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PREVENTION OF PULMONARY COMPLICATIONS DURING NEONATAL

RESUSCITATION
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P e r i n a t a l  I n t e n s i v e  Care  U n i t  on t h e  1 s t  D e p a r t m e n t  o f  
O b s t e t r i c s  and G y n e c o l o g y  o f  Semmelwe is  U n i v e r s i t y  

o f  M e d i c i n e  B u d a p e s t ,  Hung ary

R e c e i v e d  22 June  1989

The p u l m o n a r y  f u n c t i o n s  were measured  d u r i n g  
r e s u s c i t a t i o n  o f  e i g h t  c r i t i c a l l y  i l l  n e w b o r n s  by t h e  
" P u l m o n a r y  E v a l u a t i o n  and D i a g n o s t i c  Sys tem"  (PEDS Un i t -
М .A . S . I n c . )  The a s p h y x i a t e d  i n f a n t s  ( A p g a r  s c o r e  0 - 3 ; P H  
6 , 9 )  r e q u i r e d  more a g r e s s i v e  v e n t i l a t o r  s u p p o r t  t h a n  
" t r a d i t i o n a l "  c a s e s .  The d a n g e r  o f  t h e  p u l m o n a r y  i n j u r i e s  
was l a r g e r  i n  t h i s  p e r i o d .  I n  s p i t e  o f  t h i s ,  t h e r e  were  
no s i g n s  o f  a i r  l e a k s  sy nd ro m e  and t h e  o x y g e n a t i o n  was 
i m p r o v e d  i n  e v e r y  c a s e .  W o r s e n i n g  o r  i m p r o v i n g  t h e  
p u l m o n a r y  m e c h a n i c s  i t  i s  p o s s i b l e  t o  c h a n g e  t h e  
v e n t i l a t o r  s e t t i n g s  i m m e d i a t e l y .  T h i s  method seems t o  be 
a d v i s a b l e  t o  i n t r o d u c e  i n  t h e  e v e r y d a y  r o u t i n  t o  p r e v e n t  
i a t r o g e n i c  p u l m o n a r y  c o m p l i c a t i o n s  i n  such  c r i t i c a l  
s i t u a t i o n  -  t h e  r é a n i m a t i o n .

INTRODUCTION

The aim o f  n e o n a t a l  r e s u s c i t a t i o n  i s  t o  i n s u r e  t h e  v i t a l  

f u n c t i o n s  i n  t h e  c ase  o f  e x t r e m e  h y p o x i a  and a c i d o s i s .  " S i n c e  

a s p h y x i a  i n  f e t u s  and n e w b o r n ,  w h e t h e r  c h r o n i c  o r  a c u t e ,  i s  a 

p r o g r e s s i v e  p r o c e s s  t h a t  can l e a d  t h e  i n f a n t ' s  d e m i s e ,  i t  i s  

i m p e r a t i v e  t h a t  a r a t i o n a l  and a g r e s s i v e  a p p ro ach  be u n d e r t a k e n  

t o  r e v e r s e  t h i s  p o t e n t i a l l y  l e t h a l  p r o c e s s "  / 1 / .

U s i n g  a g r e s s i v e  v e n t i l a t o r  s e t t i n g s  i n  t h i s  s i t u a t i o n  t h e  r i s k  

o f  t h e  c o m p l i c a t i o n s  / b a r o t r a u m a ,  a i r  l e a k s ,  h y p o  -  o r  

h y p e r v e n t i l a t i o n /  a r e  s i g n i f i c a n t .  I t  has n o t  been a b l e  t o  

o p t i m i z e  th e  l e v e l  o f  t h e  s u p p o r t i v e  t h e r a p y  w i t h o u t  c o n t r o l l i n g  

t h e  p e r m a n e n t  ch anges  i n  t h e s e  cases  b e f o r e ,  b u t  we can do i t  now 

w i t h  c o n t r o l l i n g  t h e  p u l m o n a r y  f u n c t i o n  and m e c h a n i c s .  We used  

t h i s  method  f i r s t  t i m e  when t h e r e  was o n l y  one c h a n c e  -  t h e  

a g r e s s i v e  t h e r a p y  -  t o  keep  t h e  p a t i e n t  a l i v e .

Akadémiai Kiadó,  Budapest
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MATERIALS AND METHODS

E i g h t  c r i t i c a l l y  i l l  i n f a n t s  -  r a n g i n g  i n  w e i g h t  f r o m  1400 g 
t o  3800 g ; g e s t .  age  f r o m  31 t o  42 week s  and i n  age f r o m  z e r o  t o  
96 h o u r s  -  were m o n i t o r i z e d  d u r i n g  t h e  c o m p l e x  r é a n i m a t i o n  by t h e  
P u l m o n a r y  E v a l u a t i o n  and  D i a g n o s t i c  S y s te m  (PEDS U n i t ) .  T h i s  
e q u i p m e n t  -  made by  M e d i c a l  A s s o c i a t e d  S e r v i c e  I n c .  ( H a t f i e l d - P A )  

c o n s i s t s  o f  a p n e u m o t a c h o m e t e r ,  d i f f e r e n t i a l  p r e s s u r e  
t r a n s d u c e r s  and an IBM p e r s o n a l  c o m p u t e r  / 2 , 3 , 4 / .  We used  i t  i n  
" m o n i t o r  f u n c t i o n " ,  w h i c h  made p o s s i b l e  t o  f o l l o w  t h e  c h a n g e s  o f  
t h e  " p r e s s u r e - f l o w - v o l u m e  c u r v e s " ,  t h e  " v o l u m e - p r e s s u r e  l o o p "  and 
t h e  " f l o w - v o l u m e  c u r v e "  c o n t i n u o u s l y .  R e c o g n i z i n g  t h e  s i g n s  o f  
t h e  i n s u f f i c i e n t  v e n t i l a t o r - s u p p o r t ,  t h e  r e s p i r a t o r  s e t t i n g s  were  
c h a n g e d .

E v e r y  p a t i e n t  was v e n t i l a t e d  by B o u r n s  BP 200 t y p e  r e s p i r a t o r .  
C h e s t w a l l  i m p e d a n c e ,  h e a r t  r a t e  and h e a r t  r a t e  v a r i a b i l i t y  were  
m e a s u r e d  by CAMAC s y s t e m .

TcpO^ was c o n t r o l l e d  by K o n t r o n - R o c h e  m o n i t o r .  B l o o d  gas 
a n a l y s i s  was c a r r i e d  o u t  by R a d i o m e t e r  ABL 330 .  B lo o d  p r e s s u r e  
was measured  by N i p p o n - C o l i n  n e o n a t a l  sphyngomanometer . I n  e v e r y  
c a s e  a r t e r i a l  o r  v e n a  u m b i l i c a l  c a t h e t e r s  were  used f o r  c e n t r a l  
f l u i d  t h e r a p y .

I n  any case o f  u n d e r i n f l a t i o n  and t h e  i n s u f f i c i e n t  o x y g e n a t i o n  
we i n c r e a s e d  t h e  mean a i r w a y  p r e s s u r e  (M AP) .  We f o u n d  t h a t  t h e  
v e n t i l a t o r  s e t t i n g s  c o u l d  be enhanced  t o  a more a g r e s s i v e  l e v e l  
t h a n  t h e  t r a d i t i o n a l  o n e .  ( I t  i s  shown on t h e  T a b le  I ) .  I t  seemed 
t o  be n e c e s s a r y  i n  an e x t r e m e  h y p o x i c  and a c i d e m i c  s i t u a t i o n .

TABLE I

R e s p i r a t o r  s e t t i n g s

T r a d i t i o n a l  s e t t i n g s C o n t r o l l e d  by PEDS

PIP  (cmH2 0) 14 -  30 15 -  42

PEEP (cmH2 0) 1 -  3 3 - 5

MAP (cmH2 0) 9 - 1 3 9 - 2 5

BPM 50 40 -  70

I  : E r a t e 1 : 2 3 :1 -  1 : 3

F l o w  ( l i t / s e c ) 1 0 1 0

F i 0 2 1 . 0 0 1 . 0 0

P I P :  p o s i t i v e  i n s p i r a t o r y  p r e s s u r e ;  PEEP: p o s i t i v e  end e x p i r a t o r y  
p r e s s u r e ;  MAP: mean a i r w a y  p r e s s u r e ;  BPM: b r e a t h  pe r  m i n u t e ;  I : E  
r a t e :  i n s p i r a t o r y - e x p i r a t o r y  r a t i o s
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F o l l o w i n g  t h i s  p r o c e d u r e  we re a c h e d  i m p r o v e m e n t  o f  o x y g e n a t i o n  
and b l o o d  gas s t a t u s  p e r m a n e n t l y  o r  t r a n s i t o r i c a l l y  d e p e n d i n g  on 
t h e  o r i g i n a l  d i s e a s e s  ( T a b l e  I I ) .  The T a b l e  I I I  shows t h e  
s t a r t i n g  and t h e  o p t i m a l  v a l u e s  o f  t h e  b l o o d  g a s e s .

I n  s p i t e  o f  t h e  more a g r e s s i v e  v e n t i l a t i o n ,  t h e  s i g n s  o f  
o v e r d i s t e n s i o n  d e v e l o p e d  o n l y  i n  one c a s e .  No s i g n s  o f  t h e  " a i r  
l e a k s "  have  d e v e l o p e d .  The c h e s t w a l l  d i s t o r s i o n  c o u l d  be w e l l -  
d o c um en te d  i n  t i m e ,  when t h e  s p o n t a n e o u s  b r e a t h i n g  r e s t a r t e d .

TABLE I I

D i s t r i b u t i o n  o f  t h e  r e s u s c i t a t e d  b a b i e s  
a c c o r d i n g  t o  t h e  d i a g n o s i s

D i a g n o s i s Number o f  c a s e s

P o s t a s p h y x i a t e d  synd rom e 3
S e p s i s  (B g r o u p  S t r e p t o c c ) 1

Meconium a s p i r a t i o n  s y . 1

H e r n i a  d i a p h r a g m a t i c a 1

H y p o v o l a e m i c  shock
( r u p t u r e  o f  u m b . c h o r d ) 1

H y p o p l a s t i c  l e f t  v e n t r i c u l a r  s y . 1

A c i d  -  base v a l u e s  a t

TABLE I I I  

t h e  b e g i n n i n g  and t h e  b e s t v a l u e s

s t a r t i n g b e s t

pH 6 . 46 -  6 . 9 8 6 . 9 3 -  7 .5 1
PCO2  mmHg 1 0  -  118 2 1 -  54
pOo mmHg 
HCO3  mmol /1  
BE mmol /1

10 -  321 14 -  324
1 . 6  -  1 4 .5 6 . 3 -  2 5 . 5

( - ) 30 -  ( - )  18 ( - )  2 2 -  ( + )  2 . 7
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DISCUSSION

C r i t i c a l l y  i l l  i n f a n t s ,  who a r e  s u f f e r i n g  f r o m  s e r i o u s  

a s p h y x i a ,  r e q u i r e  a g r e s s i v e  v e n t i l a t o r  s e t t i n g s  / 5  j 6 / . 

I m p r o v i n g  t h e  b a b y ' s  c o n d i t i o n  l o w e r  r e s p i r a t o r  s e t t i n g s  a re  

s a t i s f a c t o r y .  The m o s t  o f  t h e  i a t r o g e n i c  c o m p l i c a t i o n s  d e v e l o p e d  

i n  t h a t  " b l i n d  p e r i o d "  when t h e  a g r e s s i v e  t h e r a p y  was c o n t i n u e d  

i n  s p i t e  o f  t h e  i m p r o v i n g  c o n d i t i o n .  P r e v i o u s l y ,  we c o u l d  o n l y  

r e c o g n i z e  i n d i r e c t l y  t h e  i m p r o v e d  p u l m o n a r y  m e c h a n i c s .  The 

t r a d i t i o n a l  d i a g n o s t i c  m e t h o d s  -  t h e  b l o o d  gase  a n a l y s i s  and t h e  

X r a y  -  r e f l e c t e d  o n l y  a s t a t i c  s t a t e ,  and t h e r e  was a " t e c h n i c a l  

l i m i t "  t o  r e p e a t  i t  t o o  f r e q u e n t l y .  The t r a n s c u t a n e o u s  pC^ ,  pCÜ2  

m o n i t o r s  gave more i n f o r m a t i o n  a b o u t  t h e  d y n a m i c a l  p r o c e s s e s  b u t  

t h e s e  f i n d i n g s  w ere  r e s u l t e d  by t h e  common r e s p i r a t o r y  and 

c i r c u l a t o r y  e f f e c t s .  T h e r e  was no p o s s i b i l i t y  t o  t e s t  t h e  bed 

s i d e  on l i n e  way.  The PEDS U n i t  e n a b l e s  us t o  f o l l o w  t h e  dy nam ic  

c h a n g e s  i n  t h e  a i r w a y .

T h e r e  a re  a l o t  o f  e x p e r i e n c e s  u s i n g  i t  d u r i n g  m e c h a n i c a l  

v e n t i l a t i o n  / 7 , 8 , 9 , 1 0 , 1 1 , 1 2 /  b u t  we d i d  n o t  f i n d  any r e p o r t  on 

r e s u s c i t a t i o n .  We a n a l y s e d  t h e  " p r e s s u r e - v o l u m e  l o o p "  and t h e  

" f l o w - v o l u m e  c u r v e "  s i m u l t a n e o u s l y .  The s i g n s  o f  t h e  

u n d e r i n f l a t i o n  o r  o v e r d i s t e n s i o n  and t h e  f l o w - i n t e r r u p t i o n  were 

e a s i l y  r e c o g n i z e d .  The o p t i m a l  v a l u e  o f  t h e  peak  i n s p i r a t o r y  

( P I P )  and t h e  p o s i t i v e  end e x p i r a t o r y  p r e s s u r e  (PEEP) c o u l d  be 

e s t i m a t e d  and t h e  e f f i c i e n c y  o f  t h e  a r t e f i c i a l  v e n t i l a t i o n  d u r i n g  

t h e  r é a n i m a t i o n  was w e l l  c o n t r o l l e d .  On t h e  b a s i s  o f  t h e s e  d a t a ,  

we c o u l d  change t h e  r e s p i r a t o r y  s e t t i n g s  a c c o r d i n g  t o  t h e  

r e q u i r e m e n t s ,  and f o l l o w  t h o s e  " b l i n d  d i a g n o s t i c  p é r i o d e " ,  when 

m o s t  o f  th e  i a t r o g e n i c  c o m p l i c a t i o n s  can d e v e l o p .

C o n n e c t e d  w i t h  d e s c r i b e d  method  t h e  two  f o l l o w i n g  q u e s t i o n s  can 

a r i s e :  1.  I s  t h e  t i m e  s u f f i c i e n t  dur ing r e s u s c i t a t i o n  f o r  u s i n g  t h e  

PEDS? 2.  Which i s  t h e  o p t i m a l  s t e p  t o  use  i n  t h e  p r o c e d u r e  o f  

r é a n i m a t i o n ?

The answer f o r  t h e  f i r s t  q u e s t i o n  i s  " Y e s " .  I t  t a k e s  1 -2  

m i n u t e s  t o  p u t  i t  i n  o p e r a t i o n ,  a f t e r  t h i s ,  i t  i s  f u n c t i o n i n g  

w e l l .
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C o n n e c t e d  w i t h  t h e  second  q u e s t i o n ,  we recommend t h e  

f o l l o w i n g :  a f t e r  s u c t i o n i n g ,  i n t u b a t i o n  and  t h e  b e g i n n i n g  o f  t h e  

m e c h a n i c a l  v e n t i l a t i o n ,  when t h e r e  i s  no need f o r  e x t e r n a l  

c a r d i a c  massage,  i t  i s  h i g h  t i m e  t o  use  t h e  PEDS.

The p r e s e n c e  o f  t h i s  e q u i p m e n t  do e s  n o t  d i s t u r b  t h e  o t h e r  

d i a g n o s t i c  and t h e r a p e u t i c a l  p r o c e d u r e s ,  f o r  examp le  i n s e r t i o n  o f  

t h e  a r t e r i a l  o r  vena  c a n u l e s ,  X ray, p i c t u r e s ,  b l o o d  gas a n a l y s i s ,  

ECG and t r a n s c u t a n e o u s  PO2 , PCO2  m o n i t o r .  However i t  i s  a d v i s a b l e  

t o  s t a r t  t h e s e  e x a m i n a t i o n s  o n l y  a f t e r  f i t t i n g  o f  PEDS.

T h i s  p r o c e d u r e  was f o u n d  v e r y  e f f e c t i v e  i n  p a r t i c u l a r  i n  t h a t  

5 c a s e s  ( A p g a r  s c o r e  was be tween  0 -2  a t  t h e  a d m i s s i o n )  w h i c h  were  

t r a n s p o r t e d  t o  o u r  d e p a r t m e n t .

We s u g g e s t  t h a t  o u r  p r e l i m i n a r y  r e s u l t s  a re  c o n v i n c i n g  t h a t  

t h i s  non i n v a s i v e ,  bed s i d e  e v a l u a t i o n  o f  p u l m o n a r y  f u n c t i o n s  and 

m e c h a n i c s  t o g e t h e r  w i t h  t h e  t r a d i t i o n a l  d i a g n o s t i c  m e th ods  can 

g i v e  new p o s s i b i l i t i e s  t o  p r e v e n t  t h e  i a t r o g e n i c  c o m p l i c a t i o n s ,  

f i r s t  o f  a l l  l u n g  i n j u r i e s ,  d u r i n g  s uch  a c r i t i c a l  p e r i o d  as t h e  

r e s u s c i t a t i o n  o f  t h e  n e w b o r n .
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