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Mortality in patients with congenital heart disease (CHD) has dra-
matically decreased over the last decades. The main reasons for this
trend include early CHD diagnosis, and the introduction and subsequent
improvement of surgical and percutaneous interventions [1]. The in-
crease in survival is evident in all groups of CHD. For example, cardiac
surgery and intervention has transformed the natural history of patients
with large ventricular septal defect (VSD) who, in the past, were
destined to develop pulmonary hypertension, often severe enough to
cause shunt reversal and cyanosis, the hallmarks of Eisenmenger
syndrome [2]. Severe pulmonary vascular disease precludes repair of
the defect and is, even today, associated with a very high morbidity
and mortality [3,4]. Nowadays, the vast majority of patients born with
a VSD in developed countries are diagnosed early and, when appropri-
ate, undergo surgical or percutaneous repair. As a consequence, the
incidence of Eisenmenger syndrome has dramatically decreased and
the survival prospects of patients with VSD have been transformed
[5,6]. The same is true of patients with atrial septal defects (ASDs),
who nowadays undergo percutaneous repair or cardiac surgery. Their
survival prospects are today comparable to that of the general popula-
tion, while reports from the 60s and 70s clearly demonstrated that
unrepaired ASDs were associated with the risk of premature death,
with a mortality of 12% and 76% at the age of 20 and 50 years, respec-
tively [7]. Even accounting for bias related to the limited diagnostic
tools available 5 decades ago, the improvement in survival prospects
for CHD patients is staggering.
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Consequently, the number of adult patients with CHD is significantly in-
creasing over the last decades and, in developed countries, there are
currently more adults than children with CHD [8]. The vast majority of
CHD patients require regular, life-long follow-up, provided or coordi-
nated by tertiary CHD centres, with individualised management plans,
taking into account cardiac anatomy, past interventions, comorbidities
and lesion-specific complications. Indeed, heterogeneity in clinical pre-
sentation and outcome is high, even within subgroups of CHD patients.
For example, while some adult patients with repaired tetralogy of Fallot
(ToF) remain at risk of malignant tachycardias, premature death and/or
heart failure [9], many are asymptomatic and may even become elite
athletes, such as the snowboard star and three-time Olympic gold med-
allist, Shaun Roger White.

Classifying CHD patients for risk stratification solely on underlying
anatomy is, thus, insufficient. More advanced risk stratification tools
are needed, that are able to predict morbidity and mortality. Moreover,
objective risk stratification tools are required to assist physicians when
listing patients for heart transplant or ICD therapy.

In this issue of the International Journal of Cardiology, Baggen et al.
describe a novel model for risk stratification in adult CHD patients.
They assessed the prognostic value of 14 clinical parameters, selected
by an expert panel, on a moderate-size (n = 602), single centre cohort
of patients with CHD of moderate or severe anatomic complexity.
They used a combined endpoint of death, heart failure or arrhythmia.
The parameters independently contributing to risk stratification in
the multivariable model were age, severity of CHD, NYHA class,
cardiac medication, history of re-intervention for CHD, BMI and
NT-proBNP.

This is important work, as most reports on risk stratification in CHD
do not go beyond providing information on individual parameters.
Baggen et al. take CHD risk stratification to the next essential step, by
developing and validating their model on an external cohort of patients
(n = 402). They used a multivariable logistic regression model for
events within a 4 -years follow-up period. The externally validated
C-statistic was satisfactory (0.78), albeit far from perfect, and confirms
the discriminative ability of this model. This model allows for calcula-
tion of absolute risk and the authors provide an online web tool for
this (https://achdwebcalculator.shinyapps.io/achdwebcalculator/).
This is a very useful feature, as providing only odds ratios or hazard
ratios, is of limited clinical value. Moreover, by inviting others to further
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collaboration and sharing their R-code script, they may help develop
even more reliable models in the future.

Considering the significant heterogeneity of the CHD population and
the limited prevalence of many lesions, collaboration studies are
required to develop risk stratification models for the overall CHD cohort,
and for individual CHD cohorts. Robust, but widely available clinical
variables should be considered for use in such models. NYHA classifica-
tion is widely used and was a component of the model proposed by
Baggen et al. However, NYHA class alone lacks the discriminative
value for predicting outcome and its interobserver variability is wide.
Objective measures of exercise capacity, such as parameters derived
from cardiopulmonary exercise testing, may be more reliable in defin-
ing the functional capacity of individual patients, but are not universally
available and are not standardised across centres. Moreover, while pa-
tients receiving ‘cardiac medication’ (a parameter in the final risk
model by Baggen et al.) are likely to have more advanced disease com-
pared to those not on such medication, protocols and thresholds for ad-
ministering medication vary greatly between centres, as evidence for
their use in CHD is lacking.

An increased body mass index (BMI) was also a predictor of ad-
verse outcome in the model by Baggen et al., and appears to reflect
what is known for the general population. However, the prognostic
value of BMI is likely to vary between countries, and also between
subgroups of patients. CHD patients with complex and/or advance
disease are likely to develop cachexia and, hence, a U-shaped rela-
tion between BMI and risk is expected in a population at risk of
heart failure.

Clearly, there are still major challenges in developing reliable, uni-
versally applicable risk stratification tools for CHD. Models developed
for the entire CHD population will always be limited by the inherent
heterogeneity of this population, as well as substantial differences in de-
mographic and clinical characteristics between CHD cohorts in different
centres, as observed in the study by Baggen et al. An internationally
shared protocolised approach to adult CHD care and follow-up is
urgently needed, based on expert consensus and multicentre collabora-
tion, in order to enhance our ability to optimise risk stratification
models and improve the care of our patients.
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