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ABSTRACT

Background Fontan-associated liver disease is
accompanied by a hypercoagulable state. While hepatic
dysfunction in Fontan patients is common, its relationship
with haemostatic changes and clinical outcomes in this
patient population remains unclear.

Objective To correlate liver dysfunction and haemostatic
profiles with clinical outcomes in the Fontan population.
Patients/methods Patients were enrolled in a
multicentre, cross-sectional study in Australia and New
Zealand. Hepatic structure and function were assessed
using serum-based calculations (Fibrotest and model for
end-stage liver disease excluding international normalised
ratio scores). Haemostatic profiles were assessed by
Thrombin Generation. Platelet function was assessed via
Platelet Factor 4 (PF4) and P-selectin (P-SEL). Clinical
outcomes were obtained from the Australian and New
Zealand Fontan Registry.

Results Seventy-three patients participated in the study
(mean age 18.9+8.5years with a mean of 13.5+6.9years
post-Fontan). The Endogenous Thrombin Potential

(ETP) for patients who suffered thrombotic events (TE)
(1366.4+66.2 nM/min) was higher compared with
patients with major bleeding events (1011.1+138.4 nM/
min) (p=0.03). Except for a negative correlation between
Fibrotest-score and PF4 (p=0.045), PF4 and P-SEL
concentrations did not correlate with markers of hepatic
dysfunction or structural abnormality.

Conclusions Increased ETP is associated with TE during
clinical follow-up after Fontan. This study reinforces that
hepatic dysfunction may contribute to the derangement
of coagulation factors, impacting the individual risk of
haemostatic complications for the Fontan population.

INTRODUCTION

Since its first application in 1968, the Fontan
procedure has undergone significant modi-
fications and has greatly improved the
prognosis of patients with single ventricular
congenital heart disease.' With the ageing
Fontan population, are now
presented with the challenge of managing the

clinicians

haemodynamic and haemostatic changes and
the associated long-term complications that
follow Fontan sequelae.h The prevalence of

.8 Thomas L Gentles,® Paul Monagle,>'° Vera Ignjatovic?

Key questions

What is already known about this subject?

» Congestive hepatopathy is a common complication
of Fontan physiology. Fontan patients also suffer
from increased bleeding and thrombotic complica-
tions. The effect of liver disease on haemostasis is a
field of interest and recently advances in the under-
standing of the haemostatic system in liver disease
have provided strong support for a tenuous equi-
librium of haemostasis which can easily be tipped
towards a more bleeding-like or thrombotic-like di-
athesis. Little research has been done to investigate
the effect of congestive hepatopathy on the hae-
mostasis of Fontan patients. There is little evidence
available to guide anticoagulant therapy in Fontan
patients and current therapy is based on the clinical
assessment for anatomic and haemodynamic risk
factors and expert opinion

What does this study add?

» This is the first large study within this population
to investigate haemostatic profiles and to correlate
these to hepatic dysfunction and clinical outcome.
This study stresses the complexity of haemostasis
in liver disease, especially in Fontan patients.

How might this impact on clinical practice?

» It might change the approach clinicians have to hae-
mostasis in Fontan population. It also shows prom-
ise for thrombin generation to be used as modality
to assess the haemostatic profile in Fontan patients
and to aid in the stratification of anticoagulant
therapy.

adverse events associated with these changes
such as TE and bleeding events is increasing.
The prevalence rate of thrombotic events
(TE) has been reported to be as high as
33%.” Currently, no modality is available to
assess the risk of bleeding and TE and anti-
coagulant therapy is given based on clinical
assessment for anatomic- and haemodynamic
risk factors and expert opinion.?®

Recently, a hypercoagulable state in
Fontan patients was described and several
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prothrombotic mechanisms have been proposed.”® °
Fontan physiology is prone to significant vascular remod-
elling contributing to overall cardiac dysfunction.”
Adding to that, the haemodynamic changes in Fontan
physiology such as low cardiac output, decreased pulsa-
tile pulmonary blood flow, arrhythmias and heart failure
lead to increased central venous pressure which is up
to three times higher compared with the pre-Fontan
lower body venous pressure.' * Fontan-associated conges-
tive hepatopathy (CH) is a common complication of
Fontan physiology and leads to histopathologic changes
in the liver-tissue and is associated with a derangement
in procoagulant and anticoagulant protein levels and
21ctivity.1 ?

Decreased activity of coagulation factors and protein S
has been observed in a representative Fontan population.
While these patients have increased levels of liver-derived
antithrombin and endothelium derived free tissue factor
pathway inhibitor (TFPI), they have a paradoxically
increased thrombin generation (TG).® The increased
TG might be explained by the increased platelet acti-
vation (higher levels of soluble P-selectin and serum
soluble CD40 ligand) as well as endothelial damage
(increased von Willebrand Factor). Fontan patients also
have a slightly lower inhibition of thrombin formation as
reflected by a decrease in protein S, increase in thrombin-
activated fibrinolysis inhibitor and plasminogen acti-
vator inhibitor-1 antigen concentration. These complex
haemostatic disorders may not in the least case be caused
by liver disease as is reflected by the enhanced platelet
activation and endothelial damage, impaired fibrinolysis
and heightened thrombin formation observed in this
population.®

Recent advances in the understanding of the haemo-
static system in liver disease have provided strong support
for a tenuous equilibrium of haemostasis, which can easily
be tipped towards a more bleeding-like or thrombotic-
like diathesis due to depletion of both procoagulant and
anticoagulant factors, changes in factor activity, vascular
changes, endothelial damage, platelet activation and
changes in vascular flow."'

All elements of Virchow’s triad are present in the
Fontan population and while they have increased concen-
tration of antithrombin and endothelium-derived free
TFPI, this could explain why the net effect seems to tip
their haemostatic balance towards a more prothrombotic
phenotype.®**

Understanding the laboratory measures associated with
bleeding- and TE in Fontan physiology might aid in strat-
ifying these patients for early detection of haemostatic
derangement and hence carries the potential to imple-
ment timely prevention or treatment strategies. The TG
curve or Thrombogram is an established tool to assess
global coagulable state, as it reflects the overall function
of the blood clotting system and its inhibitors."*™® TG in
platelet-poor plasma (PPP) makes it possible to investi-
gate the net effect of changes in procoagulant and anti-
coagulant factors."*

This prospective cohort study set out to investigate the
relationship between clinical outcome and haemostatic
profiles and hepatic dysfunction in Fontan patients. The
specific study aims were to:

Correlate TG to bleeding and TE; correlate plasma-
based markers of platelet activity to bleeding and TE; and
correlate liver dysfunction to TG, platelet activity param-
eters and bleeding and TE.

We hypothesised that: (1) Hepatic dysfunction in
Fontan patients leads to significant changes in both
procoagulant and anticoagulant factors which results in
a more thrombotic phenotype as measured by TG; (2)
The combination of both liver dysfunction and increased
platelet activation leads to more TE in this population.

METHODS
Design
Cross-sectional observational study.

Patients

Suitable study subjects for the Fontan Liver Renal study
were recruited by using the Australian and New Zealand
Fontan Registry, the full design and administration of
which has been described previously.'” All 152 included
patients in the Fontan Liver Renal study were eligible
for inclusion. The Fontan Liver Renal study collected
data from three sites located in Melbourne (Victoria,
Australia) and Sydney (New South Wales, Australia)
and Auckland (New Zealand), as described elsewhere.'®
Details regarding patient eligibility and inclusion and
exclusion criteria are presented in figure 1.

Patient and public involvement
It was not appropriate to involve patients in the design,
conduct and reporting of this study.

Laboratory samples

Laboratory tests for the New South Wales, Victorian and
New Zealand participants were performed at the Chil-
dren’s Hospital at Westmead in Sydney, the Murdoch
Children’s Research Institute in Melbourne and the Star-
ship Children’s Hospital in Auckland respectively. All
laboratory measurements were conducted on minimum
8-hour fasting venous blood samples. Age-dependent
variables are presented as percentage of the upper limit
of normal based on age and gender.

Hepatic structure and function

This study builds adopts the assessments of hepatic struc-
ture and function as reported in the Fontan Liver and
Renal study.18 Additionally, the model for end-stage liver
disease excluding international normalised ratio (MELD-
XI) scores was calculated by using bilirubin and creati-
nine by use of the following formula: MELD-XI=11.76
(loge creatinine)+5.112 (loge total bilirubin)+9.44."

Haemostatic profile
The coagulation profile was determined by TG and
surrogate platelet activation markers. TG was measured
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Inclusion criteria:
« Consent forparticipation in registry
sub-studies

« z8yearsold

= =5 years post Fontan palliation
« Ability to attend study centre

« Sufficient plasma collected

Exclusion criteria Fontan liver
renal study:

Assessed for eligibility
(n=152)
Excluded: (n=79)
No plasma collected: (n = 79)
Included
(n=73)

-

Prior request not to be contacted
for study participation through the
Australian and New Zealand

Excluded from subgroup

Fontan Registry Event follow-up

N

analysis (n= 3)

« History of severe end-stage renal completed Event 70'23‘:';;’ issing /
impairment (n=70) \ Included in correlation
+ Pregnancy/breastfeeding J: analysis (n=3)

Included in analysis
(n=70)

Figure 1 Flow chart of patient inclusion.

using the Calibrated Automated Thrombinoscope in
PPP with 5pM PPP reagents and TG was performed in
triplet to minimise intraexperiment variation. TG data
are reported in endogenous thrombin potential (ETP),
lag time, peak, time to peak, velocity index, start of tail
and alpha 2 macroglobulin (0:2M) level. Platelet acti-
vation was assessed by ELISA determination of platelet
factor 4 (PF4 or CXCL4) and soluble P-selectin (sGPVI
or CD62P). Plasma PF4 was measured using the abcam
PF4 (CXCL4) human SimpleStep ELISA Kit. CD62P was
measured using the R&D Systems Human P-Selectin/
CD62P Immunoassay.

Clinical outcome

Primary outcome measures were defined as major
bleeding, minor bleeding, bleeding and/or TE (table 1).
Major bleeding events were defined by a modification
of the definition published by the International Society
on Thrombosis and Haemostasis.”” Medical history

Table 1 Definition of major bleeding, minor bleeding and
thrombotic event
Event Classification  Definition
Bleeding Major bleeding  Fatal bleeding.
Symptomatic bleeding in a critical area
and/or organ.
Bleeding causing a fall in haemoglobin
level of > 20g/L.
Bleeding leading to blood transfusion.
Minor bleeding  Noted in patients' medical records but
did not meet major bleeding criteria.
Thrombotic Clinically objectified venous and/

or arterial thromboembolic space-
occupying lesion within the lumen of the
cardiovascular system.

The occurrence of a clinical event
known to be highly associated with
a thrombotic event such as transient
ischemic attack, stroke, myocardial
infarction, and pulmonary embolism.

was investigated from the date samples were collected
until august 2018. The average duration of follow-up is
reported in table 2.

Analysis

Data were analysed using IBM SPSS statistics V.25
(IBM). Values reported as being higher or lower than a
certain value were analysed as that value for calculation
purposes. Continuous variables (eg, all laboratory tests)
are expressed as mean and SD or median and range,
based on their distribution. Categorical variables (eg,
bleeding and thrombosis) are expressed as number and
percentage.

To investigate differences in nominal data, a %* test
for goodness of fit was performed. To assess differences
in thrombin-generation-related variables and outcomes
between primary outcome groups, an independent-
samples t-test was used. A Mann-Whitney U test was used
if data was not normally distributed.

To investigate the relationship between measures of
haemostasis and other variables correlation analysis was
performed considering age, gender and other variables
as possible confounders. A scatter plot was made to assess
whether the relationship between variables appeared to
be linear, if not a Kendall’s T b analysis was used to test
correlation between variables. Trends over time were
plotted and analysed for gradient of change.

It has been argued that while interpreting p values,
potentially medically important differences observed in
small studies, for which the p value is more than 0.05,
are simply denoted as non-significant and ignored.
Some subgroup analyses within this study are likely to
be performed between small groups. To prevent loss of
potentially important results p values between 0.05 and
0.10 are reported as trends.

RESULTS

Patient characteristics

A total of 73 patients were included in this study, figure 1.
Patient characteristics and characteristics of the clinical
event groups are presented in tables 2 and 3. Gender
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Table 2 Patient characteristics

Characteristics Participants (n=73) P value
Age in years, median (range),  17.62 (4.83-50.24) 18.9 -8.46
mean (SD)
Years post-Fontan, median 12.93 (0.33-30.13) 13.52 -6.98
(range), mean (SD)
Duration of follow-up in years, 3.72 (0.61)
mean (SD)
Pacemaker present, n (%) 5 (6.8%)
Male, n (%) 38 (52.1%) 0.725
Site of inclusion, n (%) New South Wales 49 (67.1%) <0.030
Victoria 24 (32.9%)
Diagnosis, n (%) Aortic Atresia 1(1.4%)
CAVC 9 (12.3%)
ccTGA 8 (11.0%)
DILV 17 (23.3%)
DORV 6 (8.2%)
HLHS 5 (6.8%)
Left-AV-valve-atresia 1(1.4%)
PA-IVS 5 (6.8%)
PA-VSD 2 (2.7%)
TA 18 (24.7%)
VSD 1(1.4%)
Fontan type, n (%) AP 9 (12.3%) <0.001
ECC 50 (68.5%)
LT 14 (19.2%)
NYHA-classification, n (%) Class 1 57 (78.1%)
Class 2 13 (17.8%)
Class 3 3 (4.1%)
Class 4 0 (0%)
Liver panel as percentage of ~ Total bilirubin (%) 110.00 (74)
upper limit, mean (SD) AST (%) 82.00 25)
ALT (%) 91.00 (30)
GGT (%) 117.00 (71)
ALP (%) 53.00 (28)
Severity of liver disease, mean  Fibro-scan 17.53 (1.04)
(50) Fibro-test score 0.49 (0.19)
MELD-XI score 3.78 (4.85)
Events, n (%) No events 62 (84.93%)
Thrombotic events 3(4.11%)
Major bleeding events 2(2.74%)
Minor bleeding events 3(4.11%)
Missing 3 (4.11%)

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AP, atriopulmonary
connection; AST, aspartate aminotransferase; AV, atrioventricular; CAVC, complete
atrioventricular canal defect; ccTGA, congenitally corrected transposition of the great
arteries; DILV, double inlet left ventricle; DORV, double outlet right ventricle; ECC,
extracardiac conduit; GGT, gamma-glutamyl transferase; HLHS, hypoplastic left heart
syndrome; LT, lateral tunnel; MELD-XI, model for end-stage liver disease excluding
international normalised ratio; NYHA, New York Heart Association; PA-IVS, pulmonary
atresia with intactventricular septum; PA-VSD, pulmonary atresia with ventricular
septal defect; TA, tricuspid atresia; VSD, ventricular septal defect.

did not influence any of the study variables. Age had
a weak positive correlation with lag time (tau=0.204,
p=0.016), time to peak (tau=0.274, p=0.001) and start of
tail (tau=0.266, p=0.001). A Mann-Whitney U test showed

no significant difference in age between subgroups. The
intracardiac total Cavo-pulmonary connection-Fontan
type (M=2.59, SD=4.72) has a significantly lower MELD-XI
score when compared with the atriopulmonary connec-
tion (M=6.58, SD=3.38, t (57)=2.413, p=0.019, two tailed,
d=0.97) and to the extracardiac total cavopulmonary
connection-Fontan type (M=6.21, SD=4.72, t (62)=-2.54,
p=0.014, two tailed, d=—0.77). Other study variables did
not differ between Fontan Types.

Subgroup analysis

Differences in TG, platelet activity markers and hepatic
dysfunction between the no-events group and the different
subgroups are presented in table 4. The no-events group
(M=156.20, SD=61.32) has a significantly lower velocity
index compared with the thrombotic group (M=178.33,
SD=10.58), t (-2.24)=12.68, p=0.044, two tailed, d=0.50,
95% CI (-43.57 to —0.69]. There were no significant differ-
ences in surrogate platelet activity between the no-events
group and the different subgroups. When compared
with the no-events group (M=3.31, SD=4.68), the major
bleeding group (M=10.1, SD=4.74) has a significantly
higher MELD-XI score, t (-2.00)=62, p=0.05 95% CI
(-13.47 to =0.01). The minor bleeding group (M=9.23,
SD=2.52) also has a significantly higher MELD-XI score
compared with the no events group, t (-2.16)=63,
p=0.034 95% CI (-11.39 to —0.45). There were no statis-
tically significant differences in Fibrotest-score between
the no-events group and the different subgroups.

Differences in TG, platelet activity markers and hepatic
dysfunction between the TE group and the major- and
minor bleeding group are shown in table 5. The throm-
botic group (M=1366.39, SD=66.22) has significantly
higher ETP than the major bleeding group (M=1011.06,
SD=138.44), t (3)=4.03, p=0.027, two tailed, d=3.27
95% CI (74.99 to 635.68). Comparison of the throm-
botic group and the minor bleeding group (M=1218.25,
SD=74.33) showed a trend for a higher ETP in the throm-
botic group, p=0.061. The ETP distribution between
subgroups is depicted in figure 2. There were no signifi-
cant differences in surrogate platelet activity between the
TE group and the major-bleeding and minor-bleeding
group. The thrombotic group has a significantly lower
MELD-XI score than the minor bleeding group, t
(-4.48)=4, p=0.011 95%CI (-12.53 to —2.95). There
were no statistically significant differences in Fibrotest-
score between the TE group and the major-bleeding and
minor-bleeding group.

Differences in TG, platelet activity markers and hepatic
dysfunction between the major-bleeding and minor-
bleeding group are shown in table 6. There were no
statistically significant differences in TG, platelet activity
or hepatic dysfunction between the major-bleeding and
the minor-bleeding group.
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Figure 2 Distribution of endogenous thrombin potential between the different subgroups.

Hepatic dysfunction

The results of the correlation analyses between markers
for hepatic dysfunction and TG and surrogate platelet
activity are reported in table 7.

There was a weak positive correlation between the
MELD-XI score and the start of the tail of the TG curve,
1=0.17, p=0.045. There was a weak positive correlation
between MELD-XI score and time to peak, 1=0.207,

p=0.013. The platelet activity markers and the remaining
TG variables did not correlate with MELD-XI scores.

There was a weak negative correlation between the
Fibrotest score and PF4, 1=-0.20, p=0.046. Other surro-
gate markers for platelet activity and TG variables did not
correlate with Fibrotest score.

Table 6 Comparison of thrombin generation-, surrogate platelet activity and hepatic dysfunction outcome between the

major-bleeding and minor-bleeding group

Maijor bleeding

Minor bleeding

Thrombing generation Mean (SD) Mean (SD) P value
ETP 1011.06 (+138.44) 1218.25 (+74.33) 0.109
Peak 252.86 (+90.91) 321.81 (+55.06) 0.248*
Time to peak 4.75 (+0.35) 4.41 (+0.32) 0.374*
Velocity index 117.00 (£58.79) 158.06 (+32.50) 0.373
Alpha-2 level 8.91 (x4.11) 19.84 (+5.63) 0.083*

Platelet activity markers
P-selectin level 32.642 (+4.624) 29.912 (+5.699) 0.564*
PF4 level 130.115 (x0) 351.351 (x312.875) 0.48*

Hepatic dysfunction
Fibro-scan 29.3 (£17.5) 21.3 (+8.5) 0.564*
Fibro-test score 0.471 (x0) 0.692 (+0.24) 0.587
MELD-XI score 10.05 (+4.74) 9.23 (+2.52) 0.811

*Differences between groups were anaylysed using an independent-samples t-test. If the normality assumption was severely violated, a
Mann-Whitney U test was used. Values marked by an asterisk were analysed by use of the Mann-Whitney U test.
ETP, endogenous thrombin potential; MELD-XI, model for end-stage liver disease excluding international normalised ratio; PF4, platelet

factor 4.
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Table 7 Correlation of markers for hepatic dysfunction with thrombin generation and platelet activity markers

Time to Velocity Start of

Alpha-2 P-selectin

ETP Lag time Peak peak index tail level level PF4 level
MELD-XI score ~ Correlation 0.073 0.131 0.023 0.198° —0.051 0.171° —-0.065 —-0.088 -0.127
P value 0.540 0.142 0.786  0.025 0.669 0.045 0.441 0.308 0.189
Median KPA Correlation -0.138 0.125 -0.174* 0.124 0177 0.127 -0.155 -0.010 -0.055
P value 0.101 0.160 0.038 0.154 0.035 0.131 0.065 0.907 0.576
Fibrotest score  Correlation —-0.174  0.090 —-0.108 0.156 -0.218 0.154 0.083 —-0.094 —-0.201*
P value 0.188 0.340 0.226  0.093 0.097 0.087 0.353 0.298 0.046

*Correlations between variables were analysed using a Pearson’s r. If the normality assumption of either variable was violated, a Kendall’s
tau coefficient was used to analyse correlations between variables. Values marked by an asterisk were analysed by use of the Kendall’s tau

coefficient.

ETP, endogenous thrombin potential; MELD-XI, model for end-stage liver disease excluding international normalised ratio; PF4, platelet

factor 4.

DISCUSSION

An increased ETP was found in the thrombotic group
compared with the major-bleeding group and the throm-
botic group showed a trend for a higher ETP compared
with the minor bleeding group. An increased ETP has
been correlated to a more coagulable state which is asso-
ciated with an increased risk of TE.*! The mean ETP of
the no-events group was not statistically different from
the thrombotic- and the major-bleeding group which
might be due to the small sample sizes. The mean ETP of
the no-events group did, however, lie between the mean
values of the thrombotic and bleeding groups. This limits
the use of TG as a predictive test for haemostatic compli-
cations but shows potential for its use in the early detec-
tion of haemostatic derangements and stratification of
anticoagulant therapy.

The height of peak showed a trend for a higher peak
in the thrombotic group which lead to a more hyper-
coagulable state. The height of peak shows the highest
amount of active thrombin at a certain time. A lower peak
is associated with a more bleeding like diathesis.”* When
compared with the no events group, the thrombotic
group has a higher velocity index while no significant
difference was observed between the thrombotic group
and the bleeding groups. There was a trend for a higher
02M level in the minor bleeding group compared with
the no-events group and a trend for a lower 02M level
in the major bleeding group compared with the throm-
botic group. 0:2M functions as an inhibitor of fibrinolysis
and thrombin but the direction of effect of the observed
02M levels on thrombus formation is however unclear.’
A higher velocity index reflects the speed at which
prothrombin is converted to thrombin.”' It is possible
that the higher velocity index in the thrombotic group
is the reason these patients are more likely to develop
thrombosis.

An inverse correlation was observed between MELD-XI
score and time to peak and the start of the tail of the
TG curve. The start of the tail is the moment at which
there is no free thrombin and that at which thrombin
only exists as 0:2M-thrombin complex.'* Our finding,

therefore, suggests that hepatic dysfunction might lead
to alonger time to peak, which could be explained by the
derangement in procoagulant and anticoagulant factors
which has been reported within this patient population. A
longer time to peak is however associated with a bleeding
like phenotype. A later start of the TG curve tail might
be explained by a longer time to peak but could also be
explained by a slower inactivation of free thrombin by
0.2M. This would allow thrombin to be active for a longer
time and could thereby lead to a more thrombotic-like
diathesis.

The observed differences in MELD-XI scores between
subgroups might have arisen due to differences in prev-
alence of different Fontan types since Fontan types were
not evenly distributed between the different subgroups.
Concerns about which modality to use to determine liver
dysfunction in CH, as seen in Fontan patients, have been
raised.! ' Current clinical tools as serum tests, imaging
studies, liver stiffness measurements and liver biopsy
failed to accurately estimate hepatic fibrosis or the risk
for hepatic decompensation in Fontan patients. Wilson
et al published data demonstrating changes in several
different non-invasive markers of liver and renal damage
in Fontan patients but also acknowledges the limits of
using such modalities in this population.18 Even liver
biopsy, considered the golden standard to assess fibrosis
staging, has little predictive value due to the heteroge-
neous collagen depositions observed in CH. Conjointly,
liver biopsy carries a significant bleeding risk and is there-
fore seldomly performed. At this moment, the MELD-XI
score is the only validated modality to assess hepatic
dysfunction and predict clinical outcome in CH but its
correlation to clinical outcome is moderate at best making
it far from the perfect method to study liver fibrosis in this
population.' Staging hepatic dysfunction in this patient
group remains challenging and highlights the need for
care in data interpretation. Prescribing anticoagulants to
Fontan patients is elaborate considering the disturbances
in the haemostatic system and the farreaching conse-
quences of both bleeding and TE. Scientific Statements
from the American Heart Association, American College
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of Chest Physician Guidelines and European Society of
Cardiology Guidelines on the management of grown-up
congenital heart disease state that thromboprophylaxis
post-Fontan surgery is appropriate considering the high
risk of thrombosis associated morbidity and mortality.**°
Current evidence for the optimal antithrombotic therapy
and duration for Fontan patients is limited.?” Importantly,
bleeding complications do occur in Fontan patients and
that risk is increased by antithrombotic therapy.” These
results show potential for the clinical application of TG as
modality to stratify anticoagulant therapy for post-Fontan
patients.

Limitations

This study is limited by the inherent design of observa-
tional research and the noted shortfalls of doing research
in this specific population. In pointing out the limitations
of this study, we acknowledge that some of the reported
trends might have arisen as statistical consequence of the
small sample sizes within various subgroups and should
therefore be interpreted with caution.

CONCLUSIONS

This is the first large study to investigate the haemostatic
profile in Fontan patients with hepatic dysfunction and
to correlate their haemostatic profiles to bleeding and
TE. We found that ETP is associated with TE and major-
bleeding events during clinical follow-up after Fontan
palliation. This study underlines the importance of
taking a broader approach to haemostasis in patients with
a Fontan circulation and hepatic dysfunction, as their
physiology greatly affects most factors within the haemo-
static system.
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