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Take Home Points:
· Annual event rate of death or cardiac transplant was 0.9 % in a Mayo Clinic cohort of 465 TOF patients.
· Six independent risk factors associated with death/transplant were age > 42 years, atrial fibrillation,  moderate QRS fragmentation, LVEF < 50 %, RVEDP > 16 mmHg, and LVEDP > 16 mmHg.
· Nearly two-fold increased risk of death or transplant per unit increase in number of risk factors.
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Commentary from Dr. Timothy Roberts (Melbourne, Australia), section editor of ACHD Journal Watch:  The aim of this retrospective analysis from the Mayo Adult Congenital Heart Disease database of 465 adults with repaired TOF was to identify risk factors for death and/or cardiac transplantation.
Patients’ electronic medical records were interrogated to collate data of patient demographics, co-morbidities, medications, heart rhythm, echocardiograms, cardiopulmonary exercise testing, cardiac magnetic resonance imaging, and cardiac catheterization. Data from the first visit and test/procedure was used as the baseline variable. Full datasets were not available for all patients, with a single conditional imputation method used to correct for missing data in the multivariate analysis.

Baseline age was 37  14 years, 48 % men, and mean age at time of TOF repair was 5 (3 – 10) years. A transannular patch repair was performed in 37 % of the cohort. 
The endpoint of death and/or transplant occurred in 57 (12%) patients during a follow-up of 13.6  8.2 years, giving an event rate of 0.9 % per year. Mean age at death (54/57 patients with combined endpoint) was 57  15 years; key causes of death included:
· congestive cardiac failure 23 (43%)
· arrhythmic/sudden cardiac death in 14 (26%)
· malignancy in 5 (9%), 
· sepsis/multisystem organ failure in 4 (7%)
· postoperative death following cardiac surgery in 3 (6%)

Three underwent cardiac transplantation at a mean age of 54  5 years, with one dying 13 months later.
A multivariate risk model (Table 3, below), incorporating all statistically significant univariate correlates, identified the following risk factors:
1. age >42 years (HR 1.86, 95% CI 1.24 to 2.03), 
2. atrial fibrillation (HR 1.84, 95% CI 1.06 to 3.17), 
3. ≥moderate QRS fragmentation (HR 1.92, 95% CI 1.47 to 2.81), 
4. left ventricular ejection fraction <50% (HR 1.39, 95% CI 1.08 to 2.31), 
5. right ventricular end-diastolic pressure >16 mm Hg (HR 1.41, 95% CI 1.02 to 1.22), and 
6. left ventricle end-diastolic pressure >16 mm Hg (HR 1.32, 95% CI 1.11 to 1.89).
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Each independent risk factor was assigned one point; of the original 465 patients, 208 (45 %) had no risk factors (0 points), 191 (41 %) were low risk (1-2 points), 59 (13 %) were of intermediate risk (3-4 points), and 7 (1.5 %) were at highest risk (5 or 6 points). Using the patients without risk factors as the reference group, the annual event rate rose incrementally for each additional risk factor (no risk factors, 0.2 % per year; low risk group 1.0% per year; intermediate risk group 2.7% per year; and the high risk group 4.6% per year); see figure 1 (below). 
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[bookmark: _GoBack]A number of risk factors have previously been described in association with TOF and either all-cause death or sudden cardiac death; examples include the Khairy score which incorporates six risk factors (prior palliative shunt, inducible sustained ventricular tachycardia (VT) during electrophysiology study, QRS duration ≥180 msec, ventriculotomy incision, non-sustained VT, and left ventricular end-diastolic pressure (LVEDP) ≥12 mmHg), and the INDICATOR multi-centre study (right ventricular hypertrophy, right ventricular hypertension, left ventricular dysfunction, and atrial arrhythmia). Not exclusive to TOF, VO2peak parameters have also been demonstrated to carry prognostic information in relation to all-cause mortality in ACHD. Interestingly, the current study only found elevated LVEDP to be an independent risk for death/transplant and not any other of the Khairy score parameters, while neither VO2peak or VE/VCO2 were associated with death or transplant. Contradictions in significant risk factors identified may reflect different population groups studied, and it should be noted that the current study did not have all invasive haemodynamic, exercise, or CMR data. Nonetheless, it offers a relatively straightforward framework of risk factors to consider in the broader TOF population which is less reliant on invasive measurements/procedures such as the Khairy score.
image1.jpeg




image2.tiff
Table 3

Multivariable analysis of risk factors for death and/or transplant

HR (95% CI) P

Age >42 years 1.86 (1.24—2.03) 0.002
Male gender 0.73 (0.41—1.26) 0.272
Age at TOF repair, >12 years 0.98 (0.96—1.01) 0.132
Prior palliative shunt 1.06 (0.61—1.85) 0.837
Atrial fibrillation 1.84 (1.06—3.17) 0.029
Coronary artery disease 1.40 (0.26—2.47) 0.254
NYHA II/IV 1.47 (0.81-2.57) 0.192
Diuretics 1.25(0.71-2.16) 0.441
Beta and/or calcium channel blockers 1.66 (0.90—2.44) 0.269
RAAS antagonist 2.01 (0.62—6.32) 0.226
Warfarin 1.23 (0.61—2.28) 0.531
Heart rhythm

Non-sustained ventricular tachycardia 0.86 (0.48—1.51) 0.615
QRS duration >180 ms 1.09 (0.68—1.98) 0.214
QRS fragmentation (>moderate*) 1.92 (1.47-2.81) 0.001
FAC, <25% 0.98 (0.94—1.01) 0.098
LV ejection fraction, <50% 1.39 (1.08—2.31) 0.031
Right atrial pressure, >13 mmHg 1.03 (0.82—1.67) 0.241
RVEDP, >16 mm Hg 1.14 (1.02—1.22) 0.043
Mean PA pressure, >30 mmHg 0.97 (0.84—2.02) 0.432
LVEDP, >16 mm Hg 1.32(1.11-1.89) 0.009

D/T=death and/or heart transplant; EDP =end-diastolic pressure;
FAC =fractional area change; LV =left ventricle;, NYHA =New York
heart Association; PA = pulmonary artery; RAAS =renin angiotensin aldo-
sterone system; RV =right ventricle; TOF =tetralogy of Fallot; >moder-
ate x QRS fragmentation = QRS fragmentation in 3 or more leads of a

standard electrocardiogram.
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Figure 1. Kaplan-Meier curves comparing transplant-free survival
between patients grouped according to number of risk factors/points:
patients without risk factors (gray), low risk group (black), intermediate
risk group (blue), and high risk group (red). Using the patients without risk
factors as the reference group, survival is different between all the groups
(p <0.001 for all comparisons). Color version of figure is available online.




