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During the past half-century, many studies have investigated
the correlation of exercise tolerance to routine lung function
in patients with obstructive pulmonary disease. In virtually
al of these studies, the degree of airway obstruction was
assessed in terms of forced expiratory volumein 1 s (FEV 1)
and forced vital capacity (FVC). Because in most studies
only a weak correlation was found between exercise toler-
ance and degree of airway obstruction, it has been concluded
that factors other than lung function impairment (eg, decon-
ditioning and peripheral muscle dysfunction) play a pre-
dominant role in limiting exercise capacity in patients with
chronic airway obstruction. Recent work, however, suggests
that in patients with chronic obstructive pulmonary disease,
theinspiratory capacity isamore powerful predictor of exer-
cisetolerance than FEV1 and FVC.
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Capacitéinspiratoire et tolérance al’ exercice dans
la maladie pulmonair e obstr uctive chronique

Pendant lamoitié du siécle dernier, de nombreuses études ont
recherché une corrélation entrelatolérance al’ exerciceet les
épreuves courantes de fonction pulmonaire chez des patients
atteints d’ une maladie pulmonaire obstructive. Dans presque
toutes ces études, le degré d'obstruction bronchique a été
évalué en utilisant le volume expiratoire maximal par se-
conde (VEMS) et la capacité vitale forcée (CVF). Parce que
la plupart des études n’ ont démontré qu’ une faible corréla
tion entre la tolérance a |’ exercice et e degré d’ obstruction
bronchique, il aété conclu que desfacteursautres qu’ une alté-
ration delafonction pulmonaire (par exemple, le décondition-
nement et le dysfonctionnement des muscles périphériques)
jouent un réle prédominant dans lalimitation de latol érance
al’ exercice chez les patients accusant une obstruction bron-
chique. Cependant, des travaux récents laissent penser que
chez les patients atteints d’ une maladie pulmonaire obstruc-
tive chronique, la capacité inspiratoire est un prédicteur plus
puissant de latolérance al’ exercice que ne le sont le VEMS
oulaCVF.
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In the late 1960s | went specifically to London, England,
to meet professor Ronald V Christie, whose research
inspired me to study respiratory mechanics. To my great dis-
appointment, | did not meet Ronald in London because he
had already left for his post at McGill University, Montreal,
Quebec. Nevertheless, | was destined to join him later in
Montreal, and worked happily under him when he was the
Chief of Medicine and Dean of Medicine. | wasinspired not
only by hisscientific work but also by hisdistinct personality.
He had class, style and wit. Furthermore, hewasa clear and
concise speaker, and | tried my best to copy him. In fact, itis
largely through his example that | learned to formulate con-
cisely in research, which served me well in my career.

| amgrateful to Ronald for hisfriendship, and | am proud
that | have led the Meakins-Christie Laboratories for many
years (1979 to 1995).

yspnea and exercise limitation are the predominant

complaints of patients with chronic obstructive pulmo-
nary disease (COPD), and are commonly the reason for seek-
ing medical attention. Yet, the routine assessment of lung
function is generally focused almost entirely on forced expi-
ratory volumein 1 s(FEV1) and forced vital capacity (FVC),
although thereisample evidence that in COPD patientsthese
tests correlate poorly with both dyspnea and exercise toler-
ance (1). Accordingly, it is axiomatic that in COPD the re-
sponse to any treatment assessed in terms of FEV1 and FVC
should differ from that based on exercise tolerance or on sub-
jective measures of dyspnea and quality of life. In fact, in
COPD it ishyperinflation that playsacentral rolein eliciting
dyspnea, decreased exercise tolerance and ventilatory failure
(1-4). Hyperinflation is commonly assessed by measuring
the functional residua capacity (FRC) with body plethys-
mography, which is complex, expensive and in patients with
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Figure 1) Flow-volume curves during forced and quiet expiration
in a normal subject (left) and in a patient with severe emphysema
(right). While in the normal subject there is considerable flow
reserve over theresting tidal volume range, in the patient the tidal
expiratory flow rates are maximal, ie, expiratory flow limitation is
present. The latter causes increased functional residual capacity
(FRC) with concomitant reduction of inspiratory capacity
(IC=TLC-FRC). LPS Litres/s; RV Residual value; TLC Total lung
capacity; VC Vital capacity; VT Tidal volume during quiet breath-
ing. Data from reference 18
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severe airway obstruction may lead to overestimation of the
actual FRC because the transmission of alveolar pressure to
the mouth during the panting manoeuvre is delayed by
increased airway resistance (5). However, the increase of
FRC in patientswith obstructive pulmonary diseaseis heces-
sarily accompanied by a reduction in inspiratory capacity
(IC) (Figurel). In contrast to FRC, the measurement of ICis
simple, cheap and reliable. Thus, IC testing provides a useful
tool for the indirect assessment of pulmonary hyperinflation
in COPD patients. Indeed, in such patients areduction of 1C
implies hyperinflation with concomitant dyspnea and
decreased exercise tolerance (3,4,6).

IC AND EXERCISE TOLERANCE

The maximal ventilation that a patient can achieve playsa
dominant role in determining exercise capacity and may be
limited by the highest flow rates that can be generated. Most
normal patients and endurance athletes do not exhibit tidal
expiratory flow limitation (FL), even during maximal exer-
cise (7). In contrast, in COPD patients, tidal expiratory FL is
frequently present already at rest (1,2,6), asfirst suggested by
Hyatt (8). Tidal FL promotes dynamic hyperinflation (DH)
with a concomitant decrease in IC (Figure 1). In fact, Diaz
and coworkers (6) have recently shown that, in most COPD
patientswho are FL at rest, thelCislower than normal, while
in patientswho are non-FL, IC at rest iswithin normal limits
(Figure 2).

Innormal patientsthereisasubstantial expiratory flow re-
serve both above and below the FRC, as shown by the fact
that the maximal expiratory flow rates available are much
higher than the flow rates used during resting breathing (Fig-
urel). Asaresult, in normal patients, thetidal volumeduring
exercise can increase at the expense of both the inspiratory
and expiratory reserve volumes (2). In contrast, in COPD pa-
tients who exhibit FL at rest, the flows available below FRC
are insufficient to sustain even resting ventilation, as shown
in Figure 1. Consequently, in such patients the maximal tidal
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Figure 2) Inspiratory capacity (IC), expressed as percentage pre-
dicted (% pred), in 23 patients with chronic obstructive pulmonary
disease (COPD) without, and 29 COPD patientswith, tidal expira-
tory flow limitation (FL) at rest. In most FL patients, IC was
decreased whilein the non-FL patients, |C was within normal lim-
its. Data from reference 6
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volume during exercise (V Tmax), and hencethe exercisetol -
erance, should be limited by their reduced IC. In fact, recent
studies have shown that in COPD patients there is a much
stronger correlation of maximal oxygen uptake (VO2max) to
IC than to FEV 1 and FV C (3,6) (Figure 3). Although the cor-
relation of VOgmax to IC is relatively high (Figure 3), the
coefficient of determination (rz) isonly 0.56, indicating that
| C explained only 56% of the variancein VOomax. Diaz et d
(7), however, showed that FEV 1/FV C also playsasignificant
rolein predicting VOzmax. Infact, usi ng multiple regression
analysis, they showed, that, taken together, IC and
FEV 1/FV C account for 72% of the variance of VOomax. The
remainder (28%) is probably because of other factors such as
reduced cardiac output as a result of intrinsic positive end
expiratory pressure, deconditioning and peripheral muscle
dysfunction (9). Because reduced exercise capacity in COPD
patients shows only aweak link to lung function impairment
measured interms of FEV 1 and FVC (1,3,10), it hasbeen ar-
gued that factors other than lung function impairment (eg,
deconditioning and peripheral muscle dysfunction) are the
predominant contributors to reduced exercise tolerance
(11,12). The recent studies based on assessment of 1C, how-
ever, have shown that lung function impairment is probably
the major contributor to reduced exercise tolerance, at least
in COPD patientswho are FL at rest (6).

Assessment of |C provides useful information in terms of
bronchodilator treatment. The effect of bronchodilators in
patients with obstructive lung disease is commonly assessed
in terms of the change in FEV1 seen after bronchodilator
administration relative to the control values. According to
the American Thoracic Society’s recommended criteria, a
change in FEV 1 of more than 12% is a significant response
(13). Although some COPD patients may not exhibit a sig-
nificant changein FEV 1 after bronchodilator administration,
they nevertheless claim improvement in symptoms (14).
Because pulmonary hyperinflation plays aparamount rolein
determining the intensity of dyspnea (1), it is likely that in
such patients there is a decrease in the degree of DH
(decreased FRC and increased 1C) after bronchodilator ad-
ministration. In fact, Tantucci et al (4) have recently shown
that, in many COPD patients with little or no change in
FEV1, therewasanincreasein | C of morethan 12% after sal-
butamol administration, reflecting significantly decreased
DH. In the present study, a negative correlation was found
between the degree of chronic dyspneaand IC. Anincrease
in |C after bronchodilator administration in COPD patients
has also been reported by Pellegrino and Brusasco (15).
Thus, in obstructive lung disease patients, the benefit of
bronchodilator therapy should be assessed not only in terms
of change of FEV1, but also, most importantly, in terms of
change in IC as well. Because performance of |C precedes
the FVC manoeuvre, FEV1 and IC are, in fact, commonly
recorded together during bronchodilator testing. Though in
the past bronchodilator testing focused on assessment of
changes in FEV1, the scrutiny of changes in IC should be
mandatory becauseit provides useful information pertaining
to both dyspnea and exercise tolerance. Indeed, it has also
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Figure 3) The relationship of maximal oxygen uptake during exer-
cise (VO2max) to resting inspiratory capacity (IC) in 52 patients
with chronic obstructive pulmonary disease with and without tidal
expiratory flow limitation (FL) at rest. These data involve the same
patients as in Figure 2. % Pred Percentage predicted. Data from
reference 6

been recently shown that in COPD patientstheincreasein IC
after anticholinergic therapy best reflected theimprovements
in exercise endurance (16).

The assessment of IC has also provided useful in-
formation on the effects of surgical treatment in COPD
patients (16).

CONCLUSIONS
Measuring the IC is useful for monitoring the status and
progress of COPD patients, and for assessing the efficacy of
their treatment. It istimefor inspiratory capacity, the Cinder-
ella of lung function testing, to take pride of place with her
two stepsisters, FEV1 and FVC.

REFERENCES

1. Eltayaral, Becklake MR, Volta CA, Milic-Emili J. Relationship
between chronic dyspnea and expiratory flow-limitation in patients
with chronic obstructive pulmonary disease. Am J Respir Crit Care
Med 1996;154:1726-34.

2. Koulouris NG, Dimopoulou I, VataP, Finkelstein R, Cosio MG,
Milic-Emili J. Detection of expiratory flow limitation during exercise
in COPD patients. JAppl Physiol 1997;82:723-31.

3. Murariu C, Ghezzo H, Milic-Emili J, Gauthier H. Exercise limitation
in obstructive lung disease. Chest 1991;114:965-8.

4. Tantucci C, Duguet A, Similowski T, Zelter M, Derenne J-P,
Milic-Emili J. Effect of salbutamol on dynamic hyperinflation
in chronic obstructive pulmonary disease patients. Eur Respir
J1998;12:799-804.

5. Shore SA, Milic-Emili J, Martin JG. Reassessment of body
plethysmographic technique for the measurement of thoracic gas
volume in asthmatics. Am Rev Respir Dis 1982;126:515-20.

6. Diaz O, Villafranca C, Ghezzo H. Exercise tolerance in COPD
patients with and without tidal expiratory flow limitation at rest.

Eur Respir J. (In Press)

7. Mota'S, Casan P, Drobnic F, et a. Expiratory flow limitation during
exercise in competition. JAppl Physiol 1999;86:611-16.

8. Hyatt RE. Theinterrelationship of pressure, flow and volume during
various respiratory maneuversin normal and emphysematous patients.
Am Rev Respir Dis 1961;83:676-83.

9. MaltaisF. Oxidative capacity of the skeletal muscle and lactic acid
kinetics during exercise in normal subjects and in patients with COPD.
Am JRespir Crit Care Med 1996;153:228-93.

10. Jones NL, Jones G, Edwards RHT. Exercise tolerance in chronic
airway obstruction. Am Rev Respir Dis 1971;103:477-91.

11. Hamilton N, Killian KJ, Summers E, Jones NL.. Muscle strength symptom

Can Respir J Vol 7 No 3 May/June 2000



12.

13.

14.

intensity, and exercise capacity in patients with cardiorespiratory
disorders. Am J Respir Crit Care Med 1995;152:2021-31.

Gosselink R, Troosters T, Decramer M. Peripheral muscle weakness
contributes to exercise limitation in COPD. Am J Respir Crit Care Med
1996;153:976-80.

American Thoracic Society. Standards for the diagnosis and care of
patients with chronic obstructive pulmonary disease (COPD) and
asthma. Am Rev Respir Dis 1987;136:225-44.

Guyatt GH, Townstead M, Pugsley SO, et . Bronchodilators

in chronic air-flow limitation. Effects on airway function,

exercise capacity, and quality of life. Am Rev Respir Dis
1987;135:1069-74.

15.

16.

17.

18.

Christie Memorial Lecture

Pellegrino R, Brusasco V. Lung hyperinflation and flow limitation

in chronic airway obstruction. Eur Respir J 1997;10:543-9.

O'Donnell DE, Lam M, Webb KA. Spirometric correlates of
improvement in exercise performance after anticholinergic therapy

in chronic obstructive pulmonary disease. Am J Respir Crit Care Med
1999;160:542-9.

Murciano D, Pichot M, Boczkowki J, Sleiman C, Pariente R,
Milic-Emili J. Expiratory flow limitation in COPD patients after
single lung transplantation. Am J Respir Crit Care Med 1997;155:1036-
41.

Bates DV, Macklem PT, Christie RV. Respiratory Function in
Disease. WB Saunders Co: Philadelphia, 1971:35.

Can Respir J Vol 7 No 3 May/June 2000

285



MEDIATORS
INFLAMMATION

The Scientific Gastroenterology Fi o Journal of
World Journal Research and Practice Diabetes Research

Journal of International Journal of

Immunology Research Endocrinology

Hindawi

Submit your manuscripts at
http://www.hindawi.com

BioMed
Research International

PPAR Research

Journal of
Obesity

AL
@

Evidence-Based b ‘
Stem Ce' |S Complementary and - 4 < 3 = Journal of
International Alternative Medicine & Oncology

oot oume 014

Journal of

Ophthalmology

Parkinson’s
Disease

. <
l-r/

e .

: o .
Ly,

| i

Behavioural Oxidative Medicine and

Neu I’O|Ogy Research and Treatment Cellular Longevity

Computational and
Mathematical Methods
in Medicine




