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Deformatio~u of the transpulmon~ry pressure  plateau obtained during interruption of the air  flow 
for 0.5 sec in 8 healthy rabbits and in 9 rabbits with experimental emphysema caused by intra- 
venous injection of lycopodium spores is described. Greatest  deformation of the plateau was 
observed in healthy animals at inspiration (on average up to 20 ram water). In rabbits with 
emphysema the degree of deformation was reduced on average to 13 cm water.  At expiration 
deformation of the plateau was equal in the healthy and emphysematous rabbits, with a mean 
value of about 7 cm water.  The direction of the change in the effect of the respi ra tory  muscles 
at inspiration or  expiration during interruption of the air flow was monitored by recording the 
pressure  in the bronchus, in which the amplitude of the resp i ra tory  fluctuations considerably 
exceeded that of the transpulmonary pressure .  Deformation of the plateau at inspiration is 
regarded as the resul t  of the active sucking action of the lungs, and at expiration, as their  ac- 
tive contraction during interruption of the air flow. 
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According to the generally accepted view of the mechanics of respiration, at a certain level of static 
extensibility of the lungs during interruption of the air  flow, a plateau must be recorded on the transpulmonary 
pressure  curve [6], indicating constancy of elastic strain of the lungs under static conditions. 

In the investigation described below deformation of the transpulmonary pressure  plateau in experimental 
emphysema was studied. 

E X P E R I M E N T A L  M E T H O D  

Experiments were carr ied out on 8 healthy rabbits (group 1) and 9 rabbits with experimental emphysema 
caused by intravenous injection of lycopodium spores [1]. Four rabbits with moderate emphysema were in- 
vestigated 4.5 months (group 2) and 5 rabbits with severe  emphysema 9 months (group 3) after the beginning 
of the experiment. The mean body weight of the healthy and emphysematous animals was identical and it 
var ied  betweeR~5 and 3 kg. 

Tracheostomy was performed under intravenous thiopental anesthesia. The trachea was connected to a 
spirograph. The transpulmonary pressure  (the difference between the pressure  in the esophagus and in the 
trachea) was measured by a differential manometer° Meanwhile the spirogram, the transpulmonary pressure  
cttrve, and the intrabronchial p ressure  were recordedon a multichannel oscillograph. The work of respiration,  
its fractions, and the dynamic extensibility were calculated from the respi ra tory  loop. The air flow was inter- 
rupted by means of a special valve. After investigation the lungs together with the t rachea were fixed in a 
Donders '  bell jar .  Respiratory fluctuations of intrathoracic pressure  in the bell jar  were simulated by means 
of bellows. The transpulmonary pressure  was the difference between the pressure  in the bell jar and in the 
t rachea.  The resul ts  of the morphological investigations, of the measurement of p ressure  in the occluded 
bronchus, the esophagus, and the pleural cavity, and also the generally accepted indices of the mechanics of 
respiration, were published previously [3]. 
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Fig. 1. Spirogram (1), curve of 
intrabronchial p ressure  (2), and 
curve of transpulmonary pressure  
(3} of rabbit with moderately 
severe  emphysema during inter- 
ruption of air  flow. Explanat ion 
in text. 

E X P E R I M E N T A L  R E S U L T S  

The static elastic p ressure  was measured in o rder  to measure the static extensibility of the lungs as 
the most rel iable indicator of the elasticity of the lungs in emphysema. However, in a spontaneously breathing 
rabbit  it was impossible to interrupt the air flow twice at inspiration, for after closure of the valve the di- 
rect ion of the effort of the respi ra tory  musculature was changed to expiration. Under these circumstances 
differences in the mechanical behavior of the lungs were noted which could not be explained in t e rms  of the 
generally accepted notion of the lungs as a passive elastic organ. 

The spirogram, intrabronchial pressure ,  and transpulmonary pressure  curve for  a rabbit of group 2 are  
i l lustrated in Fig. 1. At inspiration the spirogram r i ses  but the pressure  curves fall. During interruption of 
the airflow at the end of expiration a plateau appeared instantly on the transpulmonary pressure  curve and 
pers is ted for 0.2 sec. During this period the efforts of the resp i ra tory  muscles were aimed at expiration 
(positive intrabronchial pressure) .  La te r  expiration changed to inspiration and the intrabronchial pressure  
began to fall rapidly.  Deformation of the plateau into an upward pointed wave, due to the considerably greater  
decrease  of the pressure  in the alveoli and t rachea than of the intrathoracic pressure ,  corresponded to this 
sharp drop of intrabronchial p ressure  for  0.3 sec. The next t ime the airflow was interrupted was at the begin- 
ing of expiration. Deformation of the plateau into the zone of negative pressure  corresponded to a positive 
intrapulmonary pressure .  In this casedeformat ion  of the plateau was so considerable that it went beyond the 
l imits  of resp i ra tory  fluctuations of transpulmonary pressure .  

Deformation of the transpulmonary pressure  plateau is a paradoxicat fact, contradictory to the generally 
accepted view that the elastic res is tance of the lungs is constant under static conditions. Changes in the po- 
sition of the transpulmonary pressure  plateau have been observed by several workers [5, 7], but they con- 
sidered it to be an artifact and did not analyze it specially. From the present wr i te r ' s  point of view this 
phenomenon cannot be explained as an artifact.  The amplitudes of respi ra tory  fluctuations of intrapleural 
and intra~sophageal p ressure  were identical in the present  investigation [3]. It is difficult also to imagine any 
possible effect of the pleural p ressure  gradient. 

Displacement of the plateau at inspiration can be explained by the sucking action of the lungs, in addition 
to the action of the respi ra tory  muscles,  and at expiration to active contraction of the lungs. These efforts 
were aimed at overcoming the obstacle caused by interruption of the air  flow. The resul ts  described above 
agree with those of comparison of the amplitudes of the respi ra tory  fluctuations of p ressure  in the occluded 
bronchus with those in the pleural cavity and esophagus [3], the only difference being that predominance of the 
amplitude of pressure  in the occluded bronchus ref lected the mechanical activity of part  of the lung, whereas 
deformation of the plateau ref lected mechanical activity of the lung as a whole. In man deformation of the 
transpulmonary pressure  plateau gave r i se  to a phenomenon of negative elastic hysteresis  [4]. 
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TABLE 1. Nonelas t ic  P r e s s u r e  Measured  f r o m  R e s p i r a t o r y  Loop and P e a k  of D e f o r m a -  
tion of T r a n s p u l m o n a r y  P r e s s u r e  P la teau  at Insp i ra t ion  and Expira t ion  in Rabbi t s  of  
Groups 1, 2, and 3. Tota l  Nonelas t ic  and Alveolar  P r e s s u r e  M e a s u r e d  by Air  Flow I n t e r -  
ruption Method in Iso la ted  Lungs 

Number , RMV,*' Group of Statistical liters/ 
animals of ani- ndex 

reals min 

1 8 M 1,6 
±m • 0,208 

2 4 M 3.1 
• __+m 0,016 

P,_~ <0,001 
3 5 M 2,5 

"+m 0,484 
P t - 3  > 0 , 0 5  
P~-3 <0,02 

6 M 
_+m 

Inspiration, cm water (-) 

nonelastic deformation 
P )ressttre of plateau 

0,12 19,7 <0,001 
0,049 0,876 
5,4 12,6 <0,02 
1,480 2,125 

<0,001 <0,05 
11,0 12,9 <0,2 
2,302 1,701 

<0,001 <0,001 
<0,05 

Isolated lungs of animals of groups 1, 2, and 3 

0,028 2,209 0,365 

* RMV - Resp i r a to ry  minute  volume. 

nonelastic 
)l 'essure 

1,34 6,8 
0,510 0,543 
6,10 7,4 
2,145 I, 182 

<o, 05 
10,72 9,6 
3,286 1,490 

<o,oi <o,2 
>0,05 >0,05 

Expiration, cm water (+) 

deformation 
of plateau P 

<o,ool 

j ,3 p<ooo, 
2,388 0,274 

2#ml l 
r 

2 

cm water ~ , 
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Fig .  2. Sp i rog ram (I), in t rabronchia l  
p r e s s u r e  curve  (2), and t r an spu lmona ry  
p r e s s u r e  curve  (3) during venti lat ion of 
i so la ted  lungs under  Donde r s '  bell  j a r  
and in ter rupt ion  of a i r  flow (lungs of s ame  
rabb i t  as in Fig .  1). Explanation in text .  

Since the degree  of deformat ion  of the plateau depends on the degree  of p redominance  of the change in 
a lveo la r  p r e s s u r e  o v e r  the p leura l ,  i t  is logical  to r e g a r d  it  as  a r e s e r v e  fo rce  of mechanica l  act ivi ty of the 
lungs .  The  dynamic component  of the t r anspu lmona ry  p r e s s u r e ,  calculated f r o m  the r e s p i r a t o r y  loop (pre-  
dominantly the a lveo la r  p r e s s u r e ) ,  however ,  r e p r e s e n t s  the degree  of ut i l izat ion of the r e s e r v e .  In each 
expe r imen t  r e s p i r a t o r y  cyc les  with the  g r e a t e s t  degree  of deformat ion  of the plateau were  chosen.  The highest  
peaks  of  the deformed  pla teau were  compared  with the a lveo la r  p r e s s u r e  m e a s u r e d  f r o m  the r e s p i r a t o r y  loop 
at  inspi ra t ion and expira t ion s epa ra t e ly  (Table 1). The  g r ea t e s t  r e s e r v e  of mechanica l  act ivi ty  was p re sen t  
a t  inspira t ion.  In healthy an imals  it  ave raged  a lmos t  20 cm water ,  compared  with about 7 cm wate r  at exp i r a -  
t ion.  In exper imenta l  e m p h y s e m a  the r e s e r v e  of mechanica l  act iv i ty  of the lungs at  inspi ra t ion  fell  to 13 cm 
wate r ,  but at expira t ion it  was unchanged. During o rd ina ry  brea th ing  by heal thy r abb i t s  the dynamic  component  
of  the t r a u s p u l m o n a r y  p r e s s u r e  was ve ry  smal l ,  and in a pathological  s ta te  it i nc reased  sharply .  In the 
p r e s e n c e  of mode r a t e  e m p h y s e m a  (group 2) the reduced  r e s e r v e  at inspi ra t ion was used  up par t ly ,  but at ex-  
p i ra t ion  a lmos t  comple te ly .  In the p r e s e n c e  of m a r k e d  e m p h y s e m a  (group 3) the r e s e r v e  was comple te ly  used 
up both at insp i ra t ion  and at expira t ion.  

In isola ted lungs no signs of deformat ion  of the t r an spu lmona ry  p r e s s u r e  pla teau were  obse rved  (Fig.  2), 
p roof  of  the abi l i ty of the lungs to de fo rm the t r a n s p u l m o n a r y  p r e s s u r e  pla teau only during l ife.  The dynamic 
component  of the t r a n s p u l m o n a r y  p r e s s u r e  in all ca ses  cons iderably  exceeded the a lveolar  p r e s s u r e  m e a s u r e d  
under  s ta t ic  condit ions.  The  pla teau obtained on s t re tching of the  lungs was located in a zone of m o r e  negat ive 
p r e s s u r e  thau the plateau obtained during the i r  col lapse  at the s a m e  volume.  This  points to an i nc r ea se  in 
pu lmonary  e las t ic  h y s t e r e s i s ,  in a g r e e m e n t  with data in the  l i t e r a t u r e  [3, 7]. 
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