in the general
Fontan population. Given this, close surveillance of both FALD and changes in coagulation proﬁles over
time is worthwhile for future investigation to potentially identify patients at higher risk and direct targeted
therapy.
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