Eur Respir J 2004; 23: 747-751
DOI: 10.1183/09031936.04.00111904
Printed in UK — all rights reserved

Copyright ©ERS Journals Ltd 2004
European Respiratory Journal
ISSN 0903-1936

Exercise testing in pulmonary arterial hypertension and in chronic

heart failure

G. Deboeck*, G. Niset”, M. Lamotte”, J-L. Vachiéry”*, R. Naeije*

Exercise testing in pulmonary arterial hypertension and in chronic heart failure.
G. Deboeck, G. Niset, M. Lamotte, J-L. Vachiéry, R. Naeije. © ERS Journals Ltd
2004.

ABSTRACT: Exercise capacity is reduced in pulmonary arterial hypertension and in
chronic left heart failure, but it is not known whether the cardiopulmonary exercise
testing profile is different in the two conditions at the same severity of functional
limitation.

Nineteen patients with pulmonary arterial hypertension and 19 with chronic heart
failure underwent a 6-min walk test and symptom-limited maximal incremental cycle
ergometry.

The patients with pulmonary arterial hypertension and chronic heart failure did not
differ in New York Heart Association Functional Class (meantSEM 2.8+0.1 versus
2.8+0.2), 6-min walking distance (395+30 versus 419+20 m), peak work-rate, oxygen
consumption, ventilation and cardiac frequency. However, patients with pulmonary
arterial hypertension exhibited higher dyspnoea scores (5.8+0.6 versus 3.810.5) higher
ventilatory equivalents for carbon dioxide (58t3 versus 44+3 at the anaerobic
threshold) and lower peak oxygen pulse (5.9+0.4 versus 8.7+0.5 mL-beat™, or 53+4
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versus 64+4% of the predicted value).

It is concluded that the cardiopulmonary exercise testing profile in pulmonary
arterial hypertension differs from that in chronic heart failure by showing more
dyspnoea at comparable work-rates, related to greater reductions in ventilatory

efficiency and stroke volume.
Eur Respir J 2004, 23: 747-751.

Primary pulmonary hypertension (PPH) is a disease entity
of dyspnoea, fatigue, chest pain and syncope defined by an
increase in pulmonary arterial pressures and the absence of
causal cardiac or pulmonary disease [1]. The condition
evolves over years, with prominent exercise-induced symp-
toms, due to the inability of the overloaded right ventricle to
perfuse the lungs and to adapt systemic oxygen delivery to
peripheral tissue oxygen demand. Accordingly, PPH patients
present with reductions in peak oxygen uptake, anaerobic
threshold, oxygen pulse, ventilatory efficiency and 6-min walk-
ing distance [2-7], which have been found to be correlated
with New York Heart Association Functional Class (NYHAFC)
and survival better than with resting pulmonary haemo-
dynamic measurements [6, 7]. These concepts probably apply
to pulmonary arterial hypertension (PAH) defined as PPH
with identifiable associated conditions [8].

Chronic heart failure (CHF) is characterised by impairment
of cardiac output adaptation to peripheral oxygen require-
ments, and also results in altered cardiopulmonary exercise
testing variables and decreased 6-min walking distances,
which correlate better with NYHAFC and prognosis than
with resting invasive or noninvasive measurements of cardiac
function [9-13].

It was, therefore, questioned what the differences in exercise
testing variables in CHF and in PAH patients evaluated at the
same severity of functional limitation might be. For this
purpose, incremental cycle cardiopulmonary exercise testing
and 6-min walking distance measurements were performed in
PAH and CHF patients of comparable NYHAFC.

This study was supported by grant number
3.4567.00 from the Scientific Medical Research
Funds and by the Foundation for Cardiac
Surgery (both Brussels, Belgium).

Methods

Patients

Thirty-eight patients were included in the study, which was
approved by the Ethical Committee of Erasme University
Hospital. Nineteen patients, 11 females and eight males, aged
23-66 yrs (mean 49 yrs), presented with PAH, defined by an
increase in pulmonary artery pressures, normal pulmonary
artery wedge pressure, no identifiable cardiac or pulmonary
cause [1], and possibly association with conditions such as
appetite suppressant intake, connective tissue disease, liver
cirrhosis, human immunodeficiency virus infection and
congenital left-to-right shunt [8]. Fifteen of the PAH patients
had pure PPH, and four PPH with associated conditions,
which were previous intake of fenfluramines in two and
connective tissue disease without significant lung function
impairment in two. Absence of intrinsic left ventricular
disease was checked by echocardiography. Six of the PAH
patients were in NYHAFC I, 12 in NYHAFC III and one in
NYHAFC IV. Nineteen patients, three females and 16 males,
aged 50-70 yrs (mean 58 yrs), presented with CHF, defined
by the syndrome of dyspnoea, fatigue and oedema related to
altered left ventricular function, with echocardiographic left
ventricular ejection fractions ranging 14-45% (meantSEM
27£11%). The cause of left ventricular failure was ischaemic
cardiomyopathy in 13 of the patients and dilated idiopathic
cardiomyopathy in the others. Seven of the CHF patients
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were in NYHAFC II, eight in NYHAFC III and four in
NYHAFC IV.

Patients were included in the study if: 1) they had been
clinically stable during the preceding month, 2) they were in
NYHAFC II, III or IV, and 3) they were able to perform
cycle ergometer exercise testing. The inclusions were con-
secutive, and with prior knowledge that approximately two-
thirds of the patients would be in NYHAFC III and the
others in NYHAFC II, resulting in a mean 6-min walking
distance of ~400 m.

Right heart catheterisation had been performed during the
preceding month in 24 of the patients. In the PAH patients
(n=17), mean pulmonary artery pressure was 471t3 mmHg,
pulmonary artery wedge pressure 1112 mmHg and cardiac
index 2.140.1 L-min""*m™. In the CHF patients (n=7), mean
pulmonary artery pressure was 32+6 mmHg, pulmonary
artery wedge pressure 23*+4 mmHg and cardiac index
1.940.2 L-min""-m™. Three of the PAH patients showed
echocardiographic evidence of a patent foramen ovale and
right-to-left shunting.

The PAH patients were treated with anticoagulants (n=19);
calcium channel blockers (n=5); diuretics (n=15); oral,
subcutaneous or intravenous prostacyclin derivatives (n=14);
and the mixed endothelin receptor antagonist bosentan (n=2).
The CHF patients were treated with diuretics (n=17),
angiotensin-converting enzyme inhibitors or angiotensin II
receptor antagonists (n=14), B-blockers (n=16) and nitrates
(n=10).

Six-minute walk test

Measurement of the distance walked in 6 min was
performed in all the patients according to a standardised
protocol [14]. The patients were instructed to walk back and
forth at their own pace in a 35-m corridor in order to cover as
much ground as possible in the allotted time. A research
assistant supervised the test, telling the patient the remaining
exercise time every 2 min. The patients were allowed to stop
and take a rest during the test, but were instructed to resume
walking as soon as possible. In order to control for the
learning effect, each patient underwent at least two tests on at
least two separate days, and the final performance was used as
the measure of walking ability. Pulse oximetric arterial oxygen
saturation (Sp,0,) was measured using a Nonin 8500 M
device (Nonin Medical, Minneapolis, MN, USA). Dyspnoea
during the test was evaluated using the modified Borg
dyspnoea score [15].

Cardiopulmonary exercise test

Each patient underwent physician-supervised standard
incremental cardiopulmonary exercise testing until the
symptom-limited maximum [16]. The work-rate was increased
by 10 W-min™', after pedalling for 1 min at 0 W. The patients
were instructed to stop exercising immediately if they felt
dizziness or chest pain. Breath-by-breath ventilation, oxygen
and carbon dioxide concentrations, and the derived minute
ventilation, oxygen consumption (7’0,) and carbon dioxide
production (}V'CO,) were determined using the Cardio-
pulmonary Exercise System CPX/D (Medical Graphics, St
Paul, MN, USA). Cardiac frequency was measured using a
continuously monitored electrocardiograph. Blood pressure
was measured at the end of each workload increment using an
automatic sphygmomanometer. Peak 7’0, was defined as the
J'0, measured during the last 30 s of peak exercise. Oxygen
pulse was calculated by dividing 7”0, by cardiac frequency.

The anaerobic threshold was detected using the V-slope
method [16]. The ventilatory equivalent for carbon dioxide
was measured by dividing ventilation by V’CO, at baseline, at
the anaerobic threshold and at peak 770,. Work efficiency
above the anaerobic threshold was calculated by the ratio of
change in V'O, per unit increase in work-rate (A}’ O, /Awork-
rate) [16].

Statistics

Data are presented as meantSEM. Comparisons between
the PAH and CHF groups were made by unpaired t-test.
Correlations were calculated using linear regression analysis
[17].

Results

The CHF patients were older than the PAH patients, and
were more often male, but the two groups were otherwise well
matched in height, weight, resting cardiac frequency, blood
pressure, NYHAFC and 6-min walking distance. The PAH
patients exhibited a slightly but significantly lower Sp,0, at
rest and exercise-induced hypoxaemia (table 1).

As summarised in table 2, both PAH and CHF patients
presented with lower-than-normal work-rate, 7'0,, oxygen
pulse, ventilation and cardiac frequency at peak exercise.
Both PAH and CHF patients also had a lower-than-normal
anaerobic threshold (absolute or percentage of the predicted
value), AV'O./Awork-rate above the anaerobic threshold and
cardiac frequency recovery. The peak respiratory exchange
rate was within the limits of normal. Resting ventilation,
anaerobic threshold (expressed as a percentage of peak 170,)
and ventilatory equivalents were higher than normal.

The PAH and CHF patients did not differ in work-rate
(% pred), peak V'O, (% pred), anaerobic threshold, peak
respiratory exchange rate, peak ventilation, peak cardiac
frequency and cardiac frequency recovery. However, CHF
patients achieved higher absolute peak work-rate and peak
V'0,, and PAH patients showed higher dyspnoea scores,
ventilation and ventilatory equivalents, and lower maximum
oxygen pulse and AV’O,JAwork-rate above the anaerobic
threshold. Ventilatory equivalents were on average higher in
PAH patients at rest, at the anaerobic threshold and at peak

Table 1.—Anthropometric data and functional state of
pulmonary arterial hypertension (PAH) and chronic heart
failure (CHF) patients

PAH CHF p-value

Patients n 19 19
Age yrs 4913 58=+1 <0.01
Height cm 170£2 1712 NS
Weight kg 7613 7814 NS
Cardiac frequency beats-min! 78122 75+14 NS
BPsys mmHg 113126 113£18 NS
BPdias mmHg 71£10 67110 NS
NYHAFC 2.710.1 2.810.2 NS
6-min walking distance m 395130 419120 NS
Sp.0, %

Resting 94+1 9742 <0.001

Peak exercise 8612 9613 <0.003
Borg score 5.810.6 3.810.5 <0.02

BPsys: systolic blood pressure; BPdias: diastolic blood pressure;
NYHAFC: New York Heart Association Functional Class; Sp,0,:
arterial oxygen saturation measured by pulse oximetry. NS: nonsignificant.
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Table 2.—Cardiopulmonary exercise testing variables in
pulmonary arterial hypertension (PAH) and chronic heart
failure (CHF) patients

PAH CHF p-value Normal
limits
Peak WR W 5315 73+6 <0.05 129-241
% pred 364 4243 NS 80-120
Peak J'0, mL-kg!‘min™' 10.1+0.6 12.840.8 <0.01  23-32
% pred 40£3 4413 NS 80-120
AT mL-kg " min! 7.940.5 9.240.6 NS 12-17
% pred 57t4 58+3 NS 80-120
% peak V'0, 7413 7113 NS 45-65
% pred peak V70, 31+2 3212 NS
Peak O, pulse mL-beat’ 59404 8.7+0.5 <0.001 9.1-16.5
% pred 53+4 6414 <0.05  80-120
Peak RER 1.151£0.02 1.19+0.02 NS  1.15-1.25
V'E L'min™'
Resting 143+1.0 11.4+0.8 <0.03 4.8-7.2
Peak 55+5 5513 NS 70-108
Peak fc beats-min™' 131£5 115£5 0.06 150-178
V'E/IV'CO,
Resting 5912 4913 <0.01  33-35
AT 58+t3 4443 <0.01  26-30
Peak 69+4 4813 <0.001 3540
AV'0,JAWR above AT 53+2.3 8.443.8 <0.02 9-11
mL-min-W~!
/e recovery beats-min’! 112 10+2 NS >12

WR: work-rate; V'0,: oxygen consumption; AT: anaerobic threshold;
RER: respiratory exchange rate; V’E: ventilation; fc: cardiac fre-
quency; V'CO,: carbon dioxide production; AV'OJAWR: change in
V'O, per unit increase in WR; fc recovery: decrease in fc 1 min after
peak exercise (lower limit of normal from [18]); % pred: per cent
predicted. NS: nonsignificant.

V'0, (fig. 1). Marked decreases in peak oxygen pulse were
observed in both PAH and CHF patients (fig. 2).

The 6-min walking distance correlated with peak 7'0,,
NYHAFC, peak work-rate and ventilatory equivalents in
both PAH and CHF patients (table 3). The 6-min walking
distance correlated less consistently with the anaerobic
threshold, depending on whether it was expressed in absolute
terms or relative to peak 7’0,, and correlated with peak
oxygen pulse in PAH but not CHF patients.
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Fig. 1.—Ventilatory equivalent for carbon dioxide (V'E/V'C0,) at rest,
at the anaerobic threshold (AT) and at maximal (peak) exercise
intensity in patients with pulmonary arterial hypertension (PAH; @)
and in patients with chronic heart failure (CHF; <). Horizontal bars
represent means. **: p<0.01; ***: p<0.001.
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Fig. 2.—Peak oxygen pulse in patients with pulmonary arterial
hypertension (PAH) and in patients with chronic heart failure (CHF).
Horizontal bars represent means. ***: p<0.001.

Discussion

The present results reveal that cardiopulmonary exercise
testing in PAH and CHF patients at the same functional
capacity, as graded by NYHAFC and distance walked in
6 min, shows similarly reduced peak work-rate and ¥”0,, with
an early anaerobic threshold, and increased ventilatory
equivalents. However, at a given level of exercise, the PAH
patients appear to be more dyspnoeic in relation to more
reduced ventilatory efficiency and stroke volume as assessed
by higher ventilatory equivalent for carbon dioxide and lower
oxygen pulse.

Previous studies have shown that advanced PAH and CHF
are both characterised by decreased peak work-rate, peak
V'0,, V'0, at the anaerobic threshold and peak oxygen pulse,
and increased ventilatory equivalents [2-7, 9-13]. In the
present patients, the anaerobic threshold occurred at a higher
percentage of peak J’0, than in normal subjects. This has
been previously noted in PPH [4], CHF [19] and older patients
with various diseases associated with a decrease in peak V0,

Table 3.—Correlation coefficients for the relationship between
the 6-min walking distance and cardiopulmonary exercise test
variables in pulmonary arterial hypertension (PAH) and
chronic heart failure (CHF) patients

PAH CHF

Peak WR W 0,72+ 0.66%+*

% pred 0.61%** 0.57*
Peak 7’0, mL-kg'-min™! 0.62%%* 0.64%**

% pred 0.65%** 0.45%*
AT mL-kg"-min’! 0.60%** 0.17

% peak V'0, -0.42* -0.65%**
NYHAFC -0.51%* -0.55%*
Peak O, pulse mL-beat™! 0.47** 0.24
V'EIV'CO,

Resting -0.5%* -0.64%**

AT -0.51%* -0.64%%*

Peak -0.51%* -0.56%**
AV'0,JAWR above AT mL-min-W! 0.45 0.21
Peak fc beats-min™! 0.43* 0.5%*

WR: work-rate; V'0,: oxygen consumption; AT: anaerobic threshold;
NYHAFC: New York Heart Association Functional Class; V'E:
ventilation; V’CO,: carbon dioxide production; AV'O./AWR: change
in V0, per unit increase in WR; fc: cardiac frequency; % pred: per cent
predicted. *: p<0.05; **: p<0.01; ***: p<0.001.
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[20]. It may be explained by the slower rise in V'O, above the
anaerobic threshold and by the fact that resting V'O, already
represents a considerable proportion of peak V'O, [4]. It is
also possible that, in these patients, many daily activities are
frequently performed above the anaerobic threshold, with a
corresponding endurance training effect.

Both the PAH and CHF patients presented with a
decreased V'O,/work-rate relationship above the anaerobic
threshold. This effect, which was more pronounced in the
PAH patients, has been previously reported in patients with
ischaemic heart disease [21] and PPH [4]. This may be
explained by cardiac output limitation, as also suggested by
marked decreases in peak oxygen pulse and peak cardiac
frequency in the present patients. An alteration in peripheral
tissue oxygen extraction is less likely, since very low mixed
venous blood oxygenation during exercise is known to occur
in both PPH and CHF.

A decreased chronotropic response was observed in both
the PAH and CHF patients. Although this is classically
described in CHF [22], it has only been reported in one
other study on PPH patients [4]. Chronotropic incompetence
in CHF is believed to be due to downregulation of f-
adrenoreceptors [22]. The same explanation may hold true in
PAH patients, in whom downregulation of right ventricular
myocardial f-adrenoreceptors has also been reported [23]. It
should, however, be noted that the decrease in chronotropic
response appeared less important in the present PAH patients
(p=0.06). This may be related to an additional contribution of
B-blocker therapy in 16 of the 19 CHF patients.

Abnormal cardiac frequency recovery immediately after
completion of an exercise test has recently been shown by
several studies to be associated with decreased survival in
patients with coronary artery disease, with or without
B-blocker therapy, and whether or not the exercise is followed
by a cooling-down period [18]. The limits of normal post-
exercise cardiac frequency recovery remain somewhat arbi-
trary as 12 beats-min™ [18] and even 18 beats-min™' [24] have
been proposed. In the face of these limits of normal, it
appears that both the present PAH and CHF patients
frequently exhibited an abnormally prolonged cardiac fre-
quency recovery. The mechanisms of prolonged cardiac
frequency recovery after exercise in cardiac patients remain
incompletely understood [13].

In the present study, the peak oxygen pulse was lower in
PAH than in CHF patients, with a tendency towards higher
peak cardiac frequency. This could account for the relatively
lower absolute value of peak V'O, due to inability to increase
cardiac output, as also suggested by the lower AV’ O,JAwork-
rate above the anaerobic threshold. In PAH, the excessively
afterloaded right ventricle may partially adapt by a relative
decrease in stroke volume at a given mean flow output, which
decreases the pulsatile component of ventricular hydraulic
work [25]. However, B-blocker therapy in CHF patients could
also explain the relatively larger oxygen pulses.

Although absolute values of peak 7’0, and work-rate
were higher in the CHF patients, peak 0, and work-rate
expressed as a percentage of the predicted value were not
different in the two study groups. This may, in part, be
explained by the fact that the prediction equations include sex
corrections. It is known that, everything else being equal,
7’0, and work-rate achieved are lower in females [16]. Peak
oxygen pulse is also lower in females [16], but remained lower
when expressed as a percentage of the predicted value in the
PAH compared to the CHF patients in the current study. The
sex distributions in the present PAH and CHF groups were
typical of these respective disease entities, with relatively more
females and males respectively.

Peak ventilation was markedly decreased in both the PAH
and CHF patients. However, ventilatory equivalents were

abnormally increased, and this was more pronounced in the
PAH patients. An increased ventilatory equivalent is a marker
of poor prognosis in both PPH [6] and CHF [11]. Increased
ventilatory equivalents at exercise in CHF have been
explained by a combination of increased dead space related
to low cardiac output, early lactic acidosis [9] and increased
chemosensitivity in the context of increased sympathetic
nervous system tone [26]. Additional factors in PAH could
include a greater increase in physiological dead space because
of pulmonary vascular obliteration, and hypoxaemia on
right-to-left shunting through a patent foramen ovale [2-5,
27]. The present PAH patients exhibited a slightly lower Sp,0,
at rest, and presented with exercise-induced hypoxaemia,
which probably contributed to increase ventilatory equiva-
lents and dyspnoea score. An increase in physiological dead
space is a probable explanation. Previous studies on pulmo-
nary gas exchange using the multiple inert gas elimination
technique in patients with either primary or thromboembolic
pulmonary hypertension showed only mild ventilation/perfu-
sion (V'/Q') inequality limited to lower-than-normal-V"/Q’
regions, with no high V’/Q" modes and no increase in dead
space [27-29]. Exercise, in these studies, did not alter V'/Q’
distributions, and, in particular, was shown not to be
associated with an abnormal increase in dead space [29].

The 6-min walk test is a submaximal exercise test that is
frequently used to assess the functional status of cardiac and
pulmonary patients. It is safe, easy to perform, inexpensive,
highly reproducible, sensitive to therapeutic interventions and
gives a good indication of the ability to perform daily life
activities [30]. Being a submaximal exercise test, the results
correlated moderately with peak 770, and other cardio-
pulmonary exercise testing variables. The correlation coeffi-
cients for the relationship between the 6-min walking distance
and peak V0, range 0.51-0.71 in CHF [30], and have been
reported to amount to 0.7 in PPH [7]. Similar correlations
were found in the present study. It must be emphasised that
the 6-min walk test did not appear to discriminate between
PAH and CHF patients of the same functional class who
presented with marked differences in cardiorespiratory
adaptation to exercise pathophysiology that were disclosed
by cardiopulmonary exercise testing.

In summary, pulmonary arterial hypertension patients
exercise with relatively higher ventilatory equivalents and
lower oxygen pulses than CHF patients, but otherwise present
with similarly altered cardiopulmonary exercise test results.
These differences might be explained by both relatively more
altered right ventricular function and altered gas exchange in
the high ventilation/perfusion regions of the lung, but more
altered autonomic nervous system tone could also be
involved.
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