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At present, a new type of artificial lung ventila- 
tion, high-frequency jet ventilation (HFJV), is be- 
ing successfully employed in anesthesiology and 
resuscitation. Despite a large body of clinical ob- 
servations [1,2,4,6,14] and experimental  studies 
[11,12] the mechanisms of the effect of HFJV on 
the cardiovascular system and the  interrelations 
between the pulmonary and systemic circulation 
systems under  these conditions are poorly under- 
stood. Investigations of the effect of HFJV on the 
pulmonary circulation are scant [5,15]. 

The purpose of the present study was to in- 
vestigate the functioning of the right and left heart, 
pulmonary and systemic circulation, and lung mi- 
crocirculation for the conversion from traditional 
artificial lung ventilation (ALV) to HFJV. 

MATERIALS AND METHODS 

In acute experiments on 22 male cats weighing 
2.8-3.2 kg narcotized with nembutal  (30-40 mg/  
kg intraperi toneally) the linear and volumetric 
blood flow rates in the ascending aorta and pul- 
monary conus were studied using ultrasound tech- 
nique [8]. The balance between the right and left 
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ventricular outputs was estimated with an analog 
computer  as the ratio of the mean  flow rate in 
the pu lmonary  conus to that in the ascending 
aorta. Blood pressure (BP) in the pulmonary and 
femoral  arteries was measured  wi th  a micro-  
manometer .  The experiments were performed on 
the open chest. After the chest was opened in the 
4th intercostal space, the animals were put on 
ALV, transducers were placed on the aorta and the 
common  carotid artery, and measurements  were 
carried out during 30 rain, after which the ani- 
mals were transferred to HFJV. Traditional ALV 
was effected with a DAM-EPN-2  apparatus for 
experimental animals, the inhaled oxygen fraction 
being 30-40% (Fi=0.3-0.4). The ventilation mode 
was as follows: 50-80 ml respi ra tory  volume,  
1.100-2.100 l i ters /mm minute respiratory volume 
(MRV), and 15-21 rain -~ breathing rate. HFJV 
was carried out with a Spiron-601 apparatus using 
the following operation mode: 100 m m  -1 breath- 
ing rate,  1:2 insp i ra t ion  to exp i ra t ion  ratio,  
MRV=l.900-2.500 liters/rain, and Fi=0.8-0.9. In 
both ventilation modes the pressure in the trachea 
was determined in m m  H20 with a needle ma- 
nometer  via a narrow catheter inserted in the tra- 
chea to the bifurcation. HFJV was adapted to the 
cat's MRV by adjusting the effective pressure in 
the Spiron-601 apparatus. The microcirculation in 
the lungs was studied using a modif ied biomic- 
roscopic technique [7]. The capillary perfusion 
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Pig. t .  C h a n g e s  in h e m o d y - n a m i c s  for swi t ch  from t radi t ional  ALV to HPJ-V. From top 
d o w n :  b a l a n c e  b e t w e e n  o u t p u t s  o f  l e f t  a n d  r i g h t  v e n t r i c l e ,  t e l .  u n i t s  ( c u r v e  r i s e  
c o r r e s p o n d s  to i nc r ea se  in a s c e n d i n g  aor ta  vs. p u l m o n a r y  conus);  BP in  p u l m o n a r y  artery, 
m m  Hg; l inear  b lood  f low ra te  in a s c e n d i n g  aorta, c m / s e c ;  vo lumet r ic  b lood  flow rate  in 
a s c e n d i n g  aorta, m l / m i n ;  l inea r  b lood f low ra te  in p u l m o n a r y  conus ,  c m / s e c ;  vo lume t r i c  
b lood  flow rate in p u l m o n a r y  conus ,  m l / m i n ;  th in  l ines u n d e r  each  cu rve  s h o w  the base l ine ;  
arrow: switch f rom t rad i t iona l  ALV to HFJV;  t ime  scale: 1 and  10 sec; f i gu re s  in  u p p e r  
part :  t ime  (rain) f rom b e g i n n i n g  of  HFJV. 

index (CPI )  was ca l cu la t ed  as the  to ta l  length  of  
b lood-per fused  alveolar  capillaries pe r  10,000 g2 of  
lung area. 

For  evaluat ion o f  the pa-  
r amete r s  of  the  sys temic  cir- 
culation (s t roke and  cardiac 
indexes ,  s t roke  v o l u m e ,  left  
ven t r i cu l a r  o u t p u t ,  l e f t -ven-  
tricle pumping  coefficient ,  to-  
tal per iphera l  res is tance)  the 
values of  cardiac output  to the 
a o r t a  and  the  s y s t e m i c  BP 
were  used  and,  respect ively,  
card iac  ou tpu t  to the  pu lmo-  
na ry  a r te ry  a n d  the  p u l m o -  
nary  BP for  evaluat ion  of  the 
pa ramete r s  o f  the  p u l m o n a r y  
circulat ion (stroke and cardiac 
indexes ,  s troke vo lume ,  total 
p u l m o n a r y  res is tance ,  arteri-  
o l a r  p u l m o n a r y  r e s i s t ance ) .  
The  f o r m u l a  fo r  ca lcu la t ing  
t he  m i c r o v a s c u l a r  p r e s s u r e  
( M P ) ,  as wel l  as the  fo rmu-  
las for  the p re -  a nd  pos tca-  
p i l lary  res is tance  w e r e  taken 
f r o m  the  l i t e r a t u r e  [3 ,10] .  
S ta t i s t ica l  p r o c e s s i n g  of  the 
results  was p e r f o r m e d  with a 
P D P  11/34 c o m p u t e r  (USA) 
using the S t u d e n t  t test for  
paired populat ions.  

RESULTS 
Afte r  the  animals  wen t  f rom 
traditional AVL to HFJV,  a re- 
liable 44% drop o f  BP (p<0.05) 
m the  pu lmonary  artery was ob- 
served (Figs. 1 and  2, a). The 
M P  also d r o p p e d  b y  46.34% 
in compar i son  wi th  traditional 
ALV.  The drop  o f  BP  in the 
p u l m o n a r y  a r t e r y  is la rge ly  
due  to a decrease  o f  the total 

' - " i - i  vascular  resistance in the pul-  
: :  ~ m o n a r y  c i r c u l a t i o n  (Fig. 2, 

b). The vascular walls adjacent 
to alveoles are k n o w n  to con- 
t r ibu te  a p p r o x i m a t e l y  50% to 
the  to ta l  va scu la r  res i s tance  
[13], their  d e f o r m a t i o n  being 
d e p e n d e n t  on the  p e a k  pres-  
sure in the airways, which  ac- 
c o u n t s  for  1 .8-2 .5  c m  H20  

a n d  9-10 c m  H 2 0  dur ing H F J V  a nd  t radi t ional  
ALV,  respect ively.  The  drop  of  the  to ta l  vascular  
resistance by  36.13%, o f  the pre-  and  postcapil lary 
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Fig. 2. Changes in pressure in pulmonary artery (e) and vascular resistance in system of pulmonary artery (b) for switch from 
traditional ALV to HFJV. Asterisk: p<0.05 in comparison with the initial value, 

res is tance  by  28.88% and  31.2%, respect ively ,  as 
wel l  as the d rop  of  BP in  the  p u l m o n a r y  a r te ry  
reduces  the load  on  the f ight  ventr icle .  The  stroke 
w o r k  o f  the r ight  ven t r i c le  u n d e r  cond i t i ons  of  
H F J V  d e c r e a s e d  f r o m  0 .41+0 .2  to  0 .19+0 .001  
k g •  w h i c h  c o n s t i t u t e d  46% o f  the  ini t ial  
value ( t radi t ional  ALV) (Fig. 3, a). The  decreased  
load  on  the r ight  ven t r i c le  was due m a i n l y  to a 
drop  o f  BP in the  p u l m o n a r y  artery. The  r ed u ced  
s t roke  work  o f  the  right ven t r i c l e  led  to a de- 
c reased  vo lume t r i c  b lood  f low in the  p u l m o n a r y  
a r te ry  by  13.35% on  average (Fig. 3, b), a l though 
the l inear  f low rate  r e m a i n e d  u n c h a n g e d  in  the 
major i ty  of  the  experiments .  The  i5% reduc t ion  of  
the stroke work  o f  the left ventr icle  reflects a com-  
p e n s a t o r y  r e a c t i o n  o f  the sys temic  c i r cu la t ion  di- 

r e c t e d  toward  the  m a i n t e n a n c e  o f  the  h e m o d y -  
n a m i c  ba lance  b e t w e e n  the  systemic and  pu lmo-  
n a r y  circulation.  In  hea l thy  animals the  outputs  of  
t h e  right and  left  ven t r i c l e  are ba l anced .  U n d e r  
t rad i t ional  ALV we observed  a slight redis t r ibut ion 
o f  the  bIood f low to  the  p u l m o n a r y  c i rcula t ion  by 
0.4+_0.08%, whereas  u n d e r  H F J V  the  f low redis-  
t r ibu t ion ,  1 .8+0.04% o n  average,  was d i rec ted  to 
t h e  systemic c i rcula t ion .  A l though  the  degree  and  
d y n am ics  o f  these changes  var ied  in d i f fe ren t  ex- 
pe r imen t s ,  the above  t e n d e n c y  was ev iden t  in all 
t he  animals  (Fig. 1, a).  I t  should  be  n o t e d  that  
in  several  expe r imen t s  the  efflux o f  b l o o d  to the ' 
systemic c i rculat ion was ve ry  p r o n o u n c e d  but  rela-  
t ively transient,  the ba lance  be tween  the  outputs of  
the  left  and right ven t r i c l e  be ing~res to red  after  5- 
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Fig. 3. Changes in stroke work of right and left ventricles (a) and volumetric blood flow rate in aorta and pulmonary artery 
(b) for switch from traditional ALV to HFJV. Asterisk: p<0.05 in comparison with the initial value. 
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7 mill (Fig. 1, b). The left heart responds to this 
additional volume 19ad by increasing the pumping 
coeff ic ient  of  the left ventr icle  by 72% (from 
1.05+0.05 to 1.81+0.166 g x m / m m / m ) .  

Together with the dynamics of the parameters 
described above, the switch from traditional ALV 
to HFJV is characterized by a stability of  the lin- 
ear blood flow rate in the aorta as well as (in the 
majority of experiments) in the p u l m o n a r y  artery, 
and by a stability of the  systemic BP, total pe- 
ripheral resistance, stroke volume, and stroke in- 
dex in both the systemic and the pu lmonary  cir- 
culation (p>0.05), the hear t  rate being lowered 
f rom 184.6_+2.8 to 165.4_+1.96 beats / ra in during 
HFJV. 

The structure of the lung microcirculatory bed 
(MCB) in heal th was studied earlier in our labo- 
ratory [7]. It should just be ment ioned  that the 
microvessels adjacent to the lung parenchyma un- 
dergo deformation during a cycle of spontaneous 
breathing. During traditional ALV under conditions 
of thoracotomy, the artificial inspiration leads to a 
straightening but simultaneously to a narrowing of  
t h e  alveolar capillaries. Wide (interalveolar) capil- 
laries also become narrowed. Thus, traditional ALV 
leads to a deformation o f  the MCB due to a rela- 
tively prolonged influence of  high inspiration pres- 
sure and causes a rise of  the microcirculatory (both 
pre- and postcapitlary) and intracapillary resistance. 

HFJV is characterized by a peculiar pattern of 
fluctuations in the respiratory changes in the MCB. 
In our case, the form of  the alveolar capillaries is 
close to their physiological form during spontane- 
ous breathing; with HFJV causing a higher rate of 
breathing and a reduced  inspiration pressure, the 
form of  the lung microvessels changes in a more  
limited range. 

During HFJV there  is a slight drop of the 
CPI, i.e., in the number  of  blood-perfused capil- 
laries and, correspondingly,  an increase in the 
number  of plasmatic capillaries. As soon as after 
10 minutes of HFJV the  CPI drops reliably (by 
9.09%) and then remains at this level. The dy- 
namics of the CPI corresponds to that of  the BP 
in the pulmonary  artery. Our results are in con- 
fortuity with the study repor ted previously [13], 
where a direct correlat ion was found between the 

BP in the pulmonary artery and the CPI  under  
conditions of traditional ALV. A decreased blood 
volume in the pulmonary circulation, judging from 
the lower right ventricular output, also contributes 
to the CPI drop against the background of  HFJV. 

Stabilization of the mare hemodynamic param- 
eters under  the new ventilation conditions occurs 
from the 10th to the 20th mill. Changes in such 
parameters as minute volume, stroke volume, stroke 
index, and cardiac index in the systemic circula- 
tion occur  5 min after those in the pulmonary  
circulation, suggesting that HFJV affects the hemo- 
dynamics  primarily in the pu lmonary  and only 
secondarily in the systemic circulation. 

The data indicate that HFJV relieves the he- 
modynamic  load on the pu lmonary  circulation, 
thus reducing the load on the right ventricle. It 
may be assumed that, in the given regime, HFJV 
may  be effective in cases of  hemodynamic  over- 
loading of  the pu lmonary  circulat ion and right 
heart failure (pulmonary hypertension, pulmonary 
embolism, and lung edema after extensive resection 
of the pulmonary circulation). 
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