
H E M O D Y N A M I C  C H A N G E S  A F T E R  E X C L U S I O N  

OF V A R I O U S  P O R T I O N S  OF L U N G  T I S S U E  

(UDC 612.213 + 612.13-06 �9 612.216.3 + 612.172.5) 

G .  E. F a l ' k o v s k i i  

Section of Operat ive Surgery and Topographic Anatomy,  I. M. Sechenov 
First Moscow Order of Lenin Medica l  Institute 
(Presented by Academic ian  V. V. Kovanov) 
Translated from Byulleten'  ~ksper imenta l 'noi  Biologii i Meditsiny,  Vol. 59, No. 4, 
pp. 19-22, April ,  1965 
Original ar t ic le  submitted November 17, 1964 

Depending on the method of carrying out a r t i f ic ia l  blood ci rculat ion with self-oxygenat ion [1-3,  5, 6, 10], 
during a certain period of t ime one or another part of the lung serves as the "oxygenator ."  In a number of cases 
when this occurs the load on the right side of the heart  increases s ignif icantly.  Exclusion of an excessively large 
volume of lung tissue and its vascular bed leads, on the one hand, to right ventricular failure and,on the other hand, 

to a decrease in the cardiac  debt [8, 9, 11, 14] and thereby the rate volume of perfusion. 

The goal of the present work was to e luc ida te  the l imi t  of possible decrease in the vascular bed and pulmonary 

respiratory surface, as well  as the nature of hemodynamic  changes arising therefrom. 

M E T H O D S  

The experiments  were performed on 40 dogs of weight six to 28 kg. Under intubation anesthesia with relaxants 
(Lysthenon [= succinylchol ine,  Publ.]) a b i la te ra l  thoracotomy was made in the fifth intercostal  space with the 

intersection of the sternum. The root of the corresponding lung (or part) was isolated and a tourniquet appl ied  beneath 
it.  After s tabi l izat ion of a l l  indices the in i t ia l  data was recorded and slowly, over two to th ree  minutes,  the tourniquet 
was t ightened and so mainta ined  for 60 rain, after which it was removed and observations were continued over the 
succeeding 60-120 minutes. For determinat ion of  the percentage of excluded tissue we used the schema of Rahn [13]. 

In series I (12 experiments) we excluded the left  lung (41.6% of a l l  pulmonary tissue), in series II (10 exper-  
i m e n t s ) - t h e  right lung (58.4%0), in series III (11 e x p e r i m e n t s ) - t h e  right lung and the two upper portions of the left  
tung (74.8%) and in series I V - ( 7  experiments) the right lung and the lower portion of the left  lung (84.6%). Arter ial  

pressure was measured by a mercury manometer ,  right ventr icular  and pulmonary artery pressure by an e lec t ro-  
manometer ,  venous pressure (superior vena cava) by a water manometer  (height expressed in mi l l imete rs  of a mercury 
column), coronary blood f l o w - b y  direct  ca theter iza t ion of the coronary sinus [7, 12], oxygen saturation of ar ter ia l  

and venous b l o o d - b y  a cuvette oxyhemometer ,  EKG in three standard leads recorded on a polycardiograph (Gali leo 
make).  Measurements were made pre -opera t ive ly  and at various operat ive stages. During the exper iment  no med-  
icines were given. Fluid was always given after removal  of the tourniquet only to replace  blood loss. The results 
were treated s ta t is t ical ly  by various method,  

R E S U L T S  A N D  D I S C U S S I O N  

Series I. At the moment  the left  lung was excluded a significant decrease in mean ar ter ia l  pressure was ob- 
served (to 22.2 e 7.7 mm Hg, s.t.; p < 0.05), with a rapid return to the in i t ia l  level  at  which it subsequently re-  
mained during the entire period of compression of the pulmonary root.  After removal  of the tourniquet the value 
of mean ar ter ia l  pressure c lear ly  fell .  The mean pressure in the pulmonary artery 15 rain after compression of the 
root was modera te ly  e levated  (to 2.4 • 0.8 mm big s.t.; P < 0.05) and it subsequently became normal  and fe l l s l ight ly  
after the tourniquet was removed.  Systolic pressure in the right ventr ical  rose max ima l ly  at  five minutes after com-  
pression of the lung root (to 4.7 • 1.6 mm Hg, s.t.; P < 0.05), and at 30 rain returned to a normal leve l .  After re-  
moval  of the tourniquet the systolic pressure in the right ventr icle fel l  (to 3.1 • 0.09 mm Hg s.t.; P < 0o05). Venous 
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pressure throughout the exper iment  did not change significantly.  Immedia te ly  after compression of the lung root the 
coronary blood flow increased and remained markedly e levated  during the entire experiment  with the highest peak at 
30 min.  The oxygen saturation of ar ter ia l  and venous blood after exclusion of the left  lung did not change. On the 
EKG in most instances no deviat ion from normal appeared.  Sometimes changes were observed which were charac-  
teristic for right heart strain (increased PII and PIII); sometimes disturbances typical  of myocardia l  hypoxia (decreased 
STII and STIII interval ,  ta l l  T wave). These changes, as a rule, were ext remely  insignificant and disappeared by 
30-45 min after root compression. 

Series II. When the right Iung a was occluded a more marked and persistent pressure increase was observed in 
the right ventricle and pulmonary artery (respectively,  4.6 • 3 mm Hg.; P < 0.05 and 4 �9 1.3 mm Hg, P < 0.05) as 
compared to series I. The coronary blood flow in the first five minutes after compression of the lung root was lowered 
and then, as in the preceding series, it rose to the ini t ia l  values. The dynamics of the remaining indices were similar 
to those obtained in series I. 

Series III, As in series I and II, exclusion of 74.8% of the lung tissue did not produce significant decreases of 
mean ar ter ia l  pressure. After compression of the lung roots the mean pressure in the pulmonary artery and the right 
ventricular systolic pressure rose sharply (to 14 + 6.3 mm Hg; P < 0.05), and remained significantly increased through- 
out the period of compression. After removal  of the tourniquet the right ventricular and pulmonary ar ter ia l  pressure 
remained high and fel l  only slightly after 45 min. The venous pressure during the 45 min after root compression was 
val idly increased (1.7 e 0.4 mm Hg; P < 0.05) and subsequently fell  (by 0.8 e 0.3 mm Hg; P < 0.05). 

Coronary blood flow increased more sharply than in series I or  II. The EKG revealed changes character is t ic  
for persistent myocardia l  hypoxia and right ventricular overload. These changes, as a rule, continued throughout the 
exper iment .  The ar ter ia l  blood oxygen saturation during the period of pulmonary root compression was not essential ly 
a l tered.  

In half  of the experiments at 30-45 rain after removal  of the tourniquet a sharp decrease in ar ter ia l  blood 

oxygen saturation was noted (mean of 77% in comparison to 92% in the in i t ia l  test). The venous blood oxygen satura- 
tion decreased during the entire period of compression and continued to fal l  after removal  of the tourniquet. The 
arter io-venous difference at  the end of the exper iment  exceeded the ini t ia l  level  by 21/2 t imes (42% as compared 
with 17% in the in i t ia l  test). 

Series IV. Exclusion of 84.6% of the lung tissue was accompanied  by a sharp decrease in the mean ar ter ia l  
pressure (by 22.7 �9 8.8 mm Hg, P < 0.05), which continued during the entire period of pulmonary root compression. 
The mean pulmonary artery pressure after pulmonary root compression rose (by 12 �9 3 mm Hg, P < 0.05), but less 
significantly than in experiments of series III. This increase in pulmonary artery pressure continued during the first 

30 min of pulmonary root compression and then fell .  After removal  of the tourniquet the pulmonary artery pressure 
was lower than the normal leve l  (by 5.8 e 1.4 mm. Hg, P < 0.05). Similar  changes were also noted in the right ven- 
tricular systolic pressure. In distinction from experiments of series III the venous pressure showed a tendency fo ta l l .  
In the pulmonary root compression period the coronary blood flow was decreased by two t imes.  Changes in ar ter ia l  
and venous blood oxygen saturation were similar to changes in these parameters  in series III. On the EKG, in addit ion 
to the changes described, expressed even more markedly,  disturbances in intraventricular  conduction were noted 
(splitting and widening of the QRSII and QRSII I complexes) .  The lack of signs of right ventricular overload wasalso 
character is t ic .  

Thus, the results of our investigations show that exclusion of one of the lungs from respiration and from the 
circulat ion (40-60% of lung tissue) does not produce significant or persistent changes in hemodynamics  or in the 
oxygen supply of the organism. 

In contradistinction to this, the e l iminat ion  of a larger volume of lung tissue from respiration and blood c i rcu la -  
tion is accompanied  by clear  signs of right heart over load  and by an increase in the arterio-venous oxygen gradient.  
Taking into account the persistance of a normal ar ter ia l  blood oxygen saturation and the sharp increase in ar ter io-  
venous gradient,  it is to be hypothesized that exclusion of more than one lung leads to a clearcut  fal l  in minute 
volume.  

At  the present t ime it is difficult  to explain  the observation made in these investigations and in ear l ier  reports 
by other authors [4], that the ar ter ia l  blood oxygen saturation falls after removal  of the tourniquet from the pulmonary 
r o o t .  
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Proceeding from our experimental  results, we feel it most advisable when the lungs are used as "au to-oxy-  
genator" to exclude not more than one lung, i ,e .  not more than 60% of the lung tissue, from the circulation.  
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Al l  abbreviations of periodicals in the above bibliography are  l e t t e r - b y - l e t t e r  t r a n s l i t e r -  

a t i o n s  of the abbreviations as given in the original Russian journal. Some or al l  o f  t h i s  per i -  

od i ca l  l i t e ra ture  m a y  we l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A complete list of the cover-to- 
cover English translations appears at the back of this issue. 
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