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Recent work has led to a fuller knowledge of
the way in which the respiratory mechanism fails
in patients with advanced bronchitis and emphysema (Donald and Christie, 1949; Prime and
Westlake, 1954; Westlake, 1954). In the later
phases of the disease, a point is reached at which
there is anoxia and hypercapnia which is the result
of failure to maintain an adequate alveolar ventilation. Ultimately, the effectiveness of pulmonary
ventilation depends upon the power of the muscles
of respiration to supply the force required to overcome the resistances of the airways to gas flow
and the lung tissues to deformation. Ventilation
becomes impaired if this power is lacking or the
resistances are increased, as they are for example
during exacerbations of respiratory infection. An
indirect measure of the respiratory muscular force
can be obtained from the pressure developed at
the mouth during brief interruption of the airway. The airway interrupter method has been
used to measure fluctuations
in this pressure during and
after exacerbations of respiratory infection in order to

mouth during brief airway interruption. Measurements of pressure and ventilation were made in
patients with bronchitis and emphysema during
and after exacerbations of respiratory infection
and in normal subjects.

METHODS
APPARATUS.-Pressures were measured at the mouth
during natural breathing by the method of airway
interruption (Neegaard and Wirz, 1927; Vuilleumier,
1944; Otis and Proctor, 1948). An apparatus was
designed to produce interruption at the points of
maximum velocity of airflow in each phase of the
respiratory cycle. The equipment was mounted on a
trolley, so that observations were possible at the bedside with a minimum of discomfort to patients ill with
acute respiratory infections.
In the apparatus shown diagrammatically in Figs. I
and 2, the interrupter, I, was placed in the tube
between the patient and the spirometer, S, which
was of the Bernstein type (Bernstein, D'Silva, and
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respiratory failure.
The relationship between
dyspnoea and the f o r c e
exerted during respiration
has been examined by several
w o r k e r s (Christie, 1953;
Marshall, Stone, and Christie,
1954). The latter authors suggested that the sensation of
breathlessness is caused by
the amplitude of the intrathoracic pressure c h a n g e s
w h i c h accompany inspiration. This paper reports an
attempt to correlate dyspnoea
with the magnitude of the
pressure developed a t t h e
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SUBJECTS STUDIED.-Twelve normal subjects with a
mean age of 30 years and 12 with a mean age of 64
years were studied (Table I). They were male members of the medical and administrative staff of a city
hospital and had no history or clinical evidence of
respiratory disease.
TABLE I
RELATION BETWEEN GRADE OF DYSPNOEA, PEAK
INTERRUPTER PRESSURE, AND VENTILATION AT REST
AND DURING EXERCISE IN 24 NORMALS

Grade

AgeAe G
D0ys e
pnoea*

Peak Inspi-

plus
Tdlratory
Expiratory
VoluTmei
(I mm.) Interrupter
Volumres Ventilation

Rep-

Rates
Rator
Rt

(lre)Pressure
(cm. water)

12 Younger Normal Subjects
0-75
16
30
0
(10-22) (0 40-1-15)
(17-42)
1-60
20
1
(16-25) (105-2 40)
2 40
29
2
(21-39) (1-75-3 05)
12 Older Normal Subjects
0-67
16
64
0
(8-26) (0-41-0 95)
(48-76)
1

(13-33) (0 95-1 65)
1-80
26
(16-37) (1-15-2 50)

2

A
FIG. 2.-Interrupter and electrical circuit. A=-Interrupter (barrel
tap with hole in core). B=Solenoid. C=A light vane suspended in the airway, adjusted to produce interruption at
maximum rate of airflow. D=Clockwork-driven mechanism to
control duration of interruption.

Mendel, 1952). Volume changes were recorded on a
kymograph, K. The interrupter was a barrel tap, A,
(Fig. 2), with a 1 in. diameter hole in the core. Interruption was produced by rotation of the core through
900 by a solenoid, B. A light vane, C, in the airstream controlled, through an adjustable contact, the
flow rate necessary to close the tap. The clockwork
mechanism, D, controlled the period during which the
tap remained closed. This was adjusted so that the
duration of interruption was 0.25 sec. Pressures
were recorded with a tambour. The response was complete in less than 0.1 sec. The dead space of the
apparatus was approximately 300 ml. Each figure
for inspiratory and expiratory pressure in the tables
is the mean value of six to eight observations. Fig. 3
is a reproduction of a volume and pressure record.
All tests were carried out with the patient in the
sitting position. Exercise tests were made on a bicycle
ergometer with an adjustable rim brake.
Duplicate observations of pressure on two severely
disabled subjects were made: (1) at rest, (2) during
exercise to just detectable dyspnoea, and (3) after
exercise to the limit of tolerance. Inspiratory and
expiratory pressure differences were of the same order
of magnitude in both subjects at rest and during
exercise. A maximum difference of 2 cm. of water
was observed once only. The standard error of one
observation =0.7.

1-30

20

11 9
(7 6-15 9)

3-8

(2-7-4.8)

12-2
310
(10-14)
(22 0-45 6)
46
68-2
(50-2-109-2)_ (35-62)
10 1
(4-6-15-0)
25-2
(15 0-31 9)
45-1
(32 8-66 6)

3-3
(2 5-4 0)
11-0

(9-0-13-0)
33-4

(19-0-46-0)

The figures are the mean values with the ranges beneath in brackets.
* Grades of dyspnoea: 0-No dyspnoea, subject at rest. 1-Exercise
to just detectable dyspnoea. 2-Exercise to max'imum dyspnoea.

Twenty-six men with bronchitis and emphysema
from a city population were studied while undergoing
in-patient treatment for respiratory infections and
subsequently during convalescence as out-patients.
Twelve patients with a mean age of 63 years were
assessed on clinical grounds as mildly or moderately
affected and were examined at rest and during exercise (Table II); seven were also examined during
TABLE II
RELATION BETWEEN GRADE OF DYSPNOEA, PEAK
INTERRUPTER PRESSURE, AND VENTILATION AT REST
AND DURING EXERCISE IN 23 PATIENTS WITH
BRONCHITIS AND EMPHYSEMA
Peak Inspi-

Grade
of

Rep-

pnoea*

Rat

Ae
Ae
Dys-

ratpiRate

12 Subjects with Mild

Emphysema
0
63
(52-72)
1
2

plus
Tdlratory
Ventilation Expiratory
Tidlum
Interrupter
(I./mmn.) Pressure
Volumres
(litres)

21

(cm. water)

or

Moderate Degree of Broronchitis and

0 60

(15-36) (0 25-083)
0 75
25
(17-45) (0-32-1-05)
0 90
34
(22-49) (0-45-1*65)

11*7
(7-7-16-0)
18-1
(10 9-27-3)
29-0

(15*2-42-0)
11 Subjects with Severe Bronchitis and Emphysema
9*9
18
057
0
64
(6-4-14-0)
(12-28) (0 40-0-75)
(49-77)
1

2

20

0-68

(14-29) (0.45-1-03)
0 73
29
(22-39) (0.50-0.98)

13 4
(8-5-15 9)
19-3
(14-4-24-3)

9-4
(6 4-12-0)
13 9

(9.5-17-0)

36-0
(23*5-48-0)

80
(6 5-12-0)
12-1
(9-0-15 0)
21-8
(18-0-26-0)

The figures are the mean values with the ranges beneath in brackets.
* Grades of dyspnoea: 0-No dyspnoea, subject at rest. 1-Exercise
to just detectable dyspnoea. 2-Exercise to maximum dyspnoea.
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Fio. 3.-An Illusration of the spirographic tracing (above) and the interrupter pressure record (below) from
taking a moderately deep breath followed by a deeper breath.

respiratory infections (Table III). A further 14
patients with a mean age of 64 years were severely
affected; of these, eight developed cardiac failure and
three died. Eleven were examined at rest and during
exercise (Table II) and seven during respiratory infections (Table III).

PROCEDURE.-Dyspnoea is defined in this paper as
the sensation of difficult breathing. Its purely subjective nature makes its severity difficult to assess. The
only levels which can be defined at all clearly are at
each end of the range, namely just detectable
dyspnoea and maximum dyspnoea. The interrupter
pressures were therefore measured at these points
whether dyspnoea was due to respiratory infection or
to exercise. The possible effect on the results of
defining dyspnoea in this way is discussed below.
Records of tidal volume, respiratory rate, and interrupter pressure were made in patients with acute
exacerbations of chronic bronchitis shortly after admission to hospital. Whenever possible, observations

a

normal subject
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were made when dyspnoea was greatest as a result of
the disease process, during recovery when dyspnoea
was just detectable, and after recovery when there

was none.

Control observations were made on normal subjects and on patients who had recovered sufficientl7
to be ambulant as follows: (1) In the sitting position
after resting for five minutes; (2) after exercise on a
bicycle ergometer to just detectable dyspnoea; and
(3) after exercise to the limit of tolerance. Dyspnoea
appeared to be the limiting factor in all subjects:
when any other condition limited exercise, the results were excluded from the series.

RESULTS
DYSPNOEA AND PEAK INSPIRATORY TO PEAK EXPIRATORY PRESSURE CHANGE
IN NORMALS AT REST AND DURING EXERCISE.-NO
significant differences between the magnitude of
RELATION

BETWEEN

TABLE III
RELATION BETWEEN GRADE OF DYSPNOEA, PEAK
INTERRUPTER PRESSURE, AND VENTILATION IN
PATIENTS DYSPNOEIC AT REST AS A RESULT OF
RESPIRATORY INFECTIONS
Gae

Ag
Ae

o

Dys-

pnoea*

Respirtry
rater
Rate

Tidal
Vlue
(oltres

(litres)

Peak Inspiratory plus

Ventilation

(1./mmn.)

Expiratory
Interrupter

Pressure
(cm. water)

7 Subjects with Mild and Moderate Bronchitis and Emphysema
62
1
28
0-53
13-9
13-1
(52-72)
(19-40) (0-35-078)
(9-4-21-7) (11-0-16-0)
2
41
0-44
17-1
24-2
t
(25-54) (0-33-0-63) (13-9-20-0) (18-0-36-0)
7 Subjects with Severe Bronchitis and Emphysema
65
1
24
0 40
9.7
10-0
(56-75)
(20-34) (0°35-0 50)
(7i9-151.9)
(9-0-110)
2
42
0-30
12-5
14-3
(29-52) (0-23-0-35)
(9-4-18-2) (12-5-17-0)

The figures are the mean values wsth the ranges beneath in backets.
* Grades of dyspnoea:
I-Respiratory infection producing just
detectable dyspnoea. 2-Respiratory infection producing maximum
dyspnoca.
t Three patients in this group died of the respiratory infection.

the inspiratory and expiratory interrupter pressures were noted in the normal subjects or patients
studied and the result in each group is therefore
expressed as the peak inspiratory to peak expiratory pressure change. The resting pressures are
3.8 cm. and 3.3 cm. water for the young and old
groups respectively (Table I). On exercise, dyspnoea is just detectable at average values of 12.2
and 11 cm. respectively and the pressures at the
level of maximal dyspnoea are 46 and 33.4 cm.
Thus, the young group is capable of augmenting
pressure by 42.2 cm. compared with 30.1 cm. in
the old group. The mean value for pressure in
the presence of maximal dyspnoea is significantly
lower in the older group (difference=12.6 cm.;
t(22 d.f.) 3.49; P<0.01).
RELATION BETWEEN DYSPNOEA AND PEAK INSPIRATORY TO PEAK EXPIRATORY PRESSURE CHANGE
IN PATIENTS WITH BRONCHITIS AND EMPHYSEMA AT
REST AND DURING ExERcISE.-Table II shows that
in the mild and moderately severe cases the average pressure at rest is 9.4 cm., which is more than
double the normal value although the ventilation
of the two groups does not differ significantly.
On exercise, just detectable dyspnoea occurs at
13.9 cm., which is not significantly different from
the normal value, but occurs at a significantly
lower ventilation, 18.1 I./min. (difference=7.1 1.;
t(17 d.f.) 3.005; 0.01>P>0.001). The average
pressure at maximal dyspnoea is 36 cm. and is
again not significantly different from the normal
value, but is at a ventilation (29 1./min.) onethird less than normal (difference=16.1 1.; t(22

d.f.) 4.232; P<0.001).
D
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Severe cases (Table II) show the same general
pattern as the milder group at rest and on exercise
when dyspnoea is just detectable, but they become
maximally dyspnoeic at a significantly lower pressure, 21.8 cm. (difference= 14.2 cm.; t(I 1 d.f.)
5.90; P<0.01), and ventilation, 19.3 1./min. (difference=9.7 1. ; t(21 d.f.) 3.258 ; 0.01>P>0.001), than
the less severe cases. The tables show clearly that
the lower minute volumes in both groups are a
consequence of the smaller tidal volumes.
It was observed that in severely disabled
patients the severity of dyspnoea was less closely
related to the severity of the exercise than in the
normal subjects and seemed to have an " all or
nothing " quality. That is to say, the patients
were less able to distinguish degrees of breathlessness than the normal person. This can be related
to the finding that the change from minimal to
maximal levels of dyspnoea on exercise is associated with a diminished range of pressure. The
phenomenon is most marked when exercise is
attempted during exacerbations of infection, as

described below.
RELATION BETWEEN DYSPNOEA AND PEAK INSPIRATORY TO PEAK EXPIRATORY PRESSURE CHANGE
DURING RESPIRATORY INFECTION. - Table III
shows that just detectable dyspnoea due to disease
when the patient is at rest occurs at a pressure of
13.1 cm. in the milder group and 10 cm. in the
severe group. These pressures approximate fairly
closely to those at the level of just detectable dyspnoea on exercise in normal subjects and convalescent patients but are associated with a smaller
increase in ventilation above the resting level in
the milder group and no significant increase in the
severe group. Maximal dyspnoea during severe
infections is associated with a pressure of 24.2 cm.
in the milder group and a significantly lower pressure of 14.3 cm. in the severe group (difference=
9.9 cm.; t(I0 d.f.) 3.72; P<0.01), and with a significantly lower ventilation, 12.5 1./min. (diffelence=4.6 1.; t(l0 d.f.) 2.727; PT0.02).
It may be objected that the patient's assessment
of maximal dyspnoea could not, in fact, be correct and that further advance of the disease would
lead to still greater dyspnoea, possibly producing
a greater rise of pressure. But this objection
applies with equal force to mild and severe cases
and therefore does not explain the difference
between them. Moreover, in several fatal cases,
which were followed to their termination, no further rise of pressure could be detected. In fact,
pressures were maintained at the impaired level
until within three to four hours of death. During
this period a slight further impairment of 1 to
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3 cm. preceded terminal interruption of rhythmical motor activity. This fall in pressure was
associated with a fall in ventilation from about 12
to 8-9 1./min.
Thus, the change from minimal to maximal
levels of dyspnoea is again associated with a
smaller change of pressure in the severe group
(4.3 cm.) than in the milder group (11.1 cm.).
Moreover, the change is smaller in the severe
group during respiratory infections (4.3 cm.) than
on exercise (9.7 cm.). This may well be related
to the much more marked "all or nothing"
character of dyspnoea which the advanced cases
exhibit during exacerbations of disease. Thus, by
moving about in bed, the patient may reduce himself from a state of comparative comfort to one of
marked distress, and this increase of dyspnoea is
associated with only slight objective evidence of,
increased movement of the thoracic cage. This
phenomenon is most marked during exacerbations
of infection and for three to four weeks afterwards. Subsequently, in a number of instances,
the pressures tended to increase, producing a
return towards the normal relation between pressure and dyspnoea. These features occur especially in patients having a long history of severe
respiratory disability and also when the current
attack is of long duration.

DISCUSSION
The mouth pressure developed during brief airway interruption is generally considered to be
determined by the component of the respiratory
muscular force required to overcome the airway
and non-elastic tissue resistances of the lung (Mead
and Whittenberger, 1954; Fry, Ebert, Stead, and
Brown, 1954). Pressure will therefore diminish
if the muscular force or the resistances diminish.
In fact, in these patients the airway resistance
increases (Dayman, 1951 ; Fry and others, 1954),
and the tissue resistance may also increase, especially during respiratory infections (Marshall and
Christie, 1954). It therefore appears likely that
the lower pressure in subjects with advanced
bronchitis and emphysema was due to a diminution in the muscular force. Uneven ventilation
in emphysema has been shown to produce temporal as well as spatial differences in the distribution of gas flow in the various units of the lung
and this factor might be considered likely to have
rendered the interrupter pressure inaccurate by
preventing the establishment of a plateau (Otis,
McKerrow, Bartlett, Mead, McIlroy, Selverstone,
and Radford, 1956). Satisfactory plateau formation was obtained, however, in these patients.
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Two factors appear capable of leading to a reduction in the muscular force. In emphysematous patients, Fry and others (1954) have shown
that the expiratory pressure-flow curve tends to
reach an asymptote; an increase of pressure
beyond a certain level is seldom accompanied
by an increase in flow and in- fact may fall.
Some preliminary observations on emphysematous patients suggest that on account of this factor, maximal ventilation at the limit of exercise
tolerance is achieved at a lower pressure than that
required to produce maximal ventilation in normal subjects. The reduction in force may therefore be in the nature of a reflex adjustment in
order to maintain maximum ventilatory efficiency.
Secondly, a diminished sensitivity of the respiratory centre acquired during a prolonged respiratory infection may result in an impaired response
to the stimulus produced by this infection, or by
exercise during convalescence. Patients with
severe bronchitis and emphysema are known to
have a diminished ventilatory response to inhalation of carbon dioxide (Scott, 1920; Donald and
Christie, 1949; Tenney, 1954). The sensitivity of
the respiratory centre to carbon dioxide has been
shown to depend on the prevailing level of arterial
carbon dioxide tension. In severe cases this level
is raised and the ventilatory response diminishes
with increasing levels of resting arterial carbon
dioxide tension (Prime and Westlake, 1954). The
level tends to be raised especially during and after
prolonged respiratory infections. Carbon dioxide
is an important component of the stimulus augmenting the force of respiration during exercise,
and a diminished sensitivity to it may therefore be expected to impair the maximal force
developed during exercise in the convalescent
period.
The ventilatory response to maximal exercise is
diminished in patients with bronchitis and emphysema, but no definite lowering of the peak oesophageal pressures has been observed (Marshall
and others, 1954; Ogilvie, Stone, and Marshall,
1955). The present results suggest that definite
differences between the mild and severe group of
patients both in ventilation and in interrupter
pressure become evident on exercise when they are
examined after respiratory infections. Ventilatory
and pressure differences between the two groups
were also observed when the patients were
examined during the course of respiratory infections. The smaller tidal volumes observed in the
severe group can be attributed partly to the greater
airway and tissue resistances likely to have been
present, but also to the smaller muscular forces
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available to meet these resistances. The latter
factor is probably particularly important in the
severe or fatal respiratory infections that are
liable to occur in patients with advanced bronchitis
and emphysema, because it contributes to the progressive impairment of alveolar ventilation that
makes these infections so serious.

The relation between dyspnoea and pressure
was examined. The change in degree of breathlessness during a respiratory infection or on
exercise, from the level of just detectable dyspnoea to that of maximal dyspnoea, was associated with a smaller increase of pressure in the
very breathless than in the less severely disabled
and normal subject.

SUMMARY
The peak inspiratory and expiratory pressures
developed at the mouth during natural breathing
have been measured by the airway interrupter
method at rest, on exercise, and during respiratory infection. Ventilation was also measured.
A group of mild and a group of severe cases of
bronchitis and emphysema were studied and the
results compared with those from young and old
groups of normal subjects.
Patients suffering from severe bronchitis and
emphysema were found to develop significantly
lower pressures during respiratory infections and
on maximum exercise than normal subjects,
especially after prolonged infections. Ventilation was also diminished and this was due almost
entirely to smaller tidal volumes. In fatal cases,
peak pressures and tidal volumes progressively
diminished in the terminal stages of the disease.

I wish to thank Dr. B. Gottlieb and Dr. F. J
Prime for valuable advice and criticism during the
course of this work.
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