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Following the success of intermit
tent positive pressure breathing in the 
treatment of poliomyelitic respiratory 
paralysis, the method has become 
widely used in respiratory distress 
accompanying a number of patholo
gic processes, such as neurologic and 
neurosurgical conditions, poisonings, 
acute exacerbations of chronic respi
ratory failure, postoperative compli
cations, injuries, pulmonary oede
ma, etc. All these conditions are char
acterized by hypoventilation and the 
resulting C02 retention creates the 
indication for intermittent positive 
pressure respiration. It is remarkable 
that pneumonic respiratory disturb
ance, one of the most important and 
frequent conditions, should not figure 
among the indications. In the 
dyspnoeic, cyanosed patients, ventila
tion is not depressed, respiratory 
acidosis is an exception, and even an 
exaggerated C02 output is common. 
According to our previous observa
tions, the leading symptom of pneu
monic respiratory distress is an ex
treme decrease of compliance and 
tidal volume, due to insufficiency of 
the pulmonary parenchyma. There
fore, all things considered, the death

of the patient suffering from pneu
monia is not caused by asphyxia, 
but by exhaustion.

On the basis of these observations 
it was thought that intermittent posi
tive pressure breathing could have a 
beneficial effect in patients suffering 
from grave pneumonia with associated 
respiratory distress, not by correcting 
insufficient ventilation, but by reliev
ing the surplus work caused by the 
pathologic respiration. For relieving 
the overstrained muscles, myoneural 
blocking is necessary, which may be 
anyway one of the essential condi
tions of intermittent positive pressure 
breathing in patients with respiratory 
centre irritation and intact muscles. 
In the terminal stage of pneumonia, 
when mechanical respiration is intro
duced after respiratory arrest as a 
direct life-saving intervention, the ad
ministration of curare is unnecessary.

In the following, we wish to de
monstrate the effect of the method 
as observed in 10 patients with grave 
pneumonia.

T e c h n i q u e

A rtifica i re sp ira tio n  w as in s t i tu te d  
follow ing tra c h e o to m y  th ro u g h  a  m e ta l
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c a n n u la  fix ed , if  necessary , b y  a n  in f la te d  
c u f f . A n  E le k tro sp ira to r- ty p e  in te rm it te n t  
p o s i t iv e  p ressure a p p a ra tu s  w as used , 
g iv in g  a i r  w ith  40 to  50 c e n t O a. T h is  ty p e  
o f  r e s p ira to r  has th e  a d v a n ta g e  o f  allow ing 
to  w o rk  w ith  a  h ig h  r e s p ira to ry  ra te  
(4 5 /m in ) a n d  a  h igh p re ssu re  (o v e r 45 cm  
H aO ) w ith  a  sm all d ead  sp ace  (u n d e r  5 ml) 
a n d  t h a t  a t  th e  en d  o f  th e  in sp ira tio n  
p h a s e  th e  pressure r e tu rn s  to  th e  a tm o s
p h e r ic  v a lue , while d u rin g  e x p ira tio n  no 
s u c t io n  occurs.

A s a  m uscle re la x a n t, tu b o c u ra rin e  
(T u b a r in e  Wellcome) w as ad m in is te re d , 
f i r s t  in trav en o u sly , th e n  in tra m u sc u la r ly , 
u s u a l ly  in  doses o f 0 .5  m g /k g , w hich, 
a c c o rd in g  to  need, w ere r e p e a te d  every  
2 t o  3 h o u rs  a t  th e  b eg in n in g , la t e r  o n  less 
f r e q u e n tly , to  in h ib it s p o n ta n e o u s  a c tiv ity  
o f  t h e  p a tie n t. S im u ltan eo u sly  w ith  th e  
c u ra r e ,  u su a lly  in  c o m b in a tio n  w ith  ch lo r
p ro m a z in e  a n d  p e th id in e , p ro m e th a z in e  
w a s  ad m in is te re d  in  th e  sa m e  doses as 
th e  c u ra re .

T o  ad m in is te r  flu id s , e le c tro ly te s , a n d  
th e  n ecessa ry  calories, in t ra v e n o u s  d rip  
in fu s io n  a n d  la te r  a n  in d w e llin g  gastric  
tu b e  w ere  used . U rine  w as co lle c te d  reg u 
la r ly  th ro u g h  an  in dw elling  c a th e te r ;  th e  
b o w e ls  w ere cleaned w ith  en em a . The 
c o rn e a  w as p ro tec ted  a n d  to  a v o id  decu
b i tu s ,  th e  p a tie n t la y  o n  a n  in f la te d  
m a t t r e s s .

T e m p e ra tu re , pulse r a te  a n d  b lo o d  p re s
s u r e  w ere  ta k e n  every  h o u r ;  s e ru m  N a , K , 
C l, a n d  s ta n d a rd  b ic a rb o n a te  w ere  d e te r
m in e d  regu la rly . M inute  v o lu m e  o f  v e n ti
la t io n ,  C 0 2 an d  0 2 c o n te n t o f  th e  ex p ired  
a i r  w ere  contro lled  sev e ra l tim e s  daily , 
a s  w ell a s  th e  a r te r ia l p C 0 2 b y  m eans 
o f  g a s tro to n o m e try  (2, 3).

A t  th e  beg inn ing  o f  t r e a tm e n t ,  to  a- 
c h ie v e  ad e q u a te  v e n tila tio n , a  h ig h  o u tp u t 
( in  a d u lt s  35/min re s p ira to ry  ra te  a n d  
38 c m  H 20  pressine, in  one  o f  th e  in fa n ts  
4 6 /m in  re sp ira to ry  ra te  a n d  43 cm  H 20  
p re s su re )  h a d  to  be m a in ta in e d . W hen th e  
s t a t e  h a d  im proved  acco rd in g  to  th e  re sp ir
a to r y  d a ta , th e  o u tp u t  w as  g rad u a lly  
d e c re a s e d . Im p ro v em en t o f  th e  effect o f

m ech an ica l re sp ira tio n  se rv ed  as  a  basis 
fo r th e  e s tim a tio n  o f th e  p u lm o n a ry  process 
a n d  in  e s tab lish in g  th e  tim e  o f d isco n ti
n u in g  m ech an ica l re sp ira tio n .

F o r  th e  tr e a tm e n t o f  th e  pneum onia , 
b ro a d  sp e c tru m  an tib io tic s  w ere a d m in is 
te r e d  acco rd in g  to  th e  s e n s itiv ity  o f  th e  
p a th o g e n e  iso la ted  fro m  th e  re sp ira to ry  
t r a c t .  M ost p a tie n ts  rece iv ed  co rtisone 
in  a d d it io n .

C a s e  R e c o r d s

I n  th e  fo llow ing we sh a ll p re sen t th e  
10 cases in  chronological o rder.

C a se  1 . G y. J . ,  ag ed  9 m o n th s . B ecause 
o f p o liom yelitis  w ith  b u lb a r  sym p tom s, 
tra c h e o to m y  h a d  been  p e rfo rm ed . T he 
p a t ie n t  h a d  recovered  b u t  cou ld  n o t be 
d e c a n n u la te d . F o u r  m o n th s  la te r  h e  deve l
oped  a n  ex trem e ly  g rav e  p n eum on ia  
a n d  w as soon  in  a  m o rib u n d  s ta te .  M echa
n ica l re sp ira tio n  w as in s t i tu te d  w ith o u t 
c u ra re . T h e  co n d itio n  o f  th e  p a t ie n t  im 
p ro v e d  d ra m a tic a lly . M echanical re sp i
ra t io n  w as m a in ta in e d  co n tin u o u sly  fo r 4 
d ay s , th e n  w ith  in c reasin g  in te rv a ls  fo r 2 
w eeks. T h e  p rocess su b s id ed , 6 m o n th s  
la te r  th e  c a n n u la  w as rem o v ed  a n d  th e  
p a t ie n t  w as d ischarged .

C a se  2 . D . A . a s  a  n ew b o rn  h a d  h a d  
te ta n u s  a n d  as  th e  seizures h a d  th re a te n e d  
w ith  su ffo ca tio n , tra c h e o to m y  w as ca rried  
o u t a n d  m ech an ica l re sp ira tio n  in tro d u ced , 
co m b in ed  w ith  c u ra r isa tio n . T he cond ition  
im p ro v e d  in  sp ite  o f a n  ep isode o f  ex 
tre m e ly  g ra v e  p n eu m o n ia . A fte r 30 days 
th e  p a t ie n t  h a d  b een  d e c a n n u la te d  an d  
d isch a rg ed . 8 m o n th s  la te r  h e  a g a in  con 
t r a c te d  p n eu m o n ia . T o re lieve  th e  dy s
p n o ea  cau sed  b y  th e  s ten o sed  tra c h e a , 
tr a c h e o to m y  h a d  a g a in  to  be  perfo rm ed . 
W hen  th e  p n eu m o n ia  becam e g rad u a lly  
m ore  severe  a n d  episodes o f  a p n o ea  oc
cu rred , a r tif ic ia l re sp ira tio n  a n d  c u ra risa 
tio n  h a d  to  b e  re so rte d  to . Im p ro v em e n t 
w as ra p id , a n d  soon  th e  c ircu la tio n  w as 
s a tis fa c to ry . C u rare  w as a d m in is te re d  fo r 
4 d ay s , m ech a n ica l re sp ira tio n  fo r 2 w eeks
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w ith  increasing  in te rv a ls . T he p a t ie n t  
reco v ered , b u t  th e  can n u la  cou ld  be  re 
m o v e d  on ly  a f te r  severa l m o n th s .

C a se  3. T . J . ,  a  fem ale p a tie n t, 40 y ea rs  
o f  age . Follow ing o p era tio n  fo r m y o m a 
to s is  a n d  he rn ia , p n eum on ia  a n d re s p ira to ry  
insu ffic iency  h a d  se t in  a n d  tra c h e o to m y  
h a d  b een  perfo rm ed . A fte r th e  co n d itio n  
h a d  d e te r io ra te d  a n d  sp o n tan eo u s  re s p i
ra t io n  h a d  ceased, th e  p a tie n t w as t r a n s 
fe r re d  to  ou r D e p a rtm e n t. D u rin g  tr a n s p o r 
ta t io n  she  h a d  to  be su b je c te d  to  m a n u a - 
a r t if ic ia l re sp ira tio n . A d m in is tra tio n  o f 
c u ra re  was unnecessary ; m echan ica l re s p ira 
t io n  w as needed  fo r 2 d ay s . T he fu r th e r  
co u rse  w as u n ev en tfu l.

C a se  4 . K . G ., 22 m o n th s  o f ag e . 
B ecause  o f stenosing  la ry n g itis , tr a c h e o 
to m y  w as ca rr ied  o u t; soon  p n eu m o n ia  
o ccu rred . I n  sp ite  o f a im ed  a n tib io tic  
tr e a tm e n t ,  th e  process becam e m ore a n d  
m o re  ex ten s iv e a n d a sp h y x ia  se t in . T h ro u g h  
th e  tra c h e o to m y  can n u la , m an u a l a r t i f i 
c ia l re sp ira tio n  w as s ta r te d . B ecause o f th e  
im p ro v ised  ch a ra c te r  o f th is  a n d  t r a n s 
p o r ta tio n  in  open  a ir  for severa l h u n d re d  
m e te rs  th e  p a tie n t a r r iv e d  a t  o u r D e p a r t
m e n t in  th e  s ta te  o f c lin ical d e a th . O n 
re su sc ita tio n  w ith  m echan ica l re sp ira tio n  
h e a r t  so u n d s a n d  sp o n tan eo u s b re a th in g  
ap p e a re d . T he p a tie n t th e n  w as cu ra r ised  
w ith  th e  re su lt th a t  c ircu la tio n  becam e 
n o rm a l a n d  th e  b lood  p ressu re  m easu r
a b le , ev en  s lig h tly  h igh . S ix teen  h o u rs  
la te r  su d d en  c ircu la to ry  fa ilu re  occu rred  
a n d  d e a th  se t in . A u to p sy  rev ea led  a ir  
o n ly  in  th e  bo rd ers  o f th e  u p p e r  tw o  p u l
m o n a ry  lobes, th e  lungs w ere o therw ise  
e n tire ly  in f il tra te d  a n d  co n ta in ed  severa l 
abscess  cav ities .

C ase 5. Cs. S., ag ed  14 m o n th s . T rach eo 
to m y  h a d  b een  ca rr ied  o u t because  o f  
su ffo ca tin g  la ry n g itis  com plica ting  m easles. 
G rav e  p n eum on ia  h a d  developed  a n d  th e  
p a t ie n t  in  a  m o rib u n d  s ta te  w as t r a n s 
p o r te d  b y  a ir-p lan e  to  o u r D e p a rtm e n t. 
M echanical re sp ira tio n  a n d  cu ra risa tio n  
b ro u g h t a b o u t ra p id  relief, th e  basic  
p rocess  im p ro v ed  g rad u a lly . A fte r 6 d a y s  
m ech an ica l re sp ira tio n  w as d isco n tin u ed .

D ecan n u la tio n  w as pe rfo rm ed  th re e  m o n th s  
la te r  a n d  th e  p a t ie n t  w as d isch a rg ed .

C ase 6. K . Á ., ag ed  17 m o n th s . I n  th e  
p a t ie n t  w ho h a d  b een  tra c h e o to m ise d  
because  o f  su ffo ca tin g  la ry n g itis  co m p lica t
in g  m easles, severe  s tap h y lo co cca l p n e u 
m o n ia  deve loped  p o s to p e ra tiv e ly . M echa
n ica l re sp ira tio n  w as s ta r te d  in  a  c ritica l 
s i tu a tio n ; u n d e r  i ts  effec t c irc u la tio n  b e 
cam e n o rm a l. T re a tm e n t w as c o n tin u e d  fo r 
a n o th e r  3 w eeks b u t  th e  p n e u m o n ia  d id  
n o t re sp o n d  to  a n tib io tic  t r e a tm e n t  a n d  
in c reased  to  ex tre m e  degrees. T he  r ig h t 
u p p e r  lobe coalesced  to  a  la rg e  abscess 
c a v ity . Tw o ep isodes o f p n e u m o th o ra x  
w ere successfu lly  t r e a te d  b y  su c tio n . 
A rrosion o f  th e  b a re  p u lm o n a ry  a r te ry  
in  th e  abscess c a v ity , how ever, le d  to  
d e a th  in  a  few  m in u tes .

C ase 7. M. I .  2 y2 y ears  o f  ag e  h a d  su f
fe red  from  in flu en za l la ry n g o tra ch eo - 
b ro n ch itis  a n d  been  tra c h e o to m ise d . A t 
adm ission , th e  ch ild  w as in  a  d e sp e ra te  s ta te ,  
exc ited , dyspnoeic , cyanosed . In h a la tio n  
o f oxygen  b ro u g h t n o  relief. A fte r  a  few  
h o u rs , in  a  d e te r io ra tin g  s ta te ,  c u ra r isa tio n  
a n d  a rtif ic ia l re sp ira tio n  w ere in tro d u c e d , 
w ith  th e  re su lt t h a t  cyanosis ceased , th e  
pu lse  becam e n o rm a l, th e  s ta te  im p ro v ed . 
A fte r fu r th e r  im p ro v em en t fo r  a  w eek, 
t r e a tm e n t w ith  th e  re sp ira to r  w as d isco n 
tin u e d . D ecan n u la tio n  a n d  d isch a rg e  oc
cu rred  a f te r  fu r th e r  2 w eeks.

C a se  8 . M .  J . ,  one y e a r  o f  age w as 
su b je c te d  to  tra c h e o to m y  b ecau se  o f  o b 
s tru c tiv e  la ry n g itis  fo llow ing  m easles. 
P n eu m o n ia  d eve loped . As th i s  d id  n o t 
im p ro v e  on  co n se rv a tiv e  tr e a tm e n t ,  re sp i
ra tio n  co m bined  w ith  c u ra r isa tio n  w ere 
necessa ry . C ircu la tio n  a n d  th e  g enera l 
s ta te  o f  th e  p a t ie n t  soon  im p ro v e d , a n d  
m ech an ica l re sp ira tio n  could  b e  s to p p e d  
a f te r  6 d ay s . B ecause o f d ifficu ltie s  a t  
d ecan n u la tio n , th e  p a t ie n t  w as d isch a rg ed  
on ly  a f te r  fu r th e r  2 m o n th s .

F o r  th e  g rap h ic  d em o n s tra tio n  o f  th e  
c lin ica l course, th e  d a ta  o f C ase 8 a re  
il lu s tra te d  in  F ig . 1.

C ase 9. N . J . ,  ag ed  31 y ears . T h e  p a t ie n t  
w as a d m itte d  a f te r  a  p reced in g  p e rio d  o f
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Pressure 
Respiratory rate 
IV. 25 26 21 28 29 30V.1

tl J. 12 months 
VII.1-7 8-1516-27

Decannula/hn Discharge

I I

K O

80-
60-
4 0

2 0 -

0:
Cortisone
Antibiotics

Hibernation
ОгHechanical

respiration
F i g . 1. M. J. Age, one year. In the upper part, respiratory rate; positive pressure 
in cm H20; pC02 in expired air measured by gastrotonometry, in mm Hg. The co
lumns illustrate minute ventilation measured in the course of treatment. Further 
symbols show arterial blood pressure, temperature, X-ray findings and data of

the treatment

illness of one week, in a very severe 
state, with extensive bilateral pneumonia. 
Grave cyanosis incorrigible by oxygen 
inspiration, high fever, abundant secretion 
in the respiratory tract and pulmonary 
oedema made it necessary, as a last resort, 
to carry out tracheotomy, to start con
tinuous suction and to introduce positive 
pressure artificial respiration combined 
with curare and antibiotic treatment. 
As a result, the patient regained con
sciousness, breathed, however, against the 
machine. This state improved signifi
cantly on repeated administration of 
curare, so that half an hour later he was 
cyanosed only slightly and simultaneously 
the foamy serous discharge tinged with

blood, characteristic of pulmonary oedema, 
also disappeared. In the X-rays the bila
teral extensive process was so severe that 
its dense shadow could not be distinguished 
from that of the heart. Mechanical respi
ration and curarisation were maintained 
continuously for 9 days, and periodically 
for another 3 days. The pulmonary process 
improved gradually. Recovery was com
plete after several weeks, during which a 
cerebral complication of unclear aetiology 
(presumably septic metastasis) was also 
experienced.

Oase 10. D. L., 14 years of age. Exten
sive pneumonia had developed in this 
patient suffering from progressive poly
radiculoneuritis with symptoms of muscle
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p a lsy  a n d  p a ra e s th e s ia , b u t w ith  th e  re s p i
r a to ry  m uscles in ta c t .  H e w as re fe rre d  to  
o u r D e p a rtm e n t because of re s p ira to ry  
insuffic iency . H e  w as a d m itte d  in  a  s t a te  
o f  d eep  shock . A n tish o ck  tr e a tm e n t c o m b i
n e d  w ith  a rtif ic ia l resp ira tio n  w ith o u t c u ra 
risa tio n  p ro v ed  to  b e  successful. F o llow ing  
su c tio n  o f a b o u t 1 l i tr e  o f ex u d a te  fro m  th e  
r ig h t h a lf  o f th e  th o ra x , th e  X -ray s show ed  
su ch  a n  ex ten s iv e  a n d  dense p u lm o n a ry  
in f il tra t io n  th a t  n e ith e r  th e  h e a r t  n o r  th e  
d iap h rag m  co u ld  b e  d is tingu ished . A fte r  
10 d a y s ’ t r e a tm e n t  th e  re sp ira to ry  d is tre s s  
im p ro v ed  b u t  3 w eeks la te r  th e  p a t ie n t  
d ie d  o f m a ra sm u s  in  consequence o f  th e  
p rogression  o f  th e  b asic  disease a n d  s e p t i 
c aem ia  o r ig in a tin g  fro m  th e  res idue  o f  th e  
p le u ra l p rocess.

D iscussion

Intermittent positive pressure respi
ration in combination with curarisa
tion was employed by some authors 
with a purpose identical with ours 
[1, 5, 8], Though some of the reported 
cases were similar to our above de
scribed ones, the method was recom
mended only to relieve some special 
respiratory disturbances (respiratory 
distress of newborns and prematures, 
postoperative pneumonia) and not in 
general for the treatment of pneumo
nic respiratory distress.

In the above reported cases inter
mittent positive pressure respiration 
was applied in desperate, mostly ter
minal cases of pneumonia. This 
circumstance provided sufficient 
security in the estimation of the 
treatment’s effectiveness. The fact 
that from among 10 cases only 3 died, 
must be regarded as a considerable 
success, the more so as from the lost 
subjects, one died of a late compli

cation of an irreversible process and 
another patient in consequence of a 
different condition following recovery 
from pneumonia. Even more convinc
ing was the dramatic improvement 
following the introduction of mechan
ical respiration in patients in a mori
bund state, with hardly functioning 
pulmonary parenchyma.

For this dramatic improvement of 
respiration and circulation several 
factors have been responsible. The 
therapeutic effect of tracheotomy 
itself is well known. Regular suction 
of the tracheal secretion is also a sig
nificant factor, especially if in the 
development of massive pulmonary 
shadows obstructive factors must 
also be taken into consideration. In 
the indication of intermittent positive 
pressure respiration for the treatment 
of pneumonic respiratory distress, a 
mechanical substitution of the in
creased pulmonary work was of pri
mary importance [6, 9].

The problem, however, is more 
complex. It has to be considered that 
in the surroundings of inflammatory 
foci, oedematous areas develop in the 
pulmonary parenchyma. On the in
fluence of mechanical respiration, 
oedema subsided, gas exchange im
proved and even in very extensive 
processes — at least as to 0 2 output — 
significant hyperventilation has been 
observed during treatment. Oxygen 
therapy can be carried out with 
favourable results by a simple oxygen 
inhalátor. Intratracheal respiration 
with a gas mixture of a controlled 40 
per cent02, is even more effective. The 
suppression by means of intermittent
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positive pressure breathing of the 
shunted circulation arising through 
the venous network of the bronchial 
subepithelial capillaries, is regarded 
as an interesting possibility [7].

An important role is attributed to 
curarisation although in three of our 
cases curare administration proved to 
be unnecessary. It was repeatedly 
observed that on the cessation of the 
relaxant effect the circulation of the 
patient deteriorated; on the other 
hand, by curarisation rest could be 
achieved and circulation improved 
significantly. In this effect, next to 
muscle relaxation, other factors must 
have also played a role. Untoward ef
fect of curare have not been observed ; 
the simultaneously administered anti- 
histaminic drugs were probably res
ponsible for the absence of blood 
pressure fall following curarisation.

In spite of its convincing effect in 
pneumonia accompanied by respira
tory distress, intermittent positive 
pressure respiration combined with 
myoneural blocking should be applied 
in the gravest cases only, since it 
means a fundamental interference 
with the vital processes. The patient 
subjected to such treatment demands 
exceptional care and a very regular 
control of circulation and respiration, 
first of all of C02 output. A serious 
disadvantage is the indispensability 
of tracheotomy; in small children this 
may constitute the source of new 
complications. According to our expe
rience, however, intermittent positive 
pressure breathing combined with 
curarisation should be regarded as a 
method suitable for gaining time in 
the most desperate phase of pneumo
nia, until improvement is setting in.

Summary

In ten patients with extensive pneu
monia and in an extremely grave 
state, tracheotomy was performed 
and intermittent positive pressure 
breathing combined with continuous 
curarisation was applied. The aim 
was not to correct hypoventilation,

but to relieve the overstrain put 
on the organism by the forced res
piration under unfavourable mecha
nical conditions. The method has been 
found suitable for gaining time in the 
gravest phase until improvement is 
setting in.
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