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BACKGROUND There is a paucity of data on long-term outcomes after Fontan palliation in patients with a dominant

morphological univentricular right (uRV) vs left (uLV) ventricle.

OBJECTIVES The purpose of this study was to compare the incidence of atrial arrhythmias, thromboembolic events,

cardiac transplantation, and death following Fontan palliation in patients with uRV vs uLV.

METHODS The Alliance for Adult Research in Congenital Cardiology conducted a multicenter retrospective cohort study

on patients with total cavopulmonary connection Fontan palliation across 12 centers in North America. All components of

the composite outcome, that is, atrial arrhythmias, thromboembolic events, cardiac transplantation, and death, were

reviewed and classified by a blinded adjudicating committee. Time-to-event analyses were performed that accounted for

competing risks.

RESULTS A total of 384 patients were followed for 10.5 � 5.9 years. The composite outcome occurred in 3.7 vs 1.7 cases

per 100 person-years for uRV (N ¼ 171) vs uLV (N ¼ 213), respectively (P < 0.001). In multivariable analyses, uRV

conferred a>2-fold higher risk of the composite outcome (HR: 2.17, 95% CI: 1.45-3.45, P < 0.001). In secondary analyses

of components of the primary outcome, uRV was significantly associated with a greater risk of cardiac transplantation or

death (HR: 9.09, 95% CI: 2.17-38.46, P < 0.001) and atrial arrhythmias (HR: 2.17, 95% CI: 1.20-4.00, P ¼ 0.010) but not

thromboembolic events (HR: 1.64, 95% CI: 0.86-3.16, P ¼ 0.131).

CONCLUSIONS Fontan patients with uRV vs uLV morphology have a higher incidence of adverse cardiovascular events,

including atrial arrhythmia, cardiac transplantation, and all-cause mortality. (JACC Adv 2024;3:100871) © 2024 The

Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBR EV I A T I ON S

AND ACRONYMS

AV = atrioventricular

CI = confidence interval

HLHS = hypoplastic left heart

syndrome

HR = hazard ratio

IART = intra-atrial re-entrant

tachycardia

uRV = morphological

univentricular right ventricle

uLV = morphological

univentricular left ventricle

TACTIC = The AntiCoagulation

Therapy In Congenital heart

disease study
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F ontan surgery was originally per-
formed to address tricuspid atresia1

and has subsequently been extended
to a broad category of patients with complex
congenital heart disease in whom biventricu-
lar repair is not feasible.2,3 The primary
objective is to direct deoxygenated blood
into the pulmonary arteries without the
need for a functional sub-pulmonary
ventricle. Expanding indications for Fontan
surgery have given rise to a growing popula-
tion of patients with systemic morphological
right ventricles. Intrinsic differences in ven-
tricular morphology render the univentricu-
lar heart with a dominant systemic right
ventricle (uRV) less adapted to generating
long-term systemic pressures than a dominant uni-
ventricular left ventricle (uLV).4 Some studies indi-
cate that the uRV is associated with worse
perioperative outcomes, prolonged requirements for
inotropic drugs or mechanical ventilation,5 subopti-
mal postoperative hemodynamics,6 longer hospitali-
zations, and increased mortality.7 Nevertheless,
there is a paucity of studies reporting comparative
outcomes beyond the perioperative period in patients
with uRV vs uLV with results that are inconsistent or
unclear.7-14

Common longer-term complications in patients
with Fontan surgery include atrial arrhythmias,
thromboembolic events, Fontan circulatory failure
requiring transplantation, and death.15 The Alliance
for Adult Research in Congenital Cardiology sought to
quantify and compare these adverse cardiovascular
events, along with individual components of this
composite outcome, among Fontan patients with uRV
vs uLV in a North American multicenter retrospective
cohort study.

MATERIALS AND METHODS

STUDY DESIGN AND PATIENT POPULATION. Details
of TACTIC (The AntiCoagulation Therapy In Congen-
ital Heart Disease) study have previously been
described.15,16 In brief, TACTIC is a North American (3
Canadian and 9 American centers) multicenter retro-
spective cohort study conducted by the Alliance for
Adult Research in Congenital Cardiology of patients
with heterogenous forms of congenital heart dis-
ease.16,17 Data were collected over a 26-month period
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ending in March 2016. The current TACTIC substudy
was limited to patients with single ventricle physi-
ology who were born in 2011 or earlier, underwent
total cavopulmonary connection Fontan surgery,
survived their index surgery, and were followed at
the same institution that performed the procedure.

DATA COLLECTION. Data were retrospectively
collected from medical and surgical records by the 12
participating centers. Time 0 was defined as the time
of Fontan completion. Baseline characteristics were
captured at the time of Fontan completion and
included age, sex, dominant morphological type of
single ventricle, prior surgical- and catheter-based
interventions, preoperative heart failure, pulmonary
hypertension, and comorbidities including respira-
tory, renal, hepatic, and endocrine conditions. Clas-
sification of the univentricular heart was based on a
previously described taxonomy system in which the
terms left and right do not imply sidedness or posi-
tion but, rather, refer to the morphological pattern of
the predominant ventricle regardless of whether or
not a second ventricular chamber is present.18 Pre-
operative heart failure was defined as chronic diuretic
use or as NYHA functional class III or IV symptoms,
independent of medical therapy. Diagnosis of pul-
monary arterial hypertension was made in accor-
dance with clinical guidelines available at the time
of enrollment.19

OUTCOMES. The primary outcome is a composite
metric consisting of a sustained atrial arrhythmia,
thromboembolic event, cardiac transplantation, or
all-cause death occurring after the index hospitali-
zation. Atrial arrhythmias required documentation of
an atrial rate $100 beats/min for $30 seconds by
electrocardiograms or rhythm strips. If well-formed P
waves were distinguishable electrocardiographically
and separated by an isoelectric interval, or if an
electrophysiology study identified a point source
with radial spread of activation, the tachycardia was
classified as focal atrial tachycardia.20 Otherwise, a
diagnosis of intra-atrial re-entrant tachycardia (IART)
was retained, which incorporates all types of typical
and atypical atrial flutter.20 Atrial fibrillation was
characterized by the absence of uniform P waves,
with fibrillatory waves varying in amplitude, contour,
and timing.21

Thromboembolic complications included both
systemic and venous events. Systemic
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TABLE 1 Predominant Type of Congenital Heart Disease

All
(N ¼ 384)

uRV
(n ¼ 171)

uLV
(n ¼ 213)

Hypoplastic left heart syndrome 76 (19.8) 76 (44.4) -

Tricuspid atresia 62 (16.1) - 62 (29.1)

Double inlet left ventricle 34 (8.9) - 34 (16.0)

Double outlet right ventricle/mitral atresia 61 (15.9) 61 (35.7)

Pulmonary atresia with intact ventricular septum 51 (13.3) - 51 (23.9)

Unbalanced atrioventricular septal defect 23 (6.0) 9 (5.3) 14 (6.6)

Other 77 (20.1) 25 (14.6) 52 (24.4)

Values are n (%).

uLV ¼ univentricular heart of left ventricular morphology; uRV ¼ univentricular heart of right ventricular
morphology.
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thromboemboli were classified as cardiac, neurolog-
ical, peripheral arterial, renal, or mesenteric.16,17,22,23

Systemic cardiac thromboemboli included thrombus
within native cardiac chambers in the systemic cir-
culation (ie, pulmonary venous atrium or ventricle)
and coronary embolism. Neurological events
comprised transient ischemic attacks and strokes.
Transient ischemic attacks were characterized by
sudden focal deficits lasting <24 hours without any
visible signs of infarction on imaging. Strokes were
defined as deficits that lasted 24 hours or longer, with
or without confirmatory imaging, or that persisted
<24 hours but were associated with positive imaging
or an invasive treatment strategy.24 Diagnosis of pe-
ripheral arterial complications was based on the
6 cardinal signs of acute limb ischemia: pain,
pallor, paralysis, pulse deficit, paresthesia, and poi-
kilothermia.25 The diagnosis of renal and mesenteric
events necessitated confirmation through imaging
techniques. Venous thromboemboli were further
characterized into cardiac, peripheral venous, and
pulmonary events.16,17 Thrombus within the Fontan
pathway was considered a venous cardiac event.
These events were detected and described by
various imaging techniques, including echocardiog-
raphy, magnetic resonance imaging, computed
tomography, and angiography. For the diagnoses of
deep venous thromboses and pulmonary emboli,
appropriate confirmatory imaging studies were
mandated.

ADJUDICATION. All components of the primary
outcome, that is, atrial arrhythmias, thromboembolic
events, cardiac transplantations, and deaths, were
independently adjudicated by a blinded committee
consisting of 4 physicians. Any inconsistencies were
thoroughly reviewed against the case report forms
and all other necessary documents, as required by the
protocol. Committee discussions were held to arrive
at a final adjudication. The Montreal Health In-
novations Coordinating Center was responsible for
monitoring the process of data collection, integration,
and entry and also conducted regular quality assur-
ance checks. The observed error rate of 0.02% before
the database lock was much lower than the accept-
able limit defined a priori at <0.5%. The study pro-
tocol received approval from the ethics committee at
every participating institution, with a waiver of
informed consent. The research followed the princi-
ples set forth by the Declaration of Helsinki and the
International Council of Harmonization Tripartite
Guidelines for Good Clinical Practice.

STATISTICAL ANALYSIS. Continuous variables were
expressed as median (IQR) or mean � SD, as
appropriate. Categorical variables were presented as
frequencies and percentages. Continuous baseline
characteristics of the 2 Fontan groups (ie, uRV vs uLV)
were compared using analyses of variance or Wil-
coxon rank sum tests, depending on whether or not
they were normally distributed. Comparisons of cat-
egorical variables were performed using chi-square or
Fisher exact tests, as appropriate.

The list of potential independent variables
considered in regression models was based on
subject-specific knowledge and events-per-variable
considerations. Univariable and multivariable Cox
regression models were used to assess the composite
primary outcome, along with its components. Cardiac
transplantation was combined with death into a sin-
gle outcome. Diagnostic testing was performed to
verify modeling assumptions, including the propor-
tionality of hazards (test of independence between
Schoenfeld residuals and time), linearity of contin-
uous predictors (Martingale residuals plot), and
detection of influential observations (index plots of
dfbetas). Assumptions were met for the primary
analysis and all secondary analyses, except for the
model with cardiac transplantation or death as the
dependent variable and uRV vs uLV as the indepen-
dent variable. This was addressed by detecting and
removing influential observations and refitting the
Cox model, which subsequently met all assumptions.
For analyses in which atrial arrhythmias and throm-
boembolic events were the dependent variables,
cardiac transplants and deaths were modeled as
competing risks.

The impact of study site on outcomes was assessed
in 2 ways, that is, by adding site as a cluster term and
by including a variance component in random site
effect models. No significant site effect was detected
using either approach. After pruning to identify
redundant covariates, mediators, and colliders,
retained variables associated with P values <0.2 in
univariable analyses were included in multivariable



TABLE 2 Baseline Characteristics

All
(N ¼ 384)

uRV
(n ¼ 171)

uLV
(n ¼ 213) P Value

Clinical characteristics

Age at Fontan completion, y 3.3 (2.2-5.6) 3.0 (2.1-4.6) 3.7 (2.5-5.8) 0.068

Female 160 (41.7) 73 (42.7) 87 (40.9) 0.755

Oxygen saturation post-Fontan, % 88.9 � 7.1 87.3 � 8.7 90.0 � 5.6 0.006

Preoperative comorbidities

Congestive heart failure 10 (2.6) 3 (1.8) 7 (3.3) 0.349

Pulmonary arterial hypertension 2 (0.5) 1 (0.6) 1 (0.5) 0.876

Chronic lung disease 1 (0.3) 1 (0.6) 0 (0.0) 0.445

Thyroid disorder 2 (0.5) 1 (0.6) 1 (0.5) 0.876

Surgical history

Systemic-pulmonary shunta 168 (43.8) 63 (36.8) 105 (49.3) 0.017

Blalock Taussig shunt 165 (43.0) 61 (35.7) 104 (48.8) 0.013

Waterston 5 (1.3) 4 (2.3) 1 (0.5) 0.108

Norwood procedure 109 (28.4) 85 (49.7) 24 (11.3) <0.001

Pulmonary artery banding 50 (13.0) 15 (8.8) 35 (16.4) 0.032

Superior cavopulmonary
anastomosisa

330 (85.9) 148 (88.6) 182 (85.5) 0.770

Bidirectional Glenn 294 (76.6) 130 (76.0) 164 (77.0) 0.823

Hemi-Fontan 41 (10.7) 21 (12.3) 20 (9.4) 0.407

No prior staging procedure 19 (5.0) 9 (5.3) 10 (4.7) 0.799

Surgical Fontan fenestration 266 (69.3) 131 (76.6) 135 (63.4) 0.005

Fontan types

Intracardiac lateral tunnel 201 (52.3) 97 (56.7) 104 (48.8) 0.123

Extracardiac conduit 183 (47.7) 74 (43.3) 109 (51.2) 0.123

Values are n (%). aSubcategories of systemic-pulmonary shunt and superior cavopulmonary anastomosis are not
mutually exclusive.

uLV ¼ univentricular heart of left ventricular morphology; uRV ¼ univentricular heart of right ventricular
morphology.

TABLE 3 Adjudicated Adverse Cardiovascular Events

All
(N ¼ 384)

uRV
(n ¼ 171)

uLV
(n ¼ 213) P Value

Death or cardiac transplantation 15 (3.9) 13 (7.6) 2 (0.9) <0.001

Death 7 (1.8) 7 (4.4) 0 (0.0) 0.002

Transplantation 8 (2.1) 6 (3.5) 2 (0.9) 0.061

Atrial arrhythmias 42 (10.9) 25 (14.6) 17 (8.0) 0.020

Atrial fibrillation 6 (1.5) 5 (2.9) 1 (0.5)

Focal atrial tachycardia 12 (3.0) 6 (3.5) 6 (2.8)

Intra-atrial re-entrant tachycardia 24 (5.9) 14 (8.2) 10 (4.7)

Thromboembolic events 32 (8.3) 18 (10.5) 14 (6.6) 0.221

Systemic 21 (5.5) 12 (7.0) 9 (4.2) 0.696

Neurologic 9 (2.3) 4 (2.3) 5 (2.4)

Cardiac systemic circulation 6 (1.6) 4 (2.3) 2 (0.9)

Renal 3 (0.8) 2 (1.2) 1 (0.5)

Peripheral 3 (0.8) 2 (1.2) 1 (0.5)

Fontan pathway/pulmonary arterial 11 (2.9) 6 (3.5) 5 (2.4) 0.335

Fontan pathway 10 (2.6) 5 (2.9) 5 (2.4)

Pulmonary arterial circulation 1 (0.3) 1 (0.6) 0 (0.0)

Follow-up duration, y 10.6 � 5.9 10.2 � 5.7 10.9 � 6.0 0.239

Age at last follow-up, y 15.5 � 8.0 14.6 � 7.7 16.2 � 8.2 0.049

Values are n (%).

uLV ¼ univentricular heart of left ventricular morphology; uRV ¼ univentricular heart of right ventricular
morphology.
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backward selection models with forced retention of
the main independent variable, that is, uRV vs uLV
morphology. Cumulative incidence function curves
were generated from these analyses. Two-sided
P values <0.05 were considered statistically signifi-
cant. All analyses were performed using Stata soft-
ware 17.0 (StataCorp, USA).

RESULTS

BASELINE CHARACTERISTICS. A total of 522 patients
were enrolled in the TACTIC Fontan study of whom
112 had an atriopulmonary connection Fontan.
Among the 410 patients with a total cavopulmonary
connection, the dominant ventricular morphology
was unknown or uncertain in 26 (6.3%) patients. The
study population consisted of the remaining 384
eligible patients, 41.7% female, who had Fontan
palliation at a median age of 3.3 (IQR: 2.2-5.6) years.
The univentricular heart was of dominant uRV
morphology in 171 (44.5%) and of dominant uLV
morphology in 213 (55.5%). Predominant underlying
types of congenital heart disease are summarized in
Table 1. The most common diagnoses were hypo-
plastic left heart syndrome (HLHS) (44.4%) and dou-
ble outlet right ventricle/mitral atresia (35.7%) in
patients with uRV and tricuspid atresia (29.1%) and
pulmonary atresia with an intact ventricular septum
(23.9%) in those with uLV.

Baseline characteristics are summarized in Table 2.
There were no significant differences among patients
with uRV vs uLV in age at Fontan completion, sex,
preoperative comorbidities, and type of total cav-
opulmonary connection surgery. However, patients
with uRV had a higher prevalence of Fontan fenes-
tration with a lower postoperative oxygen saturation
level, fewer Blalock-Taussig shunts, and more Nor-
wood procedures.

ADVERSE CARDIOVASCULAR EVENTS. The 89 adju-
dicated adverse cardiovascular events that occurred
over a mean follow-up of 10.6 � 5.9 years are sum-
marized in Table 3. As shown in the Central
Illustration, the incidence of the composite endpoint
of atrial arrhythmia, thromboembolic event, cardiac
transplantation, or death was 3.7 vs 1.7 cases per
100 person-years for uRV vs uLV, respectively
(P < 0.001). Corresponding cumulative rates of the
composite endpoint 10, 15, and 20 years after Fontan
surgery were 30.8%, 41.9%, and 48.5% in patients
with uRV vs 12.3%, 17.4%, and 31.2% in those with
uLV, respectively. Factors associated with the com-
posite endpoint in univariable and multivariable
analyses are listed in Table 4. In multivariable ana-
lyses, uRV remained independently associated with
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atrial arrhythmia, thromboembolic event, cardiac
transplantation, or death (HR: 2.17, 95% CI: 1.45-3.45,
P < 0.001). In addition, the non-adjudicated compli-
cation of lymphatic failure (ie, protein-losing enter-
opathy, plastic bronchitis, and/or chylothorax)
occurred in 26 (6.8%) patients, with no difference
according to the dominant ventricular morphology,
that is, 6.4% vs 7.0% with uRV vs uLV, P ¼ 0.813.

CARDIAC TRANSPLANTATION AND DEATH. Over the
course of follow-up, 7 (1.8%) patients died and 8 (2.1%)
underwent cardiac transplantation. Cumulative rates
of cardiac transplantation or death 10, 15, and 20 years
after Fontan surgery were 3.4%, 5.1%, and 13.0%,
respectively, corresponding to an overall incidence of
0.4 cases per 100 person-years. The incidence of car-
diac transplantation or death, plotted in Figure 1, was
significantly higher among patients with uRV vs uLV,
that is, 0.80 vs 0.09 cases per 100 person-years, HR:
9.09 (95% CI: 2.17-38.46, P < 0.001). Other factors
significantly associatedwith cardiac transplantation or
death in univariable analyses were number of prior



TABLE 4 Factors Associated With Atrial Arrhythmias, Thromboembolic Events, Cardiac

Transplantation, or Death in Univariable and Multivariable Cox Regression Analyses

Univariable
Analysisa

Multivariable
Analysisb P Value

uRV 2.22 (1.45–3.45) 2.17 (1.45–3.45) <0.001

Female 0.86 (0.56–1.32)

Age at Fontan completion, y 1.01 (0.97–1.05)

Surgical Fontan fenestration 0.93 (0.60–1.46)

Number of prior surgeries 1.20 (0.99–1.44) 1.20 (1.00–1.44) 0.055

Number of prior catheterizations 1.06 (0.90–1.25)

Systemic-pulmonary shunt 0.66 (0.42–1.02)

Blalock-Taussig shunt 0.63 (0.40–0.99)

Superior cavopulmonary anastomosis 1.10 (0.66–1.84)

Bidirectional Glenn 0.87 (0.56–1.35)

No surgical staging 0.82 (0.40–1.72)

Norwood procedure 1.46 (0.92–2.32)

Extracardiac conduit vs intracardiac
lateral tunnel

1.13 (0.73–1.75)

Pulmonary artery banding 1.29 (0.73–2.28)

aValues are HR (95% CI). bValues are adjusted HR (95% CI).

uRV ¼ univentricular heart of right ventricular morphology.
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cardiac surgeries (HR: 1.93, 95% CI: 1.35-2.76,
P < 0.001]), number of prior catheterization proced-
ures (HR: 1.91, 95% CI: 1.45-2.53, P < 0.001), and prior
Norwood procedure (HR: 4.28, 95% CI: 1.54-11.89,
P ¼ 0.005). Given the limited number of events,
multivariable analysis was not performed.

ATRIAL ARRHYTHMIAS. A total of 42 (10.9%) patients
experienced an atrial arrhythmia over the course of
follow-up, the most common subtype being IART
(57.1%), followed by focal atrial tachycardia (28.6%)
and atrial fibrillation (14.3%). Non-mutually exclusive
symptoms included palpitations in 24 (57.1%) pa-
tients, dyspnea in 18 (42.9%), chest discomfort in 5
(11.9%), dizziness/pre-syncope in 3 (7.1%), and syn-
cope in 1 (2.4%). A sustained atrial arrhythmia was
detected by routine surveillance in 9 (21.4%) patients
with minimal symptoms of whom 1 (uRV) had
tachycardia-induced cardiomyopathy due to persis-
tent IART. Cumulative rates of atrial arrhythmias at
10, 15, and 20 years after Fontan surgery were 12.3%,
18.3%, and 24.2%, respectively, corresponding to an
overall incidence of 1.4% per 100 person-years. The
incidence rate for atrial arrhythmias was significantly
higher among patients with uRV vs uLV, that is, 2.1 vs
0.9 per 100 person-years, respectively (P ¼ 0.006). In
multivariable analyses, summarized in Table 5, uRV
remained independently associated with a higher risk
of atrial arrhythmias (HR: 2.17, 95% CI: 1.20-
4.00, P ¼ 0.010).

THROMBOEMBOLIC COMPLICATIONS. At total of 32
(8.3%) patients experienced a thromboembolic event,
of which 21 were in the systemic circulation and 11
within the Fontan pathway/pulmonary circulation.
Subtypes of thromboembolic events are summarized
in Table 3. Cumulative thromboembolic event rates in
the entire cohort 10, 15, and 20 years after Fontan
surgery were 8.4%, 11.5%, and 16.8%, respectively,
corresponding to an overall incidence of 0.8% per 100
person-years. Thromboembolic event rates among
patients with uRV vs uLV were 1.0% and 0.6% per 100
person-years, respectively (HR: 1.64, 95% CI: 0.86-
3.16, P ¼ 0.131). No other factor was retained in the
multivariable model.

DISCUSSION

This North American multicenter study of patients
with a total cavopulmonary connection-type of Fon-
tan palliation revealed that those with a dominant
uRV vs uLV morphology had a >2-fold increased
risk of the composite endpoint of cardiac trans-
plantation, all-cause mortality, atrial arrhythmias,
and thromboembolic events. Nearly half the patients
with a uRV experienced an event by 20 years of
follow-up. Moreover, in analyses of the components
of the composite outcome, the uRV was significantly
associated with a higher rate of cardiac trans-
plantation or death and atrial arrhythmias.

CARDIAC TRANSPLANTATION AND DEATH. Overall,
a transplant-free survival rate of 87% at 20 years of
follow-up was observed in our study, which compares
favorably to prior publications.12,26,27 Nevertheless,
the proportion of patients with uRV reaching adult-
hood is on the rise27 rendering it plausible that sur-
vival trends will be adversely impacted in the
foreseeable future as the ratio of the Fontan popula-
tion with a uRV increases over time.28 Our findings
call attention to the different lifespan trajectories
experienced by patients with uRV vs uLV.14,27,29

HLHS is the most common anatomic lesion in
children with univentricular hearts.30 Survival to
adulthood with HLHS in the current era has been re-
ported to reach 70%.31 Our findings are consistent
with prior publications that identified HLHS to be a
poor prognostic factor.32-34 Norwood repair, which
was performed in 50% of our population with uRV,
has also been linked to higher mortality.35 In addi-
tion, patients with HLHS undergo numerous
concomitant surgical repairs14,30 that could increase
complication risks. Compounded with the disadvan-
tages of the morphologically right ventricle in sus-
taining long-term systemic pressures,4 the rate of
Fontan circulatory failure and cardiac transplantation
needs are likely to further increase as the uRV



FIGURE 1 Cumulative Incidence of Cardiac Transplantation or Death, Atrial

Arrhythmias, and Thromboembolic Events According to Univentricular Morphology

Cumulative incidence of (A) cardiac transplantation or death, (B) atrial arrhythmias, and (C)

thromboembolic events according to univentricular morphology. uLV ¼ univentricular heart
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population ages.28 Appropriate planning of resources
will, therefore, be required to face this important
upcoming challenge. Indeed, in the current study,
75% of patients who underwent cardiac trans-
plantation had a uRV.

ATRIAL ARRHYTHMIA. Atrial arrhythmia is a well-
established and frequent complication associated
with Fontan palliation.32 The prevalence of atrial ar-
rhythmias is particularly high in patients with atrio-
pulmonary connection Fontan surgery, exceeding
90% by 30 years of follow-up.15 The total cav-
opulmonary connection technique has been associ-
ated with a substantially lower cumulative incidence
of atrial arrhythmias at up to 20 years of follow-up.15

Nevertheless, these complications remain a major
concern36 with the current analysis revealing a cu-
mulative incidence of 24% 20 years after Fontan
palliation. Atrial arrhythmias can result from suture
lines,37 injury to the sinus node or arterial supply, and
atrial remodeling.38 Any new onset or worsening
atrial arrhythmia may herald a hemodynamic issue
that should be identified and addressed.

Factors that have previously been associated with
atrial arrhythmias in the Fontan population include
an atriopulmonary connection, older age at the time
of surgery, preoperative and early postoperative
atrial tachycardia, moderate or severe atrioventric-
ular valve regurgitation, and longer follow-up dura-
tion.27,32,33 Male sex, right atrial isomerism, and loss
of sinus rhythm have also been proposed to be asso-
ciated factors, but less consistently so.39,40 Herein,
we expand the list of associated factors to include
uRV. Reasons as to why atrial arrhythmias are more
common in the uRV remain speculative. It may be
hypothesized that the uRV, which is morphologically
less adapted to withstand systemic pressures, is
subject to a greater degree of ventricular dilation,
systolic and diastolic dysfunction, and annular
stretch with subsequent AV valve regurgitation.4 In
turn, these physiological changes can lead to pressure
and volume overload of the atrial chamber,36,38 with
attendant adverse structural and electrical remodel-
ing changes that enhance arrhythmogenicity.

THROMBOEMBOLIC EVENTS. The incidence of
thromboembolic complications would be expected to
be higher with uRV vs uLV given that atrial arrhyth-
mias are more common in the setting of a uRV and
that arrhythmias, particularly IART and atrial fibril-
lation, are strongly linked to thromboemboli. The
nonsignificantly higher rates in patients with uRV vs
uLV observed in the current study (eg, 1.0% vs 0.6%
per 100 patient-years, HR: 1.56) are consistent with
this notion. Possible explanations as to why
of left ventricular morphology; uRV ¼ univentricular heart of right ventricular morphology.



TABLE 5 Factors Associated With Atrial Arrhythmias and Thromboembolic

Events in Multivariable Cox Regression Analyses

Adjusted
HR (95% CI) P Value

Atrial arrhythmias

uRV 2.17 (1.20–4.00) 0.010

Number of prior cardiac catheterizations 0.82 (0.65–1.04) 0.108

Systemic-pulmonary shunt 0.58 (0.31–1.06) 0.075

Thromboembolic events

uRV 1.64 (0.86–3.16) 0.131

uRV ¼ univentricular heart of right ventricular morphology.

PERSPECTIVES

COMPETENCY IN PATIENT CARE AND

PROCEDURAL SKILLS: The risk for adverse

cardiovascular events, including all-cause mortality,

cardiac transplantation, and atrial arrhythmias is more

than 2-fold higher in patients with univentricular

hearts with a dominant morphological right vs left

ventricle following Fontan palliation.

TRANSLATIONAL OUTLOOK: In light of the rising
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differences did not achieve significance include
insufficient statistical power and mitigating effects of
thromboprophylaxis. Although anticoagulation
modeled as a time-dependent variable was not
significantly associated with thromboembolic events,
up to 75% of patients with total cavopulmonary
connection Fontan surgery received some form of
therapy (ie, anticoagulation, antiplatelet therapy, or
dual therapy) at any given point during follow-up.15

Further studies are required to definitively exclude
an association between dominant single ventricle
morphology and thromboembolic events.

STUDY LIMITATIONS. The study is observational and
retrospective and is, therefore, subject to limitations
related to potential unmeasured or unknown con-
founders, missing data on covariates not captured by
medical records, and non-standardized surveillance
testing. The study was not designed to assess sub-
categories of uLV and uRV. To maximize data quality,
data standards classically applied to randomized tri-
als were incorporated, including quality control
measures and independent blinded adjudication of
all events included in the composite outcome. In or-
der to focus on longer-term outcomes and maximize
data completeness, the study was deliberately limited
to patients who survived complete Fontan palliation
and were followed in tertiary centers. As such, results
should not be generalized to patients not meeting
these inclusion criteria, such as those progressing
along various Fontan stages or not followed by
specialized centers.
prevalence of dominant morphological right ventri-

cles in the Fontan population reaching adulthood, the

cardiology community should anticipate an increase in

long-term complications and direct research efforts

toward identifying strategies to mitigate risks.
CONCLUSIONS

In this North American multicenter cohort of patients
with Fontan surgery, a dominant uRV vs uLV
morphology was associated with a >2-fold higher risk
of adverse cardiovascular events, including atrial
arrhythmia, cardiac transplantation, and all-cause
mortality. These findings should raise awareness
about the prevalence of these complications and the
need for further studies to identify strategies to
mitigate risks in patients with uRV.
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