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The ae rodynamic  r e s i s t a n c e  to r e sp i r a t i on  was invest igated by genera l  p le thysmography  in 
conjunction with impedance  pneumography in chi ldren aged f rom 3 days to 14 y e a r s ,  main ly  
with d i s e a s e s  of the lungs. Pro longed  opera t ions  under genera l  anes thes ia  induce an in- 
c r e a s e  in the bronchia l  r e s i s t a n c e ,  e spec ia l ly  in the hours  immedia te ly  a f te r  anes thes ia .  
However ,  in pat ients  undergoing thoracic  su rge ry ,  the r e s i s t a n c e  fal ls  sharp ly  a f t e r  the end 
of the f i r s t  pos topera t ive  day, fall ing in many  c a s e s  below normal .  The causes  of the 
bronchodi la ta t ion m a y  be s t re tch ing  of the lungs (compensa to ry  emphysema)  and a re f lex  to 
t r a u m a  to the ches t  wall; the bronchodi la tor  action of baths conf i rms  this l a t t e r  hypothesis .  

Fac to r s  inducing bronchodi la ta t ion include sympa th imime t i c  (or thosympathet ic)  drugs [9-11] and r e -  
flex s t imulat ion a r i s i ng  to s t re tch ing  of the lung t i ssue  [6]. 

This  pape r  d e s c r i b e s  the bronchodi la tor  effect  of mechanica l  act ion on the ches t  wall. 

EXPERIMENTAL METHOD 

Changes in lung function were analyzed in 500 children aged from 3 days to 14 years with various 
medical and surgical diseases [I, 4, 5]. Sixty patients were investigated before and after operations on the 
abdomen and the retroperitoneal space: resections and plastic operations on the intestine, splenectomy, 
pylorotomy, plastic operations on the urinary tract, nephrectomy. Another 75 children were investigated 
before and after operations on the chest: drainage of abscesses, resection of the lungs, pneumonectomy, 
removal of mediastinal tumors, plastic operations on the esophagus and diaphragm, thoracoplasty. Most 
operations were carried out under endotracheal oxygen-nitrous oxide-halothane anesthesia with muscle 
relaxants. To investigate the role of anesthesia, experiments were carried out before and after minor 
operations (herniotomy) on 20 children. 

Cupping of the chest and simultaneous estimation of the aerodynamic resistance were carried out 6 
times on 5 children aged 4-5 years during attacks of asthma, and 8 times on 5 healthy children aged 10-14 
years and on one healthy adult. 

TABLE 1. Compar i son  of VAA/VT, Calculated per  Ki logram Body 
Weight, in Healthy Children and Children Undergoing Thorac ic  
Surge ry  (M * m) 

Number of children . . . . . . .  
Number of tests 
VAA 

(in liters-~cmwater . . . 
Vr �9 Cm/Kg P 

Healthy(wt. Patients(wt. Healthy (wt. Patients(wt. 
5-10 kg) 5-10 kg) 11-16 kg) 12-16 kg) 

22 
22 

0,37~0,017 
<0,01 

12111  l 33 15 36 

0,14--0,023 0.19~0,02 0,09-----0,007 
<0,01 
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Fig. 1. Changes in mean  values 
of VAA/V T in typica l  groups of 
pat ients  weighing 5-16 kg. T e s t s  
c a r r i e d  out before  and 30 min,  
1, 3, and 25 days a f t e r  operat ion.  
Shaded a r e a  co r r e sponds  to l im-  
its of one s tandard  deviation 
above and below mean  for  heal thy 
subjec ts .  

The p r e s s u r e  in a whole-body p le thysmograph  and the impedance  
pneumogram (var ia t ions  in the e l ec t r i ca l  r e s i s t a n c e  of the ches t  dur-  
ing passage  of a cu r r en t  with a f requency of about 100 kHz) were  r e -  
corded.  The a r e a  of the osc i l lographic  loop fo rmed  by the p r e s s u r e  
curve  and the pneumogram is p ropor t iona l  to the p roduc t  of the lung 
volume (V) and the work done in ove rcoming  the ae rodynamic  r e s i s -  
tance (AA); the ra t io  between the a r e a  of the  loop and the height of the 
pneumogram (depth of r e s p i r a t i o n  VT) is  an index propor t iona l  to the 
ae rodynamic  r e s i s t a n c e  (VAA/VT). This  index v a r i e s  with a change 
in the ae rodynamic  r e s i s t a n c e  and in the lung volume.  In mos t  c a s e s  
the r e s i s t a n c e  (and i ts  der ivat ive ,  the work AA) and the lung volume 
(V) can be cons idered  to change s imul taneous ly  and in the same  d i r ec -  
tion [10, 11]. The main  cause of the changes in VAA/V T can be e s -  
tabl ished by the use of o rd ina ry  cl inical  methods .  

The technique desc r ibed  can also be used to a s s e s s  d e c o m p r e s -  
sion of the badly vent i la ted a lveo la r  gas,  reducing  the e las t i c i ty  of the 
lungs in dyspnea,  and the depth of r e s p i r a t i o n  can be ca lcula ted  [1, 7]. 

Bes ides  the mechan ic s  of r e sp i r a t i on ,  o ther  p a r a m e t e r s  in- 
ves t iga ted  in these  pat ients  were  the ac id -base  balance  and the oxygen 
par t i a l  p r e s s u r e  in the cap i l l a ry  blood by the m i c r o - A s t r u p  method.  

EXPERIMENTAL RESULTS 

In 350 patients with various diseases of the organs of respiration 
treated conservatively, VAA/V T was above normal (or more exactly, 
more than one standard deviation above the normal means) in 250 cases 
of 1500 tests and below the normal (below the limit of one standard 
deviation calculated from the results of investigations on healthy 
children) in only 25 cases. A decrease usually occurred in atelectasis 
and severe pneumonia in premature infants, and in these cases very 
often the decrease in VAA/V T was considerable, so that it might be 
connected with a decrease in both the lung volume and the aerody~mic 
resistance [5]. 

After abdominal and neurological operations VAA/V T increased 
in the first hour and then fell slightly, although it remained statistical- 
ly above normal for 3 days. Nitrous oxide-halothane anesthesia by it- 

se l f  di la tes  the bronchi  a l i t t le  in m o s t  pa t ients  [3]: in 11 pat ients  a f t e r  he rn io tomy  VAA/V T was s ignif i -  
cantly lowered,  in 5 pat ients  it was r a i sed ,  and in 4 it was v i r tua l ly  unchanged. 

Af ter  thorac ic  opera t ions  this index r o s e  during the f i r s t  few hours  and then fell  in the g r ea t  m a j o r i  W 
of pat ients ,  f requent ly  betow normal .  Of 200 invest igat ions  c a r r i e d  out on 75 pat ients  between 1 and 50 days  
a f t e r  the operat ion,  VAA/V T was below n o r m a l  in 65 ca se s  (in all  these  ca se s  the chi ldren b rea thed  through 
the i r  noses) .  A s ta t i s t i ca l ly  significant  dec r e a se  in VAA/V T below no rma l  o c c u r r e d  f rom 2 to 40 days a f t e r  
the opera t ion in pat ients  weighing 5-16 kg (Table 1, Fig. 1). 

In 3 pat ients  undergoing combined tho raco-abdomina l  opera t ions  VAA/V T at  f i r s t  r o s e  a f t e r  the 
opera t ion  but then fell  below normal ,  i .e. ,  it changed in the same way as in many  pat ients  undergoing o p e ra -  
t ions on the ches t  only. 

In the fol low-up invest igat ion of 4 pat ients  6-12 months  a f t e r  the opera t ion  VAA/V T was found to be 
i nc rea sed  to a va r i ed  degree .  

Cupping of the ches t  is known to r e l i eve  a t tacks  of a s thma  and often to fac i l i ta te  dra inage of the 
bronchi  in pneumonia during the s tage of improvement .  Cupping of chi ldren during a s thma t i c  a t tacks  r e -  
duce d VAA/V T by 30-70% in all  6 subjects  examined.  In heal thy chi ldren and the heal thy adult  cupping 
reduced  VAA/V T l~y 10-30% in all 8 invest igat ions  (Fig. 2). 
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Fig. 2. " R e s p i r a t o r y  loops n of a 
heal thy child aged 14 y e a r s  (eopies 
taken f rom osc i l loscope  sc reen) .  
Ver t ica l  axis - pneumogram;  ho r i -  
zontal  axis  - p l e thysmograph  p r e s -  
sure  (with co r respond ing  ca l i b r a -  
tion m a r k e r ) .  Num ber s  by  loops 
give values of VAA/VT (in l i t e r s .  
cm water) .  T e s t s  c a r r i e d  out in 
a whole-body ple thysmogTaph with 
a capaci ty  of 550 l i t e r s .  

In many  pat ients  the drainage function of the bronchi  was def- 
initely upset  in the pos topera t ive  per iod and pneumonia was p resen t .  
This  gives added in te res t  to c a s e s  with no rma l  and low values  of 
VAA/V T,  indicating dilation of at leas t '  some of the bronchi .  

The s imples t  and m o s t  convincing explanat ion o f theb ronchod i l a -  
tat ion is by s t re tch ing  of the functioning lung, or  "compensa to ry  e m -  
physema"  developing a f t e r  r e m o v a l  of pa r t  of the lung, a tumor ,  or  
funnel-shaped compres s ion  of the ches t  wall,  as  well  as in m a s s i v e  
pneumonia and a te lec tas i s ,  The poss ib i l i ty  cannot be ru led  out that  
injury to the ches t  wall  a lso induces r e f l ex  dilation of the bronchi ,  
jus t  as  a f t e r  opera t ions  on the abdominal  o rgans  a dec rea se  in in- 
tes t inal  tone is observed.  The bronchodi la tor  action of cupping r e -  
vealed by the expe r imen t s  is  an a rgumen t  in support  of this l a s t  
hypothesis .  

A lowering of r e s i s t ance  probably  takes  place a f t e r  thorac ic  
operat ions  in some adult pat ients  [8]. 

Th is  phenomenon m a y  par t ly  explain the t e m p o r a r y  benefic ia l  
ef fect  of some opera t ions  on bronchia l  a s t hma  [2]. 
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