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Abstract
Exertional dyspnoea is a common complaint in

the elderly.  Numerous diseases, common in the
elderly, can cause exercise limitation by dyspnoea.
We report our preliminary experience in the use of
cardiopulmonary exercise test (CPEXT) to delineate
the different patho-physiological mechanisms
causing exercise limitation in a group of elderly
subjects who presented with (1) unexplained
dyspnoea, (2) a degree of dyspnoea felt to be
disproportional to baseline investigation findings or
(3) a combination of disorders in which the clinician
is unsure which of the disorders is causing
exertional dyspnoea. More than 70% of the group
tested did not have a l imit ing mechanism
immediately obvious from the diagnosis or baseline
investigations. Causes of exercise limitation were
heterogeneous in the group. We conclude that
CPEXT is practical and safe in selected elderly
patients with exercise limitation and it helps to
delineate the patho-physiological mechanisms in
elderly patients whose causes of exercise intolerance
are uncertain.

Introduction
Exertional dyspnoea is a common and disabling

symptom in the elderly. Numerous diseases can
cause exercise limitation by dyspnoea. Congestive
heart failure (CHF), asthma, chronic obstructive
pulmonary disease (COPD) and interstitial lung
diseases  account for a majority of diagnosis for
acute and chronic dyspnoea1,2.

Only few studies have examined the evaluation
process for delineating the cause of chronic
dyspnoea in the elderly. In clinical practice, it may
be difficult for the clinicians to determine the key
factor limiting the exercise tolerance with initial
screening tests such as spirometry with DLCO

measurement, chest radiograph, electrocardiogram
and oximetry 3.

Cardiopulmonary exercise tolerance (CPEXT)
using continuous gas exchange measurements has
at least two clinical applications. CPEXT has been
used to evaluate exercise limitation and dyspnoea 4,5.
It has also been extensively used in rehabilitation
of patients with COPD 6, 7 as an understanding of
the mechanisms leading to exercise limitation is
important to prescribing rehabilitation.

CPEXT has the unique advantage of the
capability of objectively quantifying exercise
tolerance and delineating the most likely patho-
physiological mechanism that limits exercise 8.  It
is particularly valuable if the cause of exercise
intolerance is not clear, or if there are more than
one disease contributing to the exercise limitation
or if the perceived disability is out of proportion to
the baseline laboratory findings.

However, only few studies have been done on
the clinical application of CPEXT in the elderly
patients. One report suggested that CPEXT is a
useful preoperative screening tool to identify high-
risk patients 9.  In this study, the anaerobic
threshold determined by CPEXT was found to be
an excellent predictor of post-operative mortality
after major abdominal operation. In another study
of elderly patients with congestive heart failure,
maximum oxygen consumption (VOmax), exercise
time, respiratory exchange ratio and anaerobic
threshold showed good reproducibility 10.

We are not aware of any published work
studying the use of CPEXT in the delineation of
mechanisms causing exercise limitation in the
elderly. The aim of our study is to examine the
practicality of using CPEXT to delineate the different
patho-physiological mechanisms causing exercise
limitation in a group of elderly subjects who
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presented with (1) unexplained dyspnoea, (2) a
degree of dyspnoea felt to be disproportional to
baseline investigation findings or (3) a combination
of disorders in which the clinician is unsure which
of the disorders is causing exertional dyspnoea.

Methods and Materials
From September 1998 to August 1999, subjects

older than or equal to 65 attending the Outpatient
Clinic of the Department of Medicine and Geriatrics
of a distr ict hospital in Hong Kong were
prospectively recruited to have CPEXT if they had
the following indications:
(1) unexplained dyspnoea;
(2) a degree of dyspnoea felt to be disproportional

to baseline investigation findings;
(3) a combination of disorders in which the

clinician is unsure which of the disorders is
causing exertional dyspnoea.

All patients had spirometry and echocardiogram
with measurement of ejection fraction (EF) as
baseline investigations. The referring physician
recorded what he thought was the most likely
diagnosis or mechanism causing exercise limitation.
Patients with unstable disease (e.g. COPD in
exacerbation, uncontrolled heart failure or frequent
angina) and those who were unlikely to be able to
exercise on a treadmill (e.g. cerebrovascular accident,
osteoarthritis of the lower limbs) were excluded.
Written consent was obtained from each patient.

Beta-blockers were stopped two days prior to
CPEXT. If patients were receiving inhaled
bronchodilators, they were asked to omit the usual
dose six hours before testing and the usual dose
was then given 30 minutes before testing. Other
regular medications were continued at the usual
dosages, including nitrates, angiotensin converting
enzyme inhibitors, aspirin and diuretics. Spirometry
with measurements of forced expiratory volume in
one second (FEV1), forced vital capacity (FVC) and
maximum voluntary ventilation (MVV) was
performed prior to the test in each patient.

Exercise protocol
The subjects performed incremental maximal

exercise testing on a treadmill (Series 2000;
Marquette Electronics Inc; Milwaukee, Winconsin)
with a modified Harbor protocol, which we have
been using with satisfactory results 11,12.  After a
resting period of at least 10 minutes, the exercise
test started with a graded increase of the speed
and gradient of the treadmill machine at 2-minute
intervals between stages. This corresponded to a

steady and small increase in workload performed
by the patient. At termination of the test, the patient
would enter into a recovery period during which
monitoring and measurements would be continued
for at least 10 minutes. Target heart rate was
set at (210 - 0.65 x age in years)13, 14.  A physician
supervised the whole process of exercise testing with
resuscitation equipment immediately available in
the laboratory.

Tests were terminated in the following
situations:  reaching maximal exercise capacity,
severe chest pain, oxygen desaturation, dizziness,
severe dyspnoea or fatigue, significant ST
depression or elevation or T wave inversion,
significant arrhythmia, appearance of advanced
heart block, symptomatic claudication, systolic
blood pressure (SBP) greater than 250mmHg,
diastolic blood pressure (DBP) greater than
120mmHg, a sustained fall in SBP for more than
20mmHg or if the subject requested to stop.

Monitoring and measurements
Pulse oximetry (Oxypleth; Novametrix Medical

Systems Inc; Wallingford, Conneticut) and 12-lead
ECG (Case 16; Marquette Electronics Inc;
Milwaukee, Wisconsin) were continuously
monitored and recorded. Gas exchange was
continuously monitored with pneumotachometer,
zirconium oxygen analyzer and infrared carbon
dioxide analyzer on a breath-by-breath basis via a
mouthpiece (MedGraphics D-series CPX/MAX;
Medical Graphics Corp; St. Paul, MN). The
pneumotachometer was calibrated with a 3-litre
syringe prior to each test and gas analyzers
calibrated with standard test gases with two-point
calibration. The following gas exchange and
cardiovascular indices were obtained or derived:
oxygen uptake (VO2, STPD), carbon dioxide output
(VCO2, STPD), tidal volume (TV, BTPS), minute
ventilation (VE, BTPS), respiratory rate (RR), heart
rate (HR), breathing reserve (1 - VE/MVV), heart
rate reserve (HR reserve = target heart rate - heart
rate at peak exercise), heart rate response (HR
response = change in heart rate from baseline to
peak/change in VO2 from baseline to peak),
ventilatory equivalents (VE/VO2, VE/VCO2), SaO2

and oxygen-pulse (VO2/HR). Anaerobic threshold
(AT) was estimated by the V-slope method 15.

Interpretation
The results were interpreted using widely

adopted diagnostic algorithms 8,16,17 compared to
expected responses during exercise 18,19. Multiple
physiological parameters were analyzed in order to
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discern the most important limiting mechanism to
exercise.  Briefly, for example, cardiac pump
limitation is characterized by a low peak VO2, a
slow rise of VO2 with respect to work rate and early
plateau of VO2 response, rapid heart rate response
with respect to VO2, early AT and a low oxygen-
pulse; these characteristic changes has been
described elsewhere in patient with congestive heart
failure 20,21, although the authors are not aware any
direct validation of these responses against stress
radionuclide measurement of cardiac output.
Ischaemic heart disease is characterized by any of
the above changes plus acute ECG changes. The
features of ‘deconditioning’ are those of reduced
oxygen flux, i.e., low peak O2, increased HR-VO2

slope and low oxygen pulse. The responses might
be indistinguishable form cardiac pump limitation.
For the purpose of this study, an arbitrary criterion
of AT greater than 40% of predicted maximum VO2

distinguished deconditioning from cardiac failure16.
Ventilatory and gas exchange limitation (e.g. chronic
obstructive pulmonary disease, COPD) are
characterized by low peak VO2, high VE/MVV, high
HRR, high VE/VO2 and VE/VCO2

 22,23. As normal
values may not exist in some of these parameters
in the elderly, we rely on the target heart rate 13,14

and the directly determined MVV of the subjects to
calculate their HR reserve and breathing reserve.

Statistical analysis
Results are expressed in mean and standard

deviation for parametric data.  For comparisons
between groups, Student’s t-test or Mann-Whitney
test were used as appropriate.  P value of less than
0.05 is taken as the level of significance.

Results
Out of 23 patients who satisfied the inclusion

criteria, 18 subjects were recruited.  Five patients
had anticipated difficulties to exercise on a treadmill
and were excluded. Of the 18 subjects, 3 (16.7%)
were females and 15 (83.3%) were males. The mean
age was 69 (SD 4.6) years. The mean FEV1 was
1.62 (SD 0.49) L or 100.7 (SD 33.8) % predicted.
The mean FEV1/FVC ratio was 68.1 (SD 13.4) %;
mean MVV 62.3 (SD 16.1) L/min or 76.5 (SD 18.8) %
predicted; mean ejection fraction 53.8 (SD 19.7) %.

The primary diagnosis was ischemic heart
disease (IHD) in 9 (50%), congestive heart failure
(CHF) in 1 (5.6%), chronic obstructive pulmonary
disease (COPD) in 3 (16.7%), chronic renal failure
(CRF) in 2 (11.1%) and no apparent cause of exercise
limitation in 3 (16.7%).  Eleven subjects (61.1%)
had one additional medical diagnosis besides the

primary diagnosis: 9 (50%) had COPD, 1 (5.6%) had
CHF and 1 (5.6%) had possible pacemaker
malfunction.  One (5.6%) has 3 medical conditions
that might cause exertional dyspnoea individually.

Seventeen (94.4%) subjects performed
incremental exercise until symptom limitation or a
stop-test criterion was met; one subject (5.6%)
stopped before any discernable limitation to
exercise. Exercise was limited by dyspnoea in 10
(55.6%), fatigue in 2 (11.1%), leg pain in 2 (11.1%),
dizziness in 1 (5.6%), chest pain in 1 (5.6%) and
reaching target heart rate in 1 (5.6%).

Cardiopulmonary and bioenergetic responses to
exercise for the whole group were as follows:  mean
peak VO2 was 19.6 (SD 5.1) ml/kg/min, anaerobic
threshold 42.9 (SD 17.3) %, BR 36.7 (SD 16.4) %,
HR reserve 19.3 (SD 15.3) bpm, HR response 62.3
(SD 27.4) beats/litre, VE/VCO2 at AT 39.8 (SD 7.3)
and VE/VCO2 at peak exercise 36.5 (SD 6.7).

The key patho-physiological mechanisms
limiting exercise as delineated by the CPEXT were
as follows (Table 1):  cardiac pump limitation in
5 (27.8%), cardiac ischaemia in 1 (5.6%), reaching
ventilatory limit in 4 (22.2%), pulmonary vascular
in 1 (5.6%), artificial pacemaker malfunction in 1
(5.6%), deconditioning in 4 (22.2%) and normal
response in 2 (11.1%).

Table 1.  Key patho-physiological mechanisms limiting exercise.
Limiting mechanism Number (Percentage)
Cardiac pump 5 (27.8%)
Cardiac ischaemia 1 (5.6%)
Ventilatory limitation 4 (22.2%)
Pulmonary vascular 1 (5.6%)
Pacemaker malfunction 1 (5.6%)
Deconditioning 4 (22.2%)
Normal 2 (11.1%)
Total 18 (100%)

The correlation between primary diagnosis and
key patho-physiological mechanisms limiting ex-
ercise are depicted in Table 2. Of the 18 subjects,
only 5 (27.8%) had a mechanism that was immediately
obvious from the primary diagnosis (e.g. ventila-
tory limitation in COPD). The rest (72.2%) did not
have an immediately obvious mechanism. For
example, in the 9 subjects thought to have IHD
causing exercise limitation, only 1 was limited by
cardiac ischaemic alone. Three had cardiac pump
limitation, 2 had ventilatory limitation, 1 pulmonary
vascular disease, 1 pacemaker malfunction and 1
deconditioning.

Comparison of ejection fraction was made
between the ‘cardiac pump limitation’ group and
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the rest of the subjects. No statistically significant
difference was found.  Comparison of various resting
lung function indices was made between the
‘ventilatory limitation’ group with the rest of the
subjects. Statistically significant difference was
found only in FEV1 % predicted (mean 58.3% in
ventilatory limitation, 109.1% in others; p = 0.005)
but not FEV1 in litre, FEV1/FVC ratio or MVV.

Discussion
Our study suggests that maximal CPEXT is

practical and safe in selected elderly patients.  Most
patients have a positive identification of the limiting
mechanism to exercise. In only 1 patient, the test
had to be stopped prematurely and we did not have
any problem with the mouthpiece. This is in contrast
to a previous report by Greig et al in which mouthpiece
and other problems led to premature termination
of test and submaximal test was recommended14.
The difference between the two studies is that, in
our study, subjects were patients whose diagnoses
were hoped to be made with the CPEXT. In contrast,
ormal volunteers were recruited in the study by
Greig et al. This might have caused differences in
the motivation of performing the CPEXT.

We have included patients whose cause of
exertional dyspnoea was not immediately obvious
from the primary diagnoses, lung function tests or
echocardiogram.  In this group of patients, CPEXT
results showed that the patho-physiological
mechanisms limiting exercise were heterogeneous
and not entirely predictable. Baseline echocar-
diograms and measurement of EF failed to predict
cardiac pump limitation’. Of the lung function
indices, only FEV1 (% predicted) was significantly
lower in the ventilatory limited’ group versus the
rest of the patients.

Overall, less than 30% of the group had a
mechanism of exercise limitation correctly predicted

by the clinician. For example, among the nine
subjects thought to have IHD causing exercise
limitation, only one was limited by cardiac
ischaemia alone, three had cardiac pump limitation,
two had ventilatory limitation, one pulmonary
vascular disease, one pacemaker malfunction and
one deconditioning. This finding is mirrored by our
previous study that causes of exercise intolerance
were heterogeneous and unpredictable in patients
who recovered from myocardial infarction 12.

This finding may have important implication in
the rehabilitation of elderly patients. In this group
of patients with exercise intolerance, if the clinician
were to organize rehabilitation for the patients based
on clinical diagnosis and simple investigations alone,
more than 70% might not have their specific limitation
addressed by a “black box” approach to rehabilitation.
Thus, CPEXT is likely to be of value in evaluating
elderly with unexplained exercise limitation.

Our study has several limitations. First, the
absolute number of patients is small and we could
only recruit those patients whose referring
clinicians were unsure of the cause of exercise
intolerance. If the clinician thought that he was
sure of the cause of exercise intolerance, he might
not refer. There is no guarantee that his guesses
were correct for those patients who were not
referred. We did not record how many patients had
exercise limitation of which the physicians were
satisfied with the diagnosis and hence did not refer.

As we have only recruited patients whose cause
of exercise limitation was uncertain, the results of
this study may not be generalized to all patients
who have exertional dyspnoea. Moreover, those who
could not exercise on a treadmill were not recruited,
further limiting the extent to which we could
generalize our findings.

Another limitation is the lack of data of normal
responses to exercise in our subjects. We  tried to
circumvent the problem by measuring the direct
MVV for each subject and took it as the ventilatory
limit for each individual subject, rather than relying
on the predicted MVV. For the heart rate response,
we use (210 - 0.65 x age in years), as recommended
by Greig et al 14. Fortunately, in most of our patients,
the differential responses of various parameters were
sufficiently distinct to allow a useful breakdown of
the mechanisms causing exercise limitation.

Some exercise physiologists described
‘deconditioning’, which is caused by prolonged
inactivity leading to muscle atrophy and reduced
oxidative potential of muscles. The features are
those of reduced oxygen flux and the physiology
may not be distinguishable from cardiac failure,

Table 2.  Correlation between primary diagnosis and key patho-
physiological mechanisms limiting exercise.  (* Patho-
physiological mechanism not immediately obvious from primary
diagnosis)

Limitation

Diagnosis Cardiac Cardiac ventilatory Pulmonary Pacemaker decondition- Normal Subtotal
pump ischaemia limitation vascular malfunction ing response

IHD 3* 1 2* 1* 1* 1* 0 9
CHF 0 0 0 0 0 1* 0 1
COPD 0 0 2 0 0 1* 0 3
CRF 2* 0 0 0 0 0 0 2

No
apparent 0 0 0 0 0 1* 2 3
cause
Subtotal 5 1 4 1 1 4 2 Total = 18

CM Chu et al • Dissecting Exercise Intolerance



Journal of the Hong Kong Geriatrics Society • Vol. 10 No.2 July 2000

74

except that the AT is higher than 40% of predicted
maximum VO2

 16. We acknowledge the arbitrariness
of this approach in the interpretation of our results.
However, even if we have reclassified the
‘deconditioning’ group under ‘cardiac pump
limitation’, it resulted in only 1 more patient being
classified correctly and did not weaken our
conclusion that the majority of patient did not have
a limiting mechanism immediately obvious from the
diagnosis or baseline investigation.

Although we are able to delineate the limiting
mechanisms to maximal exercise, we do not feel
that the results can necessarily be extrapolated to
real-life situation where the form of exertion is more
likely to be submaximal and sustained. We shall
need more studies using telemetric equipment to
answer the question of how exertion is limited in
daily activities.

In conclusion, in this preliminary study, we have
found CPEXT to be practical and safe in selected
elderly patients with exercise limitation. Cause of
exercise intolerance may not be predictable on
c l in i ca l  g round  e ven  w i th  the  he lp  o f
echocardiogram or lung function test. CPEXT helps
to delineate the pathophysiology in elderly patients
whose causes of exercise intolerance are uncertain.
In order to better understand the abnormal
responses to exercise in patents, further studies
on the normal responses to exercise in normal
elderly in the local setting are needed.
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LEARNING POINTS
1. Exercise intolerance is a common problem in the elderly.
2. The causes of exercise limitation is usually obvious from history, physical examination and

simple investigation such as X-ray chest, electrocardiogram, blood tests, echocardiogram
and lung function tests.

3. In selected patients with uncertain cause of exercise limitation, the patho-physiology can be
delineated using cardio-pulmonary exercise testing.

4. Data on exercise physiology of elderly is lacking, further studies are warranted in this
important area.


