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ANIONIC CHARGE SITES IN NEONATAL ALVEOLAR- DEXAMETHASONE STIMULATES FETAL RAT LUNG ANTIOXIDANT 1768 CAPILLARY BASEMENT MEMBRANES. Bruce Ferrara, ENZYME ACTIVITY I N  PARALLEL WITH SURFACTANT STIMULA- 
Susan Sisson, and Robert L. Vernier. University of 771 TION. Lee Frank,  Pamela Lewis and I l e n e  Sosen,. 

Minnesota Medical School, Department of Pediatrics. Vinneapolis, MN. Univ. o f  Miami Sch. of Med., Pulm. Res. ,  Dept. of Med., Miami. 
We have developed a method for demonstration and quant i tat ion of I n  f e t a l  r a b b i t s ,  a  l a t e  g e s t a t i o n a l  r i s e  i n  lung a n t i o x i d a n t  

the  anionic charge sites i n  human alveolar-capil lary basement membrane enzyme a c t i v i t y  Euperoxide  dismutase(SOD), catalase(CAT),  glu- 

(ABM). Fixed-frozen sections of normal lung were incubated w i t h  the t a t h i o n e  p e r o x i d a s e ( ~ ~ ) J  occurs  which p a r a l l e l s  s u r f a c t a n t  de- 
cationic polymer polyethylenimine (PEI) and processed for electron velopment, and which may r e p r e s e n t  another  important  " p r e p a r a t i o n  
microscopy using methods recent ly described fo r  kidney (NEJM 309:1001, f o r  b i r t h "  phenomenon (Peds. Res. z :132A,1983) .  We have now in-  
1983). Results: j e c t e d  time-pregnancy r a t s  wi th  Dexamethasone(DEX)(O.2mg/kg) o r  
Age Post- Molecular Anionic Charge Sites s a l i n e  a t  48 and 24 h r s  p r i o r  t o  d e l i v e r y  of f e t u s e s  a t  days 19,  

Conception Condition wt PEI per 1000 nM of ABM (LRE) 20,21 and 22 ( te rm) .  We measured lung phosphol ip id(PL) ,  d i s a t u r -  
44 wks resolved RDS 600 24.5 a t e d  phosphatidyl-choline(DSPC), and a n t i o x i d a n t  enzymes t o  de- 

1200 24.7 te rmine  whether DEX, i n  a d d i t i o n  t o  s t i m u l a t i n g  s u r f a c t a n t  pro- 
38 wks normal 1200 24.4 d u c t i o n ,  would a l s o  a f f e c t  02-pro tec t ive  enzyme development. 
22 wks normal 600 24.5 R e s u l t s  a r e  expressed a s  mean v a l u e s  SALINEIDEX (2-3 e x p t s . / a g e  

1200 23.2 group; n=3-4 samples lexpt ;  *p<0.05, DEX v s .  SALINE): 
24 wks normal 1200 25.6 GESTATION DSPC(mg1gm lung) SOD CAT GP (UImgDNA) 

40-60,000 24.0 Day 19 34.5137.7 2 2 . m 4 . 4  4 2 m 5 4  1.3811.49 
mean 24.41 + .72 Day 20 46.4165.4" 32.7/38.9* 432/626* 1.30/1.89* 

The number of anionic sites i n  the lamina ra ra  externa (LRE) of Day 21 79.1/113* 39.8/49.7* 456/628* 2.07/2.79* 
the  AMB is remarkably consistent i n  multiple random samples of normal Newborn 1121114 70.4176.5 6501643 2.4012.10 
lung of d i f fe r ing  ages and is not influenced by the molecular weight Thus, p r e n a t a l  DEX t r e a t m e n t  r e s u l t s  i n  a n  a c c e l e r a t i o n  of t h e  
of the probe. Smaller numbers of sites are also present i n  the lamina normal developmental  i n c r e a s e  i n  lung  a n t i o x i d a n t  enzyme a c t i v i -  
ra ra  interna and on c e l l  membranes. Al terat ion of anionic charges i n  t y  which occurs  l a t e  i n  g e s t a t i o n  i n  t h e  r a t  ( a s  i n  t h e  r a b b i t ) .  
the  ABM may influence permeabil ity o f  negatively-charged protein The DEX-treated prematurely-born may thus  be  i n  a more f a v o r a b l e  
across the membrane. This hypothesis can now be assessed i n  man by biochemical  s t a t e  t o  avoid  t o x i c  lung  changes a s s o c i a t e d  wi th  
th is  method. ( t h e  r e l a t i v e l y  02-rich ex u t e r o  environment and) any supple- 

mental  hyperoxic t rea tment  i t  may r e q u i r e .  

MEMBRANE POTENTIAL RESPONSES OF TYPE I 1  CELLS DURING ALVEOLAR PRESSURE AND TIDAL VOLUME DURING HIGH FRE- 
SURFACTANT SECRETION, Jacob N. F i n k e l s t e i n ,  Richard QUENCY VENTILATION. Ivan D. F r a n t z  I 1 1  and Richard 1769 L. Gal lo ,  Robert H. N o t t e r  and Donald L. Shapiro, l 7  H c l o s e .  Harvard Medical  s c h o o l ,  .he C h i l d r e n 9 s  

U n i v e r s i t y  o f  Rochester School o f  Medicine, Department o f  Pedia- H o s p i t a l ,  Department o f  P e d i a t r i c s ,  Boston. 

t r i c s  (Neonatology),  Rochester, NY Alveolar  p r e s s u r e s  and t i d a l  volumes have n o t  been q u a n t i f i e d  
dur ing  h igh  frequency v e n t i l a t i o n .  We have measured dynamic and 

We s t u d i e d  membrane p o t e n t i a l s  o f  t h e  plasma (Ep) and m i t o -  mean p r e s s u r e s  a t  t h e  airway opening,  t r a c h e a ,  and a l v e o l i  a s  

c h o n d r i a l  (Em) membranes o f  i s o l a t e d  type  I 1  a l v e o l a r  e p i t h e l i a l  w e l l  a s  d e l i v e r e d  volumes and blood g a s e s  i n  v i v o  i n  c losed-ches t  

c e l l s  under basal c o n d i t i o n s  and d u r i n g  s u r f a c t a n t  s e c r e t i o n .  a d u l t  r a b b i t s  v e n t i l a t e d  a t  r a t e s  o f  2-37.5 Hz wi th  t h e  Emerson 

Ep and Em o f  f r e s h l y  i s o l a t e d  r a b b i t  t ype  I 1  c e l l s  was measured f l o w - i n t e r r u p t i n g  h igh  frequency v e n t i l a t o r .  Alveolar  p r e s s u r e  

by de termin ing  t h e  d i s t r i b u t i o n  r a t i o s  o f  t h e  l a b e l e d  i o n i c  was measured by opening t h e  c h e s t ,  g l u i n g  an a d a p t e r  t o  t h e  v i s -  

probes triphenylmethylphosphonium (TPMP') and ~b' ,  under condi-  c e r a l  p l e u r a l  s u r f a c e ,  punc tur ing  t h e  p l e u r a  and lung s u r f a c e  

t i 0 n s  which e l i m i n a t e  po ten t ia l - independent  accumulat ion o f  th rough t h e  a d a p t e r ,  c l o s i n g  t h e  c h e s t ,  and a t t a c h i n g  a p r e s s u r e  

probes. Under basal c o n d i t i o n s  Ep was found t o  be -63+4mV, sim- t r a n s d u c e r .  Del ivered  volume was measured w i t h  a p r e s s u r e  p l e -  
i l a r  t o  values ob ta ined i n  o t h e r  s e c r e t o r y  e p i t h e l i a l  c e l l s .  thysmograph. AS frequency i n c r e a s e d ,  a l v e o l a r  p r e s s u r e  swings 
S t i m u l a t i o n  o f  s e c r e t i o n  by 0-adrenergic ag0niStS caused a 20% decreased  from 26 t o  8% o f  p r e s s u r e  swings a t  t h e  airway opening,  

h y p e r p o l a r i z a t i o n  o f  t h e  c e l l s  measurable f rom 5 t o  60 minutes and 100 t o  42% of t h o s e  i n  t h e  t r a c h e a .  Del ivered  volume de- 

a f t e r  s t i m u l a t i o n .  The dose response r e l a t i o n s h i p  f o r  t h e  p0- c r e a s e d  from 5 . 3 5 . 5  t o  0 . 6 5 . 1  ml/kg a s  frequency i n c r e a s e d .  

t e n t i a l  change was i d e n t i c a l  t o  t h a t  observed f o r  s e c r e t i o n  w i t h  Respi ra tory  system impedance f e l l  i n i t i a l l y  w i t h  i n c r e a s i n g  f r e -  

a maximum a t  t e r b u t a l i n e .  60 th  s e c r e t i o n  and p o t e n t i a l  quency,  then  tended t o  remain r e l a t i v e l y  s t a b l e  wi th  no resonance 
changes were comple te ly  i n h i b i t e d  by use o f  t h e  5-b locker  p ro-  seen .  Lung t i s s u e  p l u s  c h e s t  w a l l  impedance behaved a s  an e l a s -  

pano lo l .  Through t h e  use o f  p o t e n t i a l  s e l e c t i v e  poisons t h e  t a n c e  and f e l l  a s  frequency i n c r e a s e d .  Muscle p a r a l y s i s  had no 

change i n  p o t e n t i a l  c o u l d  be a t t r i b u t e d  t o  a change i n  Ep O C -  e f f e c t  on a l v e o l a r  p r e s s u r e  swings,  b u t  e x c i s i o n  o f  t h e  r i b  cage 
c u r r i n g v i a  t h e  a c t i v a t i o n  o f  an e l e c t r o g e n i c  membrane bound Na-K r e s u l t e d  i n  a decrease .  Mean p r e s s u r e s  were e q u a l  a t  t h e  airway 

ATPase. These r e s u l t s  suggest t h a t  i o n i c  movements across t h e  opening,  t r a c h e a  and a l v e o l i  a t  a l l  f requenc ies .  The c l i n i c a l  
plasma membrane p l a y  a r o l e  i n  t h e  s e c r e t i o n  o f  s u r f a c t a n t  f rom i m p l i c a t i o n  of t h e s e  r e s u l t s  i s  t h a t  i f  gas  exchange can be main- 

t ype  11 c e l l s .  t a i n e d  wi th  c o n s t a n t  t r a c h e a l  p r e s s u r e  swings,  a l v e o l a r  baro- 
trauma may be minimized by choosing t h e  h i g h e s t  p o s s i b l e  frequen- 
cy f o r  v e n t i l a t i o n .  (Supported i n  p a r t  by HL 27372.) 

_ NECROTIZING TRACHEO-BRONCHITIS: A NEW COMPLICATION 1770 OF NEONATAL MECHANICAL VENTILATION. Jonathan T o l k i n ,  
Haresh K i r p a l a n i ,  Pam F i tzhard inge,  Paul Swyer, 

Ernes t  Cutz, Tom Higa. Univ. o f  Toronto, Depts. o f  P e d i a t r i c s ,  
Pathology, Mount S i n a i  Hosp., Hosp. f o r  S ick  Chi ldren, Toronto. 

I n  1982-83 7 neonates i n  2 h o s p i t a l s  have developed slough- 
i n a  o f  t r a c h e a l  mucosa w h i l e  on a s s i s t e d  v e n t i l a t i o n .  Gesta t ion  
ranged from 26-40 wks; we igh t  f rom 0.9-3 kg. Pr imary d iagnos is  
was RDS i n  4, p e r s i s t e n t  f e t a l  c i r c u l a t i o n  i n  2 and a s p i r a t i o n  i n  
1. 5 d i e d  a t  1-4 days of age. A t  autopsy a t h i c k  b a s o p h i l i c  
membrane o f  n e c r o t i c  e p i t h e l i u m  and submucosa i n v o l v e d  t h e  d i s t a l  
p a r t  o f  t h e  t rachea and bronchi  t o t a l l y  o b s t r u c t i n g  t h e  airway i n  
2 p a t i e n t s .  Repeated bronchoscopy i n  t h e  s u r v i v o r s  removed the  
o b s t r u c t i v e  p lugs .  C l i n i c a l l y  a l l  cases showed upper a i rway  
o b s t r u c t i o n  w i t h  poor ches t  movement, a i r  t r a p p i n g  and severe CO2 
r e t e n t i o n .  Pressure l i m i t e d  convent ional  v e n t i l a t o r s  were used 
i n i t i a l l y  f o l l o w e d  by a t r i a l  of h igh  f requency o s c i l l a t i o n  i n  3. 
Peak pressures >35 cmH2O were used i n  6. Hand bagging u s i n g  d r y  
100% 02 was g iven f o r  per iods  o f  10-90 min. t o  a l l .  

An i a t r o g e n i c  cause i s  suspected b u t  n o t  proven. No abnorm- 
a l  i t i e s  o r  contaminants were found i n  t h e  equipment, humid i f i ca-  
t i o n ,  t u b i n q  o r  gas system i n  e i t h e r  h o s p i t a l .  S i m i l a r  l e s i o n s  
were produced i n  a d u l t  r a b b i t s  by us inq  e i t h e r  d ry  gas, over-  
heated gas (>4Z°C) o r  h i g h  f l o w  r a t e s  suggest ing t h e  p o s s i b i l i t y  
o f  m u l t i p l e  e t i o l o p y .  U n i t s  a r e  advised t o  be on t h e  a l e r t  f o r  
a p o s s i b l e  i a t r o g e n i c  l e s i o n  which may be a l l e v i a t e d  by bronchos- 
copy. F u r t h e r  s t u d i e s  on e t i o l o q y  and t rea tment  a r e  requ i red .  

LUNG VOLUME, TIDAL VOLUME, AND ALVEOLAR PRESSURE @I773 DURING JET VENTILATION. Ivan D. F r a n t z  I 1 1  and 
Rlchard H. Close. Harvard Medical School,  The 

C h i l d r e n ' s  H o s p i t a l ,  Department o f  P e d i a t r i c s ,  Boston. 
We have measured lung  volume (FRC), t i d a l  volume d e l i v e r e d  

(V ) ,  and a l v e o l a r  p r e s s u r e s  (P ) dur ing  j e t  v e n t i l a t i o n  of rab- 
biTs.  The r a b b i t s  were v e n t i l a e e d  w i t h  room a i r  u s i n g  t h e  
Healthdyne j e t  v e n t i l a t o r  a t  a  d r i v i n g  p r e s s u r e  of 4 p s i  and f r e -  
quenc ies  from 2 t o  15 Hz. The 0.98 mm I D  j e t  cannula was i n s e r -  
t e d  2 cm i n t o  a 3.5 mm e n d o t r a c h e a l  tube .  P r e s s u r e  was measured 
i n  t h e  t r a c h e a  (P ) j u s t  d i s t a l  t o  t h e  endot rachea l  t u b e  t i p ,  
and i n  t h e  alveol!: Alveolar  p r e s s u r e  was measured by g l u i n g  an 
a d a p t e r  t o  t h e  p l e u r a l  s u r f a c e  which had been exposed through a 
thoracotomy. A f t e r  c l o s i n g  t h e  thoracotomy, p l e u r a l  punc tures  
were made through t h e  a d a p t e r  and a p r e s s u r e  t r a n s d u c e r  was i n -  
s e r t e d .  Volume was measured wi th  a p r e s s u r e  plethysmograph.  The 
an imals  were v e n t i l a t e d  a t  2 ,  5 ,  10 and 15  Hz, wi th  i n s p i r a t o r y  
t imes  (T ) of 10, 30 and 50%. There was a marked i n c r e a s e  i n  FRC 
dur ing  j 6 t  v e n t i l a t i o n ,  t o  80% o r  more of t o t a l  lung c a p a c i t y  a t  
50% TI. The i n c r e a s e  i n  FRC was r e l a t e d  t o  mean e x p i r a t o r y  f low 
r a t e .  Mean P and P were equa l  and exceeded mean p r e s s u r e  a t  
t h e  airway op$ninq. t$ ida l  volume diminished wi th  i n c r e a s i n g  f r e -  
quency,  and was g r e a t e s t  a t  30% T a t  any frequency.  V exceeded 
e s t i m a t e d  dead space below 10 Hz.' P swings were e q u a l T t o  P 
swings,  f e l l  wi th  i n c r e a s i n g  f r e q u e n h  and were l e a s t  a t  10%% 
We conclude t h a t  dangerously l a r g e  i n c r e a s e s  i n  FRC may occur  I' 
d u r i n g  j e t  v e n t i l a t i o n ,  and t h a t  measurement of p r e s s u r e  a t  t h e  
airway opening i s  an inadequate  means of moni tor ing  airway p r e s -  
s u r e s  d u r i n g  j e t  v e n t i l a t i o n .  (Supported i n  p a r t  by HL 27372.) 
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