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Aims The New York Heart Association functional classification (NYHA class) is often used to describe the functional
capacity of adults with congenital heart disease (ACHD), albeit with limited evidence on its validity in this heteroge-
neous population. We aimed to validate the NYHA functional classification in ACHD by examining its relation to
objective measures of limitation using cardiopulmonary exercise testing (CPET) and mortality.

...................................................................................................................................................................................................
Methods
and results

This study included all ACHD patients who underwent a CPET between 2005 and 2015 at the Royal Brompton, in
whom functional capacity was graded according to the NYHA classification. Congenital heart diagnoses were classi-
fied according to the Bethesda score. Time to all-cause mortality from CPET was recorded in all 2781 ACHD pa-
tients (mean age 33.8 ± 14.2 years) enrolled in the study. There was a strong relation between NYHA class and
peak oxygen consumption (peak VO2), ventilation per unit in carbon dioxide production (VE/VCO2) slope and the
Bethesda classification (P < 0.0001). Although a large number of ‘asymptomatic’ (NYHA class 1) patients did not
achieve a ‘normal’ peak VO2, the NYHA class was a strong predictor of mortality, with an 8.7-fold increased mor-
tality risk in class 3 compared with class 1 (hazard ratio 8.68, 95% confidence interval: 5.26–14.35, P < 0.0001).

...................................................................................................................................................................................................
Conclusion Despite underestimating the degree of limitation in some ACHD patients, NYHA classification remains a valuable

clinical tool. It correlates with objective measures of exercise and the severity of underlying cardiac disease, as well
as mid- to long-term mortality and should, thus, be into incorporated the routine assessment and risk stratification
of these patients.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Keywords Congenital heart diseases • NYHA • Cardiopulmonary exercise test • Prognosis • Mortality

Introduction

Congenital heart disease affects close to 1% of live births. Surgical ad-
vances and improvement in medical care have significantly reduced early
mortality and led to an exponential growth of the adult congenital heart
disease (ACHD) population.1 Long-term complications are, however,

common, with heart failure becoming a major cause of morbidity and
mortality, accounting for at least a quarter of all ACHD deaths.2–7

Heart failure is a clinical syndrome, characterized by exercise in-
tolerance and/or signs of congestion in the presence of a cardiac condi-
tion (congenital or acquired). The use of the New York Heart
Association (NYHA) functional classification is recommended in the
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clinical setting to assess the severity of chronic heart failure in patients
with left ventricular dysfunction. This subjective evaluation of patients’
functional state is important for their diagnosis and management, but
also for prognostic reasons.8–14 Concerns have been raised regarding
the use of NYHA classification in ACHD patients. Congenital heart
disease is, by definition, present from birth, and patients adapt daily
activities to their ability, thus, potentially underestimating and under-
reporting the severity of physical limitation.7,11,15,16 Indeed, none of the
available heart failure classification grading scales has been validated in
ACHD patients, to date.2,14 In contrast, we and others have reported
the prognostic value of cardiopulmonary exercise testing (CPET) in
ACHD as a whole or for individual lesions.11,15,16

The aim of our study was to validate the NYHA functional classifi-
cation in ACHD by assessing its relation to objective measures of
exercise capacity derived from CPET, and its potential to predict
mid- to long-term mortality in these patients.

Methods

Study design and patients
This is a retrospective study of patients with ACHD who underwent a
CPET at our centre between January 2005 and May 2015. Patients who
had any intervention or clinical deterioration between their clinical appoint-
ment and CPET were excluded from the study. Effort-related dyspnoea
was graded according to the NYHA functional classification and was based
on information obtained from the relevant clinical letter and clinical notes.
In our centre, we follow a standard protocol for reporting on consultations,
which includes a detailed description of exercise capacity, exercise training,
and effort limitation (e.g. distance or time able to walk on the flat, run, or
climb stairs). We used such description to classify patients into the NYHA
classes presented in this study. For patients who underwent multiple exer-
cise tests during the study period, the first test was recorded and used for
the analysis. A principal diagnosis was determined for every patient and
classified according to the 32nd Bethesda conference.17 Cyanotic patients
were defined by oxygen saturation less than 90% at rest. Additional clinical
data were collected around the time of exercise test, including demograph-
ics, pharmacological therapy, brain natriuretic peptide (BNP), and echocar-
diographic findings. On-going haemodynamic lesions were defined as at
least moderate-to-severe systemic and/or subpulmonary obstruction or
regurgitation, or a significant intracardiac or extracardiac shunt assessed by
echocardiography, cardiac magnetic resonance or invasive catheterization.
We also reported as significant haemodynamic lesions baffle obstructions
in Mustard/Senning patients and the presence of pulmonary arterial hyper-
tension. Systemic ventricular function was assessed by echocardiography
by an experienced echocardiographer blinded to NYHA functional classifi-
cation and graded in a semi-quantitative manner into normal, mildly, mod-
erately, or severely impaired.15 Finally, we collected complete data on
all-cause mortality and time from CPET within the study period. We
included deaths reported by the National Statistics office, an accurate
source on mortality information.

Cardiopulmonary exercise test
Cardiopulmonary exercise test was performed on a treadmill according
to a modified Bruce protocol, as previously described.8 Ventilation, oxy-
gen consumption (VO2), carbon dioxide production (VCO2), and venti-
lation (VE) were measured continuously with simultaneous heart rate
and ECG monitoring. Blood pressure was taken at rest, every 3 min, and
at maximum effort. Criteria for stopping the test included exhaustion,
symptom limitation, drop in blood pressure, or significant ECG changes.

Peak VO2 and VE per unit of carbon production (VE/VCO2) were meas-
ured. Peak of VO2 was defined according to the European Association of
Cardiovascular Prevention and Rehabilitation/American Heart associ-
ation recommendations.18 Peak VO2 and VE per unit of carbon produc-
tion slope was obtained by linear regression analysis of the data acquired
throughout the entire period of exercise.

Statistical analysis
Data were summarized as mean ± standard deviation or median and inter-
quartile range for continuous variables, depending on data distribution, and
number (%) for categorical variables. In order to assess the reproducibility
of the NYHA assigned to ACHD patients, we took a random 100 patients
from this cohort who were assessed by two independent observers and,
thereafter, estimated Cronbach’s coefficient alpha. Comparison of continu-
ous variables between groups was performed using the non-parametric
Wilcoxon rank sum test or Kruscal–Wallis test, while categorical variables
were compared using the Fisher’s exact test. The relation between clinical
parameters and all-cause death was assessed using univariate and multivari-
ate Cox proportional hazard regression analysis. For all analyses, a two-
tailed P-value <0.05 was used as the criterion for statistical significance.
Statistical analyses were performed using R version 3.0.1 (The R
Foundation for Statistical Computing).

Results

Patients characteristics
In total, 2781 ACHD patients were enrolled in the study and they
represented a percentage of patients out of the whole Brompton co-
hort. Mean age at baseline was 33.8 ± 14.2 years, 1318 (47.4%) were
female (Table 1). The most common diagnosis was tetralogy of Fallot
(TOF) (n = 552, 19.8%), followed by aortic coarctation (n = 260,
9.3%), pulmonary stenosis (n = 206, 7.4%), and ventricular septal de-
fect (n = 193, 7.0%). A known genetic abnormality was present in 146
(5%) patients [Di George syndrome (n = 30, 21%), Noonan syn-
drome (n = 30, 21%), Marfan syndrome (n = 26, 17%), and Down syn-
drome (n = 25, 17%)]. The majority of patients (54.4%) had ACHD of
moderate severity, while 90 (3.2%) patients were not classifiable.
A systemic right ventricle was present in 216 (7.8%) patients.
Cyanosis at rest was present in 151 (5.6%) patients with median oxy-
gen saturation 85 [60–90]%, more frequent in Bethesda Group 3
(P < 0.0001). A permanent pacemaker (PPM) or cardiac resynchroni-
zation therapy (CRT) device was in situ in 6.4%, whereas 1.2% pa-
tients had an implantable cardioverter defibrillator (ICD).

Cronbach’s alpha for NYHA was 0.87, suggesting good agreement
between assessors. The majority of patients (71.1%) were in NYHA
functional class 1 at the time of CPET, while a minority were in
NYHA 3 (5.6%). Patients in Bethesda 3 group were more likely to be
symptomatic (38.4% vs. 25.8% in Bethesda 1 and 2, P < 0.0001).
Eisenmenger patients were the most symptomatic of all diagnostic
subgroups, while the least symptomatic were patients with transpos-
ition of the great arteries (TGA) after arterial switch repair (Figure 1).
Over one half of patients (n = 1646, 59.3%) had at least one significant
on-going haemodynamic lesion at the time of CPET; the majority of
patients had normal systemic ventricular function (n = 2349, 84.6%).
Patients with moderate or severe systemic ventricular dysfunction
were more likely to be in NYHA 2 or 3 (P < 0.0001). Baseline BNP
was 34 ng/L (range [4–1963] ng/L) with a significant difference
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..between the 3 Bethesda groups (Figure 2A). BNP was significantly
higher in most symptomatic patients (NYHA 3, median 149 [5–
1274] ng/L) compared with remainder (P < 0.0001, Figure 2B).

Peak VO2 in the overall population was 26.4 ± 9.8 mL/kg/min or
72.7 ± 22.3% of predicted. There was a progressive decline in peak
VO2 with increasing Bethesda severity (P < 0.0001, Figure 3A). The
same was true for the VE/VCO2 slope, with patients in the highest
anatomic complexity group having significantly higher slopes than the
rest (Table 1, Figure 2C).

Relation between New York Heart
Association class and cardiopulmonary
exercise parameters
There was a strong relation between functional class and peakVO2,
with a progressive decline from functional Class 1 to 3 (Figure 3B).

Over half (55.2%) of patients in NYHA class 1 had a percent predicted
peak VO2 below 80% and were, thus, impaired despite being asymp-
tomatic (Figure 3B). Patients in functional class 3 had a markedly
reduced peak VO2 of 14.6 ± 5.9 mL/kg/min compared with
29.0 ± 9.1 mL/kg/min in class 1. Patients in functional class 3 also had
the highest VE/VCO2 slopes, with two-thirds of patients having a slope
> 33 (Table 2, Figure 2D). Average VE/VCO2 slope was within high nor-
mal limits in functional class 1 patients, but one quarter of asymptom-
atic patients (25.5%) had an abnormal slope > 33. Almost one half of
patients in NYHA class 2 (45.3%) had a VE/VCO2 slope >33.

Patients with cyanosis at rest (n = 151), in their majority, had com-
plex anatomy (39.7%), Eisenmenger syndrome (21.9%), or Fontan cir-
culation (19.2%). Within the cyanotic group, average peak VO2 was
42.3 ± 13.0% of predicted and VE/VCO2 slope 52.3 ± 18.6. There was
no significant relation between NYHA class and peak VO2 or VE/
VCO2 slope, with only a trend for the former (Figure 3C and D).

....................................................................................................................................................................................................................

Table 1 Demographic and clinical data according to the Bethesda classification

All Bethesda 1 Bethesda 2 Bethesda 3 P-value

Patients, n 2781 494 1465 732

Age (year) 33.8 ± 14.2 35.9 ± 16.1 34.9 ± 14.5 30.0 ± 11.2 <0.0001

Female, n (%) 1318 (47.4) 224 (45.3) 709 (48.4) 335 (45.8) 0.35

BMI (kg/m2) 24.4 ± 4.8 24.6 ± 5.0 24.9 ± 4.9 23.2 ± 4.5 <0.0001

Saturation at rest (%) 98.5 [60–100] 98.5 [69–100] 98.5 [80–100] 98.5 [60–100] <0.0001

Cyanotic patients (Sat < 90%) 151 (5.6) 2 (0.4) 14 (1) 134 (19.2) <0.0001

Device, n (%) <0.0001

PPM 169 (6.1) 15 (3) 81 (5.5) 71 (9.7)

CRT 9 (0.3) 1 (0.2) 7 (0.5) 1 (0.1)

ICD 34 (1.2) 2 (0.4) 20 (1.4) 11 (1.5) 0.18

Medication, n (%)

Beta blockers 289 (10.5) 52 (10.6) 137 (9.5) 73 (10.2) 0.7

Diuretics 187 (6.8) 20 (4.1) 91 (6.3) 71 (9.9) <0.0001

ARB 105 (3.8) 22 (4.5) 56 (3.9) 19 (2.6) 0.20

ACEi 345 (12.6) 66 (13.4) 142 (9.8) 122 (17) <0.0001

Antiarrhythmic 183 (6.6) 19 (0.7) 74 (2.7) 86 (3.1) <0.0001

Functional class, n (%) <0.0001

NYHA 1 1976 (71.1) 377 (76.3) 1086 (74.1) 451 (61.6)

NYHA 2 650 (23.4) 101 (20.4) 320 (21.8) 208 (28.4)

NYHA 3 155 (5.6) 16 (3.2) 59 (4) 73 (10)

BNP level (ng/L) 34 [4–1963] 30 [4–847] 31 [4–1274] 43.5 [8–1963] 0.0022

CPET parameters

Peak VO2 26.36 ± 9.8 29.4 ± 10.3 26.8 ± 9.3 23.4 ± 9.5 <0.0001

Predicted MVO2 (%) 72.7 ± 22.3 81.9 ± 21.9 75.3 ± 20.7 60.9 ± 20.4 <0.0001

VE/VCO2 slope 33.1 ± 10.7 30.6 ± 7.7 31.6 ± 8.6 37.9 ± 14.4 <0.0001

Echocardiography parameters

Systemic ventricular function <0.0001

Normal 2349 (84.6) 432 (87.6) 1317 (90.1) 524 (71.6)

Mildly impaired 259 (9.3) 39 (7.9) 95 (6.5) 118 (16.1)

Moderately impaired 108 (3.9) 12 (2.4) 35 (2.4) 58 (7.9)

Severely impaired 60 (2.2) 10 (2) 15 (1) 32 (4.4)

Associated lesions 1646 (59.3) 294 (59.5) 929 (63.5) 380 (51.9) <0.0001

BMI indicates body mass index; NYHA, New York Heart Association; PPM, pacemaker; CRT, cardiac resynchronization therapy; ICD, implantable cardioverter-defibrillator;
ARB, angiotensin II receptor blockers; ACEi, angiotensin-converting-enzyme inhibitor; antiarrhythmic drugs included amiodarone, flecaine, sotalol and digoxin; CPET, cardiopul-
monary exercise testing; RER, peak respiratory ratio; VO2, oxygen consumption; VE/VCO2 slope, ventilation per unit in carbon dioxide production.
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Figure 1 New York Heart Association (NYHA) classification according to major diagnostic groups. Bar width is proportionate to sample size in
each group. TGA, transposition of the great arteries; TOF, tetralogy of fallot; VSD, ventricular septal defect; AVSD, atrioventricular septal defect;
ASD, atrial septal defect; PAH-CHD, pulmonary arterial hypertension related to congenital heart disease.

Figure 2 Brain natriuretic peptide (BNP) levels (A and B) and ventilation per unit in carbon dioxide production (VE/VCO2) slope (C and D) accord-
ing to Bethesda classification and New York Heart Association class.
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Correlation between New York Heart
Association functional class and
mortality
At a median follow-up of 4.7 years (interquartile range 2.4–7.1) from
index CPET, 99 (3.6%) ACHD patients died. There was a strong rela-
tion between NYHA functional class and death, with a 2.5-fold
increased mortality risk in class 2 and 8.7-fold in class 3 compared
with class 1 [hazard ratio (HR) 2.50, 95% confidence interval (95%
CI): 1.58–3.95, P < 0.0001 and HR 8.68, 95%CI: 5.26–14.35,
P < 0.0001, Figure 4A] and was also true in patients with cyanosis at
rest (Figure 4B). Furthermore, there was a significant difference in the
risk of death between groups 2 and 3 in the overall ACHD popula-
tion (HR 3.47, 95% CI: 2.08–5.81, P < 0.0001). NYHA class remained
a strong predictor of death even when adding age to the model (class
2 P = 0.001, class 3 P < 0.0001, age P < 0.0001). Indeed, NYHA func-
tional class remained a strong and independent predictor of death,
when included in a stepwise multivariate model with age, sex, cyan-
osis, systemic/sub-pulmonary ventricular function, and Bethesda
complexity class (Table 3). When adding percentage predicted peak
VO2, the VE/VCO2 slope and defect complexity to the model with
NYHA class, functional class 3 remained a predictor of death
(P = 0.001) with peak VO2 (P < 0.0001), but not VE/VCO2 slope,
functional class 2 or defect complexity. The relation between NYHA

class and mortality remained largely unaffected when adjusted for
BNP concentration (P = 0.002 and <0.0001 for classes 2 and 3,
respectively).

Discussion

Our data shows NYHA classification to be a valid method for classify-
ing ACHD patients according to functional limitation, as it relates
closely to objective measures of exercise capacity, such as peak VO2
and the VE/VCO2 slope, although it may underestimate true limita-
tion in less symptomatic patients. NYHA class also relates to the se-
verity of underlying congenital heart disease, and its strong relation to
mortality makes it a simple prognostic tool in clinical practice.

It has been suggested that NYHA functional classification should
be used with caution in ACHD, as it tends to underestimate the de-
gree of limitation in patients with long-standing disease who have
adapted chronically their lifestyle to ability.15 Our data supports this
notion, with over one half of ‘asymptomatic’ patients having a
reduced peak VO2 (Figure 3B). However, our analysis also confirms
that NYHA class has important prognostic implications for signifi-
cantly limited patients (NYHA class 3), while it may be less sensitive
in identifying patients at risk within the less symptomatic.15 Indeed,
we observed a mortality that appears higher than expected amongst

Figure 3 Peak oxygen consumption (VO2) (A–C) and ventilation per unit in carbon dioxide production (VE/VCO2) slope (D) according to
Bethesda classification (A) and New York Heart Association functional class (B–D) in all adult congenital heart disease (ACHD) patients (A and B) and
cyanotic ACHD patients only (C and D).
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Table 2 Clinical, CPET, and echocardiography data according to NYHA classification

All NYHA 1 NYHA 2 NYHA 3 P-value

Age (year) 33.8 ± 14.2 31.8 ± 13.0 37.4 ± 15.3 43.8 ± 16.8 <0.0001

Female (%) 1318 (47.4) 853 (43.2) 377 (58) 88 (56.8) <0.0001

BMI (kg/m2) 24.4 ± 4.8 24.2 ± 4.5 24.9 ± 5.5 25.0 ± 5.8 0.0377

Saturation at rest (%) 98.5 [60–100] 98.5 [74–100] 98.5 [63–100] 97 [60–100] <0.0001

Cyanotic patients (sat < 90%) 151 (5.6) 44 (2.3) 67 (10.7) 40 (27.2) <0.0001

Bethesda classification, n (%)

Bethesda 1 494 (18.4) 377 (19.7) 101 (16.1) 16 (10.8) <0.0001

Bethesda 2 1465 (54.4) 1086 (56.7) 320 (50.9) 59 (39.9)

Bethesda 3 732 (27.2) 451 (23.6) 208 (33.1) 73 (49.3)

BNP level (ng/L) 34 [4–1963] 29 [4–1780] 56.5 [8–1963] 149 [5–1274] <0.0001

CPET parameters

Peak VO2 26.4 ± 9.8 29.0 ± 9.1 21.0 ± 7.9 14.6 ± 5.9 <0.0001

Predicted MVO2 (%) 72.7 ± 22.3 77.61 ± 20.24 63.7 ± 22.0 46.9 ± 19.3 <0.0001

VE/VCO2 slope 33.1 ± 10.7 31.1 ± 8.2 36.4 ± 12.8 44.4 ± 17.5 <0.0001

Echocardiography parameters

Systemic ventricular function <0.0001

Normal 2349 (84.6) 1733 (87.8) 510 (78.5) 106 (69.3)

Mildly impaired 259 (9.3) 163 (8.3) 78 (12) 18 (11.8)

Moderately impaired 108 (3.9) 55 (2.8) 38 (5.8) 15 (9.8)

Severely impaired 60 (2.2) 22 (1.1) 24 (3.7) 14 (9.2)

Sub pulmonary ventricular function <0.0001

Normal 2133 (82) 1597 (84.9) 452 (76.2) 84 (66.1)

Mildly impaired 313 (12) 211 (11.2) 85 (14.3) 17 (13.4)

Moderately impaired 134 (5.2) 67 (3.6) 48 (8.1) 19 (15)

Severely impaired 20 (0.8) 5 (0.3) 8 (1.3) 7 (5.5)

Associated lesions 1646 (59.3) 1113 (56.4) 425 (65.4) 108 (70.1) <0.0001

BMI indicates body mass index; NYHA, New York Heart Association; CPET, cardiopulmonary exercise testing; RER, peak respiratory ratio; VO2, oxygen consumption; VE/
VCO2 slope, ventilation per unit in carbon dioxide production.

Figure 4 Kaplan–Meier survival curves according to New York Heart Association (NYHA) classification in all adult congenital heart disease
(ACHD) (A) and cyanotic patients only (B).
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the relatively young cohort of ACHD patients in NYHA class 1 (aver-
age age 31.8 years, 5% mortality at 10 years, Figure 4A). Our paper
went beyond the observations by Diller et al.7 by assessing the rela-
tion between NYHA and objective measures of exercise capacity, as
well as BNP, in a large ACHD population. The strong relation
observed between NYHA class and established prognostic markers,
such as peak VO2, VE/VCO2 slope, and BNP, provide support for
the routine use of the NYHA classification in the clinical setting as a
simple but powerful marker of disease severity. Our data, however,
suggest that NYHA is more than just a surrogate of exercise capacity,
providing prognostic information independent of the above
parameters.

The NYHA functional classification relies heavily on the concept of
‘ordinary physical activities’, which are not well defined and can differ
between individuals, depending on their health status, education, up-
bringing, and personal preference. It is noteworthy that almost one
half of patients with atrial septal defects were symptomatic. While
this may appear surprising for such a ‘simple’ lesion, these patients
are typically much older at presentation compared with patients with
other congenital defects and are, hence, more likely to be impaired
and have co-morbidity compared with younger cohorts. Moreover,
symptoms typically appear late in these patients who are otherwise
asymptomatic for decades prior to presentation, as opposed to other
congenital cohorts who are limited since childhood and may under-
report symptoms. By definition, congenital heart disease is present
from birth and many patients adapt their ordinary activities to their
ability, thus, not being aware of under-reporting their functional limi-
tations. Moreover, in the past, cardiologists had been reluctant to en-
courage ACHD patients to strenuous exercise, resulting in limited
physical activity, physical deconditioning and, in some cases, obesity.
In such patients, who are not physically active on a regular basis, care
should be taken when applying and interpreting the NYHA classifica-
tion. The use of standard questionnaires, including landmarks (e.g.
ability to walk from one department to another, from the local train
or metro station to the hospital, etc.) may help improve the phys-
ician’s ability to detect exercise intolerance and, thus, better classify
the patients functional class. It is also important to remember that
NYHA classification relies on subjective perception of symptoms,

which also depends on factors, such as levels of acceptance of the dis-
ease, anxiety or depression, and overall quality of life.19–21 Doubts
have been cast on the ability of physicians to correctly implement the
NYHA classification. It has been demonstrated that even experi-
enced physicians tend to use a free interpretation of the NYHA clas-
sification, rather than strictly adhering to its definition.19–22 We
submit that correctly applying and interpreting the NYHA classifica-
tion enhances its value in the clinical setting.

Exercise limitation is a common feature of cardiovascular disease
and can be multifactorial. Exercise intolerance in ACHD occurs for a
variety of reasons, relating not only to the underlying CHD, but also
to associated comorbidity (e.g. pulmonary vascular or other disease,
skeletal abnormalities, detraining and muscle wasting, anaemia etc.).14

Nevertheless, exercise intolerance is closely related to the severity
of underlying cardiovascular condition, both in heart failure and
ACHD and is, thus, a strong predictor of outcome. Objective
markers of exercise limitation, such as the peak VO2, heart rate re-
serve, and VE/VCO2 slope on CPET have been shown to be strong
and independent predictors of mortality in ACHD and should be
periodically employed for risk-stratifying patients and determining
the type and timing of therapies and intervention.8,15,16,23–25 The
close correlation between NYHA class and CPET parameters in the
present study supports the value of NYHA classification as a simple
additional prognostic tool, but not a substitute for CPET.

While there was a significant difference in age between NYHA
classes, the relation between NYHA class and mortality was independ-
ent of age and other clinical and exercise parameters. With the expo-
nential growth in the number of ACHD patients, frequent CPET may
not be possible in every setting. Moreover, NYHA class may carry add-
itional prognostic information, as symptoms reported by patients are
not confined to exercise intolerance. Indeed, while the NYHA class is
not a quality of life index, it has been shown to correlate closely to
quality of life scores and may provide a global view of the overall pa-
tient status.26,27 We submit, that the NYHA class remains a valuable
tool and should be regularly reported on each clinical visit and inte-
grated to other clinical parameters and prognostic scores.

Study limitations
This is a single-centre retrospective study but, nevertheless, repre-
sentative of patients followed in tertiary settings with moderately
complex CHD. While inclusion of NYHA class 4 in the survival ana-
lysis would have been interesting, this study focused on patients who
had undergone a CPET and, thus, patients with functional class 4
were excluded. While this referral bias may have affected the esti-
mated prevalence of functional limitation in our population, the rela-
tion between functional class and outcome is unlikely to have been
affected. Future prospective studies may shed additional light on the
prognostic value of functional classification in ACHD, including
asymptomatic patients.

Conclusion

Despite certain limitations, NYHA classification remains a valuable
clinical tool in ACHD. It correlates with objective measures of exer-
cise capacity and mid- to long-term mortality, and should, thus, be
routinely assessed and reported.

.................................................................................................

Table 3 Predictors of mortality in ACHD patients
(multivariable analysis)

Functional class HR (95% CI) P-value

Class 1 Ref Ref

Class 2 1.93 (1.17–3.17) 0.009

Class 3 3.72 (2.01–6.90) <0.0001

Age (years) 1.04 (1.02–1.05) <0.0001

Sex (male) 1.40 (0.91–2.18) 0.13

Systemic ventricular function

Normal Ref Ref

Mildly impaired 2.05 (1.16–3.63) 0.01

Moderately impaired 4.75 (2.71–8.33) <0.0001

Severely impaired 4.86 (2.27–10.40) <0.0001

Cyanosis at rest 2.48 (1.40–4.42) 0.002

ACHD, adult congenital heart disease; 95% CI, 95% confidence interval.
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