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Influence of exercise and CO, on breathing pattern in
patients with chronic obstructive lung disease (COLD)
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ABSTRACT: In ten eucapnic patients with chronic obstructive lung disease
(COLD} we evaluated the breathing pattern during induced progressive
hypercapnia (CO, rebreathing) and progressive exercise on an ergometric
bicycle (30 W/3 min). The time and volume components of the respiratory cycle
were measured breath by breath. When compared to hypercapnia, the increase
in ventilation (VE) during exercise was associpted with a smaller increase in
tidal volome (VT) and a greater increase in respiratory frequency {fn). Plots of
tidal volume (V1) against both inspiratory time (T1) and expiratory time (TE)
showed a greater decrease in both TI and Te during exercise than with
hypercapnia. Analysis of VE in terms of flow (VT/T1) and timing (T1/TT)
showed VE to increase by a similar increase to that in V1/T1 during both
exercige and hypercapnia, while TI/TT did not change significantly. When the
patients were matched for a given VE (28 /-min~*), exercise induced a smaller
increase in VT (p < 0.05), a greater increase in fr (p < 0.025); Ts {p<0.025) and
TE {(p<0.0t) were found to be smaller during exercise than hypercapnia. The
change in the off-switch mechanism during exercise and hypercapnia could
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account for our results.
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Many recent studies have been devoted to the
analysis of breathing patterns and ventilatory control
at rest in patients with chronic obstructive lung
disease (COLD) [27, 30-33]. Rapid and shallow
breathing characterizes the breathing pattern in
patients with chronic hypercapnia when compared
with normocapnic ones [27, 33]. The increased
neuromuscular drive noted in patients with COLD
during induced hyperventilation [30-32] seems o
depend not only on mechanical input to the respira-
tory centre [5} but also on mechanical afferences from
the thoraco-pulmonary system [5, 7, 30, 32]. Alterna-
tively, the rapid shallow breathing could depend on
the mechanical limitation for ventilation [4, 15].

In both normal subjects and patients with COLD,
hyperventilation may be achieved in different ways,
such as CO, inhalation and metabolic load during
exercise. In the former, chemical input to the
respiratory centre is mainly related to the stimulation
of central chemoreceptors [25]. In the latter, several
factors such as CO, production {25, 28, 36], changes
in arterial oxygen tension (Paon;) [17, 23, 25),
mechanical afferences from the lung [26], and pro-
prioceptive muscular afferent information [7, 10]
could play a role,

Comparisons between stimulation with exogenous
C0O, and metabolic load have been made in normal
subjects [2, 18, 21] and show a variable relationship

between ventilation and tidal volume (Hey’s plot) [18]
during CQO, inhalation and exercise.

In patients with COLD, however, comparative data
have been reported only in terms of ventilatory
response to carbon dioxide and exercise without
analysing the breathing pattern [19].

To control the different behaviour duning induced
hyperventilation in COLD patients who underwent
CO, rebreathing and progressive exercise, we ana-
lysed the breathing pattern by measuring the time and
volume componenis of the respiratory cycle.

Materials and methods

We studied ten normoxic and eucapnic male
patients with chronic obstructive lung disease
(COLD), according to the American Thoracic Society
criteria [I]. Spirometric pulmonary functional data
{Pulmonet Godart) included vital capacity (VC),
forced expiratory volume in one second (FEV,), and
functional residual capacity (FRC) by the helium
dilution technique, which aliowed us to calculate
residual volume (RV) and total tung capacity (TLC);
thoracic gas volume (TGV) and the resistance of the
airway {(Raw) were measured by a pressure-variable
body plethysmograph, which allowed the calculation
of specific airway resistance (sRaw=Raw xTGV).
Diffusing lung properties and the permeability coeffi-
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cient for carbon monoxide (Kco0) were determined by
the single-breath technique. The normal values for
lung volumes and K.co are those proposed by GRIMBY
and SODERHOLM [16] and EnGLERT [12], respectively.
The patients were selected on the basis of both clinical
hisiory and functional evidence of airway obstruction
(FEV /VC <60%) when they were clinicaily stable;
any therapy which was being taken was withheld for
at least 12 h belore the study. Functional data are
summarized in table 1.

Alier the evaluation of the baseline respiratory
pattern, each patient, [rom a seated position,
underwent a CO, rebreathing test. The apparatus has
been previously described [31] and the procedure was
that recommended by REaD [29]. A gas mixture
containing 7%C0, + 50%0, +43%N, was inhaled

for 3—4 min from a 6 to 8 litre bag. The inspiratory
line was separated from the expiratory one by a one-
way valve (Hans-Rudolph), connected to a Lilly type
pneumotachograph. The flow signal was integrated
into ventilation. The mouth occlusion pressure
against an occluded airway at end-expiratory level 0.1
s after the onset of inspiration (P, ,) [37] was
measured as previously described [30-32, 35]. A
pressure transducer {Statham SC 1001} was used to
measure the mouth pressure developed at 0.1 s. On
the expiratory side of the valve, gas was continuously
sampled with an infrared CQ, meter (Godart) to
measure the CO, level; the sampled gas was returned
to the rebreathing bag. The dead space and the
resistance of the system were evaluated as 178 ml and
0.09 kPa-I 1.5, respectively.

Table |. - Pulmonary function data at rest in 10 patients with COLD breathing room-air

n Age YC RV FRC TLC sRaw FEV, FEV./VYC Keo
y i ! ! { kPa-s1 { % min?
1 61 2.04 42 49 6.25 1.47 1.0 49 205
(43) Qs58)  (Q19)  (85) (57)
2 8 32 20 34 52 1.08 1.9 60 4.16
70 (125) {104) (84) ©omn
3 49 4.15 26 i 6.8 0.49 2.5 59 1.76
(1) (1200 Q07T (102) (a4)
4 55 3.0 38 5.1 69 1.76 1.0 35 2.12
(69) (165)  (141)  (104) (57)
5 63 35 37 416 72 1.57 1.6 42 224
(1)) (161) {116} {96) {58)
6 74 2.16 5.5 6.0 1.7 2.65 0.6 28 3o
(d4) (186) (134} {98) €L))]
7 38 2.7 35 49 6.3 1.27 1.4 51 55
(61} {140) (132) @0 {128)
8 51 2.4 39 45 6.3 2.29 0.82 a5 31
(52) (165) {132) {96} (80)
9 56 35 43 54 7.6 1.27 1.3 40 1.65
(14) (173} (135) (107) (45)
10 40 4.0 24 4.4 6.5 095 23 57 3.5
(80) (114) (116) e (84)
x 52.5 3 358 47 6.67 148 1.44 45.6 29
SD 11.8 0.73 1.03 0.73 0.74 0.63 0.63 11.2 121

VYalues between parenthesis are in % of the predicted value. VC: vital capacity; RV: residuai volume; FRC: functional residual
capacity; sRaw: specific resistance of the airways; FEV|: forced expiratory volume in 1 sec; Kco: Krogh's factor for lung ransfer

for CO.
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In normal subjects, ventilatory responscs during
acute hypercapnia and exercise have been compared
previously [2, 18, 21]. According lo ASKANAZI et al,
[2}, an increase in ventilation during hypercapnic
stimulation depends mostly on an increase in tidal
volume, whereas during exercise, an increase in
ventilation depends on an increase in both tidal
volume and respiratory frequency with a significant
decrease in inspiratory lime. The authors supposed
that a change in the ‘inspiratory off-switch® mechan-
ism [t4] during exercise could account [or the different
responses in terms of tidal volume and respiratory
frequency [2]. In contrast, Hey ef al. [18] showed that
the relationship betwecn ventilation and tidal volume
is siméiar during hypercapnia and exercise.

To our knowiedge, there are no comparative data
in the breathing pattern during CQO, stimulation and
exercise in paticnts with chronic obstructive lung
disease. GarrarD and Lane [15] showed a progres-
sive decrease in inspiratory and expiratory time
during rebreathing with a progressive but small
increase in tidal volume, refated to volume restriction
due to a progressive increase in lung volume at end-
expiratory lcvel.

During exercisc in patients with COLD, the slope
of the relationship between tidal volume and inspira-
tory time tends to be shifted to the left, when
compared to normal subjects [4, 32]. This rcsults in a
shorter inspiratory time and a smaller VT with a rapid
and shaliow breathing [4, 32, 35]. Synchronization of
respiratory rate during cxercise with pedalling speed
or stepping frequency has been noted in normal man
[18]. However, this observation has not been
confirmed in more recent papers [20-22] where
respiratory frequency and both Vt/Tr and VT/TE
relationships were found to be similar at two different
pedalling speeds [20, 21]. Our data in patienis are
consistent with thesc [20, 21] and scem to indicate no
link between movement frequency and respiratory
frequency of bicycle exercise.

The differences we noted in the respiratory pattern
during CQ, rebreathing and exercise in patients with
COLD are consistent with the daia of ASKANAZI ef al.
who studied normal man in the supine position [2].
These differences could be explained as follows:

i) mechanical differences observed in COLD patients
during induced hypercapnia [15] and exercise [9]
could be due to different changes in lung volume at
end-expiratory level. These volume changes restrict
any substantial increase in tidal volumc [9, 15]. We
were unable to control the possible changes in lung
volume at end-expiratory level during rebreathing
and exercise. However, for the chosen level of
ventilation (28 /-min 1), P, , was found to be similar
in the two experimental conditions. As an increase in
lung volume put the inspiralory muscles in a less
favourable condition to generate inspiratory pressure
[11] we argue that cnd-expiratory volume was notl
dissimilar with cxcreise and CO, rebreathing for the
chosen VE. This could also be indicated by the
simitarity of the stopes ol the Py ,/(VT/T1) relation-

ship, an index of the effective inspiratory impedance
of thc thoraco-pulmonary system [8).

i) a decrease in T1 has been observed in response to a
progressive hypoxia (8 to 4 kPa) {23]. However, our
data did not show a significant decrease in arterial
Po, for a given VE, during either exercise or
hypercapnia, as compared to control conditions.
These data arc consistent with our previous ones [30,
35] in patients with COLD during moderate ergo—-
tric exercise.

iii} CO, stimulation is known to increasc ccntral
inspiratory activity {13, 23] and to raise the volume
{VT) threshold for the reflex ingpiratory off-switch
f13]. Furthermore, elevated Pco, in the bronchial
airways is sufficient to lower stretch receptor activity
[3), necessary for reaching the threshold for the
Hering-Breuer inhihitory reflex; this causes V7T to
increase. In terms of changes in breathing pattern, on
the one hand, larger inflation causes greater expira-
tory prolongation [34], i.e. greater VT increases are
accompanied by greater TE and viceversa (se¢ also fig.
I}, on the other hand, a small fall in Paco, with
exercise measurably influences ventilatory pattern
while the addition of CQ,, which prevents hypocap-
nia, enhances the VT plateau by increasing Ty [24].
These data could, at least in part, account for our
results showing a grealer VT incrcase and lower Te
decrease with hypercapnia compared with exercisc,
iv} part of these data [24] are consistent with the
hypothesis of metabolic drive to breathing with
exercise [28, 36]. This hypothesis maintains that the
hyperpnoca of exercise is completely atiributable to
the increased delivery of CQO, to the fungs [28, 36].
Contrary to the metabolic hypothesis, the neuro-
humoral hypothesis holds that during exercise, venti-
lation is augmented by neural stimuli, in addition to
metabolic stimuli [6, 7). In this context it should be
menitoned that in normal man and patients with
COLD, pulmonary congestion during muscular exer-
cise represents a natural stimulus for J receptors [17,
26], with an incrcase in the inhibitory vagal activity
limiting inspiratory volume. On the contrary, the
cffects of acute hypercapnia on pulmonary circulation
are unimportant in normal man [25]. In terms of
respiratory timing, ELDRIDGE and GiLL-KuMar [10]
have rccently shown that stimulation of afferents
from lirmb muscles in cats causes different changes in
timing variables, i.e. greater frequency and shorter
expiratory time than thosc associated with chemore-
ceptor afferent stimulation. These findings could
provide a further explanation for the increased
respiratory [requency and shorter TE we noted with
bicycle exercise.

That mechanical afferences are also involved in
sustaining ventilatton in patients with COLD during
progressive excrcise is indicated by the fact that their
Po../VCo, ratio. an index of the respiratory drive per
unit of metabolic load (V¢o,), is higher than that of
normal subjects [30, 32].

in summary, we found that in eucapmic and
normoxic patients with COLD, exercise and CO,








