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Long-Term QOuicome and Qu

lity of Life

in Adult Patients After the
Fontan Operation
Annemien E. van den Bosch, Mp, Jolien W. Roos-Hesselink, M,

Ron van Domburg, phd, Ad J.J.C. Bogers, Mp, Phd, Maarten L. Simoons, MD, Phd, and
Folkert ). Meijboom, MD, PhD

The first successful Fontan operation was performed in
1971, and this first cohort of Fontan patients is reaching
adulthood with unclear outcome of this palliative proce-
dure. We studied the mortality, morbidity, and quality of
life in our adult Fontan patients. We examined all pa-
fients (n = 36) who underwent a Fentan procedure and
were being seen in an adult outpatient clinic by using
electrocardiography, exercise testing, and echocardiog-
raphy. Quality of life was assessed by the Short Form 36
questionnaire. The mean follow-up period was 15 years
(range 0 to 23). Of the initial 36 patients, 10 died (28%)
at a mean of 10 years (range 0 to 21) after the Fontan
operation and 1 patient underwent cardiac fransplanta-
tion, Reoperations were performad in 21 patients (58%),
and the most commen reason was revision of the Fontan
connection. Sustained supraveniriculor tachycardia was

observed in 20 patients (56%) with an increased inci-
dence of arrhythmias with longer follow-up. Thrombo-
embolic events were detected in 9 patients (25%), 5 of
whom had adequate anticoagulant levels at the time of
event. The thromboembolic event was fatal for 3 pa-
tients. A total of 195 hospital admissions (mean 3.8 =
2.7, range 1 to 13) was recorded. Quality-of-life assess-
ment showed physical functioning, mental health, and
general health perception fo be significantly lower for
Fontan patients than for the normal Dutch population.
Thus, we found high mortality and very high morbidity
in adult patients after the Fontan operation. In particu-
lar, reoperations, arrhythmias, and thromboembolic
events compromised quality of life. . ©2004 by Ex-
cerpta Medica, Inc.

(Am J Cardiol 2004;93:1141-1145)

gince Fontan and Baudet's report of the first suc-
cessful right-side cardiac bypass directing the en-
tire systemic venous blood flow to the pulmonary
arteries in a patient with tricuspid atresia, many mod-
ifications of this approach have been applied to all
forms of functional univentricular heart disease. Dur-
ing the past 2 decades, several modifications of this
operation and advances in management after surgery
have improved surgical results.’:2 Unfortunately, late
deterioration in functional capacity has been described
with longer duration of follow-up.3 As hospital mor-
tality has decreased substantially, late mortality and
especially late morbidity are of great interest.*~¢ The
occurrence of late complications such as atrial ar-
thythmias, ventricular failure, protein-losing entero-
pathy, and thromboembolic events are increasingly
recognized.” No reports are available concerning
quality of life in adult patients with a Fontan circula-
tion. We evaluated the clinical course of adult Fontan
patients and assessed their quality of life.

METHODS
Patients: All adult patients who underwent a Fontan
procedure and regularly attended the outpatient clinic
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of the Thoraxcenter at the Erasmus Medical Center
were included in this study. In 1978, the first Fontan
operation was performed in our institute. We studied
the long-term follow-up from Fontan operation until
last follow-up or death. In 2002, a cross-sectional
study of surviving patients was undertaken. All med-
ical and surgical records of the patients were reviewed
for reoperations, arrhythmias, hospitalization, and
thromboembolic events. The cross-seciional evalua-
tion consisted of physical examination, electrocardi-
ography, exercise testing, and echocardiography. Quality
of life was assessed with the Short Form 36 (SF-36)
questionnaire,

Arrhythmias: The presence of an arrhythmia on any
recording device was sufficient to code a patient for
that rhythm disturbance, excluding arrhythmias re-
lated to cardiac catheterization or the period after
surgery. Supraventricular arrhythmia included any
sustained episode of atrial flutter, atrial fibrillation, or
atrial tachycardia occurring at least 30 days after the
Fontan operation.

Exercise capacity: Maximal exercise capacity was
assessed by bicycle ergometry with stepwise incre-
ments of 10 W per minute for workload and compared
with standardized data based on age, gender, and
height.

Echocardiography: Two-dimensional echocardiog-
raphy with color Doppler, velocity profiles, and M-
mode recordings were performed. The Fontan connec-
tion was evaluated for obstruction in the conduit.
Systemic ventricular function was judged by visual
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FIGURE 1. Period from age at Fontan operation to final follow-up or death for each patient. TDeath; *lost to follow-up. HTx = cardiac

transplantation.

estimation of the echocardiographic images and
graded as mnormal, mild, moderate, or severe
dysfunction.

Quality of life: A detailed health status question-
naire (SF-36) assessed physical functioning, general
health, mental health, role limitations caused by phys-~
ical health problems, energy and vitality, role limita-
tions caused by emotional problems, social function-
ing, and bodily pain. For each of these health
concepts, scores were i range of 0 to 100, with a
higher score indicating a better health state.!:!1 The
SF-36 hag acceptable internal consistency and test—
retest reliability.!2

Statistical analysis: Data are presented as the mean
value (SD) unless otherwise stated. The median value
and range are presented if data were not normally
distributed.

RESULTS '

Pafients: Thirty-six adult patients with a Fontan
procedure were seen in the outpatient clinic and in-
cluded in the study. There were 18 men (50%). Mean
age at the time of Fontan operation was 12 years
(range 2 to 34). Twenty-nine patients were operated in
childhood and reached adulthood, and 7 patients un-
derwent the Fontan operation at an adult age. The
primary cardiac malformation was tricuspid atresia in
21 patients (58%), double-inlet left ventricle in 9
patients (25%), and other complex congenital cardiac
anomalies amenable to a modified Fontan operation in
6 patients (17%). Twenty-eight patients (78%) had =1
palliation procedures before the Fontan operation. The
surgical technique used for the Fontan procedure was

1142 THE AMERICAN JOURNAL CF CARDIOLOGY®

an anastomosis between the right atrium and the pul-
monary artery in 20 patients (56%), an atrioventricular
connection through a conduit to a rudimentary right
ventricle in 12 patients (33%), and a lateral tunnel
variant of total cavopulmonary connection in 4 pa-
tients (11%).

Mortality: Of the initial 36 patients, 10 died (28%)
during follow-up and 1 patient underwent cardiac
transplantation. One patient who underwent a Fontan
operation in adulthood died soon after surgery. Four
patients died suddenly 1, 8, 13, and 14 years after

" Fontan operation (Figure 1). Three patients died from

pulmonary emboli and 2 from severe heart failure.
The mean follow-up period of all patients after Fontan
operation was 15 years (range 0 to 23). Two patients
were lost to follow-up 12 and 15 years after Fontan
operation.

Morbidity: Event-free survival 10 and 15 years after
the Fontan operation were 48% and 16%, respectively
(Figure 2). Twenty-one patients (58%) needed =1
reoperations. Thirty-nine cardiac reoperations were
performed, consisting of 47 procedures. The most
common reoperations were a revision of the atrioven-
tricular connection through a conduit to a rudimentary
right ventricle conduit due to obstruction (n = 9),
pacemaker insertion (n = 7), and conversion of the
modified Fontan circulation to a total cavopulmonary
connection (n = 9). Eight patients (22%) needed epi-
cardial pacemaker implantation for sinus node dys-
function (n = 5), surgical related atrioventricular
block (n = 2), and atrial flutter with coexisting sinus
node dysfunction (n = 1).
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the onset of the arrhythmia, a new
thrombus in the right atrium was
found in 2 patients, and pulmonary
embolism was suspected in 2 addi-
tional patients. The 4 late sudden
deaths in this series were assumed to
be arrhythmogenic. Two patients had
documented ventricular tachycardia,
and 1 of these patients had severe

—. 100%7,
= i
é 80%7 °
7 60%]
@ ] 0
2 40%7 L35%
b
€ 20%
g
] 0% T T T
1} 5 10 15
Atrisk E
Arrhythmias 36 31 17 6
All major events 36 20 16 4

heart failure while waiting for car-
diac transplantation. Electrocardio-
2 grams at last contact in 23 patients
0 showed 14 (61%) with sinus rhythm,
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FIGURE 2. Event-free survival rates for all-cause mortality and morbidity, including
reoperations, hospitalizotions, arrhythmias, and thromboembolic events. There is a
separate curve for the incidence of arrhythmias after Fontan operation.

7 with low atrial rhythm, and 2 with
registered pacemaker activity.
Thromboembolic events were de-
tected in 9 patients (25%), 5 of
whom had adequate anticoagulant

TABLE 1 Multivariables for Patients With and Without Arrhythmias levels at the time of the event. Ab-
ay— — normal coagulation factor, in partic-
No (':;‘":y] 6‘)'““5 A('n Y ;8;’5 ular the procoagulation factor protein
C, was found in 6 patients (17%),
Morphology and 1 patient was diagnosed with a
Tricuspid afresia 10 (62%) 11 (55%) : : o
Double-inlet left ventricle 3 (19%) 6 (30%) deficiency 1 factor YH' Three (43%)
Others 3 (19%) 3 (15%) of the_7 patients with abnormal co-
Primary Fontan procedure [connection) agulation factor had a thromboem-
Right atrium—pulmonary artery 10 (62%) 10 (50%) bolic event. Two patients had throm-
LR i €p ¢BoM | botie obsiruction of (e Fontan
Mean age (yrs) at Fontan operation (mean * SD) 1095 14£9.8 Con,dult and needed reoperation. Four
Deaths 3{19%) 7 (35%) patients developed pulmonary em-
Reoperations 7 (44%) 14 [70%) boli, 3 of whom died and 1 had a
No. of hospitalizations (mean} 34 7.1 femoral artery thrombosis. Two pa-
vg‘;:')zm‘" function 1 €9%) g oz | tients had a cerebral accident with
Moderate dysfunction 5(31%) 9 (45%) mode;ate to severe cerebral damage.
Severe dysfunction 0 3 (15%) Protein-losing enteropathy was not
Atrioventricular regurgitation reported in our cohort.
None 8 [50%) 11 {55%) : = ol
Grade I/ 7 44%) 4 (20%) _ All patients needed =1 hospital
Grade lll/IV 1(6%) 5 [25%) ization after Fontan operation. A to-
tal of 195 hospital admissions (mean

In 20 patients (56%), a sustained supraventricular
tachycardia was present. All 20 patients received an-
tiarrhythmic therapy. The first episode of atrial tachy-
cardia occurred at =5 years (0 to 19 years) after
Fontan operation. Figure 2 shows the incidence of
arrhythmia during follow-up. Amiodarone given in 8
patients (47%) was the most effective drug for reduc-
ing frequency and duration of the supraventricular
tachycardia, with an interval of 1.4 years free of
arrhythmias. FElectrical cardioversion was performed
in 14 patients. Two patients underwent catheter abla-
tion of supraventricular arthythmias, which was suc-
cessful in 1 patient. All 4 patients with primary total
cavopulmonary connection developed severe atrial
tachycardia, and 2 died due to arrhythmias.

As presented in Table 1, mortality and morbidity
due to reoperations (70%) and hospitalization oc-
curred more frequently in patients with sustained atrial
arrhythmias. In addition, ventricular dysfunction
(60%) and severe atrioventricular regurgitation (25%)
were more evident in patients with arrhythmias. After

3.8 £ 2.7, range 1 to 13) was re-

corded. Mean duration of hospital

stay was 9 = 11 days (range 1 to 101). The most

common reason for hospitalization was an arrhythmia.

New York Heart Association classification before

the operation showed 32 patients (89%) in class III or

VI. After the Fontan operation, classification indicated

more patients in class II or II[; however, with longer

duration of follow-up, classification indicated most
patients in class III (Figure 3).

In 2002, a cross-sectional study of the 23 surviving
patients was undertaken. Exercise capacity was tested
in 14 patients (58%). Total work performed was 61 =
11% of the predicted exercise tolerance. Maximal
heart rate during exercise was 145 * 23 beats per
minute. Systemic arterial blood pressures showed
minimal increases during exercise, with a mean pres-
sure increase of 26 = 11 mm Hg.

Echocardiographic assessment showed 14 patients
(61%) with good systemic ventricular function and 9
patients (38%) with moderate to severe dysfunction of
the systemic ventricle. Dilatation of the systemic ven-
tricle was present in 6 patients (25%). Atrioventricular
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Fontan operation during adulthood,

100+

the mortality rate was as high as
57%. Three of our patients died sud-

denly after Fontan operation, sug-
gesting arrhythmia as a major factor.

Arrhythmias comprised the most
common reason for hospital admis-
sion. Our data showed that the prev-
alence of atrial arrhythmias in-
creased with longer interval after the
Fontan operation. A correlation has
been found between arrhythmias and
reoperations.!5-16 In patients with ar-
rhythmias, moderate to severe ven-

tion. With longer follow-up after Fontun operation, changes in classificalion indicate
a decline in function,

TABLE 2 Current Medications of the 23 Surviving Patients
After Fontan Operation

Medication n (%)
Anticoagulants
Coumarin 21 (91)
Anfiplatelet drugs 1 (4)
None, on own request 1 (4}
Antiarthythmic drugs 15 (65)
Diuretics 4(17)
ACE inhibitors 2 (%)

ACE = angiotensin-converting enzyme.

valve regurgitation was seen in 13 patients (57%) and
was moderate to severe in 4. The right atrium for most
patients was markedly dilated, with pronounced echo-
genicity of low blood flow.

Medication: Twenty-two patients (96%) were re-
ceiving anticoagulant therapy. Thirteen of the 23 pa-
tients used other cardiac medications, with amioda-
rone and diuretics being the most common (Table 2).

Quality of life: The questionnaire was completed by
22 patients (96%). Due to language barriers, 1 patient
did not complete the questionnaire. The SF-36 dimen-
sions of physical functioning, mental health, and gen-
eral health perception were significantly lower for
patients with Fontan circulation than for the normal
Dutch population (Table 3). For social functioning,
vitality, and bodily pain, the patients did not differ
from the general population. Five to 10 patients (65%)
were gainfully employed. Three were unemployed
because of their cardiac problems. None of our pa-
tients had children.

DISCUSSION

This study showed a surprisingly high mortality
rate in young adults and a high morbidity rate after the
Fontan operation. Arrhythmias, reoperations, and
thromboembolic events often occurred, and all pa-
tients had =1 hospital admission during follow-up.

A possible risk factor for late mortality is surgery
at older age.!>!4 In our patients who underwent the

1144 THE AMERICAN JOURNAL OF CARDIOLOGYe  VOL. 93
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tricular dysfunction was common
(60%), and arrhythmias have been
associated with right atrial thrombus.
The high mortality and morbidity
rates associated with arrhythmias
make aggressive treatment necessary, and it is urgent
to convert these patients to sinus rhythm. The hemo-
dynamic situation and the incidence of arrhythmias
seem closely correlated; therefore, if new arrhythmias
occur, a thorough evaluation of the total Fontan con-
nection is clearly indicated because arrhythmias can
be the first sign of hemodynamic deterioration. Ami-
odarone was found to be the most effective antiar-
thythmic drug in our study. Electrophysiologically
guided ablation of an arrhythmogenic substrate has
become more successful in morphologically abnormal
hearts and must be considered when pharmacologic
therapy is insufficient and to avoid lifelong side ef-
fects of antiarrhythmic medication.

Thromboembolic events after Fontan operation are
a common and serious problem. In this study, the
incidence of thromboembolic events during long-term
follow-up was 25%, which is higher than in other
recent studies reporting an incidence of 10% to 20%.
After a thromboembolic event, we found a mortality
rate of 38%, which is higher than the 25% reported in
the literature.®!7 Presumably, adult Fontan patients
have more severe ventricular dysfunction and there-
fore cannot cope with the extra hemodynamic burden.
Despite the documented frequency and clinical effect
of thromboembolic complications, no consensus has
been found in the literature regarding anticoagulant
therapy, methods (i.e., Coumadin vs antiplatelet
agents), or duration of therapy. Coumadin is the most
effective prophylactic therapy in preventing thrombo-
embolism. Therefore, our regime is to put all patients
on lifelong anticoagulant therapy (international nor-
malized ratio 2.0 to 3.5). Nevertheless, we found a
high incidence of thromboembolic events, and more
than 50% with adequate levels of anticoagulation.
Even higher levels of anticoagulant therapy (interna-
tional normalized ratio 3.5 to 4.5) or additional anti-
platelet drugs may be necessary in this population.

Despite the abnormal hemodynamic situation, cli-
nicians are frequently impressed by the ability of most
patients to lead a nearly normal life. In our study, we
found most patients to be in New York Heart Asso-
ciation class I or II after 10 years of follow-up, but
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Population Normative Data

TABLE 3 Quality of Life Based on the Short Form 36 Results Compared With

resulting in even higher morbidity
rates. A profound bias with a retro-
spective study can occur (1) when

Fontan Patients

patients are accepted for Fontan op-

=22 General Population _ p Valve | ¢\ tion and (2) with survival after the
1. Physical functioning 80.2 + 14.5 93.1x11.8 <0.0001 operation. Therefore, evaluation of
2. Role — physical 61.9 + 40.0 86.4 + 27.6 <0.0001 ; " for long-
3. Role — emotional 794 + 34 85.4 = 30.0 0.4 :hls he erogeniou: 5?);1% Ot?t an Ci%‘-
4. Social functioning 77.6 £ 267 87.8 = 19.1 0.02 erm consequences ol a
5. Mental health 545+ 22.6 787+152  <0.0001 | culation has severe limitations.
6. Energy/vitality 68.8 = 21.2 70.7 + 16.4 0.6
7. Pain 79.1 £ 23.8 80.9 £ 19.4 0.9
8. General health perception 56.7 £21.6 782 x17.3 <0.0001 1. Fontan F, Baudet E. Surgical repair of tricuspid

Values are mean = SD.

atresia. Thorax 1971;26:240-248.
2, Stanton RE, Lurie PR, Lindesmith GG, Meyer BW.

with time these patients presented a progressive de-
cline in functional status.>%!8 Maximal exercise in
any patient after Fontan repair is subnormal or, at best,
reaches the lower limit of normal. In our adult popu-
lation, the maximal exercise tolerance was only 61%
of the predicted value. In addition, systemic arterial
blood pressure did not increase during exercise. This
is a known feature of Fontan circulation because it
lacks the possibility to significantly accelerate blood
flow during exercise.® The only mechanism to estab-
lish a greater output during exercise is increasing the
heart rate. We found an adequate increase of heart rate
during exercise.

There have been several studies on the intellectual,
social, and emotional developments of children and
adolescents with congenital heart disease, but no study
has been performed in adults after the Fontan opera-
tion.!9-2! Our study showed a significantly lower
score for physical functioning, mental health, and
general health perception compared with the normal
Dutch population. Hospital mortality rate has been
reduced aiud many Fontan patients reach adulthood but
at the expense of repeated hospital admissions and
surgical procedures. The psychological effect of these
repeated procedures must be considered and is very
important in adolescence and young adulthood. Social
isolation and mental health impairment may be the
results of physical incapacity, restricted leisure time
activities, or parental overprotectiveness.?? In addi-
tion, patients are usually aware of the potential reduc-
tion in their life expectancy and physical capabilities.
To enhance the patieni’s long-term quality of life,
psychological aspects must be taken into account. An
understanding by health professionals of the subjec-
tive experiences and dilemmas in these patients is
necessary, and improvement in care may be gained by
offering professional psychological or emotional guid-
ance.

Although long-term follow-up information was
available for the large majority of patients, the inci-
dence of transient arrhythmias and thromboembolic
complications may not be complete because we at-
tended to only clinically relevant events. If so, the
numbers of complications have been underestimated,
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Background—The life expectancy of patients undergoing a Fontan procedure is unknown.

Methods and Results—TFollow-up of all 1006 survivors of the 1089 patients who underwent a Fontan procedure in Australia
and New Zealand was obtained from a binational population-based registry including all pediatric and adult cardiac
centers. There were 203 atriopulmonaiy connections (AP; 1975-1995), 271 lateral tunnels (1988-2006), and 532
extracardiac conduits (1997-2010). The proportion with hypoplastic left heart syndrome increased from 1/173 (1%)
before 1990 to 80/500 (16%) after 2000. Survival at 10 years was 89% (84%-93%) for AP and 97% (95% confidence
interval [CI], 94%-99%) for lateral tunnels and extracardiac conduits. The longest survival estimate was 76% (95% CI,
67%—82%) at 25 years for AP. AP independently predicted worse survival compared with extracardiac conduits (hazard
ratio, 6.2; P<0.001; 95% CI, 2.4-16.0). Freedom from failure (death, transplantation, takedown, conversion to extracardiac
conduits, New York Heart Association ITI/IV, or protein-losing enteropathy/plastic bronchitis) 20 years after Fontan was
70% (95% CI, 63%—76%). Hypoplastic left heart syndrome was the primary predictor of Fontan failure (hazard ratio,
3.8; P<0.001; 95% CI, 2.0-7.1). Ten-year freedom from failure was 79% (95% CI, 61%—89%) for hypoplastic left heart
syndrome versus 92% (95% CI, 87%—-95%) for other morphologies.

Conclusions—The long-term survival of the Australia and New Zealand Fontan population is excellent. Patients with an
AP Fontan experience survival of 76% at 25 years. Technical modifications have further improved survival. Patients with
hypoplastic left heart syndrome are at higher risk of failure. Large, comprehensive registries such as this will further
improve our understanding of late outcomes after the Fontan procedure. (Circulation. 2014;130:[suppl 1]532-S38.)
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he Fontan procedure has been performed for >40 years,

and we are still unclear of the long-term survival of those
undergoing this procedure because the only available con-
temporary data on this topic are limited to small single-center
series compromised by small numbers and referral bias.'?
Twenty-year survival estimates have only been delineated for
the atriopulmonary connection (AP), and it is likely that some
of these reported poor outcomes have misrepresented the lon-
gevity of those treated with more recent surgical strategies.**
To clarify these late outcomes, we created the Australia and
New Zealand Fontan Registry, which collects health data of
all Fontan patients prospectively. During the establishment
of the Registry, we collected all clinical data available for all
patients who underwent the Fontan operation in Australia and
New Zealand. This study describes the long-term outcomes
after Fontan surgery in the entire population of both countries
and analyzes their risk factors for adverse events.

Methods

The Australia and New Zealand Fontan Registry, created in 2008,
includes patients who had their Fontan procedure in either country,
as well as patients who had their Fontan procedure overseas who are
followed within the region. In 2008 and 2013, all follow-up data were
obtained from all hospital databases and private cardiology practices.
Ethics approval was granted nationally in Australia and New Zealand
and by the institutional review board of participating institutions.
Consent to participate in the Registry was obtained prospectively
in all patients undergoing the Fontan procedure after 2008 and ret-
rospectively for all remaining patients, including those who did not
survive or who required heart transplantation. After 2010, patients
undergoing Fontan surgery were enrolled on an opt-out basis. The
organization and the governance of the Fontan Registry are described
elsewhere.® All 8 pediatric and 7 adult centers overseeing the care of
patients with congenital heart disease in Australia and New Zealand
participated in the study. Follow-up data were extracted from cop-
ies of clinical summaries detailing hospital discharge and outpatient
clinic attendances. Patients are reminded to contact their physician
after 18 months have elapsed without a visit. At the time of the study,
870 patients were consented, and consent was still being sought for an
additional 319 patients. Data for the current analysis were extracted
from the Registry for the consented patients and from an audit of
hospital and private practice databases for the remaining patients. At
the time of the most recent follow-up collection, 166 patients had no
concurrent data within the previous 3 years. Eight patients had under-
gone their Fontan procedure overseas, and the remaining had been
operated in the region. Patients from New Zealand were recorded as
alive for the purpose of survival analysis as of August 2013, because
all deaths in New Zealand are tracked nationally and recorded in the
national health information database.

A total of 1089 Fontan operations excluding Bjork procedures
were recorded between 1975 and 2010. Patients were excluded if they
were referred from overseas (27 patients), had early Fontan takedown
(defined as takedown during the same hospital stay as the Fontan pro-
cedure, 20 patients), or died in hospital (36 patients). The analysis
of their early outcomes is published elsewhere.” The 1006 patients
surviving to hospital discharge with a Fontan procedure constitute
the cohort of this study. There was no follow-up information avail-
able in 40 patients (4%). Of the 1006 hospital survivors, 203 had an
AP (1975-1995), 271 a lateral tunnel (LT; 1988-2006), and 532 an
extracardiac conduit (ECC; 1997-2010). The characteristics of the
patients are given in Table 1.

Definitions

Hospital mortality was defined as death within 30 days of the proce-
dure or before hospital discharge. Prolonged effusions were defined
as effusions lasting for >30 days or requiring reoperation. Fontan

Redefining Survival After the Fontan Procedure S$33

failure was defined as death, heart transplantation, Fontan takedown
or conversion, protein-losing enteropathy, plastic bronchitis, or
New York Heart Association functional class I or IV at follow-up.
Thromboembolic events were defined as thrombus within the Fontan
circuit, pulmonary embolism, transient ischemic attack/reversible
neurological deficit (lasting 1-72 hours), or persistent stroke (lasting
>72 hours). Adverse events were defined as failure, sustained episode
of supraventricular tachycardia (SVT) including atrial fibrillation and
flutter, stroke, or thromboembolism, and requirement for a pacemaker
after hospital discharge.

Statistical Analysis

The end points examined for the 1006 hospital survivors were death,
Fontan failure, occurrence of first adverse event, first SVT, and first
instance of protein-losing enteropathy/plastic bronchitis. For the
Fontan failure and first adverse event end points, a patient’s experi-
ence was censored in the event of death, heart transplantation, or the
end of follow-up (occurring before failure or a first adverse event,
respectively). For the remaining 3 nonmortality end points, a patient’s
experience was censored in the event of death, heart transplantation,
Fontan failure, or end of follow-up. Survival and freedom from each
of the nonmortality end points were examined using Kaplan-Meier
analysis, and risk factors were examined using Cox regression analy-
ses. Equality of survivorship functions was tested using a log-rank
test. Testing of the proportional hazards assumption was based on
Schoenfeld residuals. The factors analyzed are those listed in Table 1,
together with length of hospital stay after Fontan completion (on a log
scale), the presence of prolonged effusions, Fontan failure, and the
requirement for a pacemaker, each before hospital discharge. Because
of the nonlinear relationship of age at Fontan with risk of outcomes,
for analysis the data were divided into quartiles (ie, 4 equal-sized
groups) according to age at Fontan <3 years, 3 to 5 years, 5 to 7
years, and >7 years, with 3 to 5 years as reference group. For the same
reasons, oxygen saturation before Fontan was handled by dividing
the data into quartiles according to oxygen saturation <77%, 78% to
81%, 82% to 85%, and >86%, with comparisons made with respect
to the 82% to 85% group, and hospital length of stay by dividing the
data into tertiles according to length of stay <12 days, 12 to 18 days,
and >18 days. Factors with large effect size (eg, hazard ratio [HR] of
>2 and HR of £0.5) and moderate or greater evidence against the null
hypothesis (P<0.05) under univariable modeling were considered for
inclusion in the multivariable model. Factors with small effect size
and weak evidence against the null hypothesis after initial multivari-
able modeling were subsequently dropped. For the protein-losing
enteropathy end point, because of the smaller number of events (32),
only the 3 factors most likely to be associated with the end point
were included in the initial multivariable model. All covariates in the
final models were complete, except for hospital length of stay (13%
missing) and pre-Fontan collaterals (24% missing). All analyses were
performed on complete cases only. Because fenestration and staging
with bidirectional cavopulmonary shunt were only initiated after the
introduction of the LT, the effects of these 2 factors could only be
assessed on the subgroup of patients who had either a LT or ECC
Fontan. Therefore, to assess their effects in relation to other factors,
we repeated the entire risk analysis with the atriopulmonary Fontan
subgroup excluded. Data analysis was performed using Stata 11
(Statcorp, College Station, TX).

Results

The growth of the Fontan population and its distribution
between the 3 types of Fontan techniques are displayed in
Figure 1. A median of 34 new Fontan survivors was added
to the population of the countries every year, increasing from
31 (between 1985 and 1989) to 49 (between 2005 and 2009).
From 2007, the ECC was the sole method of Fontan comple-
tion used in Australia and New Zealand. The proportion with
hypoplastic left heart syndrome increased from 1/173 (1%)
before 1990 to 80/500 (16%) after 2000.
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Table 1. Patient Characteristics of Hospital Survivors, AP Versus LT Versus ECC

Characteristic AP (203 Patients) LT (271 Patients) ECC (532 Patients) Total (1006 Patients)
Male, n (%) 110 (54) 154 (57) 319 (60) 583 (58)
Dextrocardia, n (%) 18(9) 14 (5) 39(7) 71(7)
Isomerism, n (%) 9(4) 17 (6) 40(8) 66 (7)
Ventricular morphology, n (%)
Left 160 (79) 170 (63) 280 (53) 610 (61)
Right 37 (18) 85 (31) 194 (36) 316 (31)
Biventricular/indeterminate 6(3) 16 (6) 58 (11) 80 (8)
Morphological group
TA 65 (32) 68 (25) 105 (20) 238 (24)
HLHS 10 70) 80 (15) 88 (9)
DORV 29 (14) 44 (16) 74(14) 147 (15)
CAVC 11 (5) 14 (5) 36 (7) 61 (6)
CAVC-DORV 42 11 (4) 27 (5) 42 (4)
TGA 6(3) 17 (6) 26 (5) 49 (5)
ccTGA 8(4) 12 (4) 29 (5) 49 (5)
DILV 46 (23) 62 (23) 76 (14) 184 (18)
PA-IVS 15 (7) 17 (6) 48 (9) 80 (8)
Other 18 (9) 19 (7) 31 (6) 68 (7)
Pre-Fontan procedures
No..of prior palliations, mean (SD) 1.1(0.8) 1.6 (0.9 2409 1.9(1.1)
Prior aortic arch intervention, n (%) 10 (5) 36 (13) 177 (33) 223 (22)
Prior pulmonary artery banding, n (%) 46 (23) 84 (31) 135 (25) 265 (26)
Prior staging with BCPS, n (%) 7(3) 103 (38) 515 (97) 625 (63)
Bilateral BCPS, n (%) 0(0) 7(3) 40 (8) 47 (5)
Age at BCPS, y, median (IQR) 1.4 (1.2-3.1) 1.4 (0.8-2.8) 0.9 (0.4-1.5) 1.0 (0.5-1.6)
Atrioventricular valve repair/replacement, n (%) 1(0) 6(2) 35(7) 42 (4)
Pulmonary artery reconstruction or angioplasty, n (%) 5(2) 16 (6) 108 (20) 129 (13)
Pre-Fontan hemodynamics
Oxygen saturation, %, mean (SD) 81 (6) 82 (6) 82 (6) 82 (6)
Puimonary artery pressure, mm Hg, mean (SD) 13 (4.1) 13 (4.5) 11 (2.6) 12 (3.6)
Aortopulmonary or venovenous collaterals, n (%) 2(1) 16 (6) 130 (24) 148 (15)
Arteriovenous malformations, n (%) 1(0) 5(2) 28 (5) 34(3)
Atrioventricular valve regurgitation > moderate, n (%) 8 (4) 10 (4) 41 (8) 59 (6)
Fontan operative characteristics
Arch intervention before or at Fontan completion 13 (6) 35(13) 99 (19) 147 (15)
(excluding Norwood procedures), n (%)
Fenestration, n (%) 00 138 (51) 202 (38) 340 (34)
Age at Fontan, y, median (IQR) 5.5 (3.1-9.3) 3.8(2.8-5.8) 4.8 (3.9-5.9) 4.6 (3.4-6.4)
Concomitant procedure, n (%) 29 (14) 48 (18) 62 (12) 139 (14)
Concomitant pulmonary artery reconstruction, n (%) 13 (6) 19(7) 26 (5) 58 (6)
Concomitant atrioventricular valve repair, n (%) 7@) 5 16 (3) 28 (3)

Pre-Fontan hemodynamic data were not available in 56% of atriopulmonary Fontans. AP indicates atriopulmonary connection; BCPS, bidirectional
cavopulmonary shunt; CAVC, complete atrioventricular canal; ccTGA, congenitally corrected TGA; DILV, double inlet left ventricle; DORV, double outlet
right ventricle; ECC, extracardiac conduit; HLHS, hypoplastic left heart syndrome; IQR, interquartile range; LT, lateral tunnel; PA-IVS, pulmonary atresia
with intact ventricular septum; TA, tricuspid atresia; and TGA, transposition of the great arteries.

Survival

A total of 55 patients died during follow-up: 37 AP, 12 LT, and
6 ECC. Three of 16 transplanted patients died, one periopera-
tively and the others after 8 and 15 years. Four of the 7 patients
who underwent a late Fontan takedown died. Kaplan-Meier

overall estimates of survival at 15, 20, and 25 years were 93%
(95% CI, 90%-95%), 90% (95% CI, 86%—-93%), and 83%
95% CI, 75%-89%), respectively. Independent predictors
of mortality are listed in Table 2. Survival after each type of
Fontan is displayed in Figure 2. For each longest estimate,
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survival was 76% (95% CIL, 67%-83%) at 25 years for AP,
90% (95% CI, 81%-95%) at 20 years for LT, and 97% (95%
Cl, 94%-99%) at 13 years for ECC. Sixteen patients ulti-
mately underwent an orthotopic heart transplantation (4 AP, 3
LT, and 9 ECC) after a median of 4.8 years (interquartile range
[IQR]. 2.7-8.4 years). One patient underwent transplantation
1 year after Fontan conversion.

Table 2. Resuits of Multivariable Cox Regression Analysis for
Long-Term Quicomes

Variable HR 95% Cl PValue
Late mortality (P*=0.10)
AP (vs ECC) 6.2 24-16.0 ©  <0.001
Age at Fontan > 7y (vs 3-5 y) 2.7 1.2-5.7 0.012
Prolonged pleural effusions 29 1.1-74 0.028
Male sex 25 1346 0.004
Late failure (P*=0.32)
Length of stay (on a log scale) 2.2 1.6-2.8 <0.001
HLHS (vs LV morphologies) 38 2.0-7.1 <0.001
Age at Fontan > 7 yr {vs 3-5 yr) 20 1.2-3.2 0.005
Late adverse events (P*=0.97)
Length of stay (on a log scale) 17 1.3-2.1 <0.001
HLHS (vs LV morphologies) 19 1.1-3.0 0.016
Arch intervention before or at Fontan 1.7 1.2-2.4 0.005
completion (excluding Norwood)
Early pacemaker 21 1.0-4.2 0.005
Pre-Fontan collaterals 1.8 1.3-25 0.001
PLE/plastic bronchitis (P*=0.67)
HLHS (vs LV morphologies) 3.8 1.1-13.0 0.035
SVT (P=0.06)
Fontan type
ECC Ref
LT 31 1.2-7.8 0.019
AP 107 45-256 <0.001
Isomerism 24 1.1-5.0 0.002

AP indicates atriopulmonary connection; Cl, confidence interval; ECC,
extracardiac conduit; HLHS, hypoplastic left heart syndrome; HR, hazard ratio;
LT, lateral tunnel; LV, left ventricular; PA, pulmonary artery; PLE, protein-losing
enteropathy; and SVT, supraventricular tachycardia.

*Schoenfeld residuals—based test of proportional hazards assumption.

Figure 1. Distribution of the techniques used

in the growing population of Fontan patients
alive in Australia and New Zealand. AP indicates
atriopulmonary connection; ECC, extracardiac
conduit; and LT, lateral tunnel.

Seven patients underwent Fontan takedown late after hospi-
tal discharge after a median of 1.2 years (0.4-9.2). Mortality
despite late Fontan takedown was 57% (4/7 patients) and
occurred 1 day, 4 days, 15 years, and 18 years after take-
down. Thirty-one patients underwent a reoperation to convert
an atriopulmonary (26 patients) or a LT (5 patients) Fontan
into an ECC. Two patients died in hospital after this proce-
dure (6.5%), and 3 patients died 4, 10, and 11 months after
the procedure.

Dysrhythmia

A total of 94 patients ultimately required a pacemaker implan-
tation: 9 before Fontan surgery, 35 during the same hospital
stay as the Fontan surgery (11 ECC, 6 LT, 9 AP), and 59 a
median of 6.0 years (IQR, 3.112.1 years) after the Fontan sur-
gery (0 ECC, 30 LT, 33 AP). Sustained episodes of SVT were
reported in 100 patients. Predictors of SVT were atrial isom-
erism (HR, 2.4, 95% CI, 1.1-5.0) and atriopulmonary and LT
Fontan compared with the ECC (HR, 10.7; 95% CI, 4.5-25.6
and HR, 3.1; 95% CI, 1.2-7.8 respectively; Table 2). Freedom
from SVT according to Fontan type is presented in Figure 3.

Thromboembolic Events

Thromboembolic events occurred in 56 patients at a median
of 7.6 years (IQR, 1.9-14.0 years) after Fontan, consisting
of stroke/transient ischemic attack in 22, thrombus within
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Years since Fontan completion
# at Risk (# Fail)
Extra-Cardiac 532 (3) 366 (3) 130 (0) 0 (0 O (© O
Lateral Tunnel 271 (4) 220 (2) 187 (3) 120 (8) 25 (0) O
Atriopulmonary 203 (8) 175 (11) 158 (7) 125 (3) 72 (5) 28

Figure 2. Kaplan—Meier Survival by Fontan type. Log-rank test
P<0.001. Atriopulm indicates atriopulmonary connection; ECC,
extracardiac conduit; and Lat. tunnel, lateral tunnel.
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Figure 3. Freedom from late sustained supraventricular
tachycardia by Fontan type. Log-rank test P<0.001. Atriopulm
indicates atriopulmonary connection; ECC, extracardiac conduit;
and Lat. tunnel, lateral tunnel.
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the Fontan conduit or AP in 19, pulmonary embolism in 10,
non-line-related central vein thrombosis in 3, and other in 3.
Overall freedom from thromboembolic events was 82% at 25
years (95% CI, 74%-87%).

Fontan Failure

Failure of the Fontan circulation occurred in 122 patients. The
first failure event was New York Heart Association class II/IV
in 11 patients, protein-losing enteropathy/plastic bronchitis in
15, conversion to ECC in 31, takedown in 7, transplant in 16,
and death in 42. Freedom from failure at 15, 20, and 25 years
was, respectively, 83% (95% CI, 79%—-86%), 70% (95%ClI,
63%—76%), and 56% (95% CI, 44%—66%). By multivariable
analysis, having hypoplastic left heart syndrome predicted
Fontan failure (HR=3.8 compared with LV; 95% CI, 2.0-7.1).
Ten-year freedom from failure was 79% (95% CI, 61%—-89%)
for patients with hypoplastic left heart syndrome versus 92%
(95% CI, 90%-94%) for patients with other morphologies
(Table 2; Figure 4).

Late Adverse Events
Late adverse events (failure, SVT, thromboembolism, or pace-
maker) occurred in a total of 308 patients. The 15, 20, and
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Failure (%)
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Freedom from late
25

0 5 10 15 20 25
Years since Fontan completion
# at Risk (# Fail) .
LV 610 (11) 459 (22) 275 (17) 134 (10) 46 (7) 15
RV (non-HLHS) 230 (9) 165 (5) 96 (5) 46 (3 0 (0) O©
HLHS 86 (11) 41 (1) 10 (1) 0 (© 0 (© 0

l

Figure 4. Comparative freedom from failure {death, heart
transplantation, reoperation on the Fontan circuit, poor functional
status) for patients with and without hypoplastic left heart
syndrome (HLHS; log-rank test P<0.001). LV indicates left
ventricle; and RV, right ventricle.
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Years since Fontan completion

# at Risk (# Fail)
Hosp. survivars 1006 (135) 688 (67) 433 (40) 243 (32) 105 (27) 30

Figure 5. Freedom from adverse events (failure, supraventricular
tachycardia, stroke, pulmonary embolism, pacemaker insertion).
Clindicates confidence interval; and hosp. survivors, hospital
survivors.

25 years of freedom from the occurrence of adverse events
were, respectively, 59% (95% CI, 54%-63%), 34% (95%
Cl, 27%—41%), and 29% (95% CI, 21%-37%; Figure 5).
Risk factors predicting the late occurrence of adverse events
are listed in Table 2. Having an arch intervention (excluding
Norwood procedure) before or at Fontan completion predicted
late occurrence of adverse events (HR, 1.7; P=0.005; 95% CI,
1.2-2.4; Figure 6). On a logarithmic scale, having a prolonged
hospital stay at the time of the Fontan surgery was predic-
tive of both Fontan failure and occurrence of adverse events
(HR, 2.2; P<0.001; 95% CI, 1.6-2.8 and HR, 1.7; P<0.001;
95% CI, 1.3-2.1 respectively) with >18 days representing the
top tertile of patients with regard to hospital length of stay
(Figure 7).

In a multivariable analysis of the risk factors predicting
late mortality, Fontan failure, and occurrence of late adverse
events in the population of patients who underwent the LT
or the extracardiac procedure, no additional independent pre-
dictors were identified. Fenestration and staging with bidirec-
tional cavopulmonary shunt were not predictors of these end
points even by univariable analysis.

Analysis of Patients With Incomplete Data
There were 5 (4%) late deaths among patients excluded from
the multivariable analysis of mortality because of missing
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Years since Fontan completion
# at Risk (# Fail)
Archinterven. 236 (42) 144 (20) 67 (10) 31 (3) 10 (1) O
Other Patients 770 (93) 544 (47) 366 (30) 212 (29) 95 (26) 27

Figure 6. Comparative freedom from adverse events for patients
with or without arch intervention before or at Fontan completion
(excluding Norwood procedures; log-rank test P=0.003).
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Figure 7. Impact of length of hospital (LOS) stay on late failure
(A; log-rank test P<0.001) and late occurrence of adverse events
(B; log-rank test P<0.001).
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hospital length of stay compared with 50 (6%) late deaths
among the included patients. Excluded patients had similar
distributions to included patients for sex (42% women in both
groups), prolonged pleural effusions (7% versus 2%), and
age at Fontan (median {IQR], 4.7 [3.7-7.6] versus 4.6 [3.4—
6.2]). Excluded patients had a larger proportion of LT Fontan
(51%) and a lower proportion of ECC Fontan (19%) patients
compared with included patients (23% LT and 58% ECC).
However, as Figure 2 illustrates, survival experience for these
2 subgroups was similar.

There were 9 (7%) late failures among patients excluded
from the multivariable analysis of late failure because of miss-
ing hospital length of stay compared with 113 (13%) late
failures among the included patients. Excluded patients had
similar distributions to included patients for hypoplastic left
heart syndrome (9% versus 5%) and for sex and age at Fontan
(as reported for late deaths above).

There were 122 (37%) first late adverse events among
patients excluded from the multivariable analysis of late
adverse event compared with186 (28%) among the included
patients. Distributions of key complete covariates for
excluded patients compared with included patients were sex
(43% versus 42%), age at Fontan (median=4.8; IQR [3.3-7.6]
versus 4.6 [3.5-6.0]), hypoplastic left heart syndrome (3%
versus 11%), arch intervention (12% versus 29%), and early
pacemaker (3% versus 2%). Although excluded patients had
a smaller proportions of patients with hypoplastic left heart
syndrome and patients had an arch intervention up to the time
of Fontan, an examination of the freedom from adverse event
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curves for the 2 groups indicated that <20 years after Fontan,
the 2 curves were almost identical, with some divergence
occurring beyond 20 years (log-rank P=0.82).

Discussion

The survival of our population-based group of patients who
had undergone a Fontan procedure are excellent by current
standards>®: even the survival of the patients who had under-
gone the first form of Fontan surgery, the AP, was 76% at 25
years. In a historical study by Francis Fontan, 20-year survival
of these patients had been predicted to be limited to 65% in the
best candidates.® Our longest follow-up for the recent forms
of the Fontan operation, the LT and the ECC, was 20 years
and 13 years, respectively. The population of patients who had
undergone an AP still seems to be subjected to a continuous
attrition, but in the time frame of the study there seemed to be
no such trend for those who underwent an LT or an extracar-
diac Fontan.

In the time frame of this study, heart transplantation has not
yet become the ultimate solution that is often forecast for these
patients, with only 2% of this population reaching this status.
It is likely that this small proportion of patients underestimates
the number of potential candidates for heast transplantation
after Fontan surgery. In this historical review, some patients
would have undoubtedly died before being considered appro-
priate candidates and some would have died only after having
been directed to Fontan conversion. As our understanding of
failure of the Fontan circulation improves, it is possible that
we will see an increase in the proportion of Fontan patients
requiring transplantation.

There may be several reasons explaining the excellent sur-
vival noted in our region. Fontan surgery was offered only in
a relatively late era in Australia and New Zealand, at a time
when contraindications for Fontan might have been better
delineated. Patient selection is likely the single most impor-
tant determinant of improved late outcomes after Fontan
surgery, and the quality of our results is likely a reflection
of our selection process.’ It is only recently that newborns
with hypoplastic left heart syndrome have survived to the
point of being eligible for a Fontan procedure in our region,
as reflected by their small proportion in our series. We have
not yet been able to show that patients with hypoplastic left
heart syndrome have worse long-term survival, but we dem-
onstrated that they were at greater risk of failure, and it is
therefore likely that their long-term survival will ultimately
be affected.

Patients after Fontan surgery may benefit from excel-
lent survival, but close to half of them experience a major
adverse event in the 15 years after this surgery, underlin-
ing the considerable burden of single-ventricle conditions.
Clearly, patients staying longer in hospital with prolonged
effusions after Fontan surgery are those who had worse late
outcomes. One third of our patients stayed for >18 days in
hospital, and for these patients the hazard of late adverse
outcomes was greater. Patients requiring arch interventions
also had worse outcomes. Reduced aortic distensibility and
deficiency in ventricular arterial coupling in single-ventricle
patients may partly explain this finding.!® One could also
suspect that a low threshold for arch reintervention should
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be applied in patients with single ventricles. It was surpris-
ing to note that common atrioventricular morphology did
not predict any adverse outcome and one could wonder
whether this fact is not a consequence of a progressively
more aggressive management of atrioventricular valve
regurgitation.

Interestingly, the study also showed that patients who
underwent the ECC had significantly less risk of experiencing
sustained episodes of SVT, although the difference observed
was relatively small.

The finding that survival after Fontan surgery may be better
than expected may have several implications for our practice.
Better outcomes after single-ventricle palliation may influ-
ence decisions for patients who are potential candidates for
high-risk biventricular repair. Patients with a Fontan circula-
tion are functioning close to their reserve capacity: they have
a decreased cardiac output and increased systemic vascular
resistances, and there is growing evidence that their chroni-
cally elevated central venous pressures may lead to liver and
renal dysfunction.!'"** If we expect these patients to survive
23 decades, it should become our priority to optimize all
aspects of their circulation before and after the Fontan com-
pletion even at the cost of additional procedures.

Limitations and Strengths

Some parameters, in particular pre-Fontan pressures
obtained by catheterization and some procedural data
such as cardiopulmonary bypass time, may not have been
adequately analyzed because too many of these data were
missing from the files of our older patients. The entry point
in this study was survival from the Fontan procedure, and
accordingly, the selection process that may have affected
their long-term outcomes was not evaluated. We cannot
eliminate the possibility that some rare deaths occurring
overseas may not have been reported to us. Follow-up out-
comes were limited to clinical events reported. The data
reported gain strength because they report the entire popu-
lation of 2 countries, thereby eliminating any selection bias.
The quality of the data was enhanced by the creation of the
Fontan Registry.

Conclusions

In conclusion, the long-term survival of the Australia and New
Zealand Fontan population is excellent. Patients with an AP
experience survival of 76% 25 years after Fontan and con-
temporary techniques are associated with even better survival.
Patients with hypoplastic left heart syndrome have higher
rates of adverse events and failure. This large and compre-
hensive binational registry will continue to track long-term
outcomes and shed light on survival, symptoms, and quality
of life for these subjects.
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Abstract

OBJECTIVES: Our aim in the present study was to determine the prevalence of haemostatic events in our Fontan patients, to identify pre-
dictive factors and to determine their association with haemodynamics and anticoagulant therapy.

METHODS: We retrospectively evaluated 424 Fontan patients and examined correlations between postoperative haemodynamics and
anticoagulant regimens with haemostatic events.

RESULTS: After exclusion of 12 patients with a mechanical valve at the time of Fontan operation, our 412 patients were sub-divided into
21 groups based on the therapeutic duration of warfarin and antiplatelet agent therapy. During the early 5- to 10-year postoperative
period, patients receiving warfarin showed higher central venous pressure and lower arterial oxygen saturation (Sat) (P < 0.05-0.001).
During a mean follow-up of 11.2 years, 29 (7.0%) haemostatic events occurred. With regard to haemorrhagic events, haemoptysis was
most common (n =13, 45%), followed by cerebral bleeds in 3 (10%). Of thrombo-embolic events, thrombosis in the Fontan pathway
was the most common (n = 7, 24%), followed by cerebral infarction in 3. Early haemorrhagic events were associated with late Fontan oper-
ation and use of preoperative renin-angiotensin system blockers, while late events were related to heterotaxy syndrome, male gender and
low Sat (P < 0.05-0.01). A low Sat was the only predictor of early postoperative thrombo-embolic events (P = 0.0192). Among the three sub-
group analyses of fixed anticoagulant regimens, the most frequent haemorrhagic events were associated with long-term use of warfarin
(P=0.0033). None of the anticoagulant regimens that included warfarin and/or antiplatelet agents were independently associated with
haemostatic events throughout the follow-up.

CONCLUSIONS: Anticoagulant regimens in Fontan patients varied widely with a significant trend for warfarin use in patients with impaired
haemodynamics. Low arterial oxygenation may predict haemostatic events. The relatively high prevalence of haemorrhagic complications
indicates the need for individualized anticoagulant administration throughout the follow-up.

Keywords: Fontan procedure + Thrombo-embolism « Haemorrhage < Anticoagulants

INTRODUCTION embolism [1, 10]. Haematological events may be low during child-

hood. An intriguing possibility is that they may be based on ethnic
Thrombo-embolism is one of the major postoperative complica- differences in the coagulation cascade, which favour a haemor-
tions after the Fontan operation and its reported prevalence rate rhagic tendency in oriental patients [11]. A recent randomized con-
varies from 0 to 28% depending on the study design [1-4]. trolled study failed to demonstrate any protective benefits of
Virchow's triad has been proposed as a key risk factor for throm- warfarin over acetylsalicylic acid in the first 2 years after the Fontan
bosis formation [5] and several detailed studies of coagulation operation [4]. Furthermore, there has been no comprehensive
factors have been undertaken to determine the nature of the evaluation of the impact of haemodynamics on thrombo-embolic
post-Fontan hypercoagulability [6-9]. However, these efforts have events. This existing information led us to speculate whether
failed to identify a single culprit among proposed factors and, so impaired haemodynamics, rather than anticoagulation therapy,
far, no prospective studies to identify clinically relevant coagulation might be the predominant precursor of haemostatic events in
factors have been conducted. As for the circulatory stasis, the low Fontan patients. In this respect, our policy of serial haemodynamic
cardiac output, impaired ventricular function and presence of a pul- assessments provided a unique opportunity to study this issue.
monary stump have been regarded as predisposing to thrombo- Accordingly, we planned to clarify the impacts of Fontan

© The Author 2014. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. Al rights reserved.
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haemodynamics and prescribed anticoagulation regimens on
thrombo-embolic events in our large cohort of 424 Fontan patients.

METHODS
Subjects

We retrospectively reviewed all our patients (a total of 424, males
255) who had undergone a Fontan operation in our institute
(Table 1). For this study, the last follow-up occurred at the end of
February 2013. In our institute, all Fontan survivors had under-
gone periodic cardiac catheterizations before, and 1, 5, 10 and 15
years after their Fontan operation, except for a few patients
excluded for social and/or medical reasons [12]. Of the 424
patients, 19 had been treated with a mechanical valve (12 with the
atrioventricular valve and 2 with the aortic valve). Of those, 12
patients who had been treated with a mechanical valve at the
time of or before the Fontan operation were excluded from the
present study because of a greater risk of haemostatic complica-
tions and the remaining 7 were included in our study because
they had a certain period of mechanical valve-free postoperative
status. Finally, 412 patients were analysed. Of the 367 early (26
months) postoperative survivors, 355 had undergone a post-
operative cardiac catheterization with cardiovascular imaging by

Table 1: Subject characteristics

Total Early survivors
n 412 355
Age at Fontan operation 47+£53(28) 4.4+52(25)

(median) (years)

Follow-up (median) (years) 11.2+7.6(10.9) 11.6£6.7(10.9)

Systemic ventricular type 176/75/161 149/68/138
(RV/BV/LV)
First Fontan in 1990 228 (55%) 179 (50%)
Diagnosis
Heterotaxy syndrome 133 (32%) 104 (29%)
UVH 108 88
TA 88 74
DORV 68 67
MA 40 35
PA 31 28
CAVC 37 25
HLHS 13 12
Others 27 - 26
Type of first Fontan operation
APC 62 35
IAR 102 87
ECR 248 233
Previous or additional procedures at Fontan operation
APS 228 193
PAB 102 95
AAPA 45 45
Glenn 209 194
Fenestration 38 35

Values are mean + SD.

AAPA: additional aortopulmonary anastomosis; APC: atriopulmonary
connection; APS: aortopulmonary shunt; BV: biventricular; CAVC:
common atrioventricular canal; DORV: double outlet right ventricle;
ECR: extracardiac rerouting; HLHS: hypolastic left heart syndrome; IAR:
intra-atrial rerouting; LV: left ventricle; MA: mitral valve atresia; PA:
pulmonary valve atresia; PAB: pulmonary artery banding; RV: right
ventricle; TA: tricuspid valve atresia; UVH: univentricular heart.

~75 -

the end of February 2013, 355 before (within 6 months), and 355,
271, 181 and 108 patients 1 (0.5-2.4), 5 (2.5-7.4), 10 (7.5-12.4)
and 15 (12.6-17.4) years after the Fontan operation, respectively.
The Ethics Committee of the National Cardiovascular Center
approved the study protocol.

Haemodynamics and systemic ventricular
performance

We measured intracardiac and great vessel pressures, including the
central venous (CVP) and end-diastolic systemic ventricular pres-
sures. We estimated the oxygen consumption from the age, sex and
heart rate and measured the cardiac index (Cl; |/min/m?) using the
Fick principle, and assumed that the right and left pulmonary arter-
ial saturations were equal in the patients with either a Glenn or total
cavopulmonary connection because it is clinically difficult to
measure accurate flow distributions in the bilateral pulmonary ar-
teries. We calculated the systemic and pulmonary arterial resis-
tances and determined the systemic ventricular morphology
angiographically as previously described [12]. We used Simpson’s
rule to estimate the right and left ventricular volumes and divided
the end-diastolic ventricular volume by the body surface area to
obtain the end-diastolic volume index. We also calculated the sys-
temic ventricular ejection fraction. Bilateral pulmonary artery sizes
were measured just proximal to the first branch [13]. The bilateral
pulmonary cross-sectional areas were calculated from the corrected
pulmonary artery diameter size, after which the areas were
summed and divided by the patient’s body surface area.

Sub-groups according to anticoagulant regimen

Because warfarin had been used for at least the early postoperative
period (26 months) until the first cath-based haemodynamic evalu-
ation, we subgrouped the Fontan survivors after the evaluation
based on a combination of the duration of warfarin and antiplatelet
therapies prescribed. Patients not given warfarin immediately post-
evaluation were categorized as WO, those who received warfarin
throughout the follow-up as category W1, patients who discontin-
ued warfarin postevaluation after a certain period as W2, intermit-
tent use of warfarin as W3 and receiving current warfarin therapy
with a planned discontinuation period as W4. A similar sub-
grouping based on the antiplatelet prescription pattern was applied
to the antiplatelet treatment. Thus, theoretically, 25 patterns were
possible. For instance patients currently treated with antiplatelet
agent without warfarin were categorized as WOP1 (Fig. 1, left).

Haemostatic events

Haemostatic events consisted of thrombo-embolic and haemor-
rhagic events. Thrombo-embolic complications included throm-
bus formation in the Fontan pathway, transient ischaemic attacks,
and myocardial or cerebral infarction. Haemorrhagic events inclu-
ded haemoptysis, and cerebral and other bleeding. All of these
haemostatic events required hospitalization and asymptomatic
patients were not included in this study.

Statistical analysis

Differences in demographics and haemodynamic variables were
evaluated using the unpaired t-test between two groups and
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Figure 1: Sub-grouping of anticoagulation regimens according to the therapeutic duration of warfarin and antiplatelet agents. Theoretically, there could be 5x 5 =25

regimens. Definitions of groups W and P are described in the text.

one-way ANOVA with Turkey's post hoc test among 23 groups.
Comparisons of the prevalence of clinical profiles, including diag-
nosis, medications and type of Fontan procedure were evaluated
with z? or Fisher’s exact test. We used univariate Cox's proportional
hazards model to predict the associations of clinical factors with
haemostatic events. When the variables had a P value of <0.20, they
were used in the multivariate Cox's proportional hazards model to
identify the independent predictors. We employed the following
clinical variables to correlate haemostatic events: preoperative and
early postoperative haemodynamics; medications, including anti-
coagulant regimen; age at first Fontan operation; gender; type of
systemic ventricular morphology (LV vs non-LV); heterotaxy syn-
drome; type of Fontan procedure; and type of palliative operation
(s) prior to the Fontan operation. The clinical event-free status was
estimated using the Kaplan-Meier method, and differences in the
event-free status between groups were assessed using log-rank
tests. Analyses were performed with the software JMP 10 pro (SAS
Institute, Cary, NC, USA). The data are expressed as the mean + SD.
A P value of <0.05 was considered statistically significant.

RESULTS

Of the 412 patients, 367 survived more than 6 months and 8 died
(cause of death: heart failure in 3, arrhythmia in 4, unknown in 1)
without postoperative haemodynamic assessment. Of the 6-month
survivors, 355 patients underwent postoperative catheterization
(Table 1). There were 21 patterns of anticoagulant regimen based
on our sub-grouping (Fig. 1, right) and the most common four
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regimens were WOP1 (n=98, 27%), followed by W1P1 (n=55,
15%), WOPO (n =55, 15%) and W2P1 (n =54, 15%), totalling 262
patients (73.8%). Of these, the groups of WOP1, W1P1 and WOPO
were patients who received fixed anticoagulant regimens through-
out the follow-up period. Warfarin was or is being prescribed in
169 patients (47.8%). Consequently, to determine the impact of
anticoagulant therapy on haemostatic events, we focused on the
difference between patients with and without warfarin therapy
and the characteristics of the three major sub-groups with fixed
anticoagulant regimens.

Warfarin therapy and the clinical characteristics

The rate of warfarin use 1, 5, 10 and 15 years post-Fontan was 144
(41%), 51 (19%), 24 (13%) and 17 (16%), respectively. Compared
with patients without warfarin therapy, those given warfarin were
older (6.5+6.0 vs 5.0 +4.5, P=0.0054) with a significantly higher
CVP (11+3 vs 10 £ 2, P=0.0065) and lower arterial oxygen satur-
ation (92 + 6 vs 94 + 3, P=0.0002). The same trend was observed 5
years after the operation (data not shown), indicating that, in our
institution, warfarin was or has been prescribed for sicker patients
with impaired haemodynamics.

Major sub-groups and their clinical characteristics

Age and haemodynamics 1, 5, 10 and 15 years after the Fontan
operation are summarized in Table 2. As described above, patients
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Table 2: Comparison of haemodynamics and functional capacity among three major Fontan groups according to fixed

anticoagulant prescription during follow-up

Follow-up 1 5 10 15
Cases 199 135 77 42
WOPO 55 32 24 13
WOPT 9 76 40 25
W1P1 48 27 13 4
Age (years)
WOPO 54+43 94+4.1 156+48 183£29
WOP1 o 42+30 “ 81+£3.1 135432 186+3.4
WI1P1 76+75" 120471 153+4.8 209+66
Haemodynamics
CVP (mmHg)
WOPO 10+2 11+2 1M+2 10+2
WOP1 #+ 10+2 ** 10+2 10+3 10+2
W1P1 12+ 4% 12+3' 12+3 10+3
EF (%)
WOPO 57+12 59+ 11 55+14 52+13
WOP1 56+ 11 57+10 55+8 52+10
W1P1 56+ 14 5710 60+ 11 56+ 8
Cl (I/min/m?)
WOPO 3.0+07 3.1£07 27407 26+08
WOP1 31406 31+06 31409 27406
W1P1 30+1.2 32408 33+1.1 22£09
Sa0, (%)
WOPO 945 94+3 94+ 4 94+7
WOP1 94+2 ** 952 9542 94+2
WI1P1 91+ 8% 93+4' 90+ 9% 94+3

Values are the mean + SD.

Cl: cardiac index; CVP: central venous pressure; EF: ejection fraction of the systemic ventricle; SaO,: arterial oxygen saturation.

*and 'indicate statistically significant vs group of WOPO and WOP1, respectively.

* * and **indicate P < 0.05, P < 0.01 and P < 0.001, respectively.

receiving continuous warfarin (W1P1) also had impaired haemo-
dynamics (high CVP and hypoxia) for, at least, the last 10 years
postoperatively, again indicating that warfarin has been prescribed
for sicker patients with impaired haemodynamics.

Predictors of haemostatic events

In all 412 patients, 29 haemostatic events (7.0%) occurred consist-
ing of 11 (2.7%) thrombo-embolic and 18 (4.4%) haemorrhagic
events. Thrombo-embolism included thrombus formation in the
Fontan pathway in 7, cerebral infarction in 3 and myocardial in-
farction in 1, while haemorrhagic events included haemoptysis in
13, cerebral bleeding in 3, and intestinal bleeding and bleeding
from varicose veins of the lower extremity in 1 each. The inci-
dence of total haemostatic events is shown in (Fig. 2a-d). Overall,
the incidence rates were around 1-2% until 15 years after the
operation; they then increased up to 5%. Incidences of throm-
bo-embolic events were relatively high immediately after and re-
motely after the operation, showing a U-shaped incidence pattern
(Fig. 2a). Total haemostatic, thrombo-embolic and haemorrhagic
event-free curves are also shown in Fig. 2b-d. Notably, 12 (41%) of
the 29 patients eventually died, especially noteworthy being that
8 (73%) of those patients had thrombo-embolic events.

Predictors of haemostatic events in all our patients are sum-
marized in Tables 3 (for the early postoperative phase) and 4 (for
the late phase). We separately analysed the predictors of

haemorrhagic and thrombo-embolic events in the early phase.
However, in the late-phase analysis, we had to focus on the haem-
orrhagic events because of the small number of thrombo-embolic
events late after the Fontan operation.

Predictors of early haemorrhagic events in the very early post-
operative phase (before 1 year in Table 1), using preoperative
haemodynamics, including pulmonary artery pressure instead of
CVP, late Fontan operation and use of angiotensin-converting
enzyme inhibitor or angiotensin receptor blocker before the Fontan
operation, were independent predictors (P < 0.05 for both). When
the thrombo-embolic events were separately analysed, low
cardiac index (systemic flow index in this condition) before Fontan
operation emerged as the only predictor (P=0.0497). Although
late Fontan operation, heterotaxy syndrome, fenestration, high
CVP, use of antiarrhythmic drugs and/or pacemaker implantation,
and low Sat were associated with the haemorrhagic events, one
year after the operation no independent variables were deter-
mined. As for thrombo-embolic events, low Sat was the only inde-
pendent predictor (P=0.0192) and low cardiac index tended to
be associated with the events according to the univariate analysis
(P=0.0721). A Kaplan-Meier curve of those with cardiac index
<254 and >2.54 |/min/m? and that of those with Sat <85 and
>85% 1 year after the Fontan operation are shown in Fig. 3aand b,
respectively.

Predictors of late haemorrhagic events: based on the data on 5-
and 10-year postoperative variables, in addition to heterotaxy syn-
drome throughout the period, male gender and low Sat were the
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Figure 2: Incidence (a) and haemostatic, thrombo-embolic and haemorrhagic event-free curves in Fontan patients. Total event-free curve of thrombo-embolism and
haemorrhage (b), thrombo-embolic (c) and haemorrhagic (d) event-free curves are shown. Each dotted line indicates the 95% confidence interval.

independent predictors for the 5- and 10-year analysis, respect-
ively. However, no independent variables were determined in the
15-year analysis although heterotaxy syndrome tended to be pre-
dictive (P=0.074). The impact of heterotaxy syndrome on the
haemorrhagic events for the 5- and 10-year analysis is shown re-
spectively, in Fig. 3c and d.

Impact of anticoagulation on haemostatic events

We sub-divided the patients into four sub-groups based on antic-
oagulation with warfarin and the percentages of those regimens at
the 1-, 5-, 10- and 15-year phases are shown in Fig. 4a. The rate of
warfarin use had gradually decreased and most of the rest were
on antiplatelet agents or no treatment. The impact of anticoagula-
tion regimens on haemorrhagic events was analysed in the groups
of WOP1, W1P1 and WOPO (fixed anticoagulation regimens), a
long-term use of warfarin was associated with the high prevalence
of haemorrhagic events (Fig. 4b). When an intention-to-treat-like
approach was applied for the analysis of the impact of anticoagu-
lation regimens at the time of 1- and 5-year postoperative status
on the following haemorrhagic events (Fig. 4c and d, respectively),
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the group W1P1 showed 84 times higher haemorrhagic event
prevalence than that of group WOPT (95% confidence interval
1.61-61.1, P=0.0123) based on the analysis of 5-year post-
operative anticoagulant regimens.

DISCUSSION

In the present study, we learned the following about our Fontan
patients: (i) patients with symptomatic thrombo-embolic events
had a high mortality rate (73%, 8 of 11); although the total preva-
lence rate was relatively low (2.7%, 11 of 412), there were two high
prevalence periods: one immediately post-Fontan (45%, <6 months)
and the other long term (27%, 215 years) (Fig. 2a). Haemorrhagic
events, mainly haemoptysis, were more common (4.4%, 18 of 412)
than thrombo-embolic events (2.7%) and their prevalence steadily
increased during the late follow-up. (i) No definite risk factor(s) for
all haemostatic events were found during the follow-up period al-
though heterotaxy syndrome had a significant impact on the late
haemorrhagic events. Furthermore, we were unable to identify pre-
dictors for late thrombo-embolic events because of the limited
number of events. Finally, (iii) anticoagulant regimens varied widely,
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Table 3: Univariate and multivariate predictors of haemorrhagic and thrombo-embolic events in all early Fontan survivors

Before 1 year

1year

Haemorrhagic (n = 18)

Thrombo-embolic (n=11)

Haemorrhagic (n = 16)

Thrombo-embolic (n = 5)

HR  95% E HR  95% P HR  95% P HR  95% P
Confidence  value Confidence  value Confidence  value Confidence  Value
interval interval interval interval
Univariate analyses
Patient characteristics
Age atfirst Fontan (years)  1.09 1.01-1.16 0.0227 1.06 096-1.13 0.2057 1.12 1.03-1.20 0.0088 1.08 0.88-1.22 0.4077
Male 191 0.72-6.00 0.2010 1.29 0.39-4.96 0.6781 221 0.77-7.93 0.1483 326 0.48-64.1 0.2452
Non-LV SV 1.05 0.41-2.86 09230 0.82 0.25-2.84 0.7409 1.38 0.50-4.38 0.5459 1.04 0.17-7.90 0.9677
Heterotaxy syndrome 229 0.89-5.89 0.0828 1.23 0.32-4.09 0.7421 272 1.01-7.62 0.0472 132 0.17-797 0.7652
Type of repair
APC vs TCPC 093 0.21-2.88 09127 286 0.73-9.67 0.1214 0.82 0.13-298 0.7881 3.68 0.48-22.7 0.1877
Fenestration 470 1.30-137 0.0212 - - - 542 1.49-16.1 0.0135 - - -
Medications
Wafarin 1.83 0.64-547 0.2588 0.50 0.02-3.53 05172 221 0.82-6.23 01162 237 0.39-18.1 0.3385
Antiplatelet 147 0.54-407 04494 031 0.02-2.07 02483 0.70 0.26-1.96 04793 037 0.05-2.25 0.2717
Diuretics 1.18 0.41-348 07614 057 0.08-3.02 0.5218 097 0.35-2.88 09488 240 0.35-47.2 0.3994
ACEI/ARB 560 1.22-196 0.0298 5.83 0.27-61.0 0208 297 0.66-9.73 0138 - = =
B-Blocker 7.83 0.42-43.1 0132 - - - - - - - - -
Antiarrhythmic/PMI 1.46 0.08-7.50 0.7287 3.53 0.51-15.6 0.1730 3.71 1.02-11.0 0.0472 3.68 0.18-28.1 0.3217
Haemodynamics
PAP#/CVP (per 1 mmHg) 1.07 096-1.18 02394 092 0.77-1.07 03129 1.23 1.04-1.44 0.0141 1.25 0.93-1.65 0.132
PA index (per 10 mmz/mz) 0.98 0.93-1.01 02255 098 0.92-1.03 0.4504 0.96 0.90-1.02 0.247 098 0.86-1.08 0.6472
EF (per 1%) 1.00 0.95-1.05 0.9873 0.96 0.91-1.02 0.1867 0.99 0.95-1.04 0.7583 0.95 0.89-1.02 0.1787
Cardiac index 1.05 0.65-1.56 0.8347 049 0.22-1.00 0.0497 1.26 0.65-2.18 04697 0.25 0.04-1.12 0.0721
(per 1.0 I/min/m?) '
Arterial oxygen saturation ~ 0.96 0.90-1.04 03229 1.08 0.97-1.21 0.1645 0.93 0.89-1.00 0.0429 0.88 0.82-0.95 0.0044
(per 1%)
Multivariate analyses
Age at first Fontan (years) 112 1.03-1.20 0012 - - - - - = = = =
ACEI/ARB 741 1.46-29.8 0.0191 - - - - - - - - -
Arterial oxygen saturation - = - = = = - - = 0.88 0.82-0.95 0.0044
(per 1%)

Bold values indicates statistically significant. Italic values indicates a tendency of statistical significance on the multivariate analysis.
SV: systemic ventricular; ACEI/ARB: angiotensin converting enzyme inhibitor/angiotensin receptor blocker; PAP: pulmonary artery pressure; TCPC: total
cavopulmonary connection; PA: pulmonary artery; PMI: pacemaker implantation. Other abbreviations are the same as in Tables 1 and 2.

#PAP is only for the analysis of before 1 year.

and warfarin therapy had been applied to sicker patients with
impaired haemodynamics. Consequently, warfarin therapy might be
associated with a high prevalence of haemorrhagic events.

Thrombo-embolic events

The pathophysiology of thrombo-embolic events in Fontan
patients may be explained in the context of Virchow’s triad, i.e. ab-
normal ‘blood flow’, ‘blood constituents’ and ‘vessel wall’ [5]. In the
Fontan circulation, venous systemic flow is sluggish, and inappro-
priate intra- or extracardiac Fontan pathways may cause whirlpool
effects, resulting in thrombus formation [14]. Our observations of a
high prevalence (45%) immediately after the Fontan operation
and the high mortality (73%) do not contradict previous reports
[2, 15] although symptomatic thrombo-embolic events were rela-
tively rare (2.7%). Early postoperative hypoxia and low cardiac
output were also demonstrated in our thrombo-embolic patients.
These unstable ‘sluggish blood flow states’ in conjunction with the
unique features of the Fontan circulation immediately after the
operation could have predisposed patients to thrombo-embolic
events. In fact, in addition to low Sat, low cardiac index tended to
be associated with thrombo-embolic events (P = 0.0721) according
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to the univariate analysis (Table 3, Fig. 3a). However, use of antiar-
rhythmic drug(s), including pacemaker implantation, was not
associated with the events, as previously reported [16].

We did not evaluate the other two abnormalities, ‘blood consti-
tuents’ and ‘vessel wall'. Many investigators have demonstrated that
Fontan patients have ‘abnormal blood constituents’, i.e. coagulation
and fibrinolytic factor abnormalities. An association between factor
VIl and thrombo-embolic events has been proposed [17]; however,
the factor is low in the adult stage [18]. Further confounding the
issue is the possibility of ethnic differences in the coagulation ab-
normalities [11]. In addition, some investigators have demonstrated
endothelial dysfunction of the ‘abnormal vessel wall' of the triad
[19], which may also contribute to thrombo-embolic events in
Fontan patients. Furthermore, those abnormal haemostatic profiles
may change over time [18], creating a difficulty in employing stereo-
typed thrombo-prophylactic strategies in growing Fontan patients.

Haemorrhagic events
Interestingly, we found that haemorrhagic events, haemoptysis'in

particular, were more common than thrombo-embolic events in
our Fontan patients. The close association of a high prevalence of



