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In experiments  on dogs with a replanted tung increased bioelec t r ica l  act ivi ty of the intercostal  mus -  
cles was observed on the site of operation.  

With the extensive development of thoracic surgery, the problem of transplantation of organs and 
tissues, especially lung transplantation, has become increasingly important [10-12, 15]. 

Following experiments on animals, in recent years the first operations of replantation and homo- 
transplantation of the lung have been carried out under clinical conditions [I0, 14]. The comprehensive 
study of function of the replanted lung, essentially a model of the denervated organ with its humoral connec- 
tions restored, is of considerable interest. 

The results of general spirography and of separate bronchosoirometry show that the replanted lung 
begins to perform its function of gas exchange within a few hours after the operation [10-14, 16, 17]. 

The function of the replanted lung is increased 2-3 weeks after the ooeration, as can be clearly 
demonstrated by excluding the intact lung [10, Ii]. The blood flow in the replanted lung is somewhat re- 
tarded in the early period after the operation but it quickly begins to catch up to the blood flow in the intact 
lung [2, 10, 12]. 

The object of the present  investigation was to study the regulation of respira t ion in dogs with a r e -  
planted lung. 

EXPERIMENTAL METHOD 

Replantation of the lung was ca r r i ed  out in experiments  on 60 dogs by complete division of all s t ruc -  
tures  at the hilus of the left lung followed by anas tomosis  of the blood vesse ls  and broachii  [11]. 

The principal e lec t romyographic  investigations were ca r r i ed  out on 9 dogs at var ious times (from 2 
to 250 days) af ter  replantat ion of the left lung. The investigation was ca r r i ed  out in a waking state under 
superf icial  morphine-barb i tura te  anesthesia .  Action potentials were recorded  by disc e lectrodes  (6 x 
12 ram) from the intercostal  muscles .  The e lect rodes  were applied symmet r i ca l ly  on the right and left 
sides in the 8th and 9th in tercosta l  spaces.  The integrated e lect r ical  activity of the right and left in ter -  
costal  musc les  was recorded  as two curves .  Potentials were recorded on a "Disa" 3-channel  e lec t romyo-  
graph.  

EXPERIMENTAL RESULTS AND DISCUSSION 

During quiet resp i ra t ion  in waking dogs and under light anesthesia  action potentials were found in 
ei ther  the insp i ra tory  or  the expi ra tory  intercostal  muscles .  

In the ear ly  periods after replantation of the lung action potentials were usually found in the expira tory  
in tercosta l  musc les ,  and at la ter  stages in the inspi ra tery  muscles .  Increased e lect r ical  activity of the 
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Fig. 1. Eleet romyograph (EMG) of inspi ra tory  . 
in tercos ta l  muscles  during inhalation of air(A, 
C) ,6% CO 2 (B),and 10% 0 2(D). a) EMGon 
side of intact lung; b) EMG on side of replanted 
lung. Two curves represen t  integrated e lee t r i -  
cal activity of intercostal  muscles  on right (in- 
tact) and left (replanted) sides.  Pneumogram:  
above - insp i r a t ion ,  be low-exp i ra t ion .  Same 
legend to all f igures.  EMGs recorded  f rom dogs 
in a waking state.  

muscles  was found on the side of both the replanted 
and the intact lung. This indicates increased excita-  
tion of the r e sp i r a to ry  center ,  for under normal  con- 
ditions during quiet breathing the activity of the in ter -  
costal  muscles  in dogs is very  weak and is found 
only in the inspi ra tory  muscles .  

On the side of the replanted lung the e lect r ical  
activity of the intercostal  muscles  was considerably 
increased.  The amplitude and duration of volleys in 
both the inspi ra tory  and the expira tory  muscles  and 
the integrated e lec t r ica l  activity were g rea te r  on the 
side of the replanted lung (Figs. 1 and 2). T h e  dif- 
ferences observed indicate that replantation of the 
left lung leads to a s y m m e t r y  in the work of the r e s -  
p i ra tory  center  as a resul t  of its part ial  deafferenta-  
tion caused by denervation of one lung. 

To examine the compensatory  powers of the 
apparatus of external  resp i ra t ion  and the react ivi ty of 
the r e sp i r a to ry  center  in dogs with a replanted lung, 
the animals were made to inhale hypercapnie (6% CO 2) 
and anoxic (10% 02) gas mixtures for a period of 3-  
5 rain. The dogs in a waking state inhaled the gas mix-  
ture through a mask  with breathing valves,  the anes-  
thetized dogs inhaled it through an endotracheal  tube. 

Regardless  of the time after  the operation all 
the animals responded actively to hypercapnia.  This 
could be judged not only f rom the dynamics of the 
e lect r ical  ac t iv i ty  of the intercostal  muscles ,  but also 
f rom the increase  in minute volume of the combined 
lung ventilation. Taking the initial lung ventilation as 
100%, by the end of the 5th minute of inhalation of the 
hypercapnic gas mixture it was increased by 250-400%. 
This increase  in the lung ventilation of dogs with a 

replanted lung indicates that the r e sp i r a to ry  center  possesses  considerable react ivi ty  and the external r e s -  
p i ra to ry  sys tem possesses  large compensatory  r e s e r v e s .  

However,  a more  accura te  idea of the state of function of the r e sp i r a to ry  center  in hypercapnia is 
given by the dynamics of e lec t r ica l  activity of the intercostal  muscles .  In hypercapnia the e lec t r ica l  ac t iv-  
ity of the inspi ra tory  in tercos ta l  muscles  increased sharply on the intact and the replanted sides (Figs. 1 
and 2), causing a marked increase  in the amplitude of the action potentials.  Volleys of impulses either were 
shortened,  corresponding to rapid respi ra t ion,  or lengthened, corresponding to flow and deep respi ra t ion  
(Figs.  1 and 2). The configuration of the volleys approximated to rec tangular  or t r iangular ,  indicating in- 
c reased  excitation of the r e sp i r a to ry  center  [4-6]. Character is t ica l ly ,  in dogs in the ear l ie r  stages after  
replantat ion of the lung, the e lec t r ica l  activity of the expiratory intercostal  muscles  was not reduced in 
hypercapnia  and did not d isappear ,  as it does normal ly ,  but on the con t ra ry  it was sharply increased  (Fig. 2). 
Often under these conditions, as well as an increase  in e lec t r ica l  activity of the expira tory intercostal  mus -  
c les ,  a s imi la r  marked increase  in e lect r ical  act ivi ty of the inspi ra tory  muscles  was observed at inspi ra-  
tion (Fig. 3). 

Similar changes in e lec t r ica l  activity of the intercostal  muscles  took place in these dogs when they 
inhaled the anoxic gas mixture.  During anoxia, the amplitude of the action potentials and the duration of the 
volleys were  g rea te r  on the side of the replanted lung. A s y m m e t r y  in the work of the r e sp i r a to ry  center  
pers i s ted  and was even more  marked than during inhalation of a tmospher ic  a i r .  Analysis of the e lec t ro -  
myographic  data obtained in anoxia and hypercapnia showed that in the dogs with a replanted lung the coordin-  
ation relat ionships between the e lec t r ica l  activity of the inspira tory and expira tory  intercostal  muscles  
under these conditions frequently differed in charac te r  f rom those found in normal  animals .  Marshak and 
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Fig.  2. EMGs of e x p i r a t o r y  i n t e r c o s t a l  m u s c l e s  du r ing  i n -  
ha l a t ion  of a i r  (A, C), 6% CO 2 (B), and 10% 02 (D). S igni f i -  
cance  of c u r v e s  as  in Fig .  1. 
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Fig.  3. EMGs of e x p i r a t o r y  and i n s p i r a t o r y  m u s c l e s  d u r i n g  
inha l a t i on  of a i r  (A, C) 6% CO 2 (B), and 10% 02 (D). In h y p e r -  
capn ia  and anoxia  i n c r e a s e d  ac t iv i ty  is  r e c o r d e d  both in the 
phase  of i n s p i r a t i o n  and of exp i r a t i on .  S ign i f i cance  of c u r v e s  
as  in  Fig.  1. 

c o - w o r k e r s  [7-91 r e p o r t e d  that  du r ing  h y p e r c a p n i a  and anoxia  in a n i m a l s  and m a n  the i n c r e a s e  in e l e c t r i -  
ca l  ac t iv i ty  of the i n s p i r a t o r y  m u s c l e s  is a c c o m p a n i e d  by a d e c r e a s e  or  even  the tota l  i nh ib i t i on  of e l e c t r i -  
ca l  ac t iv i ty  of the e x p i r a t o r y  m u s c l e s .  In m a n y  dogs with a r ep l an t ed  lung (e spec ia l ly  soon a f t e r  opera t ion) ,  
d u r i n g  h y p e r c a p n i a  and a l so  d u r i n g  anoxia ,  the i n c r e a s e d  e l e c t r i c a l  ac t iv i ty  of the i n s p i r a t o r y  m u s c l e s  at i n -  
s p i r a t i o n  was  a s s o c i a t e d  with a sha rp  i n c r e a s e  in the e l e c t r i c a l  ac t iv i ty  of the e x p i r a t o r y  m u s c l e s  at: ex -  
p i r a t i o n  (Fig.  3). 
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The inc rease  in e l ec t r i ca l  ac t iv i ty  of the exp i ra to ry  musc les  in the dogs soon a f te r  replanta t ion of 
the lung is an impor tan t  compensa to ry  reac t ion  of the r e s p i r a t o r y  center .  Active involvement  of the ex-  
p i r a to ry  musc l e s  in the ac t  of r e sp i r a t i on  helps to p romote  expira t ion with the replanted lung, whose e l a s -  
t ic i ty  could have been dis turbed a f t e r  replantat ion.  

These  adaptat ions a re  poss ib ly  based  on p ropr iocep t ive  reflex reac t ions  of the in te rcos ta l  musc l e s  
a r i s ing  through changes in volumes  of the intact  and replanted lungs [3,91. The a s y m m e t r y  in working of 
the r e s p i r a t o r y  center  developing a f t e r  replanta t ion of the lung may r e su l t  f rom the s ame  causes  as a r e  ob- 
s e rved  a f t e r  pneumonectomy:  inhibi tor  a f fe ren t  informat ion  f rom the replanted lung no longer reaches  the 
r e s p i r a t o r y  cen te r  [1, 4-61. 
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