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PULMONARY IN TER STIT IA L EMPHYSEMA IN  LOW BIRTH WEIGHT INFANTS:  

CHARACTERISTICS OF SURVIVORS

T. LERMAN-SAGIE, S. DAVIDSON, E . WIELUNSKY

D e p a r t m e n t  o f  N e o n a t o l o g y ,  B e i l i n s o n  M e d i c a l  C e n t e r ,  
P e ta h  T i q v a ,  S a c k l e r  S c h o o l  o f  M e d i c i n e ,  

T e l - A v i v  U n i v e r s i t y ,  I s r a e l

R e c e iv e d  17 May 1989

Twent y  o u t  o f  303 v e n t i l a t e d  l o w  b i r t h  w e i g h t  i n f a n t s ,  
h o s p i t a l i z e d  i n  t h e  B e i l i n s o n  M e d i c a l  C e n t e r ' s  I n t e n s i v e  
Care U n i t ,  d u r i n g  t h e  y e a r s  1 9 8 4 -1 9 8 6 ,  d e v e l o p e d  
p u l m o n a r y  i n t e r s t i t i a l  emphysema.  E i g h t e e n  i n f a n t s  had 
v e r y  lo w  b i r t h  w e i g h t  ( l e s s  t h a n  1500 g rams)  and  17 were 
l e s s  t h a n  30 w e e k s '  g e s t a t i o n .  The mean b i r t h  w e i g h t  was 
987 +_ 311 and mean g e s t a t i o n a l  age 2 7 .7  _+ 2 . 5 .  E i g h t  
i n f a n t s  s u r v i v e d  t h e  p u l m o n a r y  d i s e a s e .  T h e r e  w e re  no 
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  n e o n a t a l  p a r a m e t e r s  
be tween  i n f a n t s  who d i e d  o r  s u r v i v e d .  H o w e v e r ,  t h e  
s u r v i v o r s  had a s i g n i f i c a n t l y  l o w e r  m a x i m a l  peak  
i n s p i r a t o r y  p r e s s u r e  and F Í O 2  on th e  f i r s t  day  o f  
v e n t i l a t i o n .  The i n c i d e n c e  o f  pne u m o t h o ra x  and a s p h y x i a  
was t h e  same i n  b o t h  g r o u p s .

INTRODUCTION

P u l m o n a r y  i n t e r s t i t i a l  emphysema ( P I E )  i s  a c o m p l i c a t i o n  o f  

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

i n f a n t s .  T h i s  c o m p l i c a t i o n  c a u s e s  d e t e r i o r a t i o n  o f  t h e  i n f a n t ' s  

c o n d i t i o n  and i n c r e a s e s  m o r t a l i t y  r a t e  t o  57 4 -  89 % / 1 - 3 / .

Low b i r t h  w e i g h t ,  p r e m a t u r i t y ,  h y a l i n e  membrane d i s e a s e  and 

m e c h a n i c a l  v e n t i l a t i o n  a r e  r i s k  f a c t o r s  a s s o c i a t e d  w i t h  t h e  

d e v e l o p m e n t  o f  PIE / 5 , 7 , 1 0 / .  PIE d e v e l o p i n g  on t h e  f i r s t  day  o f  

l i f e  c a r r i e s  a g r a v e  p r o g n o s i s  / 5 , 8 /  and t h e r e  i s  a p o s i t i v e  

c o r r e l a t i o n  be tw een  h i g h  v e n t i l a t o r y  p r e s s u r e s  and m o r t a l i t y  / 3 / .  

A r e t r o s p e c t i v e  s t u d y  was c a r r i e d  o u t  i n  o r d e r  t o  e x a m i n e  t h e  

d i f f e r e n c e s  be tw een  i n f a n t s  w i t h  PIE who s u r v i v e d  o r  s u c c u m b e d .
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PATIENTS AND METHODS

The m e d i c a l  r e c o r d s  o f  a l l  v e n t i l a t e d  l o w  b i r t h  w e i g h t  i n f a n t s  
h o s p i t a l i z e d  i n  t h e  N e o n a t a l  I n t e n s i v e  C a re  U n i t  o f  t h e  B e i l i n s o n  
M e d i c a l  C e n t e r  d u r i n g  t h e  y e a r s  1984  -  1986 ,  were r e v i e w e d  
r e t r o s p e c t i v e l y  f o r  t h e  p r e s e n c e  o f  P I E .

I n d i c a t i o n s  f o r  i n s t i t u t i o n  o f  m e c h a n i c a l  v e n t i l a t i o n  were 
b a s e d  on s t a n d a r d  c r i t e r i a  / 8 / .  The r e s p i r a t o r y  s u p p o r t  was a i me d 
a t  m a i n t a i n i n g  a pH g r e a t e r  th a n  7 . 2 5 ,  and  PaÜ2  o f  50 t o  80 t o r r  
w i t h  a m i n i m a l  mean a i r w a y  p r e s s u r e  ( M AP ) .

P IE  was d i a g n o s e d  by a p e d i a t r i c  r a d i o l o g i s t  when a c o a r s e  
r e t i c u l a r  p a t t e r n  o f  l i n e a r  and r o u n d e d  r a d i o l u c e n c i e s  was seen 
e x t e n d i n g  o u t  o f  t h e  h i l u m  / 1 3 / .

T w e n t y  i n f a n t s  w i t h  r a d i o l o g i c a l l y  c o n f i r m e d  PIE were  
i d e n t i f i e d .  T h e i r  c l i n i c a l  r e c o r d s  w e r e  exami ned  w i t h  a t t e n t i o n  
t o  g e s t a t i o n a l  a g e ,  b i r t h  w e i g h t ,  mode o f  b i r t h ,  A pga r  s c o r e ,  
m e c h a n i c a l  v e n t i l a t i o n  p a r a m e t e r s  and o x y g e n  r e q u i r e m e n t s  p r i o r  
and d u r i n g  a i r l e a k ,  p r e s e n c e  o f  o t h e r  p e r i n a t a l  c o m p l i c a t i o n s  and 
o u t c o m e .  The s e r i a l  c h e s t  X - r a y s  w e re  r e v i e w e d  w i t h  a t t e n t i o n  t o  
t h e  d e v e l o p m e n t  o f  h y a l i n e  membrane d i s e a s e ,  P IE ,  p n e u m o t h o r a x ,  
p n e u m o m e d i a s t i n u m  and b r o n c h o p u l m o n a r y  d y s p l a s i a .

P IE  was managed c o n s e r v a t i v e l y .  When PIE was u n i l a t e r a l  t h e  
i n f a n t  was p l a c e d  i n  t h e  l a t e r a l  d e c u b i t u s  p o s i t i o n ,  a f f e c t e d  
s i d e  down / 3 / .  P o s i t i v e  p r e s s u r e  v e n t i l a t i o n  was re d u c e d  as much 
as c l i n i c a l l y  p e r m i s s i b l e .  In  3 s e v e r e l y  i l l  i n f a n t s ,  h i g h  
f r e q u e n c y  v e n t i l a t i o n  was a t t e m p t e d  / 6 /  ( " I n f a n t  s t a r "  n e o n a t a l  
v e n t i l a t o r ) .

S t a t i s t i c a l  a n a l y s i s :  s u r v i v i n g  p r e m a t u r e  i n f a n t s  w i t h  PIE 
w e r e  compared  t o  i n f a n t s  who d i e d  o f  t h i s  p u l m o n a r y  d i s e a s e .  
R e s u l t s  were e x p r e s s e d  as mean +_ s t a n d a r d  d e v i a t i o n .  D i f f e r e n c e s  
b e t w e e n  g r o u p s  were  a n a l y z e d  by t h e  S t u d e n t ' s  t - t e s t .  C o m p a r i s o n s  
among g r o u p s  f o r  f r e q u e n c y  o f  an e v e n t  were a n a l y z e d  by  t h e  
C h i s q u a r e  t e s t .  S t a t i s t i c a l  s i g n i f i c a n c e  was a c c e p te d  a t  p < 0 . 0 5 .

RESULTS

D u r i n g  t h e  s t u d y  p e r i o d  303 l o w  b i r t h  w e i g h t  i n f a n t s  r e q u i r e d  

m e c h a n i c a l  v e n t i l a t i o n  i n  t h e  f i r s t  d a y s  o f  l i f e .  Twen ty  i n f a n t s  

d e v e l o p e d  PIE ( 6 . 6  %) .  The p r i m a r y  r e s p i r a t o r y  d i a g n o s i s  o f  a l l  

i n f a n t s  was h y a l i n e  membrane d i s e a s e .  N i n e t e e n  i n f a n t s  were  

v e n t i l a t e d  on t h e  f i r s t  day o f  l i f e  and a l l  were v e n t i l a t e d  

b e f o r e  d e v e l o p i n g  P I E .  The m a in  n e o n a t a l  p a r a m e t e r s  a r e  

s u m m a r i z e d  i n  T a b l e  I .  The mean b i r t h  w e i g h t  was 9 8 7 . 5  +_ 311 

g ra m s  ( r a n g e  640 g r  -  1790 g r ) .  E i g h t e e n  i n f a n t s  had a v e r y  lo w  

b i r t h  w e i g h t  ( <  1500 g r a m ) .  Mean g e s t a t i o n a l  age was 2 7 . 7  +_ 2 . 5  

w eeks  ( r a n g e  24 -  34 w e e k s ) .  S e v e n t e e n  p a t i e n t s  were l e s s  t h a n  30 

w eeks  o f  g e s t a t i o n ,  e l e v e n  d e v e l o p e d  p n e u m o t h o r a x ,  t h a t  was 

b i l a t e r a l  i n  5.
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TABLE I

N e o n a t a l  p a r a m e t e r s  o f  20 p a t i e n t s  w i t h  PIE (mean +_ SO)

B i r t h  w e i g h t  ( g r a m s ) 987 .,5 +_ 311 ,.7

G e s t a t i o n a l  age ( w e e k s ) 27 ..7 ^ 2 ,.5

Apgar  s c o r e  a t  1 m i n u t e 3..9 +_ 2 ,.9

Day PIE d e v e l o p e d 3.. 0  +_ 1 . 8

L o c a t i o n  o f  PIE

B i l a t e r a l 15 (75 %)

U n i l a t e r a l 5 (25 %)

I n c i d e n c e  o f  p n e u m o t h o r a c e s 1 1 (55 %)

M o r t a l i t y 1 2 (60 %)

Mean Apgar  s c o r e  a t  one m i n u t e  was 3 . 9  +_ 2 . 9 .  PIE d e v e l o p e d  on 

t h e  f i r s t  day o f  l i f e  i n  5 i n f a n t s .  The mean day a t  w h i c h  PIE 

d e v e l o p e d  was 3 . 0  +_ 1 . 8  ( r a n g e  1 -7  d a y s ) .  PIE was b i l a t e r a l  i n  15 

p a t i e n t s .

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

r o e n t g e n o g r a m  c o n s i s t e n t  w i t h  PIE on t h e  day o f  d e a t h .  E i g h t  

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

P I E .  One i n f a n t  o f  t h e  l a t t e r  g ro u p  d i e d  on t h e  1 8 t h  day o f  l i f e  

o f  n o n - r e s p i r a t o r y  c a u s e .  The main n e o n a t a l  p a r a m e t e r s  o f  b o t h  

g r o u p s  a r e  summarized i n  T a b l e  I I .

As can be s e e n ,  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  

t h e  2 g r o u p s .  H o w e ve r ,  t h e  i n f a n t s  who d i e d  t e n d e d  t o  be s m a l l e r  

( 8 9 9  _+ 202 grams vs  1120  _+ 408 g rams)  and o f  y o u n g e r  g e s t a t i o n a l  

age ( 2 7 . 2  +_ 2 . 0  weeks vs  2 8 . 4  +_ 3 .2  w e e k s ) .

The ma in  v e n t i l a t o r y  p a r a m e t e r s  f o r  t h e  2 g r o u p s  a r e  

s u m m a r i z e d  i n  T a b l e  I I I .  As can be seen  t h e r e  were  s i g n i f i c a n t  

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

M a x i m a l  peak i n s p i r a t o r y  p r e s s u r e  ( P I P )  use d  on t h e  f i r s t  day o f  

v e n t i l a t i o n  was h i g h e r  as were  th e  f i r s t  and l a s t  F Í O 2  used  on 

t h i s  d a y .  The m a x i m a l  PIP used d u r i n g  v e n t i l a t i o n  was a l s o  

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

O u t c o m e :  7 i n f a n t s  s u r v i v e d  t h e  n e o n a t a l  p e r i o d .

B r o n c h o p u l m o n a r y  d y s p l a s i a  d e v e l o p e d  i n  6  ( 8 5  %).
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TABLE I I

Compar ison  o f  n e o n a t a l  p a r a m e t e r s  o f  p a t i e n t s  who 

s u r v i v e d  v e r s u s  t h o s e  who d i e d  (mean + SO)

S u r v i v e d  
n = 8

D ie d  
n = 12

P*

B i r t h  w e i g h t  ( g r a m s ) 1120 +. 4 0 7 . 8 899 +_ 202 NS
G e s t a t i o n a l  age ( w e e k s ) 2 8 .4 ±  3 . 2 2 7 . 2  +_ 2 . 0 NS
A p g a r  s c o r e  a t  1 m i n u t e 3 .3 ±  3 . 4 4 . 2 5  +_ 2 . 7 NS

Day PIE d e v e l o p e d 3 .7 ±  1 . 8 2 . 7  +_ 1 . 8 NS
L o c a t i o n  o f  PIE

B i l a t e r a l 5 (62  %) 10 (8 3  %) NS

U n i l a t e r a l 3 (38  %) 2 (2 7  %) NS

I n c i d e n c e  o f  p n e u m o t h o r a c e s 4 (50  \ ) 7 ( 5 8  %) NS

* S i g n i f i c a n t  p < 0 . 0 5

TABLE I I I

V e n t i l a t o r y  c h a r a c t e r i s t i c s  (mean ±  SD)

T o t a l S u r v i v o r s Dead Р*

F i r s t  day o f

v e n t i l a t i o n  (n = 20) (n  = 8 ) (n  = 12)

F i r s t  PIP (cm H20 )  2 0 . 7  +_ 3 .3 1 9 . 7  +_ 2 . 9 2 1 . 2  +_ 3 . 4 NS

L a s t  PIP (cm H20 )  2 4 . 2  +_ 5 .4 2 2 . 3  ±  3 .5 2 6 . 0  +_ 6 . 6 <0 .0 25

F i r s t  F i 0 2 0 . 8 5  +_ 20 0 . 7 2  + 18 0 . 9 3  + 18 <0 .01

L a s t  F i 0 2 0 . 7 9 ; + 23 0 . 6 6  +_ 23 0 . 8 8  +_ 19 <0 .025

h i n f a n t  w i t h

PIP > 25 cm H2 0 14 % 60 % <0 . 0 5

M a x i m a l  PIP (cm H20 )  3 3 . 4  +_ 1 0 .2 2 3 . 8  +_ 5 .7 3 8 . 6  + 8 , 1 <0 . 001

* S i g n i f i c a n t  p 2 . 0 . 0 5  
PIP = Peak i n s p i r a t o r y  p r e s s u r e  
F i 0 2 = F r a c t i o n i z e d  i n s p i r a t o r y  ox y g e n



Pulmonary in te r s t i t ia l  emphysema 387

DISCUSSION

P u l m o n a r y  i n t e r s t i t i a l  emphysema o c c u r s  when gas r u p t u r e s  

t h r o u g h  t h e  a l v e o l i  i n t o  t h e  p e r i v a s c u l a r  sp aces  and becomes 

t r a p p e d  i n  t h e  c o n n e c t i v e  t i s s u e  o f  t h e  p e r i - b r o n c h o v a s c u l a r  

s h e a t h s ,  t h e  i n t e r l o b u l a r  s e p t a  and t h e  v i s c e r a l  p l e u r a  / 7 / .  The 

s m a l l  p r e m a t u r e  i n f a n t  i s  e s p e c i a l l y  p r o n e  t o  d e v e l o p m e n t  o f  PIE 

and t h e r e  i s  a s t r o n g  a s s o c i a t i o n  w i t h  h y a l i n e  membrane d i s e a s e  

and m e c h a n i c a l  v e n t i l a t i o n  / 7 , 1 0 / .  The m o r t a l i t y  r a t e  i s  v e r y  

h i g h ,  b u t  t h e r e  has been an i m p r o v e m e n t  f r o m  89 X i n  1978 / 1 0 /  t o  

38 X / 8 /  i n  1987 .  Among t h e  s u r v i v o r s ,  b r o n c h o p u l m o n a r y  d y s p l a s i a  

i s  v e r y  f r e q u e n t  / 5 , 8 / .

R i s k  f a c t o r s  f o r  PIE a r e  p r e m a t u r i t y ,  l o w  b i r t h w e i g h t ,  HMD, 

and h i g h  peak  i n s p i r a t o r y  p r e s s u r e s  on t h e  f i r s t  day  o f  

v e n t i l a t i o n  / 5 , 1 0 / .  G a y l o r d  e t  a l  / 5 /  b e l i e v e  t h a t  m o r t a l i t y  can 

be p r e d i c t e d  e a r l y  i n  t h e  i n f a n t ' s  c o u r s e  w i t h  a 70 X c o n f i d e n c e  

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

and h i g h e s t  PIP on day 1.  T h i s  f o r m u l a  was n o t  p r e d i c t i v e  i n  o u r  

g r o u p  o f  i n f a n t s .  PIE d e v e l o p i n g  on t h e  f i r s t  day i s  more  s e v e r e  

and has a f a t a l  o u t c o m e :  77 X m o r t a l i t y  as opposed t o  45 X when 

PIE d e v e l o p s  l a t e r  / 5 / ,  o r  49 X v e r s u s  l é  X ( 8 ) .

P r o l o n g a t i o n  o f  i n s p i r a t o r y  t i m e  was f o u n d  t o  be a m a j o r  r i s k  

f a c t o r  i n  p a t h o g e n e s i s  o f  p u l m o n a r y  a i r  l e a k s ,  o v e r s h a d o w i n g  

o t h e r  v e n t i l a t o r y  s e t t i n g s  / 1 1 /  b u t  t h e  r e l a t i v e  i m p o r t a n c e  o f  

t h i s  f a c t o r  i n  PIE has n o t  been e v a l u a t e d .  H o w e v e r ,  i t  i s  

p o s s i b l e  t h a t  t h e  i m p r o v e d  ou tc om e  r e p o r t e d  by Heneghan e t  a l  / 8 /  

can be a t t r i b u t e d  t o  v e n t i l a t i o n  o f  t h e i r  i n f a n t s  a t  a m a x i m a l  

i n s p i r a t o r y  t i m e  o f  0 . 7  s e c o n d s .

G a y l o r d  e t  a l  / 5 /  f o u n d  t h a t  i n f a n t s  who d i e d  were 

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

w o rk  t h e r e  was t h e  same t e n d e n c y  b u t  t h e  d i f f e r e n c e s  d i d  n o t  

r e a c h  s t a t i s t i c a l  s i g n i f i c a n c e  ( p r o b a b l y  due t o  t h e  s m a l l  s t u d y  

g r o u p ) .  I n  b o t h  w o rk s  A p g a r  s c o r e s ,  l o c a t i o n  o f  t h e  P I E ,  and 

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

c h a r a c t e r i s t i c s  were  s i g n i f i c a n t l y  d i f f e r e n t :  h i g h e s t  peak 

i n s p i r a t o r y  p r e s s u r e s  and h i g h e r  o x y g e n  r e q u i r e m e n t  on t h e  f i r s t  

day  i n  i n f a n t s  who d i e d .
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M e d i c a l  t r e a t m e n t  o f  i n f a n t s  w i t h  PIE i s  u s u a l l y  c o n s e r v a t i v e :  

p h y s i o t h e r a p y  and m a i n t e n a n c e  o f  t h e  l o w e s t  p o s s i b l e  mean a i r w a y  

p r e s s u r e  w i t h  h i g h  r a t e  and s h o r t  i n s p i r a t o r y  t i m e .  H o w e v e r ,  i n  

r e c e n t  y e a r s  new m e t h o d s  have been  d e v e l o p e d .  H ig h  f r e q u e n c y  

v e n t i l a t i o n  seems p r o m i s i n g  i n  t r e a t m e n t  o f  b i l a t e r a l  PIE / 6 / .  

G a y l o r d  e t  a l  r e d u c e d  m o r t a l i t y  w i t h  t h i s  method f r o m  82 % t o  

44 % i n  a v e r y  h i g h  r i s k  g ro up  o f  v e r y  lo w  b i r t h  i n f a n t s  w i t h  

P I E .  When PIE i s  u n i l a t e r a l  th e  b e s t  a p p r o a c h  i s  t o  p o s i t i o n  t h e  

i n f a n t  on th e  a f f e c t e d  s i d e  / 3 , 1 2 /  so t h a t  t h e  emphysematous l u n g  

i s  u n d e r v e n t i l a t e d  comp ar ed  w i t h  t h e  c o n t r a l a t e r a l  l u n g .  T h i s  

s i m p l e  method i s  e f f e c t i v e  and s a f e r  t h a n  s e l e c t i v e  b r o n c h i a l  

i n t u b a t i o n  / 2 /  o r  s u r g i c a l  r e s e c t i o n  / 1 , 9 / .

E x t r a c o r p o r a l  membrane  o x y g e n a t i o n  i s  a method d e v e l o p e d  t o  

t r e a t  a c u te  c a r d i o p u l m o n a r y  f a i l u r e .  F r a t t a l l o n e  e t  a l  / 4 /  t r i e d  

u s i n g  i t  f o r  i n f a n t s  w i t h  severe PIE b u t  t h e  s i t u a t i o n  w o r s e n e d ,  

a f t e r  a d d i ng  apnea and f u l l  l u n g  r e s t ,  t h e  method w o rk e d  and 

a f t e r  2 o r  3 d a y s  t h e r e  was a r e s o l u t i o n  o f  a i r  l e a k s .  T h i s  

m e t h o d  was used  m a i n l y  i n  f u l l  t e r m  b a b i e s  / 5 , 6 /  so t h a t  i t s  

a p p l i c a t i o n  i n  s i c k ,  v e r y  low b i r t h  w e i g h t  i n f a n t s  i s  s t i l l  

u n c l e a r .

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

s y n d r o m e ,  e s p e c i a l l y  i n  s m a l l  p r e m a t u r e  i n f a n t s ,  b u t  new 

t r e a t m e n t  a p p r o a c h e s  g i v e  p r o m i s e  o f  a b e t t e r  ou tcome i n  t h e  

f u t u r e .
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