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Discussion to the paper by H. Sund Kristensen, O. Jessen and K. Rasmussen
FINNEGAN. I would like to illustrate the respirator

treatment of acute or chronic lung disease at Whiston
Hospital in the period from May 1962 to January 1966.
Twenty-two men and three women developed acute

cardiorespiratory illnesses and became moribund despite

TABLE A1
Respirator treatment of acute-on-
chronic lung disease (May 1962 to

January 1966)

Age (years) No. of patients

40-50 6
50-60 11
60-70 8
Total 25 (22 men +3 women)

TABLE A2
Deaths during respirator treatment

Causes No. of Days of
patients treatment

Failure of resuscitation 2 1
Massive pulmonary infarcts 1 3
Undiagnosed carcinoma of bronchus 1 6
Perforated duodenal ulcer 1 24
Renal failure 1 11
Cross-infection 2 10 and 11
Bronchopneumonia 1 13
Total 9

antibiotics, controlled oxygen and chest physiotherapy.
All the patients had acute-on-chronic cor pulmonale due
to chronic bronchitis, bronchiectasis or pulmonary
thrombo-embolism (Table A1). The treatment of the

acute illness consisted of mechanical ventilation through a
tracheostomy, antibiotics and metabolic care.
The mean duration of ventilation was 10-6 days and

the range was 12 hr to 35 days. Nine patients died during
the period of respirator treatment; the causes of death
are listed in Table A2.
Four patients died within 1 year and three patients

within 2 years of treatment. Nine of the original group
are still alive, six with moderate disability and three with
severe disability (Table A3).

TABLE A3
Follow-up of nine patients surviving for

6 months to 3 years

Disability Grade of No. of
dyspnoea patients

Moderate 1-2 6
Severe 3 3

The criteria for selection, the management and the
complications are similar to those reported by Dr
Kristensen.

ROBERTSON. I note that Dr Kristensen has had some
complications with tracheal stenosis after IPPV, and
wonder whether this was because the cuff of the rubber
tube was blown up too tight, perhaps by the nursing staff,
since this has been the experience of Mr Peter Gibson of
Perth, Australia.

Finally, may I ask whether anyone in the audience has
any properly controlled evidence that either methyl-
or acetyl-cysteine is effective? I have heard many speakers
praise its usefulness, but I am more impressed by the
absence of any properly controlled trial.
SCARROW. Pulmonary angiography was employed to
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Treatment of severe respiratory insufficiency 251

help in the interpretation of tomograms and plain chest
films in chronic bronchitis and emphysema. A pressure
record was taken before and after the investigation and
during and after exercise of the legs with the patient in a
recumbent position. Multiple exposures made following
the injection of Urografin into the main pulmonary
artery enable one to determine the sizes of the pulmonary
arteries and veins and their rates of filling. A study of
eighteen patients with chronic bronchitis and emphysema
(Scarrow, 1966), suggested that the angiograms could
be classified into three types. Type III corresponded
clinically to the 'blue-bloater' picture. To illustrate these
results I would like to show pictures taken during con-
valescence, of two patients treated at Whiston by pro-
longed IPPV. Clinically both men were blue-bloaters and
the initial chest film showed opacities in the lung fields
which cleared after treatment.

First case. A bronchitic man aged 42 rapidly deterior-
ated into respiratory failure and the ECG suggested
pulmonary infarction. During treatment, bronchoscopy
and a left bronchogram showed that the airways were
clear. The patient responded well to intensive therapy.
The angiogram made 3 months later (Fig. A1) showed

02...,,,0.,e . . . ....................

:,~~~~~~~~~~~~~~~

FIG. Al. Case No. 1.

only moderate dilation of the main pulmonary arteries,
poor flow to the left lower lobe and occlusion of the
peripheral vessels. The appearances of the arteries to
the left lower lobe suggested old thrombosis which had
partially recanalized.

Second case. A chronic blue-bloater aged 62 had a
similar illness. The angiogram taken 5 months after
treatment (Fig. A2), however, was strikingly different.
The main pulmonary arteries were large, the arteries of
the right upper lobe and left lower lobe were also large
and these lobes were hyperaemic. The right lower lobe
and left upper lobe do not fill as well as the other areas
and occluded vessels can be identified at the level of the
second or third generation of branches.
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FIG. A2. Case No. 2.
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SHERWOOD JONES. I was privileged to read the paper
by Dr Kristensen and his colleagues before the Sym-
posium. For years we had regarded their earlier paper
(Munck, Kristensen & Lassen, 1961) as one of the half-
dozen classics on intensive therapy. The selection of
patients for IPPV, the methods, the results and follow-
up are crystallized in just two pages of the Lancet!
The results given today support the earlier work. I was
surprised to see how many references he was able to
find which were quite unknown to us. This emphasizes
the difficulties of collecting together all the relevant
literature on intensive therapeutics. For example, Dr
Ambiavagar and myself spent many hours of our spare
time over a period of 6 months before we were satisfied
that we had consulted most of the literature on status
asthmaticus. Indeed, one of the aims of our Symposium
is to remedy this state of affairs.

I would like to build up my own picture of respiratory
failure due to chronic bronchitis and emphysema by
referring to the studies made here since 1958. I wish to
stress the importance of abnormalities in the pulmonary
circulation and right-heart and their relation to treatment.
During the winter of 1958-59 a study was made on

ninety men admitted with exacerbations of chronic
bronchitis, bronchopneumonia and cor pulmonale.
Two findings emerged which are relevant to my present
theme. The first concerned the chest radiograph in
severe acute chest illnesses. Dr Scarrow concluded that
the changes in the chest film associated with the acute
illness could only be interpreted when this film was
compared to one taken before or some weeks later. In
those men who survived the winter illness we waited
until the summer of 1959 to get a basic film. A careful
comparison of the films revealed (Scarrow, 1964) that
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252 Discussion

only one third had opacities in the lung fields or radio-
logical pneumonia, but that in 40% of the X-rays one
or more areas in the lung fields were abnormal in that the
vascular pattern was obscured or there was an apparent
increase in the number and size of the vessels. Oswald,
Simon & Shooter (1961) reported a similar sign which
they described as 'very fine, ill defined areas of clouding'.
In about 40% of the Whiston films, a hilum or the hila
enlarged during the acute illness. To me, these X-ray
findings focused attention on the pulmonary circulation in
the acute chest illnesses of chronic bronchitis. The second
fact relates to the ECG in such illnesses. Cor pulmonale
may be overt-cyanosis, oedema, triple rhythm-or
suspect and yet there is no evidence of right ventricular
hypertrophy (RVH) or strain in the ECG. This is a
well-recognized shortcoming of the ECG (Caird &
Wilcken, 1962; Harvey & Ferrer, 1960; McMichael,
1960; Mounsey, 1954) and led us to explore the use of
the vectorcardiogram (VCG). The use of the VCG in
the recognition of RVH or strain in pulmonary heart
disease certainly paid off. Since vectorcardiography
has not really caught on in this country as it has done in
the U.S. a few words of explanation would not be amiss.
Scalar and vectorcardiography are based on the dipole
hypothesis and assume that there is a point of origin of
the electrical potentials of the heart situated in the middle
of the chest in a plane corresponding to the V2 electrode
position. When we take a strip of V2 we are recording the
changes in potential as projected on to this point of the
chest. The term 'vector' is a mathematical one used by all
sixth-formers upwards, and means a force which is
constantly changing in size, direction and polarity.
There are P, QRS and T vectors and each describes a
three-dimensional loop. Since one cannot display an
electrical signal in three dimensions, the loops are
recorded photographically in horizontal, sagittal and
frontal planes. Fig. A3 shows a normal QRS loop looked

V5

FIG. A3. Showing the relation of the normal horizontal
QRS vector loop to the unipolar chest leads V1 and V1.

at in the horizontal plane and its relation to chest leads
V1 and V_. When the VCG was recorded in chronic
bronchitis and emphysema, it was frequently found to
be abnormal in this disease. Brown (1963) working in
my laboratory analysed the ECGs and VCGs of fifty
men with chronic bronchitis, some with clinically
recognizable cor pulmonale. In ten men both tests
were normal; in sixteen, both results showed RVH.
Twenty-four patients, however, had RVH on the VCG
but only nine of these showed RVH on the ECG.
Similar findings were published in the U.S.A. by Coelho

et al. (1962) and by Walsh, Roman & Massie (1960).
We were naturally pleased to have found a simple method
for detecting RVH due to lung disease (Jones et al.,
1964). To return to the principal theme. The VCG was
taken on some of the patients treated by IPPV at Whiston,
and briefly referred to by Finnegan. Clinically these
patients had chronic bronchitis and emphysema and most
had oedema and enlargement of the abdomen and liver;
thus cor pulmonale was clinically overt or highly suspect.
Despite this, not all had RVH on the ECG. VCGs taken
on seven patients showed RVH. The VCGs of Fig. A4

A

B ,'I

C I.

D

%I I

I I

E I

F

G

FIG. A4. Horizontal QRS vector loops showing right
ventricular hvpertrophy.

are all abnormal and are examples of the varied types
seen in chronic bronchitis. Vector D of Fig. A4 is a
type also seen in severe RVH due to congenital heart
disease; the pulmonary angiogram of this man was
shown by Scarrow (Case 2). The ECGs of patients A,
D, F and G showed RVH but B, C and E did not.
Finally, on this topic, the VCG showed striking changes
during and after treatment (running and broken lines
in Fig. A4). The small number of VCGs taken on men
with chronic bronchitis treated by IPPV emphasized
again the importance of stress in the pulmonary cir-
culation.
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Treatment of severe respiratory insufficiency

The last evidence I would like to describe concerns
right heart pressures. Since we had no apparatus with
which to measure the cardiac output the pulmonary
vascular resistance could not be calculated. To get to
grips with the problem I repeated the experiments of the
1950s on the effects of leg exercise in the supine position
on the right ventricular pressures in chronic bronchitis
and emphysema. These results (Jones et al., 1964)
confirm that in severe chronic bronchitis and emphysema,
moderate exercise promptly produced dyspnoea and
rapidly elevated the right ventricular pressures which
remained high for some time after exertion stopped.
What is the relevance of this to the chronic bronchitic
forced to bed rest by an acute illness? The likely answer
is that the increased airways obstruction and lung stiff-
ness means that the patient is exercising hard to breathe.
With this information in mind isolated catheter studies
were made during IPPV treatment of respiratory failure
in the chronic bronchitic. The following case histories
may illustrate my hypothesis.

First case. A man of 53 years had worked at the coal
face for 34 years and gave a 20-year history of cough.
The patient was investigated for recent breathlessness,
9 months before his admission, requiring intensive care.
Clinically the diagnosis was chronic bronchitis with
moderate obesity and spirometry showed airways
obstruction (vital capacity 2-3 litres, FEV 1-2 litres, peak
flow 260 l/min). A chest radiograph showed changes in
the lung fields of chronic bronchitis and emphysema and
tomograms revealed pulmonary arterial hypertension.
At this time the ECG was normal but the VCG showed
RVH (loop C of Fig. A4). Cardiac catheterization showed
pulmonary arterial hypertension in response to light
exercise.
The patient remained at work until a week prior to his

emergency admission. The illness presented the classical
features of the 'blue-bloater' with copious purulent
sputum, cyanosis, orthopnoea, abdominal distension,
triple cardiac rhythm and confusion. The ECG had
changed from the previous trace in that the T waves were
now negative in V3 and V4. For 2 days the patient received
intensive chest physiotherapy, oxygen by Venturi mask,
ampicillin and methyl cysteine from a Bird ventilator.
Despite these measures, which were supervised by the
medical-anaesthetic team, deterioration occurred and the
patient was accordingly transferred to the I.C.U.
Tracheostomy with frequent tracheal suction and con-
trolled ventilation with O2 enriched air from an East-
Radcliffe ventilator was carried out. Neither tubocurarine

nor sedatives were needed to control ventilation and air-
way pressures of 20/0 cmH2O gave minute volumes of 16-
20 1. Controlled ventilation was continued for 10 days.
On days 11 and 12 a Cyclator was used intermittently.
The excellent progress enabled the cuffed tracheostomy
tube to be removed on day 16. During treatment there
was intermittent fever associated with copious purulent
secretions. Three pathogens were isolated and the in-
fection was finally overcome with the aid of chloram-
phenicol. The fever was attributed directly to infections
of the bronchial tree since no opacities appeared in the
lung fields. Following a brief period of convalescence the
patient returned to work. The right heart pressures were
measured on day 7 when the patient could breathe
spontaneously for 1 hr without distress. Four sets of
observations were made over 41 min (Table A4). When
breathing air spontaneously, the right ventricular pressure
was raised above normal. The pressure was reduced
either by allowing the patient to breathe oxygen-
enriched air or during controlled ventilation (East-Rad-
cliffe pressures 25/0, minute volume 18 litres). The
maximum reduction in the systolic right ventricular
pressure was obtained during controlled ventilation with
oxygen-enriched air. It will be seen from Fig. A5 that

FIG. A5. Right ventricular pressure trace from first case.
(a) When breathing air spontaneously; (b) during
IPPV with oxygen enriched air.

during spontaneous breathing (a) the right ventricular
pressures show a respiratory variation which was abolished
by controlled ventilation (b). Observations made on a
similar case ofrespiratory failure due to chronic bronchitis

TABLE A4
Pressures in the right ventricle and blood gases during spontaneous and controlled ventilation

Time Ventilatory Minute Arterial Paco2 Pao2 Right ventricular pressures (mmHg)
(min) conditions volume pH (mmHg) (mmHg)

(1.) Systolic Diastolic

0 Respirator/02 18 7-40 31 110 38 -2
20 Respirator/air 14 7'42 38 49 45 -8
33 Spontaneous/O02 7-38 45 72 50 -9
41 Spontaneous/air 7-22 64 63 57 -8

In the traces which showed marked respiratory variation the values shown below were obtained as
follows; the maximum systolic pressures were measured and the diastolic pressures of the same wave
forms were then read.

253
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Discussion

also suggested that IPPV relieved pulmonary arterial
hypertension in addition to improving the oxygenation
of the blood (cf. Ambiavagar, p. 232).

Second case. The next set of observations are more
impressive in terms of the height of the pulmonary
hypertension and illustrate rather well the relief of this
by IPPV. A woman of 61 years was crippled by asthma,
bronchitis and emphysema. There was hypercarbia and
polycythaemia. The chest film showed enlargement of
the heart and pulmonary hypertension (Fig. A6). The

+

FIG. A7. Pressure-volume loops from the second case
when breathing spontaneously (A1) and during control-
led IPPV (A). A normal loop (B) is shown for comparison.

PA tUAV#VAkE

FIG. A6. Radiograph of the chest from the second case.

VCG (loop G, Fig. A4) showed RVH. We first saw the
patient in respiratory failure and after 2 weeks IPPV it
was evident that the patient was respirator dependent
and that the treatment was doomed to fail. The clinical
impression of severe irreversible airways obstruction
was confirmed by the pressure-volume loops shown in
Fig. A7. On day 18 the pulmonary arterial pressures were
recorded, first on controlled IPPV from a Bird machine
using 100% oxygen and later breathing air spontaneously.
The two traces are shown in Fig. A8. The systolic,

diastolic and electronic mean pressures were as follows;
during IPPV-39/21, 31 mmHg, and when breathing
spontaneously-68/22, 43 mmHg. The brachial artery
pressure recorded by cuff did not change significantly.
Deductions are hampered by lack of the cardiac output
but my conclusion seemed inescapable; this woman was
kept alive for a month by IPPV and this treatment partly
relieved serious pulmonary hypertension.
The last example chosen to support my thesis is a

cases of thromboembolic pulmonary disease.

ECG

IPPV Spontoneous
FIG. A8. Pulmonary artery pressure trace from the
second case during controlled IPPV with oxygen and
when breathing spontaneously.

Third case. A 51-year-old housewife was transferred
to the Intensive Care Unit in extreme respiratory distress
and hypoxaemia. The hospital notes gave a history of an
acute chest illness 14 months previously with cyanosis,
chest pain, confusion, hypotension, pulmonary cre-
pitations and ECG signs of right ventricular hypertrophy.
There was no overt respiratory tract infection. These
signs improved over a month. Five and 3 months before
the present illness transient cerebral episodes occurred
thought to be epileptic or anoxic in origin; at these
times no RVH was seen on the ECGs. The progressive
deterioration of the patient indicated the need for
controlled ventilation to take over the work of breathing,
relieve hypoxia and pulmonary hypertension. The latter

254

31 4 A

 on M
ay 17, 2023 by guest. P

rotected by copyright.
http://pm

j.bm
j.com

/
P

ostgrad M
ed J: first published as 10.1136/pgm

j.43.498.250 on 1 A
pril 1967. D

ow
nloaded from

 

http://pmj.bmj.com/


Treatment of severe respiratory insufficiency 255

was seen on X-ray together with enlargement of the heart
but clear lung fields. RVH was seen on the ECG. Ven-
tilation was controlled for 6 days with the aid of
tubocurarine for the first 2 days. Ventilation was again
employed during sleep on days 7-14. In addition to
tracheostomy, humidification and mechanical ventilation
the patient was given digoxin, antibiotics and anticoagu-
lants. Phenindione was given initially but on day 5
jaundice developed and heparin was substituted. The
heparin was changed to marevan on day 13. The
clinical response to treatment was continuous improve-
ment and the patient was partially ambulant by day
10 and fully ambulant by day 20. On X-ray, the
heart decreased in size during treatment and remained
so when controlled ventilation was stopped. During
treatment respiratory tract infection was not seen
clinically or radiologically. Staph. aureus was isolated
on day 2 but did not produce clinical effects. The
antibiotics given were tetracycline and fucidin. The
clinical improvement has been maintained for some
months and the patient was able to do her own shopping
and housework. An ECG was normal but a VCG (loop
A of Fig. A4) showed RVH. The chest radiograph showed
pulmonary arterial hypertension only.

Although no pressure measurements were made, the
clinical, X-ray and electrocardiographic signs all suggested
pulmonary arterial hypertension and right heart strain
which was relieved only by prolonged IPPV. In the future
I hope we will be enabled to measure pulmonary vascular
resistance and record simultaneously the right heart,
aortic and oesophageal pressures during IPPV for
respiratory failure.
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SMITH. I wonder if I might be allowed a moment to
emphasize a point which seems to me to be in danger of
being lost. In the last 18 months to 2 years we have treated
twenty-one patients with obstructive lung disease with
IPPV. Eleven of these patients were artificially ventilated
for 24 hr with endotracheal tubes. These tubes were
removed at the end of the 24-hr period and no further
IPPV was necessary. These eleven patients included all
five cases of status asthmaticus treated in this way and
I would re-state the fact that every case of status asth-
maticus which we ventilated artificially could be weaned
from IPPV at the end of a 24-hr period. Six patients
with acute-on-chronic bronchitis could also be weaned
in this way. Three other patients with acute-on-chronic
bronchitis could not be weaned and required tracheotomy
and IPPV for varying periods, but were subsequently
discharged. Eight patients died, but these were all
respiratory cripples before treatment.

I think it is important to realize that the patient is not
necessarily committed to tracheotomy when IPPV is
undertaken in a patient with obstructive lung disease.
Patients with asthma who may present in status asth-
maticus on more than one occasion may, we believe, have
conservative measures persisted with too long in an
understandable effort to avoid tracheotomy. In our
experience, all our patients in status asthmaticus have
been weaned after 24 hr and our physicians are now
much more willing to submit a patient with asthma to
treatment in this way.
BROOM. It is perhaps a pity that the follow-up in Dr

Rees' excellent paper did not quite match up to that
later seen in Dr Kristensen's beautiful results. Dr
Kristensen tells me that follow-up in Denmark is greatly
facilitated by a Central Health Registry, but we must
remember, I think, that our Social Class V patients, i.e.
most of our chest patients, have a very low geographical
mobility.
Dr Kristensen's paper gets my Mersey Festival Award

for the Paper of the Year. What a comfort to realize
that if you try like hell for a decade or more, you can
not only do good, but ultimately get enough evidence to
be seen to be doing good. His results, as far as I know,
have yet to be equalled, let alone bettered.
Another small point. I believe that some of Dr Kris-

tensen's patients who showed increased neuromuscular
excitability were suffering from acute relative hypocapnia
immediately after their tracheostomy, and that closer
attention to a more gradual decline of Paco2 after
operation might lead to somewhat smoother post-
operative management.

I was particularly intrigued by the prominent part
played by early ambulation in the management of these
patients, resembling that, I think, of other Scandinavian
workers in their attack on the problem of acute myo-
cardial infarction. Perhaps we might say that, 'early
from bed, early to rise will help to make us healthy and
wise'.
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Errata

Postgraduate Medical Journal (1967) Vol. 43, No. 498,
'Intensive Therapy.'

PLEASE NOTE THE FOLLOWING:

Page 222. The last sentence of the first paragraph should read:
'During hypotension a metabolic acidosis was found in
all patients but the base deficit showed no correlation with
the concentrations of lactate. There was statistical
correlation with AL/P %.'

Page 223. The last sentence of paragraph (b) should read:
'Hypotension responded . . . '

Page 254. The legend to Fig. A7 should read:
'Pressure - volume loops from the second case when
breathing spontaneously (A1) and during controlled
IPPV (B). A normal loop (A) is shown for comparison.

Page 268. The formula in the second column should read:

Q 1

Qs (A-V diff) x 330
1 ---

PAo2 - Pao2
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