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A B S T R A C T

Background: On a group level, patients with repaired tetralogy of Fallot have impaired exercise capacity. Since
exercise capacity is related to prognosis, and more patients survive into higher age, it is important to know the
expected exercise capacity at different ages. Furthermore, factors associated with exercise capacity and the
relation between exercise capacity and mortality need further evaluation.
Methods: The national register of congenital heart disease was searched for exercise tests in adults with repaired
tetralogy of Fallot. The results from exercise tests were compared with national reference data.
Results: 314 patients were identified (median age 33.2 [IQR 24.8–44.7], 40.8% women). The mean percent of
predicted workload was 74.8 (�19.6) % without change across ages. In multivariable analysis, NYHA class I (odds
ratio [OR]4.2, 95% confidence interval [CI]1.7–10.0) and higher physical activity level (>3 h/week) (OR 3.6,
95%CI 1.8–7.3) were positively associated with higher exercise capacity, while ongoing cardiovascular therapy
(OR 0.4, 95%CI 0.2–0.7) and male sex (OR 0.3, 95%CI 0.2–0.6) were negatively associated with higher exercise
capacity. Both exercise capacity (HR 0.96, 95%CI 0.93–0.98) and heart rate reserve (HR 0.96, 95%CI 0.94–0.98)
were associated with mortality.
Conclusions: In patients with repaired tetralogy of Fallot the exercise capacity was approximately 75% of expected,
regardless of age. Patients with better NYHA class and high physical activity level had a higher exercise capacity.
Low exercise capacity and low heart rate reserve were associated with higher mortality. Therefore, evaluating
exercise capacity as part of follow up is of importance.
1. Introduction

Tetralogy of Fallot (ToF) is the most common cyanotic heart defect.
Without surgical repair the prognosis is dismal but thanks to improve-
ments in surgical methods and pre and postoperative care the prognosis
has improved remarkably [1,2,3]. Nevertheless, great challenges remain
since complications such as arrhythmias, heart failure and need for
reintervention are common and increase with time especially 30–40
years after repair [4,5]. Furthermore, most patients with repaired
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tetralogy of Fallot (rToF) have impaired exercise capacity [6,7] and
several studies have reported an association between, mortality, event
free survival and exercise capacity measurements e.g. peak oxygen up-
take, ventilatory efficiency (measured as VE/VCO₂), and heart rate
reserve [8–11]. Therefore, it is important to repeatedly evaluate physical
performance during follow up. Since it has been reported that compli-
cations increase with time after correction [4,5,12]it could be that the
expected physical capacity decreases with age.

Previous studies have mainly been conducted in large centres that
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usually handle patients with more severe disease thus adding a potential
risk of selection bias to the results. The first aim of this study was to
explore exercise capacity in a nationwide broadly recruited population of
patients with repaired Tetralogy of Fallot (rToF). Our second aim was to
study exercise capacity in different ages, and our third aim was to
establish factors associated with exercise capacity and its relation to
prognosis.

2. Methods

2.1. The SWEDCON register

The SWEDCON (SWEDish register of CONgenital heart disease, www
.ucr.uu.se/swedcon/). register was started in 1992 and from 1998 it
covers all seven health regions in Sweden. At the end of 2017 the register
contained data on approximately 14000 patients. Data is collected by
each centre (7 centres specialised in adult congenital heart disease and 17
county hospitals with departments in cardiology) and contains infor-
mation about demographics, diagnosis, interventions, cardiovascular
medication (anti-arrhythmia class I-IV, digoxin, diuretics, anticoagulant
and antiplatelet therapies) and cardiovascular symptoms. Symptoms
were reported by the patient and includes palpitations, syncope, dyspnea,
fatigue, edema and chest pain.

The register also contains New York Heart Association (NYHA)
functional class reported by the staff, ECG, exercise tests, self-reported
physical activity level (performed more or less for its own sake; none,
< 3 h, > 3 h/week), echocardiography including biventricular function,
pacemaker (pacemaker, implantable cardioverter defibrillator, cardiac
resynchronization therapy) and quality of life assessed by EuroQol 5-di-
mensions (EQ-5D). Validity of data has been reported to be high [13].

The study was approved by the Regional Ethics Review Board in
Umeå, Sweden (Dnr 08–218 M, Dnr 2012 445-32 M, Dnr 2019-04745).
2.2. Patient selection

The SWEDCON register contained six hundred and fifty-nine adult
patients with rToF on data extraction 10 Oct 2017, out of these three
hundred and seventy-eight adult patients with rToF with available ex-
ercise test were identified. Data was obtained from the last available
clinic visit. The file was manually validated to verify that only patients
with rToF were included. Seventeen patients were excluded due to
incompatible intervention codes or lack of intervention codes.

Only patients with at least one exercise test, a standard exercise
tolerance test on ergometer or a cardiopulmonary exercise test (CPET)
performed within 2 years from the last visit were included. Two addi-
tional patients were excluded due to lack of data regardingmaximal work
load and 2 patients were excluded as their maximal work load was
considered to be unreasonably low (<60W). In 11 patients, predicted
workload was not possible to calculate due to missing data regarding
height. In total, 314 patients remained and were included in the final
analysis (Fig. 1).

There were no differences regarding age, sex, device or medication
between patients with and without available exercise tests. Extracardiac
restrictions were more common in the group without available exercise
test, while symptoms were more common in the group with exercise test.
2.3. Heart rate reserve

Heart rate reserve (HRR) was calculated by subtracting heart rate
(HR) at rest from peak HR (peak HR-HR at rest). Patients with pace-
makers (35 patients) were excluded from analysis regarding HRR since
having a pacemaker might influence HRR from technical reasons. HRR
was not possible to calculate in 28 patients due to missing data regarding
heart rate thereby, 251 patients remained and were analysed.
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2.4. Predicted maximal workload

Predicted maximal workload was calculated by using the equation
proposed by Brudin et al. [14]

Wpred¼ {�0.96 [ln (age)]2þ 6.34 ln (age) - 7.73} {1.04 Height – 85}
(men>10 yrs)
Wpred¼ {�0.50 [ln (age)]2þ 3.17 ln (age) – 3.25} {1.02 Height – 68}
(women >10 yrs)

The equation is based on 1790 persons (1043 men, 747 women) with
normal exercise tests and used as reference in clinical practice. Percent of
predicted peak systolic blood pressure and peak heart rate was calculated
from previously published values on predicted values in a healthy
reference population [14].

2.5. Statistical analysis

Data were assessed for normality and presented as median with
interquartile range (IQR) or mean with standard deviation (SD)
depending on data distribution. Categorical data was presented as
number and percentages.

Comparison was made between patients with a maximal workload of
�80% or <80% of predicted maximal workload. Cut off was set to 80%
since this is approximately -2SD below predicted maximal workload and
separated from the mean value in the patient population.

For comparison, Students t-test or Mann Whitney U test were used for
continuous variables and Chi2 test for categorical variables. Univariable
logistic regression was used to assess factors possibly associated with
maximal predicted workload. Variables significantly (p < 0.15) associ-
ated with the dependent variable (i.e. the predicted workload) in uni-
variable logistic regression were evaluated in multiple logistic regression
using a stepwise backward elimination method. Spearman rank order
correlation was performed to explore multicollinearity between the
variables included in multivariable logistic regression. The variables had
rho values < 0.53 and multicollinearity was therefore considered not
present. To assess correlations between HRR and percent of predicted
maximal workload Pearsons correlation was used. Pearsons correlations
was also applied to assess correlations between percent of predicted
workload, peak systolic blood pressure, peak systolic heart rate and age.
A one-way between groups analysis of covariance was conducted to
control for age when exploring the impact of HRR on outcome (dead or
alive). Cox regression was used to assess the correlation between exercise
capacity i.e. workload and mortality. The statistical analysis was per-
formed using IBM SPSS statistics 25.0–26.0 (IBM, Armonk, NY, USA) and
a p-value less than 0.05 was considered significant.

3. Results

The mean maximal workload of predicted was 74.8 (�19.7) % and
40.8% of the patients reached a maximal workload of �80% of predicted
(high-performance group). The proportion of men in the high-
performance group, those reaching �80% of predicted maximal work-
load, was lower compared to women (32.8% vs. 52.3%). Quality of life
reported as EuroQoL-Visual Analogue Scale (EQ-VAS), was in median 85
(IQR 75-94.5) with no difference between the two groups.

Being physically active and having a better staff-reported NYHA class
was more common in the high-performance group. Cardiovascular
symptoms, cardiovascular medication, having a device or impaired left or
right ventricular function were more common in patients with maximal
workload <80% of predicted (low performance group) (Table 1).

Univariable logistic regression showed a positive association between
NYHA class I (odds ratio [OR] 5.4, 95% confidence interval [CI]
2.4–11.9), being physically active > 3 h/week (OR 3.4, 95% CI 1.8–6.2)
and performing better on exercise test (�80% of predicted maximal
workload). Male sex (OR 0.4, 95% CI 0.3–0.7), having a pacemaker (OR
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Fig. 1. Patient selection.
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Table 1
Patient characteristics.

n All
(n ¼ 314)

Workload
<80% of
predicted
186
(59.2%)

Workload
�80% of
predicted
128
(40.8%)

p

Sex 314 0.001
Male 186 (59.2) 125 (67.2) 61 (47.7)
Female 128 (40.8) 61 (32.8) 67 (52.3)

Agea 314 33.2
(24.8–44.7)

33.9
(25.8–47.2)

31.7
(24.1–39.3)

0.02

BMI 256 24.3 � 4.4 24.1 � 4.7 24.6 � 4.0 0.37
Marital status
(married/
living with
partner)

286 139 (48.6) 80 (47.6) 59 (50.0) 0.69

BT-shunt yes 314 85 (27.1) 57 (30.7) 28 (21.9) 0.09
NYHAb 279 <0.001
Class I 224 (80.3) 117 (71.3) 107 (93.0)
Class II 53 (19.0) 45 (27.4) 8 (7.0)
Class III 2 (0.7) 2 (1.2) 0 (0.0)

Cardiovascular
medication
yes

311 83 (26.7) 65 (35.3) 18 (14.2) <0.001

Betablockers yes 311 47 (15.1) 39 (83.0) 8 (17.0) 0.001
ACE-inhibitors
yes

311 33 (10.6) 25 (75.8) 8 (24.2) 0.06

ARBs yes 311 15 (4.8) 13 (86.7) 2 (13.3) 0.05
Diuretics yes 311 18 (5.8) 16 (88.9) 2 (11.1) 0.02
Warfarin yes 311 19 (6.1) 16 (84.2) 3 (15.8) 0.04
ASA yes 311 16 (5.1) 12 (75.0) 4 (25.0) 0.29
EQ-VASa 164 85

(75–94.5)
80 (70–90) 90 (77–95) 0.06

Physical
activity

304 <0.001

None 114 (37.5) 82 (46.1) 32 (25.4)
<3 h/week 116 (38.2) 64 (36.0) 52 (41.3)
>3 h/week 74 (24.3) 32 (18.0) 42 (33.3)

Pacemaker yes 311 32 (10.3) 26 (14.1) 6 (4.7) 0.007
Smoking yes/
previous

298 45 (15.1) 28 (16.2) 17 (13.6) 0.54

Age at repair
yearsa

295 2.0
(0.7–5.1)

2.3
(0.7–5.3)

1.7
(0.8–4.6)

0.29

LVsys function 309 0.008
Normal/mildly
impaired

295 (95.5) 169 (92.9) 126 (99.2)

Moderately/
severely
impaired

14 (4.5) 13 (7.1) 1 (0.8)

RVsys function 306 0.03
Normal/mildly
impaired

272 (88.9) 154 (85.6) 118 (93.7)

Moderately/
severely
impaired

34 (11.1) 26 (14.4) 8 (6.4)

PR 295 0.92
None/mild 151 (51.2) 90 (51.7) 61 (50.4)
Moderate/severe 144 (48.8) 84 (48.3) 60 (49.6)
QRS duration msc 262 147 � 26 145 � 28 149 � 24 0.18
Symptoms yes 311 86 (27.7) 66 (35.9) 20 (15.8) <0.001

Values are presented as; mean� SD, n(%), median(IQR) BMI¼ body mass index,
BT-shunt, Blalock Taussig shunt; NYHA, New York Heart Association functional
class., Cardiovascular medication, anti-arrhythmia class I-IV, digoxin, diuretics,
anticoagulant and antiplatelet therapies. ACE-inhibitors, angiotensin converting
enzyme inhibitor; ARBs, angiotensin II receptor blockers, ASA, Acetylsalicylic
Acid, EQ-VAS, EuroQoL-Visual Analogue Scale, LVsys, left ventricular systolic
function, RVsys, right ventricular systolic function, PR, pulmonary regurgitation.
Bold figures denote p-values <0.05.

a Comparison between groups was analysed using Mann-Whitney U test.
b There were no patients in NYHA class IV.
c Pacemakers excluded.
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0.3, 95% CI 0.1–0.8), symptoms (OR 0.3, 95% CI 0.2–0.6), cardiovas-
cular medication (OR 0.3, 95% CI 0.2–0.5) or at least moderately
impaired left (OR 0.1, 95% CI 0.01–0.8) or right (OR 0.4, 95% CI
0.2–0.9) ventricular function were all negatively associated with being in
the high-performance group (Table 2).

In a multivariable model, NYHA class I (OR 4.2, 95% CI 1.7–10.0) and
higher physical activity >3 h/week (OR 3.6, 95% CI 1.8–7.3) were
positively associated with higher exercise capacity. Cardiovascular
medication (OR 0.4, 95% CI 0.2–0.7) and male sex (OR 0.3, 95% CI
0.2–0.6) were negatively associated with higher exercise capacity
(Table 3).

There were no correlations between age and percent of predicted
workload or age and percent of predicted peak systolic blood pressure
neither for women nor for men. With age, a trend towards lower peak
heart rate was seen in men but not in women (Fig. 2).

A strong correlation between heart rate reserve and percent of pre-
dicted workload was found (r ¼ 0.57, p < 0.001) (Fig. 3), excluding
patients with betablockers from analysis did not change the results
significantly. No difference in HRR was seen in relation to sex.

Twenty-two out of 314 patients (7.0%) were reported dead during
observation in the register. The deceased patients reached a lower
percent of predicted workload, compared with the patients alive at data
extraction, 60.0 (�17.2) % vs. 75.9 (�19.4) %, p< 0.001. They also had a
lower HRR (64.1 (�21.5) vs. 94.1 (�22.5) p < 0.001 beats). This dif-
ference remained after adjusting for age (adjusted means 67.8 (95% CI
54.8–80.7) vs. 93.9 (95% CI 91.1–96.6) p < 0.001) beats.

Death was very rare in the high-performance group (workload� 80%
of predicted), only 4 out of the 22 deceased patients were in the high-
performance group yielding a positive predictive value (PPV) of 96.9%
for being alive median 3.6 years (IQR 4.9) after exercise test. Higher
percent of predicted exercise capacity (HR 0.96, 95% CI 0.93–0.98,
p< 0.001) and higher HRR (HR 0.96, 95% CI 0.94–0.98, p< 0.001) were
associated with lower risk of death.

4. Discussion

In this nationwide study based on register data we report that patients
with rToF have a reduced exercise capacity, approximately 75% of pre-
dicted, according to results from bicycle ergometer tests. Men appeared
to have lower predicted exercise capacity compared to women but there
was no decline in predicted exercise capacity in older patients. Both low
heart rate reserve and low exercise capacity (<80% of predicted) were
associated with mortality. Our data support the need of conducting
Table 2
Variables associated with high performance (�80% of predicted maximal
workload) in univariable logistic regression.

Variable n OR 95% CI P

NYHA I vs. II þ IIIa 279 5.4 2.4–11.9 <0.001
Age 314 0.98 0.96–0.99 0.008
Sex (man) 314 0.4 0.3–0.7 0.001
Smoking, yes/previous 298 0.8 0.4–1.6 0.54
Pacemaker, yes 311 0.3 0.1–0.8 0.01
Physical activity 304 <0.001
None (ref) 114
<3 h/w 116 2.1 1.2–3.6 0.009
>3 h/w 74 3.4 1.8–6.2 <0.001

Left ventricular function (moderately or
severely impaired)

309 0.1 0.01–0.8 0.03

Right ventricular function (moderately or
severely impaired)

306 0.4 0.2–0.9 0.03

Cardiovascular medication, yes 311 0.3 0.2–0.5 <0.001
Cardiovascular symptoms, yes 311 0.3 0.2–0.6 <0.001

NYHA ¼ New York Heart Association.
a There were no patients in NYHA IV, Bold p values indicate p < 0.05.



Table 3
Multivariable logistic regression-factors associated with better physical performance including sex.

Initial n ¼ 263 Final n ¼ 270

OR (95% CI) Wald p OR (95% CI) Wald p

Sex, man 0.3 (0.2–0.6) 13.3 <0.001 0.3 (0.2–0.6) 13.4 <0.001
NYHA I 3.8 (1.4–10.3) 7.2 0.007 4.2 (1.7–10.0) 10.3 0.001
Physical activity 11.4 0.003 13.8 0.001
None(ref)
<3 h/week 2.1 (1.1–4.0) 4.9 0.03 2.4 (1.2–4.5) 7.0 0.008
>3 h/week 3.4 (1.6–6.9) 10.9 0.001 3.6 (1.8–7.3) 12.8 <0.001
Cardiovascular medication, yes 0.4 (0.2–0.9) 5.2 0.02 0.4 (0.2–0.7) 8.8 0.003
Impaired left ventricular functiona 0.1 (0.01–1.3) 2.9 0.09
Impaired right ventricular functiona 0.7 (0.2–2.1) 0.3 0.56
Pacemaker, yes 0.7 (0.2–1.9) 0.6 0.45
Cardiovascular symptoms, yes 0.9 (0.4–2.0) 0.05 0.82

Multivariable model including all variables with p< 0.15 in univariable analysis except age. Age is part of the equation used to calculate predicted physical performance
and was therefore excluded. NYHA ¼ New York Heart Association, Bold p values indicate p < 0.05.

a Moderately or severely impaired.

A. Sandstr€om et al. International Journal of Cardiology Congenital Heart Disease 5 (2021) 100204
exercise tests as part of follow up since knowing patients percent of
predicted exercise capacity adds valuable information regarding
outcome.

4.1. Exercise capacity in relation to age

In patients with rToF postoperative residual defects are common and
evolve over time [4,12,15]. Therefore, one might also expect a decline in
exercise capacity with ageing which has been shown by Kipps et al. [16]
In contrary to what we expected, no decline was found in percentage of
predicted exercise capacity with ageing neither for men nor women.
Similar data for oxygen uptake during exercise over time have been
presented in an earlier study[6]. Thus, on a group level; we show that
patients follow the same pattern as the general population but with
approximately 25% lower exercise capacity. The difference between our
result and those reported by Kipps et al. could at least partly be explained
by survival of the fittest since we analysed only a single exercise test per
patient whilst they did a longitudinal follow up protocol and included
patients with more than one exercise test. Nevertheless, there are
important individual variations and these findings support that serial
exercise tests are of value to detect deviations from the individual ex-
pected pathway[17].

4.2. Effect of sex

Somewhat unexpected, men had lower percentage of predicted ex-
ercise capacity and 70% less likelihood to be in the high-performance
group compared with women. The reason for this is not evident espe-
cially since previous studies have reported lower exercise capacity in
women. There were no differences between sexes regarding NYHA class,
ventricular function, medication, symptoms, indicative of a more severe
disease in men that could explain our findings. Previous studies have
reported impaired muscle function and lower mass in patients with
congenital heart disease and this impairment might be more pronounced
in men [18,19]. Also there is a known relation between muscle strength
and exercise capacity which explain sex differences in exercise perfor-
mance. It could also be that the population of males with rToF differ more
from our reference population regarding peripheral factors influencing
exercise capacity e.g.muscle mass than females with rToF. In any case the
causes for this remain unclear.

4.3. Percent of predicted peak systolic blood pressure during exercise in
relation to age

Blood pressure is known to increase with age[14,20]. Nevertheless, in
our study no change in percent of predicted peak systolic blood pressure
with age was found. This indicates that the regulation of blood pressure
5

and arterial ageing are similar to healthy persons. Medication may in-
fluence the results but available data is too scarce to allow further
analysis.

4.4. Peak heart rate in relation to age

Peak heart rate reached the expected values in younger ages for both
sexes. A small decline in percentage of predicted peak heart rate was
found in men but not in women. This finding is of clinical importance
since a reduction in peak heart rate, and especially heart rate reserve, has
been linked to a less favourable outcome both reported by us and others
[10,21].

4.5. Heart rate reserve

Chronotropic incompetence is a risk factor for adverse outcome and it
can be measured as HRR. In this study patients in the low-performance
group had lower mean heart rate reserve compared to patients in the
high-performance group. There was a strong relationship between heart
rate reserve and percent of predicted maximal workload. Furthermore,
mean heart rate reserve was lower among patients that died during
follow up.

4.6. Factors associated with better exercise capacity

Being physically active, staff reported NYHA class I and absence of
cardiovascular medication were all associated with having a higher ex-
ercise capacity (�80% of predicted).

The association between a higher exercise capacity and staff-reported
NYHA is of clinical importance since it has been shown that patients self-
reported physical functioning relates poorly to objective measurements
of exercise capacity[22] and this highlights the importance of addressing
NYHA class in clinical follow up. Being physically more active was found
to be associated with a better exercise capacity which reinforces the
importance of encouraging patients to be physically active, although we
cannot demonstrate a causal relationship in this study.

5. Limitations

Although validity of data in SWEDCON register has been reported to
be high, bias due to differences in data collection between centres cannot
be excluded. Due to missing data some variables (i.e. NYHA, HRR, EQ-
VAS) were not possible to analyse on the entire population and there
could be differences between the patients that we have not addressed in
ie. hemodynamics which has to be taken into consideration when inter-
preting the results. Exercise tests were not available in all patients with
rToF and 64 out of 378 patients were excluded from analysis for different



Fig. 2. Panels a show correlations between age for men and percent of predicted peak heart rate (1a) p value 0.04, workload (2a) p value 0.21 and peak systolic blood
pressure (3a) p value 0.10. Panels b show correlations between age for women and percent of predicted peak heart rate (1b) p value 0.72, workload (2b) p value 0.86
and peak systolic blood pressure (3b) p value 0.44.
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reasons (Fig. 1). Comparison between patients with and without exercise
tests did not reveal any major differences and the 64 patients with ex-
ercise tests that were excluded did not differ regarding age at exercise
test, sex, symptoms or NYHA class from those 314 finally included in the
study, we therefore find it unlikely that this have affected our results. All
6

tests were performed on bicycle ergometers as ramp or incremental
protocols. In approximately 20% of the tests CPETs were performed.
Although the protocols may result in slightly different achieved peak
workload, the large number of tests probably dilutes these differences.

Furthermore, there is a risk that survival of the fittest might influence



Fig. 3. Scatterplot showing the relation between heart rate reserve and percent of predicted workload in patients with and without betablocker medication. Patients
with pacemakers are excluded.
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our results, nevertheless knowing the expected exercise capacity in the
survivors is of clinical interest.

6. Conclusion

In this study we report that patients with rToF have reduced exercise
capacity but it does not decrease more than what could be expected ac-
cording to age. Peak heart rate was close to normal in all ages but with
individual variations and a strong relation between HRR and mortality.
Exercise capacity was also related to mortality emphasizing the impor-
tance of exercise test as part of follow up in rToF.
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