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INTRODUCTION

An elevated arterial carbon dioxide tension is
not infrequently found in patients with pulmonary
emphysema. Donald and Christie (1) and Wilson,
Borden, Ebert, and Wells (2) have shown that
such patients are unable to lower their arterial
pCO2 significantly by voluntary hyperventilation.
This mechanical defect in the control of blood
carbon dioxide tension makes these patients par-
ticularly susceptible to the development of respira-
tory acidosis. An associated event is a depression
of the ventilatory response to increases of carbon
dioxide tension so that anoxic stimulation of the
carotid and aortic bodies becomes the prime stimu-
lus for breathing (3). When oxygen therapy is
instituted in an attempt to alleviate the anoxia, the
obviously distressed cyanotic patient may become
almost apneic, drowsy, and even comatose. This
poses -a difficult therapeutic problem.

The immediate object of the therapy in such pa-
tients is to provide an adequate lung ventilation
which will overcome the anoxia and increase the
elimination of carbon dioxide. Often some me-
chanical aid to respiration is urgently required.
Electrophrenic respiration (4, 5) and mechanical
respirators using intermittent positive pressure
breathing applied to the upper airway (6) or as
applied in the conventional tank respirator (7, 8)
have been recommended as an adjunct to therapy
in respiratory acidosis. As the exsufflator attach-
ment to the tank respirator has been shown to effec-
tively reverse disturbed alveolar gases resulting
from obstructed breathing (9) it was of interest
to determine its effect in pulmonary emphysema.

The purpose of this paper is to present the effect
of the mechanical exsufflator on respiratory gas ex-
change in chronic pulmonary emphysema, to com-
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pare its effect to that of the conventional tank
respirator, and to describe their combined use in
the treatment of a severely ill emphysematous pa-
tient who developed respiratory acidosis.

METHODS

Mechanical exsufflation, devised as a means of eliminat-
ing bronchial secretions in patients with an ineffective
cough (10, 11) is accomplished in a conventional tank
respirator by producing a negative intratank pressure of
40 mm. Hg for inflation of the lungs, and, by means of a
swiftly opening butterfly valve, returning the intratank
pressure to atmospheric in 0.06 second. Expiration there-
fore, in contrast to that in other forms of intermittent
pressure breathing, is not impeded except for the initial
0.06 second. Expiratory volume flow rates measuring 60
per cent of the rates obtained during maximally vigorous
coughs in normal subjects have been attained by this
procedure (12).

In the present study the exsufflator was cycled 9 times
a minute. The inspiratory pressure was built up over a
2 second period, thus allowing 4.6 seconds for expiration.
The observations on the effect of the conventional tank
respirator were made using an Emerson respirator cycled
17 times a minute with a pressure range of -20 to + 8 cm.
water, the time of inspiration and expiration being ap-
proximately equal. Each patient was instructed to 'breathe
with' the apparatus being used.

Studies were made on 13 cases of chronic pulmonary
emphysema in whom retention of carbon dioxide due to
impaired pulmonary ventilation was suspected. In order
to obtain a resting level all reclined in a conventional tank
respirator for 30 minutes before any experiment was be-
gun. The exsufflator was attached to the respirator so
that either apparatus could be used and followed im-
mediately by the other.

In order to determine the effect of these procedures
and of the administration of oxygen, pulmonary ventila-
tion was measured on a Benedict-Roth respirometer. Ar-
terial blood samples were drawn by means of an indwelling
Cournand needle and the Van Slyke-Neill technique was
used for the determination of their oxygen content and
capacity and carbon dioxide content (13). The arterial
pH was determined by glass electrode at 37° C. without
exposure to air on a Beckman pH meter and the carbon
dioxide tension was derived by the Henderson-Hasselbach
equation.
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RESULTS

In four patients with emphysema the effect of
the exsufflator was compared to that of the conven-

tional tank respirator. In Case 1, 30 minutes of
exsufflation were followed immediately by 60 min-
utes of respirator treatment. This procedure was

reversed in Case 2 and broken into two parts in
Cases 3 and 4, the patients receiving exsufflation
for 30 minutes one day and respirator treatment
for 60 minutes the next.

The effect of these two procedures on minute
volume, arterial pH, carbon dioxide tension, and
oxygen saturation is shown in Figure 1. The ex-

sufflator resulted in an appreciable rise in pH, a

rise in pH, a rise in oxygen saturation averaging
4.6 per cent and a fall in carbon dioxide tension
averaging 10 mm. Hg while the respirator pro-

duced only a slight effect on these measurements.
It is seen that the minute ventilation was practi-
cally unchanged from the resting control level dur-
ing respirator therapy while the exsufflator in-
creased the average minute volume by 4 liters per

minute or by 55 per cent. The tidal volume, un-

changed by the respirator, was increased to three
times that of the control when exsufflation was ap-

plied (Table I).
Respiratory acidosis was produced in eight pa-

tients with emphysema by the administration of
100 per cent oxygen by mask. Cases 5 and 6 re-

ceived oxygen for 60 and 30 minutes, respectively,
and were treated with the exsufflator immediately
following cessation of oxygen therapy. The ex-
sufflator was applied for 30 minutes in Case 5 and
15 minutes in Case 6. Cases 7 to 12 received oxy-
gen for 90 minutes and exsufflation for the last 30
minutes of administration.

In all eight cases oxygen caused a rise in arterial
carbon dioxide tension and a fall in arterial pH.
Table II shows that in Cases 5 and 6 exsufflation
promptly reversed these changes, the values being
shifted towards normal. The reversal of acid-base
disturbance when exsufflation was applied in Case
7, despite the continued administration of 100 per
cent oxygen is illustrated in Table III.

Determinations of ventilation and blood gases
were also made two hours after the experiment in
Cases 8 to 12. Figure 2 shows that in three out
of five cases the pH remained elevated and the
pCO2 was maintained at a lower level two hours

TABLE I

The effect of the respirator and exsufflator on tidal volume

Case Control Respirator Exsufflator
no. ml. ml. mL

1 360 312 1,133
2 473 467 1,400
3 312 369 1,075
4 588 569 1,700

Arterial
PH
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after the period of exstufflation, but that the oxygen
saturation fell to below the control value in fonir
ouit of five cases.

The uisefulness of the exstflator in the treat-
Iment of a p)atieInt wx-ith severe emphysemia whlo de-
veloped a imiarked respiratory aciclosi s was (lemilon-
strated in the following case

Case 13 (1. .I.) A 53 year old white nmani, was ad-
mitted to the lhospital on Jtdly 5, 1952, complaining of se-
vere dvspnea of seven months (lutration. He lhad been in
good healtlh tintil January, 19152, when hle developed tighlt-
ness in his clhest, dvspnea and(l cough with exl)ectoration
of green sputum. Despite penicillin therapy these syrmp-
toms inicrease(d in sev-erity and(I he required a(lmissionl to
hospital for a slhort timle in Febrnarv anid again in March.
He was found to have pulmonary eniphysenma w-ith
bronchopeuumonlia anid possiblv- an earlv cor ptulmonale.
Vital capacitv was 2.0 liters. He improvedl markedly
when penicillini, aureomivcin ad(d igitalis were aclminis-
tered and( phlebotomy performned and was discharged from
hospital. On) June 15, hils rlv-spniea increased and by
July 4, 1952, his symptoms liadl hecome very sev-ere. He
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TABLE II

The effect of exsuffl.ation oni acid-base disturbance produed
by oxygen therapy inl pulmlzonary enmphysemna

Case

6

S0 at t,

t''est
0-, 60 immin.
Hxsuff. 30 immin.

Rest
02 30 mini.
EXsLuff. 15 nin.

MI iilite
volume

7.65
6.90
9.90

9.46
6.85

12. 7-4

A rter'

I'( ()
I )7 In i

7.i38 46
7.3) 52
i 42 39

i
I 64

7. 0 7/7
7,.6 57

wvas tlenl giiven conitinuouts oxygen by Imlask at 6 to 7 li-

ter-s per iminiute. Drowsiness wvas noted and(I hle was taken
to hospital.

On1 admissionl hle was (lrowxvsy, cyanotic andA extreelyCV
d- splcic. The ju-etlar ve'ins were distendc(l. Chest was

harrel-shaped aiudI mov( :mnt was limitc(l hilaterally.
Hyperresonance, distant breatlh sounds an-d hilateral scat-

tere(l ronchi wNere present. Blood l)ressurc was 140/85.
T'hie liver was palpahle (ne and one-half finger hrea(ths

.

nA wg.

Il r

Coals a Case 9 Case Case I I Case It

FIG. 2. RESPIRATORY GASES BEFORE AN-D AFTER ExSUFFLATION- IN FIVE PATIENTS \NVITH EMiPyipiSEMIA MADE AcIDOTIC
WNITH OXYGENTHERAPY
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TABLE III

The effect of exsufiation during continuous oxygen therapy
in a patient with emphysema

Oxygen Arterial
Minute satura-
volume tion pCO2

State (L./min.) % pH (mm. Hg)

Resting 6.8 92.8 7.44 44
Oxygen 60 min. 5.9 98.1 7.36 55
Oxygen and

exsufflation 9.2 99.0 7.42 43

below the costal margin. There was pitting edema of
both ankles and slight clubbing of the fingers. Haemo-
globin was 15.5 Gm. per cent; red blood cells, 7.8 million
per cmm.; hematocrit, 55 per cent; and white blood cells,
11,600 per cmm. Vital capacity was 1.0 liters. The chest
film revealed bullous emphysema with some right ventricu-
lar enlargement. EKGshowed right axis deviation.

On July 7, further oxygen was administered and he
became almost apneic. The arterial pH was 7.31 and the
carbon dioxide tension 84 mm. Hg. He was placed in a
tank respirator and also received exsufflation for 1/2 hour
every 2 hours. A comparison of the effect of the respira-
tor and exsufflator on tidal volume and minute ventilation
is shown in Table IV. He was treated by the combined
use of the respirator and exsufflator and oxygen by nasal
catheter at 1 to 3 liters per min. until July 10, 1952. The
improvements in arterial pH and carbon dioxide tension
are shown in Table V. By July 20th he was up and about
though limited in activity, and discharged from hospital.

DISCUSSION

The results reported above indicate that the ex-
sufflator is superior to the conventional respirator
in managing the acid-base disturbance associated
with respiratory acidosis in pulmonary emphysema.
This might be explained by the ability of the ex-
sufflator both to overcome obstruction to breathing
(9) and to ventilate the alveoli more effectively.

The presence of bronchiolar obstruction due to
either spasm or thick viscid secretions in the
bronchi is probably a considerable factor in the
development of anoxia and carbon dioxide reten-
tion in severe emphysema. The exsufflator has

TABLE IV
The effect of the respirator and exsufflator on tidal volume

and minute ventilation (Case 13)

Tidal Minute
volume volume

(Ml.) (L./min.)

Control 286 5.2
Respirator 278 4.7
Exsufflator 645 5.8

TABLE V

The effect of therapy on artqrial blood estimations
(Case 13)

Arterial

Date pH pCO2 Comment

7/7/52 7.31 84 Prior to therapy
7/8/52 7.43 67
7/9/52 7.39 66} During therapy
7/11/52 7.38 63 Day after cessation

of therapy
7/15/52 7.40 64 Out of bed, limited

activity

been shown to result in a marked elimination of
secretions in many cases of emphysema (13).
This effect could thus play a large role in the shift
towards normal of the arterial blood gases and pH.

In the cases treated in the conventional respira-
tor the tidal volume and minute ventilation did not
change appreciably from that present during unas-
sisted respiration. However, a consistently marked
increase in tidal volume occurred during the period
of exsufflation. The increase in arterial oxygen
saturation and fall in carbon dioxide tension de-
spite a respiratory rate of only 9 times a minute is
due to the threefold increase in tidal volume re-
sulting in a more effective alveolar ventilation.
Case 13 demonstrates that despite only a slight in-
crease in minute ventilation, the marked increase
in tidal air produced beneficial results.

No post-exsufflator period of apnea was ob-
served despite the fact that the stimulus of anoxia
was removed. It seems possible that the sensi-
tivity of the respiratory mechanisms was at least
partially restored by the changes in gas tension
induced by the exsufflator. It is also noteworthy
that in Cases 8, 10, and 11 the 02 saturation at
two hours was below the original control level
while the CO2 tension and pH were maintained
at closer to normal values. This anomalous effect
on arterial 02 and CO2 levels was presumably due
to an increased ventilation of normal alveoli oc-
curring at the expense of ventilation of malfunc-
tioning parts of the lung.

It is concluded that exsufflation is a helpful ad-
junct in the handling of the problem presented by
retention of carbon dioxide in a patient with severe
pulmonary emphysema. During exsufflation, oxy-
gen may be administered to such patients, thereby
relieving the consequences of severe anoxia with-
out inducing respiratory acidosis. However, as a
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sequel to the maintenance of a lowered arterial
pCO2 the arterial blood may become more anoxic
following cessation of therapy.

SUMMARY

In four cases of pulmonary emphysema, 30 min-
utes of therapy with the exsufflator resulted in an

increased minute ventilation and beneficial effect
on arterial pH, carbon dioxide tension, and oxy-

gen saturation. Respirator therapy for 60 minutes
resulted in no appreciable change.

Uncompensated respiratory acidosis was pro-
duced in eight cases of emphysema by the adminis-
tration of oxygen. The acid-base disturbance was

effectively treated by a short period of exsufflation.
In three of five cases the low level of CO, was main-
tained after two hours while the oxygen saturation
fell below the control level. The beneficial effect
of the use of the exsufflator in the treatment of a

patient with emphysema who developed respira-
tory acidosis was demonstrated.

The decisive increase in tidal air and minute
ventilation with the rapid effect on pulmonary gas
exchange during exsufflation appears to be a valu-
able adjunct to therapy in respiratory acidosis.
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