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“4i8 Cardiovascular Disease in Tetrdlogy of Fallot

Cardiovascular Disease
in Late Survivors
of Tetralogy of Fallot

A Tertiary Care Center Experience

Fatients vwth tetralogy of Fallot can survive to late adulthood, however, there are few data
on cardiovascular outcomes in this population. We conducted a single-center retrospec-
tive analvsis of cardiovascular outcomes and risk factors in 208 patients with tetralogy of
Fallot to better evaluate the burden of cardiovascular disease in this group. Descriptive sta-

stics were used to deter mme the ;weua eﬂce of relevant cardiovascular risk factors and
outcomes, Including a compos cardiovascular disease. Rates and mean val-
ues from the American Heart Ass

ation ZOH Heart Disease and Stroke Statistics Up-
date were used as population estimates for comparison.

n tatralogy of Fallot patients, cardiovascular disease prevalence was not different from
that found in the general population (40% vs 36%, P=0.3). However, there was signifi
v more cardiovascular disease in tetralogy of Fallot men aged 20 to 39 vears (30%
P <0.05) and in tetralogy of Fallot men aged 40 to 59 vears (63% vs 28%, P a0.000'J‘J. This
was due no h-aher prevalence of coronary disease (12% ws 7%, F <0.05) and heart ¢

(16% vs 2%, P <0.0001). In particular, the increased prevalence of heart falure (regardless
of pulmeonary valve diseasel accounts for the frequency of cardiovascular disease in tetral-
ogy of Fallot men aged 20 to 59 years,

These data support the need to routingly screen voung adult male survvors of tetralo-
gy of Fallot for asymptomatic heart faillure. Further studies are needed to determine the in
cidence, severity, and long-term effects of cardiovascular disease in the adult congenital
heart disease population. (Tex Heart Inst J 2013;40(4):418-23)

he pole].1t|011 of adults living with congenital heart disease is rapidly expand-

ing."? Patients with terr: .1]021' of Fallot (TOF) form the largest group of adule

patients born with cyanoric Longemt.ll hearr disease. Medical and sur gical ad-

vances have permitted pm]onged survival in cases of TOF, which has been document-

ed well into the 7th and 8th decades of lite’* As this population ages, it is important

for cardiologists to begin considering cardiovascular risk factors and ardiovascular out-

comes tl.ldltmn.l]]v associared with alder age™ The objective of this study was to in-

vestigate the prev: alence of raditional cardiovascular risk factors and ourcomes in TOF
patients at a tertiary care center, in comparison with the general population.

Patients and Methods

All adult patients with TOF (>18 years old) seen at the Center for Adults with Con-
genital Heart Disease ac W .15]11112{011 University in St. Louis were included in the
stud&' Clinical data on all patients welean.lh'zedleu ospeutne]v {1998-2011) through
the electronic medical record. A standardized dara repository was used to extract
the following: demographics, concomitant congeniral heart disease, cause of death
it applicable, S\S[D]lt. and diastolic blood pressure (BP), diagnosis of high BP or use
of .mtl]ﬂ'peltensne medications solely for the weatment of hﬁ. pertension, history of
cerebrovascular accident or mransient ischemic artack, body mass index, presence of
arteriosclerotic coronary artery disease (CAD) by coronary angiography, history of
myocardial infarction, presence of obesity, histor y of heart failure, smoking status
(currentand past use), presence of hyper ]IPICIt‘.I‘m.l or use of cholester ol-loweung medi-
cations, most recent lipid panel, most recent hemoglobin A, , fasting blood sugar level,

history of prediabetes or diabetes mellitus, dJ.ngmsns of metabolic SUICII ome, and cal-

cularion of Fr: amingham risk score”
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The prevalence of these cardiovascular risk factors
and outcomes was compared to population-level data
recently released by the American Heart Association
(AHA).* These population-level data are derived from
a cohorr of agencies, including the Centers for Disease
Control and Prevention’s National Center for Health
Statistics; the National Heart, Lung, and Blood Insti-
tute; and the National Institute of Neurological Dis-
orders and Stroke, among others. Sources of these data
include several surveys, such as the National Healch
and Nurrition Examinarion Surv ey and The National
Health Interview Survey, as well as reported data from
the World Health Organization and National Vital Sta-
tistics System. All sources are listed in the annual re-
port.* In many cases, population-level data were limited
to percentages, which dictated the formar of our sta-
tistics. To enable direct comparison of our data with
the most recent AHA population-level data, compos-
ite endpoints were generated where appropriate. This
included cardiovascular disease (CV D), which was de-
fined as any of the following: high BP, stroke, CAD,
or heart failure. The 2nd composite, coronary heart
disease, included a history of myocardial infarction,
angina, or CAD as ev idenced bv more than mild ath-
erosclerosis on angiography. The presence of heart fail-
ure was determined by the review of records wherein a
clinical diagnosis of hearr failure had been made (that
is, discharge summaries or clinic notes that specifical-
ly discuss the presence of hearrt failure), and not on the
basis of diagnostic testing, such as review of echocar-
diograms or nuclear-perfusion studies. High BP was
defined as one or more of the following: svstollc Bl
=140 mmHg, diastolic BP 290 mmHg, or ‘the use of
antihypertensive medication solely to treat hyperten-
sion. A medication originally prescribed for treatment
of heart failure, albeit with BP- -lowering properties, was
not considered diagnostic of high BP in this study group
unless concomitant high BP was documented in the
chart. In the original AHA dara, high BP was also de-
fined as “being “old 22 Umes bv a health profession-
al that BP was high”
used in our study bemuse of the retr OSPt‘CtI\ € narure oi
our data ’un]vsm Hyperlipidemia was diagnosed if the
total cholesterol level was =240 mg/dL, the low- density-
lipoprotein (LDL) cholesterol lev el was =160 mg/dL, or
a cholesterol-lowering medication was prescribed. Pa-
tients were deemed overweight if the body mass index
was 225 kg/m® and obese if the body mass index was

=30 kghn- Prediabetes was defined as a fasting blood
sugar Tevel of 100-125 mg/dL, and diabetes mellitus
was defined as a fasting g]ucose level 2126 mg/dL, a
hemoglobin A, level 26.5%, or a random p]’isrm glu-
cose level 200 mg/dL with signs or symptoms of ]w
perglycemia.” Metabolic syndrome was defined as 3 or
more of 5 metabolic indicartors as described by the Adult
Treatment Panel 111." All dara arising from ph}_;sma] ex-
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aminartion criteria, such as body mass index, were col-
lected at the most recent dlinic visit. Blood pressure was
taken art each clinic visit, with a minimum review of at
least 3 previous clinic-visit BP readings to determine if
high BP was present. Lipid levels, fasting blood sugar
levels, and hemoglobin A levels were included in the
analysis if they were drawn within the previous 5 years.

The dara were analyzed with use of SAS sofrware ver-
sion 9.3 (SAS [nstitute Inc.; Cary, NC). Descriprive sta-
tistics were generated and studv prevalence rates were
determined and compared with population rates by
using exact tests for a binomial distriburion. Exact 95%
confidence intervals (Cls) were also created for study
prevalence rates. A P’ value of <0.05 was considered sig-
nificant. Partients consented to ongoing retrospective
studies at The Center for Adults with Congenital Heart
Disease. This study was performed in compliance with
the human-studies guidelines at Washingron Univer-
sity, and the institutional review board 2 approved this
smdj_;.

Results

A rtotal of 208 patients with TOF were seen at our cen-
ter and consented to have their dara used for research
during the study period. Men comprised 53% (n=110)
of the patients analyzed, and 47% (n=97) were women.
The mean age was 39 years, and ages I’ll'lgt’d from 18
to 81 years. All patients had undergone previous defin-
itive repair of TOF. One patent had a residual ventric-
ular septal defect and associated cyanosis secondary to
Eisenmenger syndrome.

Descriptive Characteristics

Seventeen patients (996) had complex TOF anatomy;
pu]moml v atresia was the most common comp]mt-
ing dngnosns (n=10; 5%). Thirteen patients were dead
at the time of data collection (6%0); endocarditis was
the most common cause of death (n=3) in this co-
hort. However, because the data were gathered by ret-
rospective chart review, any out-of-hospi ital dearl
particularly any sudden cardiac death—could not be
accurarely ev. aluared. Additional descri iptive statistics are

listed in Table 1.

Prevalence of Cardiovascular Disease

There was no significanc difference in overall com-
posite CVD in this TOF population (40% vs 36%,

P=0.3). However, subgroup analysis (on the basis of
sex and age) showed thar there was significantly more
CVDin TOF men aged 20 to 39 years (30% vs 14%,

P <0.05) and in TOF men aged 40 t0 59 years (63%
vs 29%, [ <0.0001). We '111’1]&'zed the components of
this composite endpoint ldentlh' the conditions that
were responsible for the observed difference and found
that high BP was less prevalent overall in TOF (239% vs

Cardiovascular Disease in Tetralogy of Fallet 479



TABLE I. Descriptive Characteristics of the 208 Studly-
Group Patients

Available Mean £SD
Variable Sample (n) orFrequenecy (%)

Age (yr) 208 39+12
Female sex a7 97 (47]
Systelic bleod pressure ImmHg) 182 117 £15
Diastolic blood pressure immHgl - 182 Ti+10
Bady mass index (kg/m?2 163 277
Total cholesteral ima/dL) 110 164 +£42
LOL cholestercl ima/dL) 107 95 £38
HDL cholesteral (ma/fdL) 102 A5 +17
Trighycerides (mg/dL! 109 12693
Fasting blood sugar imo/dL) 145 97 £24
Hermoglobin & (%) 3z 6t
Frarmingharn Risk Score 98 39136
Iyocardhal infarction 182 3 {2
Coronary artery disease 162 2 (5
High blood pressure 182 A1 (22
Stroke 182 12 (7
Owervweight 171 23(49)
Obese 171 45 (28)
Heart failurs 182 29 (18)
History of tobacco use 177 2918
Current tohacco use 177 12 (7
Dyslipidernia 142 26 (18)
Preciabetes 156 34(22)
Diabetes mellitus 166 14 19)
Metaholic syndrome 148 24(18)

HOL = high-density-lipeprotein; LOL = low-density-lipoprotein;
n = sample size available for given value

Data are presented as mean £ 50 or as number and percentage.

349, I’<0.05). However, hearr failure was significant
ly more common in TOF, both overall (16% vs 2%, I
<0.0001), and specifically in men aged 20 to 39 years
(15% vs 0.2%, I <0.0001) and in men aged 40 to 59
years (23% vs 2%, I?<0.0001). Heart failure was also
more common in women with TOF aged 20 to 39 years
(119 vs 0.3%, ?<0.0001) and 40 to 59 vears (12% vs
1%, I <0.05). Coronary disease was observed more fre-
quentdy in TOF (129 vs 7%, ”<0.05), with the grear
est difference seen in men qged 40 o 39 years (21%
vs 6%, I <0.05) and in women qe;ed 40 to 39 years
(21% vs 6%, P<0.05). However, the rates of Invomldl~
al infarction were not statistically different berween the
study cohort and the general POPL[]’ll’IOI'l (1.7% vs 3.1%,

P=0. 3). The final component of composite CVD, cere-
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brovascular disease, was also more commeon in TOF
(7% vs 3%, P <0.05), particularly in men and women
aged 40 to 59 years (Fig. 1).

To further define the origin of the increased risk of
heart failure in TOF, we performed a descriptive sub-
group analysis. This analysis showed that of the 29
patients with heart failure, 45% (n=13) were due to
biventricular failure, 41% (n=12) were due to right
ventricular failure, and 14% (n=4) were due to left ven-
tricular (LV) failure. Of the 12 with rightsided heart
failure, all bur 2 had severe pulmonic insuftficiency; the
remaining 2 had severe pulmonic stenosis or Eisen-
menger svndl ome from a ventricular septal defect. Of
those with biventricular failure, 62% (n=8) had con-
comitant moderate-to-severe pulmonic insufficiency.
Patients with heart failure secondary to severe pulmo-
nary valve disease (insufficiency or stenosis) were ex-
cluded to better judge whether heart failure was more
common in TOF regardless of pulmonary valve disease.
In the absence of such disease, there remained a trend
toward increased prevalence of heart failure (4.9% vs

24%, P=007).

Lipids, Metabolism, and Smoking

There was a nonsignificant trend toward lower roral
cholesterol levels in patients with TOF. Eighrt percent
of patients had a total cholesterol level 2240 mg/dL ver-
sus 15% of the general population (77=0.05). High LDL
cholesterol levels (=130 mg/dL) were less common in
TOF patients as well (15% vs 32%, I” <0.0001). The
average LDL cholesterol level in this cohort was 95 mg/
dL (95% CI, 88-102), versus the population mean of
115 mg/dL (7 <0.0001). However, HDL cholesterol
<40 mgfd]_ was seen more frequently in TOF (44%
vs 199%, I <0.0001); and the average HDL cholesterol
level in TOF patients was 45 mgfd]_ (95% CI, 41-48)
compared with 53 mg/dL in the general population (7
<0.0001). There was no smnsum]]}' significant differ-
ence in the prevalence of overweight patients; however,
TOF patients were less severely overweight, with fewer
classified as obese (26% vs 34%, 7 <0.05). Prediabe-
tes was less common in TOF patients (22% vs 37%, I
<0.0001), and there was no difference in diabetes mel-
litus berween groups. Mertabolic syndrome was also less
prevalent in TOF (16% vs 35%, /> <0.0001), as was
smoking (7% vs 21%, I <0.0001).

Discussion

Adults with congenital heart disease are living longer,
and many with TOF have a near-normal life ex pectan-
oy Two previous studies have looked at the presence
of CAD in adule congenirtal heart disease populations™
and have found, not surprisingly, that CAD was pres-
entin middle-aged adults with congemm] heart disease
who had other cardiovascular risk factors, such as high

Volume 40, Number 4, 2013



BP and high cholesterol. The present study is the first
analysis of “cardiovascular risk facrors and ourcomes thar
focuses specifically on the TOF pepulatmn

Our data indicate that CVD is more prevalent in
TOF men aged 20 to 59 years and appears to be at-
tributable piedomlmmh to higher rates of heart fail-
ure, coronary hearrt disease, and stroke. Of these, the
grearest difference was seen in the prevalence of heart
failure. Nearly all patients with isolated right ventric-
ular failure, and more than half of TOF patients with
biventricular failure, had moderate-to-severe pulmonic
insufficiency, which accounts for the increase in heart
failure witnessed in our TOF population. However, the
remaining 31% of patients (n=9) had isolated LV failure
or biventricular failure without pulmonic insufticiency,
which remains almost double the current prevalence in
the general population. This finding is consistent with
!E‘LL’HFI\' published data, and indicates thar there may
be a trend toward higher rates of heart failure even in
TOF partients who do not have pulmonary valve dis-
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as abnormal llpld profile, obesity, and smoking were
less common in the TOF popu]qtmn A simple exp]’p
nation could be that the mean age of the TOF group
was lower than the mean age of the general popu]mon
thereby tending toward better metabolic numbers; or
these results could arise from the ongoing medical care
and routine screening and counse]me; that TOF patients
receive over their lifetimes.

There have been data regarding CVD in geriatric con-
genital heart patients, in whom mortality rates appear
to be driven by acquired disease and not by congeniral
disease.* Of those included in thar report, only 82 pa-
tients were classified as having severe lesions, and TOF
was included in that subset. Our study is the first 0
quantify CVD in a large, single-center group of TOF
patients with age-stratified outcomes.

Limitations

In common with many other studies of the adult con-
genital heart disease population, this study is retrospec-
tive, and therefore the findings are imperfect in their
ability to predict prospective events. These data were
generated from our tertiary care center’s darabase; refer-
ral bias might therefore be present. Many patients with
TOF under go coronary angiography at a substantially
younger age “than the gener al popu]'mon for reasons un-
related to suspicion of coronary vascular disease. This
could lead to earlier identification of CAD in young-
er, asympromaric individuals and to the increased prev-
alence of coronary heart disease identified in our study
population. In addition, patients with TOF are more
likely to have undergone multiple operqtions thar re-
quire mldlopu]mon’u v bypass, which quite possibly
account for the increased prevalence of stroke. Final-
ly, rates and mean estimates taken from the AHA 2011
Heart Disease and Stroke Statistics Update were treat-
ed as known, fixed population values. Tests to eval-
uate TOF study-sample ditterences did not take into
account any variability associated with these popula-
tion estimartes.

Conclusions
Cardiovascular disease is more common in TOF men
20 to 59 years old than in age-matched men from the

general population, due to an increased prevalence of

hearr failure. Most hearrt failure seen in patients with
TOF (of all ages) is mediated, at least in part, by pul-
monic insufficiency. Nevertheless, there is a trend to-
ward increased numbers of TOF patients developing

biventricular or lefesided heart failure in the absence of

significant pulmonic valve dysfunction. The trend to-
ward increased coronary disease in TOF patients, par-
ticularly in men and women aged 40 to 59 vears, is
pr Ob’lb]v attributable to more aggressive follow-up than
to an increased incidence of atherosclerosis. These data
emphasize the importance of routine clinical screening

422 Cardicvascular Disease in Tetralogy of Fallot

of young adult male survivors of TOF for asymptomat-
ic heart failure. Monitoring would enable earlier trear
ment when indicated. On the basis of our results, we
believe that cardiovascular risk factor screening in the
TOF population should not differ from such screening
in the general population. There is a need for large- scale
studies to define the indidence, sev erity, and ]ong—tel m
effects of CVD in the adult congemta] hearr disease
population.
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