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DUE TO IMPROVEMENTS IN SURGICAL

techniques, more and more children with
complex congenital cardiac malformations

survive to adulthood, and experience the sequels of
correction. The growth of this population is linear,
and rates of mortality, at least in the early adult
years, are relatively low.1–3 Limitations in exercise

capacity are frequent, and interventions are often
necessary during the course of disease. Against the
background of increasing economical problems,
markers, and tests are needed which are effective in
determining both the severity and prognosis of the
congenital cardiac malformation in the individual
patient. A variety of tests of exercise capacity have
been described over the years.

The determination of uptakes of oxygen at peak
exercise by cardiopulmonary exercise testing is an
established method of evaluating not only exercise
capacity, but also prognosis.4–7 Measurement of the
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Abstract Background: Objective assessment of the cardiopulmonary capacity in patients with complex con-
genital cardiac disease often remains difficult in clinical practice. The cardiopulmonary exercise test and deter-
mination of the levels of brain natriuretic peptide in the plasma are established tests, but expensive. The
6-minute walk test is also validated, but has not often been used in patients with heart failure due to congeni-
tal heart disease, nor compared with other tests. We sought to compare its value with the results of cardiopul-
monary exercise testing and measuring the levels of brain natriuretic peptide in the plasma. Methods: We
carried out a standardized 6-minute walk test in 31 patients with complex congenital cardiac disease on the
same day that they underwent cardiopulmonary exercise testing and determination of levels of brain natriuretic
peptide in the plasma. Of the patients, 7 had functionally univentricular hearts, 9 had transposition, 9 had
tetralogy of Fallot, 3 had common arterial trunk, and 3 had pulmonary atresia with intact interventricular 
septum. Uptakes of oxygen at peak exercise, and at the anaerobic threshold, were determined using cardiopul-
monary exercise testing, and classified as suggested by Weber. The 6-minute walk test was performed accord-
ing to a standard protocol. Results: There was a significant correlation between brain natriuretic peptide,
oxygen uptakes at peak exercise and 6-minute walk. The correlation between the 6-minute walk test and oxy-
gen uptakes at the anaerobic threshold, however, was not significant. Conclusions: The 6-minute walk test can
be performed easily, is inexpensive, widely available, and correlates well with measurements of brain natriuretic
peptide and cardiopulmonary exercise testing, even in patients with corrected or palliated congenital cardiac
malformations. A cut-off value of 450 metres in the 6-minute walk test allows a semi-quantitative classifica-
tion in analogy to the classification suggested by Weber for cardiopulmonary exercise testing, and to a level of
brain natriuretic peptide in the plasma of less or more than 100 picograms per millilitre.
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brain natriuretic peptide, a neurohormone secreted
by cardiac ventricles in response to expansion of vol-
ume and pressure overloading, has also been estab-
lished as a new and reliable laboratory marker of
congestive heart failure, with a high sensitivity and
specificity for diagnosis of chronic heart failure,8–12

also in patients with right ventricular systolic dys-
function,13 or heart failure due to congenital cardiac 
malformations.14,15

The 6-minute walk test is known to be a safe sub-
maximal exercise test.16 It has been validated for
patients with congestive heart failure, and for chil-
dren with primary pulmonary hypertension.17,18 Like
cardiopulmonary exercise testing, the 6-minute walk
test permits control of the efficacy of specific treat-
ments, monitoring the course of congestive heart fail-
ure, and estimation of the prognosis of the disease.19,20

Kuster et al.21 were able to show a significant corre-
lation between the level of brain natriuretic peptide
in the plasma and the distance achieved using the 
6-minute walk test in patients with congestive car-
diac failure.

The intention of our study was to evaluate a possi-
ble correlation between these different techniques in
measuring exercise capacity in adults with complex
congenitally malformed hearts.

Patients and methods

Between June 2003 and May 2004, we recruited
prospectively 31 selected patients, aged 29.2 plus or
minus 11.9 years, and with complex congenital car-
diac disease, from a specialist outpatient clinic of the
University Hospital of Aachen. Demographic data
including functional class, clinical, biochemical, and
haematological characteristics, main diagnosis, and
postoperative sequels are shown in Table 1. There
was no patient with decompensation of heart failure
or chronic renal insufficiency, all having levels of 
creatinine in the serum of less than 2 milligrams per
decilitre. All patients were receiving the optimal
medical treatment, such as inhibitors of angiotensin-
converting enzyme, beta-blockers, diuretics, spirono-
lactone, and digoxin.

Measurement of levels of brain natriuretic peptide 
in the plasma
Blood samples were taken within 2 hours before
beginning the cardiopulmonary exercise test and the
6-minute walk test, using the rapid test known as
Triage BNP, developed by Biosite Diagnostics, San
Diego, California. The test22 is an immunofluoro-
metric assay for quantitative determination of brain
natriuretic peptide in ethylenediaminetetraacetic acid
anticoagulated whole blood or plasma. The cut-off of

100 picograms per millilitre is validated for the diag-
nosis of congestive heart failure in adults.23

Cardiopulmonary exercise test
We used a standard bicycle exercise protocol. After
an unloading phase of 2 minutes, exercise started at
25 watts followed by a ramped protocol with incre-
ments of 15 watts per minute. Uptake of oxygen, pro-
duction of carbon dioxide, and ventilation per minute
were measured using a breath-by-breath gas analysis
from Jaeger Oxycon Alpha, Würzburg, Germany.
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Table 1. Clinical characteristics of the subjects studied.

Mean values (�
standard deviation) 
(n � 31)

Age (years) 29.2 � 11.9
Sex (male/female) 19/12
Height (centimetres) 171.4 � 11.2
Weight (kilograms) 68.4 � 14.8
Class in the New York Heart 22/4/6/0
Association (I/II/III/IV)

Anatomy 9
Tetralogy of Fallot 1/8

Surgery: none/corrective 7
Functionally univentricular physiology 2

Tricuspid atresia 2
Double inlet left ventricle 3
Other morphology 7

Transposition (atrial switch) 2
Congenitally corrected transposition 3
Common arterial trunk with 1
Eisenmenger syndrome

Pulmonary atresia (repaired) 3
Heart rate (beats per minute) at rest 68 � 11.2
Systolic blood pressure (millimetres 120 � 14.5
of mercury) at rest

Diastolic blood pressure (millimetres 73 � 11.4
of mercury) at rest

Sodium (millimoles per litre) 137 � 3.9
Creatinine (milligrams per decilitre) 1.1 � 0.2
AST (international units per litre) 31.1 � 7.6

Table 2. Performance within the classification of Weber et al.25

Uptakes of oxygen Uptakes of oxygen
at peak exercise at the anaerobic 

Class (ml/min/kg) threshold (ml/min/kg)

A More than 20 More than 14
B From 16 to 20 From 11 to 14
C From 10 to 15 From 8 to 10
D Less than 10 Less than 8

1504-09.qxd  6/20/05  7:01 PM  Page 386

https://doi.org/10.1017/S1047951105000818 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951105000818


12-lead electrocardiogram was continuously regis-
tered, and blood pressure was recorded every minute
using a cuff sphygmomanometer. The uptakes of
oxygen at peak exercise were determined as the
highest value in the terminal phase of exercise. The
uptake at the anaerobic threshold was determined by
the V-slope method, as developed by Beaver et al.24

We classified the results as proposed by Weber 
et al.25 (Table 2).

The 6-minute walk test
The 6-minute walk test was performed indoors fol-
lowing a standard protocol along a flat corridor.26

The patients were instructed to walk back and forth
along a course of 30 metres as swiftly as possible for
a period of 6 minutes. We measured the total dis-
tance walked.

Statistics
Values are presented as mean values and standard
deviation. Correlation analysis was performed using
linear and square correlation. Results are presented
as coefficients of correlation. All statistical tests were
two-tailed, and p values of less than 0.05 were con-
sidered statistically significant. We used the Mann–
Whitney U-test for unpaired samples to assess the
selectivity for the mean valves of the 6-minute walk
distance compared to levels of brain natriuretic pep-
tide and uptakes of oxygen at peak exercise. Data
were analysed using SPSS 11.0, as developed by
SPSS Incorporated, Chicago, Illinois. The correla-
tion of the semi-quantitative classification between 
levels of brain natriuretic peptide, uptakes of oxygen 
at peak exercise, and the 6-minute walk test was 

performed by Fisher’s exact test, using software
developed by MedCalc, Mariakerke, Belgium.

Results

All 31 patients underwent both the 6-minute walk
test and the cardiopulmonary exercise test without any
problems, but only 18 patients were able to reach the
anaerobic threshold. There was a significant correla-
tion between distance covered during the 6-minute
walk test and levels of brain natriuretic peptide in
the plasma and uptakes of oxygen at peak exercise. The
linear correlation coefficient was 0.751 for levels of
brain natriuretic peptide versus the 6-minute walk test
(p less than 0.001), and 0.741 for uptakes of oxygen
at peak exercise versus the 6-minute walk test (p less
than 0.001). The square correlation coefficient was 0.8
for levels of brain natriuretic peptide versus the 
6-minute walk test (p less than 0.001), and 0.86 for
uptakes of oxygen at peak exercise versus the 6-minute
walk test (p less than 0.001 – Figs 1a and 2a). The
correlation between the uptakes of oxygen at the
anaerobic threshold and the 6-minute walk test was
not significant, with the coefficient equalling 0.318,
this being insignificant.

Using the previously cut-off for levels of brain
natriuretic peptide in adults, we divided our patients
into groups with levels of the peptide above and
below 100 picograms per millilitre. The mean value
of the distance covered during the 6-minute test for
those with levels greater than 100 picograms per
millilitre was 440 plus or minus 108 metres, while
those with levels less than 100 picograms per milli-
litre covered 600 plus or minus 67 metres (Fig. 1b).
When making comparison to the standing in the
classification of Weber for uptakes of oxygen at peak
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Figure 1.
Correlation between levels of brain natriuretic peptide versus the 6-minute walk test (6MWT) (a), and grouped with a cut-off value of 450
metres covered in the 6-minute walk test according to the cut-off for brain natriuretic peptide (BNP) of 100 picograms per millilitres for the
diagnoses of congestive heart failure with significances selectivity in the Mann–Whitney U-test (b).
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exercise, those falling into the A and B categories
covered a mean distance of 608 plus or minus 72
metres, while those in the C category covered 441 plus
or minus 90 metres (Fig. 2b). The Mann–Whitney
U-test for unpaired samples of these groupings
shows a significant selectivity for the mean distances
covered during the 6-minute walk test with both
levels of brain natriuretic peptide in the plasma 
and the uptakes of oxygen at peak exercise (p less
than 0.05).

Using Fisher’s exact test, our results show a sig-
nificant correlation for patients with congenital car-
diac disease between the cut-off of 450 metres for the
distance covered during the 6-minute walk test, the
difference between categories A and B as opposed to
C in the classification of Weber et al.25 for the car-
diopulmonary exercise test, and levels of brain natri-
uretic peptide in the plasma of less or more than 100
picograms per millilitre (Fig. 3).

Discussion

Patients with congenital heart disease can have het-
erogeneous malformations, varying from simple holes
between the atrial chambers to very complex lesions
as seen, for example, in those with the Fontan circu-
lation. The assessment of systemic ventricular func-
tion by echocardiography is often difficult in these
patients, not least because of the markedly varied
anatomical findings. For example, in patients with
transposition corrected by atrial redirection, it is the
morphologically right ventricle which is the sys-
temic ventricle, and this is known to be difficult to
assess.27,28 Beyond that, it is inadequate to use the
quantification of systemic ventricular function in
order objectively to assess exercise capacity. On the
other hand, determination of the uptakes of oxygen at
peak exercise by cardiopulmonary exercise testing does
permit objective assessment of the exercise capacity
in patients with congenital heart disease, and can be
used as a predictor of deterioration of the functional
cardiac state.5–7 The cardiopulmonary exercise test is
used routinely in adults with congenital heart dis-
ease. The test, however, is time-consuming and cost-
intensive, requiring sophisticated equipment and
specially trained personnel. Furthermore, as shown
by our study, a relevant number of patients with con-
genital heart disease was not able to reach the anaer-
obic threshold. Of our cohort, 18 patients terminated
the exercise test prematurely because of dyspnoea
and fatigue.

In addition, handicapped patients, such as many
of those with Down’s syndrome, cannot perform a
bicycle or treadmill exercise test.

Levels of brain natriuretic peptide in the plasma
correlate well both with the systemic ventricular func-
tion, and expansion of volume or pressure overload of
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Figure 2.
Correlation between uptakes of oxygen at peak exercise versus 6-minute walk test (a), and grouped with a cut-off value of 450 metres in the 
6-minute walk test according to the Weber classification (A/B versus C) with significance selectivity in the Mann–Whitney U-test (b).
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Figure 3.
Correlation using Fisher’s exact test of a semi-quantitative classifi-
cation with a cut-off value of 450 metres in analogy to the Weber
classification in cardiopulmonary exercise test (Weber A/B versus
C), and to levels of brain natriuretic peptide (less or more than 100
picograms per millilitre).
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the right ventricle in patients with congenital heart
disease.13,14 Elevated levels of the peptide have been
established as a marker of diagnosis, and as a predictor
of prognosis in patients with chronic heart failure,
being shown to have high sensitivity and speci-
ficity.10,12,21 A significant correlation has been
shown between levels of brain natriuretic peptide in
the plasma and uptakes of oxygen at peak exercise,
both for patients with congestive heart failure and
for those with congenital heart disease.8,14 It is diffi-
cult, however, only to monitor the levels of the pep-
tide in the plasma, because a wide variation of levels is
reported in patients with symptomatic heart failure.
It should also be remembered that levels of the pep-
tide rise with age, and are affected by gender, comor-
bidity, and drug therapy.29

In contrast, the 6-minute walk test can easily be
performed, is very cost-effective, and has been vali-
dated in patients with congestive heart failure.30,31

Also, handicapped patients, who cannot be tested with
standard maximal bicycle or treadmill exercise tests,
can perform the 6-minute walk test. It is considered
safe because the patients will be self-limited.17 Fur-
thermore, distances covered during the test show
good reproducibility in patients with congestive heart
failure.30–32 We have now demonstrated a significant
correlation between the distance covered during the
6-minute walk test and both levels of brain natri-
uretic peptide in the plasma and uptakes of oxygen at
peak exercise during cardiopulmonary exercise testing
in adults with complex congenital cardiac disease.

In addition, the distance covered during the 
6-minute walk test was shown to be an excellent
independent predictor of morbidity and mortality
after 1 year in older patients with congestive heart
failure.19 In these patients, an estimation of the
prognosis of mortality is provided by using a cut-off
of less than 300 metres covered as opposed to greater
than 450 metres.20 In similar fashion, our data showed
that a cut-off of 450 metres covered provided a semi-
quantitative classification comparable to Grade C in
the classification of Weber et al.,25 and to a level of
100 picograms per millilitre of brain natriuretic
peptide in the plasma. Studies using larger numbers
of these patients should examine if an estimation of
morbidity or mortality can be established for patients
with congenital heart disease using this cut-off.

We conclude that the 6-minute walk test can be
performed easily, is inexpensive, widely available,
and correlates well with levels of brain natriuretic
peptide in the plasma and cardiopulmonary exercise
testing even in patients with repaired or unrepaired
congenital cardiac malformations. Using the cut-off
of 450 metres distance covered during the test pro-
vided a semi-quantitative classification comparable to
the classification developed by Weber et al.25 for use in

cardiopulmonary exercise testing, and to levels of
brain natriuretic peptide in the plasma.
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