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AbstrAct
Objective Left ventricular systolic dysfunction (LVSD) 
in adult survivors of tetralogy of Fallot (TOF) repair in 
childhood has been observed, although the relationship 
with long-term outcome remains inadequately described.
Methods A cohort of 44 consecutive adult patients with 
TOF repair in childhood were followed prospectively from 
January 2001 through June 2016. LVSD was defined as an 
echocardiographically derived left ventricular (LV) ejection 
fraction <0.55. Clinical and demographic characteristics in 
patients with and without LVSD were compared. Event-free 
survival (all-cause death or hospitalisation) was estimated 
using the product limit method.
Results The average time from childhood surgical repair 
to cohort inception was similar between groups (LVSD, 
33.7±12.7 years; normal LV function, 36.1±14.9 years; 
P=0.62) as were their mean ages (LVSD, 36.5±14.5 years; 
normal LV function, 40.7±15.2 years; P=0.73). Patients 
with LVSD (n=13) had more prior surgeries, more frequent 
history of significant pulmonic regurgitation, right 
ventricular systolic dysfunction and more implantable 
cardiac devices. Over a total observation time of 15.5 
years, patients with LVSD were at significantly higher risk 
of all-cause death or hospitalisation (P=0.006). Onset of 
LVSD frequently preceded an adverse outcome.
Conclusions In this cohort of adult patients with 
TOF repair in childhood followed for a total of 550 
patient-years, the frequency of LVSD was 30%. LVSD 
was associated with lower event-free survival. The 
appearance of LVSD many years after TOF repair may 
herald the onset of an adverse outcome.

IntROduCtIOn
The prevalence in the adult population of indi-
viduals with congenital heart disease (CHD) 
defects repaired in childhood has increased 
dramatically over the past several decades and 
is, appropriately, receiving increased atten-
tion.1 2 Tetralogy of Fallot (TOF) remains 
the most common cyanotic congenital heart 
defect occurring in about 1 in 3500 live births 
and accounts for between 7% and 10% of all 
congenital heart defects. Surgical correction 
in early childhood had led to high rates of 
event-free survival, although many individuals 
remain at increased risk of death or hospital-
isation owing to late sequelae of these child-
hood procedures.2 Left ventricular systolic 

dysfunction (LVSD) in adult survivors of TOF 
repair in childhood has been recognised,3 4 
although its prevalence, relationship to right 
ventricular (RV) function and impact on late 
event-free survival remain areas for ongoing 
study. The purpose of the present study was 
to assess the latter issues in a prospective 
open cohort study design of adults with TOF 
repair.

MethOds
Patients with a principal diagnosis of TOF 
were identified from review of our registry 
of adults (>age 18 years) with CHD referred 
to the University of New Mexico Adult CHD 
programme, currently the only certified 
programme in the state of New Mexico for 
the care of adults with CHD. A prospec-
tively defined open cohort of consecutive 
patients was created in January 2001 and, for 
purposes of this analysis, followed through 
June 2016. Patients with pulmonary atresia/
ventricular septal defect, concomitant 
conotruncal defects, heterotaxy syndrome 
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Key questions

What is already known about this subject?
Left ventricular dysfunction (LVD) has been observed in 
25%–33% of late survivors of tetralogy of Fallot (TOF) 
repair in childhood and has been associated with right 
ventricular dysfunction and/or pulmonic regurgitation.

What does this study add?
In this long-term outcomes study, we observed the 
late development of LVD in 30% of subjects with 
TOF followed over 16 years. The development of LVD 
frequently preceded and was significantly associated 
with the risk for death or hospitalisation.

how might this impact on clinical practice?
Close follow-up of long-term survivors of TOF repair 
in childhood is warranted. The onset of LVD should be 
viewed as a potential harbinger of subsequent adverse 
clinical events, particularly in the presence of right 
ventricular dysfunction.
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Table 1 Clinical characteristics of study cohort

Characteristics No LVSD (n=31) LVSD (n=13) P value

Mean age±SD (range), years 40.7±15.2 (24–68) 36.5±14.5 (20–68) 0.73

Female, n (%) 20 (65%) 5 (38%) 0.11

Prior surgeries (n) 52 (1.7 surgery/patient) 33 (2.6 surgery/patient) 0.03

With history of significant PR, n (%) 5 (16%) 6 (46%) 0.04

With history of PV replacement, n (%) 8 (26%) 4 (31%) 0.82

With RVSD, n (%) 8 (26%) 9 (69%) 0.01

With ICD/pacemaker, n (%) 2 (6%) 7 (53%) 0.01

Average time±SD from initial repair to present analysis 
(range), years

36.1±14.9 (2–68) 33.7±12.7 (19–59) 0.62

Type II diabetes (%) (6%) (15%) 0.41

Stroke (%) (0%) (8%) –

Hospital admission for heart failure, n (%) 3 (10%) 5 (38%) 0.02

Mean (±SD) QRS duration, ms 144 (21.5) 154 (33.2) 0.33

ICD, implantable cardiac device; LVSD, left ventricular systolic dysfunction; PR, pulmonic regurgitation; PV, pulmonic valve; RVSD, right 
ventricular systolic dysfunction.

or other syndromic CHDs were excluded. Over the same 
time interval, we identified age-frequency-matched and 
sex-frequency-matched patients with atrial septal defect 
or isolated pulmonic valve stenosis to serve as a compar-
ator group.

No patient was lost to follow-up over this 15.5-year 
interval. Ascertainment of clinical and vital status was 
100%. The date and nature of event rates were confirmed 
by review of the clinical record. Deaths were confirmed 
using the clinical record and the National Death Index.

LVSD was defined as an echocardiographically deter-
mined ejection fraction (EF) <55% using the Simpson 
biplane method. Categories for LVSD were defined as 
follows: LVEF 45%–54%, 35%–44% and <35%. RV size 
and function were qualitatively assessed from the same 
transthoracic echo data in accordance with the American 
Society of Echocardiography recommendations.5

The degree of pulmonic regurgitation was assessed also 
in accordance with the American Society of Echocardiog-
raphy guidelines.6

Continuous data were summarised as mean±SD. 
Frequency data were summarised as counts or percent-
ages. Comparisons between groups of continuous vari-
ables were accomplished with unpaired t-tests, while 
comparisons of nominal or categorical variables were 
accomplished with Χ2 statistics. The product limit 
approach was used for time to event analysis and results 
were stratified by presence of LVSD. The outcome of 
interest was the composite of all-cause mortality or docu-
mented hospitalisation for heart failure. Results stratified 
on left ventricular (LV) function group are presented 
graphically as Kaplan-Meier (K-M) plots and compared 
using log-rank statistics. All analyses were conducted 
using STATA/IC V.10.0. A P value <0.05 was considered 
statistically significant.

Results
Four hundred and fifty unique adult patients with CHD 
were seen from 1 January 2001 through 30 June 2016. 
Forty-four patients (mean age 38.6±15 years; 19 male, 25 
female) with a principal diagnosis of TOF (9.7% of all 
patients with CHD) were identified and included for anal-
ysis. Fifty-two age-matched and sex-matched patients with 
atrial septal defect or isolated pulmonic valve stenosis 
served as a control group.

Table 1 summarises the basic demographic and clin-
ical differences between patients with TOF with (n=13, 
29.5%) and without LVSD (n=31, 70.5%).

Of the LVSD group, 5 (38%) were women. Forty of the 
44 (91%) patients with TOF had a transannular patch 
repair and were equally distributed between the two LV 
function groups. The frequency of LVSD in the control 
group was significantly lower than that in patients with 
TOF (7.7% vs 29.5%, respectively, P=0.005).

The mean LVEF in the LVSD group was 40%±4%, with 
severe or moderate LVSD in eight patients. Patients with 
LVSD were more likely to have right ventricular systolic 
dysfunction (RVSD) (Fisher’s exact P=0.015), more 
cardiac surgeries, and a history of arrhythmia and pace-
maker or implantable cardiac device (ICD) placement. 
The indication for ICD placement was predominantly for 
primary prevention.

Six patients in the LSVD group (46%) had a history 
of moderate to severe pulmonary regurgitation, and four 
patients (31%) had undergone previous pulmonary valve 
replacement. A history of pulmonary regurgitation was 
more frequent in those with LVSD.

Importantly, no patient had LVSD at cohort inception 
in January 2001. The incidence density rate for LVSD was 
2.36 per 100 patient-years. The estimated Kaplan-Meir  
survival rates over the total at-risk time of 550 patient-years 



3Anabtawi A, et al. Open Heart 2017;4:e000690. doi:10.1136/openhrt-2017-000690

Figure 1 Time to first event analysis revealed a 
significant difference in estimated event-free (death or 
hospitalisation) survival between patients with left ventricular 
systolic dysfunction (LV_fx= EF<0.55) and those with 
preserved LV systolic function (LV_fx=EF≥0.55) (log-rank 
P=0.006). EF, ejection fraction; LF, left ventricular.

Congenital heart disease

were significantly different for the two groups (log-rank 
P=0.006; figure 1), with late clustering of outcomes 
observed in both groups. There were two deaths and five 
hospitalisations in the LVSD group overall, and three 
deaths and three hospitalisations in the preserved LV 
function group overall (incidence density rates: LVSD, 
4.3 per 100 patient-years; preserved LV function, 1.5 
per 100 patient-years). The estimated mean event-free 
survival was 13.5 years in the LVSD group and 14.6 years 
in the preserved LV function group (an underestimate 
since the largest observed analysis time was censored).

The mean time from cohort inception to recognition 
of LVSD was 11.1±2.3 years (median 11.4 years) and 
preceded an adverse outcome by, on average, 2.6 years in 
five of the seven patients with an adverse outcome. In one 
subject LVSD was recognised at the time of the patient’s 
demise.

dIsCussIOn
In the present prospective cohort study, we observed 
LVSD in 30% of adult patients late after childhood TOF 
repair. In the majority of these patients with LVSD, LV 
function was moderately to severely reduced. LVSD was 
associated with RVSD, multiple prior surgeries, a history 
of significant pulmonary regurgitation, and arrhythmia 
and pacemaker or ICD placement. The incidence rate for 
LVSD was 2.36 per 100 patient-years. Of particular note 
is the late onset of LVSD in these patients and occurred, 
on average, 35–40 years following the initial repair. The 
primary outcome for this analysis, all-cause death or 
hospitalisation, was greater in LVSD, while the median 
event-free survival was significantly lower. Within several 
years of detection of LVSD, the majority of these patients 
succumbed to an adverse outcome.

Our results are consistent with previous single-
centre7 and multicentre4 studies. The slightly higher 
prevalence of LVSD in the current report may reflect 
a greater extent of follow-up in a small state with only 
one dedicated ACHD programme. Our data are the only 
prospectively collected data with a prolonged cohort 
observation time of 15.5 years (550 patient-years). The 
appearance of LVSD in this cohort was a relatively late 
event and may serve as a harbinger of an adverse outcome 
over the ensuing several years.

The relationship between RV and LV systolic (dys)
function is of clinical and prognostic relevance as both 
RVSD and LVSD are strong determinants of clinical 
outcomes.4 7–9 Several hypotheses have been proposed, 
with most focusing on the deleterious effects of RV 
volume loading (from progressive pulmonic regurgita-
tion) on LV function mediated by abnormal RV-LV elec-
trical or mechanical coupling.7 10–12

Our study is limited by a number of factors and circum-
stances among which is the small sample size. New 
Mexico is an underpopulated, sizeable rural state with 
many geographical and economic constraints on access 
to medical care for complex conditions such as CHD. 
Over the last several decades, cardiac surgical services 
were available in New Mexico at only two institutions, 
and many patients were referred out of state for their 
initial surgery. Adherence to follow-up beyond the imme-
diate postsurgical period, while adequate before patients 
reached adult years, suffered due to loss of insurability 
in the majority of patients, leading to substantial loss to 
follow-up and non-systematic re-entry into the health-
care system as adults with a wide variety of medical and 
non-medical issues.

However, once garnered within the ACHD programme 
at the university, the duration (15.5 years) and complete-
ness of follow-up (100%) represent strong points. We 
recognise, however, that many patients who underwent 
surgery early in life are unaccounted for in a study of this 
type owing to outmigration, death or inability to access 
the healthcare system after surgery. The bias inherent 
in such a study is inestimable as we cannot determine 
whether the patients in our programme are ‘healthy’ or 
‘sick’ survivors without more knowledge of their clinical 
course after surgery and before re-entry into the health-
care system.

We did not systematically acquire more sophisticated 
measures of systolic or diastolic RV and LV function, for 
example, cardiac magnetic resonance, mainly for insur-
ance-related reasons. However, prior investigators have 
noted abnormal LV strain in the presence of RV enlarge-
ment and/or dysfunction.8 13 The significant association 
between RV and LV systolic dysfunction observed in this 
and prior studies points to the need for further investiga-
tion of this hypothesis. Our EF cut-off for defining LVSD 
is derived from older adult populations, and therefore 
may not be applicable to younger adults with CHD. Given 
the relatively late onset of adverse outcomes, longer 
observation times might have revealed still higher rates of 
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significant pulmonary regurgitation and possibly LVSD, 
although the current cohort represents patients surviving 
for greater than 50 years from reparative surgery. It is also 
unknown if earlier detection and correction of pulmo-
nary regurgitation, when present, would impact the inci-
dence of LVSD along with improvement in RV function.14
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