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Abstract

Background—A superior cavopulmonary connection is commonly performed before the Fontan
procedure in patients with a functionally univentricular heart. Data are limited regarding
associations between a prior superior cavopulmonary connection and functional and ventricular
performance late after the Fontan procedure.

Methods—We compared characteristics of those with and without prior superior cavopulmonary
connection among 546 subjects enrolled in the Pediatric Heart Network Fontan Cross-Sectional
Study. We further compared different superior cavopulmonary connection techniques:
bidirectional cavopulmonary anastomosis (n equals 229), bilateral bidirectional cavopulmonary
anastomosis (n equals 39), and hemi-Fontan (n equals 114).

Results—A prior superior cavopulmonary connection was performed in 408 subjects (75%); the
proportion differed by year of Fontan surgery and centre (p-value less than 0.0001 for each). The
average age at Fontan was similar, 3.5 years in those with superior cavopulmonary connection
versus 3.2 years in those without (p-value equals 0.4). The type of superior cavopulmonary
connection varied by site (p-value less than 0.001) and was related to the type of Fontan
procedure. Exercise performance, echocardiographic variables, and predominant rhythm did not
differ by superior cavopulmonary connection status or among superior cavopulmonary connection
types. Using a test of interaction, findings did not vary according to an underlying diagnosis of
hypoplastic left heart syndrome.
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Conclusions—After controlling for subject and era factors, most long-term outcomes in
subjects with a prior superior cavopulmonary connection did not differ substantially from those
without this procedure. The type of superior cavopulmonary connection varied significantly by
centre, but late outcomes were similar.
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The Fontan procedure provides excellent surgical palliation for many patients with
functionally univentricular physiology and has evolved over time.! Performing a superior
cavopulmonary connection before completion of the Fontan procedure has become more
frequent. Volume unloading the univentricular heart at an earlier age is postulated to
decrease morbidity at Fontan completion. Retrospective, single-centre reports suggest that
early outcomes are improved in high-risk patients who had an intermediate superior
cavopulmonary connection.?:3 Data are limited to determine whether a prior superior
cavopulmonary connection results in improved late-term outcomes in patients who have
undergone the Fontan procedure.

The Pediatric Heart Network Fontan Cross-Sectional database® provides a very well-
characterised cohort of surviving subjects from seven North American centres. We sought to
determine whether long-term health status, medical complications, or laboratory measures of
cardiac function differed between subjects who did and did not have an intermediate
superior cavopulmonary connection. In addition, we compared subjects with different types
of cavopulmonary connections to determine whether a particular technique is associated
with superior outcomes. We hypothesised that subjects with an intermediate superior
cavopulmonary connection would have more favourable long-term outcomes but that these
outcomes would not vary by type of superior cavopulmonary connection technique.

Subjects and methods

Subjects were survivors of surgical palliation for functionally univentricular heart
culminating in a Fontan procedure, who were age group of 6-18 years at the time of
sampling. Medical records were screened for 1078 patients, of whom 831 (77%) were
determined to be potentially eligible for participation. After being contacted, 637 patients
(60%) were fully eligible, and consent was obtained from 546 (86%). Complete details of
the study design have been previously published.>

Measurements

Standardised data forms were used to extract pertinent data from the medical record
regarding details of cardiac anatomy, type of surgical repair, and both early and late
complications since Fontan surgery, including onset of supraventricular or ventricular
arrhythmias requiring treatment. Standardised assessment of functional health status was
obtained using the Parent Report Child Health Questionnaire and the self-reported Child
Report Child Health Questionnaire in subjects aged 10 years or older. Exercise performance
was assessed using bicycle ergometry.5 Predominant rhythm was determined with 12-lead
electrocardiograms. Ventricular size, function, atrioventricular valve, and semilunar valve
regurgitation were obtained using centrally interpreted echocardiographic measurements.
Echocardiographic quantitative variables were converted to z-scores based on body surface
area with the use of published normal values and methods.” Resting brain natriuretic peptide
concentration was analysed at a core laboratory. Anthropometric z-scores were calculated
using Centers for Disease Control algorithms.8
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Statistical analysis

Exploratory analyses incorporating graphical and tabular displays assessed evidence in
favour of trends and associations. Characteristics of subjects with and without superior
cavopulmonary connection were compared with Student’s t- and chi-square test statistics.
Generalised additive modelling was used to produce smooth estimates of the proportion of
subjects with a superior cavopulmonary connection by calendar year. Subject characteristics
among the three different superior cavopulmonary connection procedures were similarly
compared. Covariable-adjusted comparisons were obtained using mixed-effects linear and
logistic regression analyses, with the study site treated as a random intercept. Not all
subjects completed all laboratory tests. Similar to other reports from this cohort, subjects
were excluded from exercise analyses if maximal effort was not obtained (peak respiratory
exchange ratio greater than or equal to 1.1) and subjects were excluded from
echocardiographic analyses if no mass or volume data were available.%19 Analyses were
performed using SAS software version 9.2 (SAS Institute, Cary, North Carolina, United
States of America) and the R system version 2.8.1 (R Foundation for Statistical Computing,
Vienna, Austria).

Adjustment for covariates

Results

We have learnt from previous study analyses that many of the results of tests performed at
the time of cross-sectional evaluation differed among age groups. Exercise performance
decreased with age.® Echocardiographically measured mass-to-volume ratio, dP/dt, and Tei
index also varied by age.* Therefore, for outcomes measured at the time of cross-sectional
testing — for example, functional health status, echocardiography, and exercise testing — age-
adjusted comparisons are reported. Owing to the fact that the cohort of subjects having a
superior cavopulmonary connection was younger and followed up for less time since Fontan
completion, medical history variables collected since Fontan hospitalisation are also
reported using age-adjusted comparisons. Medication use among subjects and frequency of
certain catheter interventions varied considerably across the seven centres.1! Therefore,
where centre or era differences might exist, we adjusted for subject age at Fontan cross-
sectional enrolment, year that Fontan surgery was performed, and study centre. Owing to the
fact that decisions regarding type of superior cavopulmonary connection may be influenced
by the underlying functionally univentricular heart anatomy, specifically the presence of
hypoplastic left heart syndrome, we examined whether any statistically significant
differences in the analyses of superior cavopulmonary connection technique comparisons
were modified by the presence or absence of hypoplastic left heart syndrome via a test of
interaction.

The Fontan Cross-Sectional Study protocol was approved by the Pediatric Heart Network
Protocol Review Committee and an independent Data and Safety Monitoring Board, as well
as the Institutional/Ethics Review Boards at each of the seven clinical centres and the Data
Coordinating Center. All centres followed the same protocol and study procedures.

Medical record review recorded the performance of a superior cavopulmonary connection in
408 of the 546 subjects (75%). There was a rapid increase in the frequency of subjects with
a superior cavopulmonary connection around 1990 (Fig 1). The use of a superior
cavopulmonary connection increased over this time period at all centres (p-value less than
0.0001). After adjusting for year of Fontan and age at enrolment, the percentage of subjects
having a superior cavopulmonary connection varied significantly among centres (61-82%,
p-value less than 0.0001).
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Medical history before the Fontan procedure

Subject characteristics and medical history before and at the Fontan procedure are shown in
Table 1. Subjects with a previous superior cavopulmonary connection were more likely to
have been born with hypoplastic left heart syndrome. The number of non-superior
cavopulmonary connection cardiac surgeries performed before the Fontan procedure was
higher in subjects with a prior superior cavopulmonary connection. Greater severity of
atrioventricular valve regurgitation and a history of decreased ventricular function and
arrhythmia before Fontan were more likely in those with a superior cavopulmonary
connection. At the pre-Fontan catheterisation, subjects with a superior cavopulmonary
connection had higher systemic arterial oxygen saturations (85 plus or minus 4% versus 82
plus or minus 6%), lower ventricular enddiastolic pressures (8 plus or minus 3 versus 9 plus
or minus 3 millimetres of mercury), and lower mean pulmonary artery pressure (11 plus or
minus 3 versus 13 plus or minus 4 millimetres of mercury, p-value less than 0.001 for all)
compared with those without a superior cavopulmonary connection.

Medical history at Fontan hospitalisation (Table 1)

The age at which the Fontan procedure was performed did not differ by superior
cavopulmonary connection status, 3.5 plus or minus 2.0 years in those with a superior
cavopulmonary connection versus 3.2 plus or minus 2.3 years in those without (p-value
equals 0.4). After adjustments for era and centre differences, a substantially lower
proportion of subjects with a superior cavopulmonary connection developed post-operative
pericardial effusions. After adjustments, subjects with a prior superior cavopulmonary
connection were discharged following the Fontan with more medications and were more
likely to be prescribed antithrombotics.

Subject characteristics late after Fontan (Table 2)

The mean age at study enrolment was 4 years younger among the subjects with a prior
superior cavopulmonary connection as compared with those without (11 plus or minus 3
versus 15 plus or minus 3 years, p-value less than 0.001) and the mean time between Fontan
completion and cross-sectional testing was 4 years shorter compared with those with
superior cavopulmonary connection procedures (8 plus or minus 3 versus 12 plus or minus 3
years, p-value less than 0.001). Although height-for-age percentile was not different among
groups, weight-for-age percentile was significantly lower in the superior cavopulmonary
connection cohort (38 plus or minus 32 versus 48 plus or minus 31 percentile). Stroke
occurring after the Fontan was rare, but more likely in those with a superior cavopulmonary
connection (2% versus 1%, unadjusted). Conversely, thrombosis (6% versus 11%) and
additional cardiac surgeries following Fontan completion were less likely in those with a
superior cavopulmonary connection. The Psychosocial Summary Score derived from the
Child Health Questionnaire was statistically significantly lower in those who underwent a
superior cavopulmonary connection. We found an average of a 2-point difference between
groups; however, a clinically meaningful difference is considered to be 5 points. This
difference remained even within subgroups defined by a diagnosis of hypoplastic left heart
syndrome and the presence versus absence of medical conditions captured on the Parent
Report Child Health Questionnaire. In subjects 10 years and older who completed the Child
Report Child Health Questionnaire, the mean score in the domain of general health
perceptions was lower in subjects with a superior cavopulmonary connection (data not
shown). We found no differences between groups in assessment of ventricular performance
by echocardiography, exercise testing, or measurement of brain natriuretic peptide level.
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Centre variability

Of the 408 subjects with a superior cavopulmonary connection, 13 subjects had more than
one type of procedure performed — for example, hemi-Fontan with a left-sided bidirectional
cavopulmonary anastomosis — and were excluded from analyses comparing superior
cavopulmonary connection techniques. An additional 13 subjects were excluded because of
low frequency of their superior cavopulmonary connection type: eight subjects with a classic
Glenn and five subjects with a Kawashima procedure. The remaining 382 subjects had a
bidirectional cavopulmonary anastomosis (n equals 229), a hemi-Fontan (n equals 114), or a
bilateral bidirectional cavopulmonary anastomosis (n equals 39). There was substantial
variation in the type of superior cavopulmonary connection procedures by clinical site and
underlying anatomic diagnosis (Table 3). Of the seven participating centres, five centres
primarily performed bidirectional cavopulmonary anastomosis procedures (69-88%) and
two centres primarily performed hemi-Fontan procedures (66% and 90%).

Comparisons of subjects according to the type of superior cavopulmonary connection

(Table 4)

Comparison

A history of arrhythmia before the Fontan procedure, defined as the onset of
supraventricular or ventricular arrhythmias requiring treatment, differed by superior
cavopulmonary connection type, occurring in 10% with a hemi-Fontan, 27% in those with a
bidirectional cavopulmonary anastomosis, and 41% in those with a bilateral bidirectional
cavopulmonary anastomosis (adjusted p-value less than 0.001). The median age at Fontan
completion was 2.2 years in those with a hemi-Fontan, 3.0 years in those with a bidirectional
cavopulmonary anastomosis, and 3.7 years in those with a bilateral bidirectional
cavopulmonary anastomosis (p-value less than 0.001). The type of superior cavopulmonary
connection was associated with the type of Fontan performed (p-value less than 0.0001): the
hemi-Fontan group was more likely to have Fontan completion via an intracardiac tunnel,
93% compared with 51% in those with a bidirectional cavopulmonary anastomosis and 36%
in those with a previous bilateral bidirectional cavopulmonary anastomosis. The duration of
cardiopulmonary bypass at Fontan completion differed across the superior cavopulmonary
connection types (p-value less than 0.001): 76 plus or minus 36 minutes for hemi-Fontan,
117 plus or minus 45 minutes for bilateral cavopulmonary anastomosis, and 131 plus or
minus 44 minutes for bilateral bidirectional cavopulmonary anastomosis. Concurrent
surgical procedures done at the time of Fontan completion also differed by superior
cavopulmonary connection type (p-value less than 0.001), occurring in 13% with a hemi-
Fontan, 51% with a bilateral bidirectional cavopulmonary anastomosis, and 57% with a
bidirectional cavopulmonary anastomaosis. Although the proportion of subjects with post-
operative complications was generally similar among the three groups, the incidence of
chylothorax differed (p-value equals 0.03), affecting 4% with a hemi-Fontan, 11% with a
bidirectional cavopulmonary anastomosis, and 13% with a bilateral bidirectional
cavopulmonary anastomosis. The predominant rhythm for each type of superior
cavopulmonary connection and Fontan procedure was normal sinus (62-69%) and did not
differ substantially by either the type of superior cavopulmonary connection performed
(Table 5) or by the type of Fontan performed (data not shown).

of subjects according to the diagnosis of hypoplastic left heart syndrome

Among our cohort of Fontan subjects, 94% with an underlying diagnosis of hypoplastic left
heart syndrome had a superior cavopulmonary connection performed. Therefore, we
performed additional analyses to explore potential associations between pre-Fontan medical
history and hypoplastic left heart syndrome versus other underlying diagnoses among all
subjects having a superior cavopulmonary connection. Those with hypoplastic left heart
syndrome had a greater number of cardiac surgical procedures between superior
cavopulmonary connection and Fontan, p-value less than 0.001, but there were no
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differences in the history of arrhythmia, thrombosis, stroke, ventricular dysfunction, echo, or
catheterisation variables between those with and without hypoplastic left heart syndrome
(data not shown). Similarly, because decisions regarding the type of superior cavopulmonary
connection may be influenced by the underlying functionally univentricular heart anatomy,
specifically hypoplastic left heart syndrome, we examined whether any statistically
significant differences in the analyses of superior cavopulmonary connection technique
comparisons were modified by the presence or absence of hypoplastic left heart syndrome.
Using a test of interaction, these results did not vary for those with and without an
underlying diagnosis of hypoplastic left heart syndrome.

In 1990, the superior cavopulmonary connection was first described as an interim palliative
procedure for candidates considered at high risk for a subsequent Fontan procedure.12 It has
subsequently become widely used and single-centre studies have shown a survival
advantage when employing a two-stage Fontan strategy.13:14 In our large multicentre cohort,
75% of subjects had an intermediate superior cavopulmonary connection before Fontan
completion. The current study controlled for era effect by adjusting for subject age and year
of Fontan and controlled for practice variation by adjusting for study centre. Although
limited to a selected cohort of survivors of the Fontan procedure, this analysis identified few
associations between an intermediate superior cavopulmonary connection procedure and
improved later outcomes.

Associations with staged superior cavopulmonary connection in late follow-up

Comparison

Decreasing chronic volume overload at a younger age will improve ventricular performance
in subjects with a functionally univentricular heart.15:16 In a single-centre retrospective
study, preadolescents with a functionally univentricular heart who underwent volume
unloading surgery at an earlier age showed improved aerobic capacity compared with those
with later unloading procedures.1’ In the present study, the superior cavopulmonary
connection was performed at a median age of 0.8 years; in the group without superior
cavopulmonary connection, the Fontan was performed at a median of 3.5 years of age.
Despite a significant difference in the timing of unloading surgery between groups, we could
not demonstrate late differences in ventricular or exercise performance.

The superior cavopulmonary connection group had lower mean Psychosocial Summary
Scores on the Parent Report Child Health Questionnaire despite adjustment for subject
factors, which might confound the scores.We found an average of a 2-point difference
between groups; however, a clinically meaningful difference is considered to be 5 points.18
This study cannot determine whether this finding is related to intrinsic subject factors or
specifically to the superior cavopulmonary connection procedure. Future studies using an
incident cohort established at birth may be able to more definitively evaluate this finding.

of superior cavopulmonary connection types

Comparisons between types of superior cavopulmonary connection procedures have been
reported, but are largely limited to small, single-centre reports without adjustments for age
and era effects. We found significant centre variation in the type of superior cavopulmonary
connection performed. At the time of the Fontan procedure, the duration of cardiopulmonary
bypass and incidence of chylothorax were lower in the hemi-Fontan group. This may reflect
the need to do more extensive surgical dissection at the time of Fontan completion with a
total cavopulmonary connection as compared with an intracardiac lateral tunnel completion.
Despite these differences, we found that the length of Fontan hospital stay did not differ
according to the type of superior cavopulmonary connection performed.
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Considerable attention had been paid to sinus node function following superior
cavopulmonary connection and Fontan procedures. Theoretically, certain procedures such as
the hemi-Fontan and or lateral tunnel Fontan are associated with greater risk of sinus node
dysfunction when compared with similar procedures that can be undertaken without surgery
close to the sinus node, for example, bidirectional cavopulmonary anastomosis or extra-
cardiac conduit. We found the opposite — a significantly lower proportion of subjects with
arrhythmias before Fontan completion in those who had a hemi-Fontan compared with those
with a bidirectional cavopulmonary anastomosis or bilateral bidirectional cavopulmonary
anastomosis. Our finding was in contrast to a single-centre comparison among 51 patients
with a bidirectional cavopulmonary anastomosis and 79 with a hemi-Fontan, which showed
higher sinus node dysfunction on post-operative day 1 in the hemi-Fontan group. However,
at the time of cross-sectional follow-up — on average 8 years after Fontan completion — this
difference in arrhythmia frequency did not persist. Our long-term findings support previous
studies showing no significant difference in the longterm underlying rhythm either by type
of superior cavopulmonary connection or type of Fontan,19:20

Limitations

The study cohort was limited to subjects 6 years and older, who had survived the Fontan
procedure and agreed to participate in this study. Furthermore, the associations of a superior
cavopulmonary connection procedure on early or late mortality, if any, and short-term
outcomes cannot be assessed in this cross-sectional study. Medical history before the cross-
sectional evaluation was ascertained by retrospective review and must be viewed in the light
of the limitations of this data source. The large majority of subjects with hypoplastic left
heart syndrome had a superior cavopulmonary connection performed and those with
hypoplastic left heart syndrome made up one-quarter of the superior cavopulmonary
connection group. We found few differences after accounting for the underlying diagnosis of
hypoplastic left heart syndrome, but the differences — or lack thereof — we did find could be
related to the diagnostic imbalance between groups in this cross-sectional study. The types
of superior cavopulmonary connection procedures performed were not randomly assigned
and numbers particularly of bilateral bidirectional cavopulmonary anastomosis may be too
small to detect significant differences. In addition, some outcomes were rare, which may
limit the ability to detect associations.

Conclusions

This is the largest multicentre cohort to specifically explore the associations between a
staged superior cavopulmonary connection and long-term outcomes in patients who have
undergone the Fontan procedure. Among a selected group of patients who have survived a
Fontan procedure, after controlling for subject and era factors, long-term outcomes in
subjects with a superior cavopulmonary connection did not differ substantially from those
without this procedure. The type of superior cavopulmonary connection procedure varied
significantly by centre, but late outcomes were similar.
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Figure 1.

Smoothed proportion of subjects with superior cavopulmonary connection (SCPC) by year
and by clinical centre. Rug plots at the top and bottom record the dates of SCPC and no
SCPC procedures, respectively. Estimates were obtained using generalised additive mixed
models.
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Table 1

Subject characteristics through Fontan completion by superior cavopulmonary connection status.

Superior cavopulmonary No superior cavopulmonary .
connection, mean + standard  connection, mean * standard AdJUSte*d
deviation or % deviation or % p-value
Medical history: before Fontan procedure
Total number of subjects 408 138
Anatomy 0.2
Double inlet left ventricle (%) 13 20 0.2
Mitral atresia (%) 6 5 0.7
Tricuspid atresia (%) 19 30 0.1
Unbalanced atrioventricular septal defect (%) 4 3 0.6
Heterotaxy (%) 7 9 0.4
Hypoplastic left heart syndrome (%) 26 5 <0.001
Other (%) 25 28 0.1
Prior non-superior cavopulmonary connection surgeries 3.5+1.8 15+13 <0.001
Catheter interventions 09+12 0.4+0.8 0.09
Severity of atrioventricular valve regurgitation 0.01
Noneftrivial (%) 61 79
Mild (%) 33 20
Moderate/severe (%) 7 1
End-diastolic pressure (mmHg) 75+34 89+3.0 <0.001
Mean pulmonary artery pressure (mmHg) 109+28 13.2+43 <0.001
Oxygen saturation (%) 847144 81.8+6.2 <0.001
Decreased ventricular function (%) 20 10 0.008
Arrhythmia (%) 24 13 0.03
Thrombosis (%) 5 2 0.3
Stroke (%) 4 1 0.2
Medical history: Fontan hospitalisation
Median length of hospital days (IQR) 11 (8,17) 14 (10,23) 04
Pericardial effusion (%) 8 20 0.03
Pleural effusion (%) 26 27 0.4
Number of discharge medications 38+17 36+15 0.01
Antithrombotic (%) 71 55 0.009
Angiotensin-converting enzyme inhibitor (%) 58 33 0.7
Diuretics (%) 94 92 0.06

*
p-Value adjusted for centre, age at enrolment, year of Fontan, age at Fontan
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Current subject characteristics by superior cavopulmonary connection status.

Table 2

Page 12

Superior cavopulmonary

No superior cavopulmonary

connection, mean + standard  connection, mean * standard Adjuste*d
deviation or % (n) deviation or % (n) p-value

Post-Fontan medical history

Total number of subjects 408 138

Weight for age at study (percentile) 38+32 48 + 31 0.05

Height for age at study (percentile) 33+31 36 + 28 0.1

Number of surgeries 04+0.9 05+1.1 0.05

Stroke (%) 2 1 0.02

Thrombosis (%) 6 11 0.01

Protein-losing enteropathy (%) 4 4 0.4

Arrhythmia (%) 18 28 0.5

Child Health Questionnaire Physical Summary Score 45 + 12 (n = 380) 45+11 (n=131) 0.3

Child Health Questionnaire Psychosocial Summary Score 47 £ 11 (n = 380) 49+10 (n=131) 0.01
Echocardiography

Ejection fraction (%) 59 + 11 (n = 318) 58 + 10 (n = 96) 0.3

Mass to volume ratio z-score 1.2+04 (n=314) 1.2+04(n=92) 0.3
Exercise testing

Resting oxygen saturation (%) 94 +4 (n=291) 94 +4 (n=114) 0.07

Peak oxygen consumption (ml/kg/min) 27 +6 (n=109) 27+6 (n=57) 0.2

Per cent predicted peak oxygen consumption 67 £ 15 (n = 109) 66 £ 14 (n = 57) 0.2

Peak oxygen consumption at ventilatory anaerobic threshold 18 + 6 (n = 105) 18+ 5(n=57) 0.6
(ml/kg/min)

Per cent predicted peak oxygen consumption at ventilatory 78 £ 23 (n = 105) 75+19 (n=57) 0.9
anaerobic threshold
Brain natriuretic peptide (pg/ml), mean 23+46 (n=377) 34 +53 (n=133) 0.7

Brain natriuretic peptide (pg/ml), median (IQR)

12 (7-23)

18 (8-36)

IQR5interquartile range

*
p-value adjusted for centre, age at enrolment, year of Fontan, age at Fontan

Cardiol Young. Author manuscript; available in PMC 2014 June 01.



Page 13

Atz etal.

UBIUOS JO JB3A pue JuswW|o.ud 1e abe ‘s 1oy paisnipy
*¥

UeJuO JO Jeak ‘Juawjolus Je abe Joy paisnipy
*

o1 0¢g 09 6 ajoruaA a1Buls J18Y10
9 44 4] 86 awoipuAs peay Y| ansejdodAH
28 T 9¢ o4 3WOoIpUAS Axel0419H
44 1T 19 8T  1084ap [e1das Je|noLIUBACLIE Paduefequn
€ S¢ ZL 69 eIsaJle pidsnou ]
ve €e 8S 124 eISalie [ellN
9 0S €e 9 3]911IuaA bl 181Ul 8|gnoQ
14 ve cL 0S 3]91IUBA Y3 18]ul 3|gnoQ
4y $000°0> sisouBelp o1woreue ue04-aid
ve L 69 6¢ 9
L 99 LZ 144 4
[4) 6¢ 69 LT 3
S 06 S 08 a
qT 1% 18 Ly o)
T T 18 0L <]
8 € 88 56 v
, 1000°0> o
anjea-d (%ee=u) (% ¥IT=U) (% ‘62z =U) (c8e=U)
paisnipy sisowolseue  UeIUOH-1WaH sisowolseue  s39lgns

Areuowndones
Jeuon1valIpIq [eale|ig

Areuow|ndones
|euonoaliplg

'sainpado.d uondsuuod Areuowjndoned souadns Jo sadAl Ag sisoubelp BulAjlspun pue sanua)

€9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cardiol Young. Author manuscript; available in PMC 2014 June 01.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Atz etal.

Table 4

Subject characteristics by the type of superior cavopulmonary connection.

Bidirectional

Bilateral bidirectional

Adjusted

cavopulmonary Hemi-Fontan  cavopulmonary "
anastomosis (n =229) (n=114) anastomosis (n = 39) p-value
Pre-Fontan hospitalisation medical history
History of arrhythmia before Fontan (%) 27 10 41 <0.001
Fontan medical history
Type of Fontan procedure <0.0001
Atriopulmonary connection (%) 9 4 3
Intracardiac lateral tunnel (%) 51 93 36
Extracardiac conduit (%) 40 3 59
Other (%) 0 1 3
Log of Fontan hospital stay 25+05 26+0.9 26+0.7 0.3
Post-Fontan medical history
Stroke (%) 2 2 0 0.7
Thrombosis (%) 7 4 3 0.4
Protein-losing enteropathy (%) 4 2 8 0.2
Post-Fontan arrhythmia (%) 18 21 5 0.2

*
Adjusted for site, year of Fontan, age at Fontan, age at enrolment
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Table 5

Predominant rhythm at study enrolment by the type of superior cavopulmonary connection.

Bidirectional
cavopulmonary Hemi-Fontan
anastomosis (N =229) (n=114)

Bilateral bidirectional .
cavopulmonary AdJUSte*d
anastomosis (n = 39) p-value

Predominant rhythm

Normal sinus (%) 69 62
Atrial escape (%) 6 15
Junctional escape (%) 5 8
Paced (%) 8 10
Other (%) 12 5

0.3
63
13

11
13

*
Adjusted for site, age at enrolment and type of Fontan procedures
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