
5 YEAR EXPERIENCE WITH INFANTS REFERRED FOR APNEA/ 1624 CYANOSIS. Ronald L. Ariagno, Chris t ian Guilleminault,  
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Sunshine), Dept. of Peds., Stanford Univ. Med. Sch., Stanford, CA 
The recognition t h a t  apnea may be a possible  mechanism f o r  

sudden in fan t  death syndrome (SIDS) has led t o  increasing concern 
regarding t h e  evaluat ion and management of in fan t s  who present  
with a h i s t o r y  of "apnea." Apnea has recent ly been defined a s  a 
resp i ra to ry  pause l a s t i n g  f o r  20 sec o r  longer o r  a shor te r  ep i -  
sode leading t o  cyanosis and bradycardia. The present ing event i s  
most o f ten  witnessed by only t h e  parents .  Over t h e  past  5 years ,  
we have had 308 in fan t s  re fe r red  f o r  resp i ra to ry  re la ted  problems 
during t h e  1 s t  year of  l i f e .  The most frequent r e f e r r a l  diagnosis 
was unexplained apnea and/or cyanosis. After  extensive medical 
evaluat ion there was no diagnosis t o  explain t h e  event and 173 
in fan t s  (25% preterms and 75% terms) were considered "near miss 
f o r  SIDS." In 10% of these in fan t s ,  a po ten t ia l  cause was found 
t o  explain t h e  present ing event .  In 67% of the  p a t i e n t s  the re  was 
a second event within 8 wks of t h e  present ing episode. Thirty-one 
percent of  p a t i e n t s  had a documented recurrence of  apnea i n  the  
hosp i ta l .  In  142 p a t i e n t s  (83%) a home apnea/cardiac monitor was 
recommended. The durat ion of home monitoring was from 1-18 mos. 
with a mean of 5 mos. The most common cr i ter ium f o r  discontinuing 
monitoring was an apnea-free period of 1-2 mos. a s  reported by 
the  parents .  In t h e  past  5 years ,  we have had 1 mor ta l i ty  and 
t h i s  in fan t  was never managed on a monitor. Infants  who present 
f o r  evaluat ion of apnea a r e  a heterogeneous group and home apned 
cardiac monitoring i s  helpful  i n  t h e  management of these 
pa t i en t s .  
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In  the study of neonatal lung disease,  p leura l  pressure is 
obtained i n d i r e c t l y  from measurements of esophageal pressure 
(Pes) with e i t h e r  a wa te r - f i l l ed  ca the te r  o r  an a i r - f i l l e d  cathe- 
ter-balloon system. The purpose of t h i s  inves t iga t ion  was to  
assess  the v a l i d i t y  of these two methods by comparing the simul- 
taneous changes i n  Pes and mouth pressure (Pm) during occluded 
resp i ra to ry  e f f o r t s .  Equal changes i n  Pes and Pm under t h i s  con- 
d i t i o n  ind ica te  t h a t  Pes is a va l id  measurement of p leura l  pres- 
su re .  In  6 heal thy unsedated term neonates (aged 1 t o  3 days) we 
measured Pes i n  the lowest t h i r d  of the  esophagus with both an 
a i r - f i l l e d  (0.6 ml) bal loon and a water-f i l led system, using an 
i d e n t i c a l  ca the te r  of 8 French guage (FG)which has a 2 nun in te r -  
n a l  diameter ( i . d . ) .  The narrower 5FG (1  nun i . d . )  was unsui table  
f o r  use because of an inadequate frequency response a t  rapid 
resp i ra to ry  r a t e s .  With the  wa te r - f i l l ed  system, changes during 
occlusions i n  Pes and Pm were i d e n t i c a l  i n  magnitude and timing 
i n  a l l  babies i n  each pos i t ion  s tudied (supine,prone,r ight  l a te -  
r a l ) .  However with the balloon, changes i n  Pes were smaller  than 
changes i n  Pm by 16211% (meanf lSD), accompanied by a phase l ag  
of 1 4 1  4O i n  4 neonates. We conclude t h a t  the water-f i l led eso- 
phageal ca the te r  gives an accurate  measurement of p leura l  pres- 
su re  changes and is recommended f o r  use i n  neonates. 
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Young ch i ld ren  with ILD may be uncooperative or  too ill t o  per- 
form meaningful t e s t s  of pulmonary function. We have evaluated 
ch i ld ren  with ILD using pre,  during (DUR), and post exercise  (EX) 
s t r e s s  e a r  oximetry (Sa02) and other  more rout ine t e s t s  of pulmo- 
nary function. Responses i n  chi ldren with ILD, healthy chi ldren 
(CON), those with bronchial asthma (BA), and c y s t i c  f i b r o s i s  (CF) 
were comoared. (Table) * 
Group N ' ~ g e  PFT (%-~Ledicted)  SaOq/EX(%) A S ~ O ~ ( % )  SEM** P 

(YrS) FVC DLCO PRE DUR 
VIrC 
L V "  

BA 10 11.2 90 76 117 96 95 1 0.7 NQ 
CF 13 14.5 83 70 103 95 92 3 0.7 <.01 

CON 10 11.9 102 87 96 97 96 1 0.3 <.05 
* a l l  values represent  averages ** standard e r r o r  of the mean 
Exercise produced s i g n i f i c a n t  DeSa02 (PRE-DUR) i n  the 
ILD, CF, and control  groups. The control  group DeSa02 response 
was minimal. The ILD group exhibi ted the g rea tes t  changes. The 
a l t e r a t i o n s  i n  the CF subjects  were intermediate i n  degree. De- 
sa tu ra t ion  responses during exercise c lea r ly  separated ths  XLD 
group from the o thers  and correlated well  with low FVC (R =.60). 
Post EX Sa02 values promptly returned t o  near basel ine i n  most 
chi ldren.  We have found DeSa02 during exercise t o  be a sensi- 
t i v e ,  and reproducible t e s t  of ILD i n  chi ldren.  
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Since COP plays a v i t a l r o l e  i n  f l u i d  s h i f t s  and i n  t h e  outcome, 

we studied t h e  sequential  changes i n  COP and t o t a l  protein (TP) i n  33 
s ick  in fan t s  with 'severe HMD. Their b i r t h  weight and ges t .  age 
r a n g e d f r o m 0 . 5 5 t o 2 . 5 k g s a n d  24to36weeksrespec t ive ly .  COPwas 
measured from0.3ml of heparinized a r t e r i a l  blood on day 1 ,3  &5 
psing Wescor co l lo id  osmometer. TP was measured using TS meter. In  
addi t ion COP of healthy preterm in fan t s  were measured f o r  compar- 
ison.Theirmean COP was 15.3620.56. OndaylCOPin s i c k  in fan t s  
with severe HMD was s i g n i f i c a n t l y  lower than t h e  healthy preterm 
and in fan t s  C niildHMD. 8/33 i n f a n t s  died by day 3. COP i n t h e s e i n -  
f a n t s  decreased from 11.45t0.67 on day 1 t o  8.8t0.8 (p<.05) p r io r  
t o  death i n s p i t e  of co i lo id  administrat ion.  Among survivors  COP 
s tead i ly  increased reaching normal l e v e l s  by day 5 (see t a b l e ) .  

1.5-2.5 j 6 12.0~0.43 )4.4810.16(13.0+<.6 [14.0*<.90 15.3f0.12 

All  in fan t s  received standard amount of f l u i d s  accordine. t o  wei.aht. 
COP did not c o r r e l a t e  with G.Age or B.Wt. These da ta  (i) demon- 
s t r a t e  t h a t  a dropping COP i s  apoor prognostic indicator  (2) Low 
COP con t r ibu tes  t o  increased t ranscap i l l a ry  exudation (3) Gradual 
increase i n  COP among survivors  suggests a decreased leakage of 
f l u i d  2O t o  s t a b i l i z a t i o n  of a lveo l i .  
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REMOVAL OF LIQUID FROM THE LUNGS OF LAMBS BEFORE AND 
AFTER BIRTH. R. Bland, T. Hansen, C.  Haberkern, and 
M. Bressack. Cardiovascular Research I n s t i t u t e ,  De- 
Ped ia t r i c s ,  Universi ty  of Ca l i fo rn ia ,  San Francisco. 

Labor decreases lung water i n  f e t a l  r abb i t s  (Bland e t  a l ,  Am J 
Obstet Gynec 135:364, 1979). To see i f  labor  would have the same 
e f f e c t  i n  lambs, we measured the  amount of blood and extravascu- 
l a r  water i n  the lungs of 15 late-term lambs ( term= 147d) k i l l e d  
e i t h e r  without p r io r  labor  ( n =  6) ,  l a t e  i n  labor  (g= 4 ) ,  o r  6 h 
a f t e r  spontaneous vaginal  b i r t h  ( n =  5) .  Summary (Xt s?) :  

Lambs BodyWgt Dry LungWgt Gestation Lung Blood Lungwater 
kg g d ---- g/g dry lung ---- 

Fetal-no labor  3 .4 f .4  10 .2 f1 .2  1352 2 1 .5 f  .2 1 0 . 8 f . 5  
Fetal-in labor  2 .9 f .5  6 . 6 f  .8 1 3 8 f 3  2 . 3 f . 3  6.9 f . 2  
Newborn-6hold 2 . 7 f . 1  8 . 8 f  .3  139-2 3 2.2f  .5  4 . 3 f  .2 
Labor was associated with a 53% increase i n  lung blood and a 36% 
decrease i n  extravascular  lung water. These r e s u l t s  ind ica te  
tha t  the lungs shed 11.6f  1.5 m l  waterlkg body weight before 
b i r t h ,  and 6 . 0 f 0 . 5  m l  waterlkg body weight a f t e r  b i r t h .  I n  the  
5 lambs k i l l e d  a f t e r  b i r t h ,  we measured lung lymph flow before 
and during l abor ,  and f o r  6 h a f t e r  breathing began. Lymph flow 
was unaffected by l abor ,  but increased t rans ien t ly  a f t e r  b i r t h ,  
a s  l iqu id  entered the i n t e r s t i t i u m  from a i r  spaces. The post- 
n a t a l  increase i n  lymph flow accounted f o r  13-18% of the l iqu id  
removed from the  lungs a f t e r  b i r t h .  We conclude t h a t  i n  lambs 
(1) lung blood increases and lung water decreases before b i r t h ,  
and (2) the  pulmonary c i rcu la t ion  d i r e c t l y  absorbs more than 80% 
of the  l iqu id  expelled from the lungs a f t e r  b i r t h .  

LOWEST VENTILATOR FLOW RATE DECREASES BAROTRAUMA 
Richard Blu t s te in ,  e Darnall,  John Kattwinkel 1629 universi ty  of virgi%: i t d t i a l  center ,  Department of 

Ped ia t r i c s ,  Char lo t t esv i l l e .  
Barotrauma from a r t i f i c i a l  v e n t i l a t i o n  may be one o f t h e c a u s e s  

of bronchopulmonary dysplasia  (BPD). We measured non-elasticwork 
of v e n t i l a t i o n  (NEW) a s  an index of barotrauma. Four i n f a n t s  on 
time-cycled pressure l imited v e n t i l a t o r s  were studied a f t e r  in-  
s e r t i o n  of a pneumotach and esopbgea l  balloon. We varied flow 
r a t e  and adjusted peak airway pressure to  keep t i d a l  volume (V,) 
constant .  Rate, insp i ra to ry  time and PEEP were maintained a t  pre- 
study values. NEW was determined f o r  each flow r a t e  from the 
area of the  hys te res i s  loop of the pressure-volume curve. 

Flow Rate NEW MAP 
(L/min. + SD) (ml*cmH20/breath) (cmH20) 

1 x MFR 3.2 2 . 3  33.1 10.9 
2 x MFR 6.4 + .7 46.3 12.1 
3 x MFR 9.5 + 1.0 59.2 12.6 

s* ---- 8.6 .2 
*S=SQR(Interaction Mean Square) from 2 way ANOVA 

NEW and mean airway pressure (MAP) were both lowest a t  the  
minimum flow r a t e  (MFR) required t o  maintain V,. The l i n e a r  re- 
gression of NEW o r  MAP with flow r a t e  was highly s i g n i f i c a n t  
( ~ 5 . 0 0 5 ) .  There were no s ign i f i can t  changes i n  PO2 o r  PC0 . 
Since the use of the lowest flow r a t e  to  de l ive r  a given t l d a l  
volume a t  a given r a t e  causes the  lowest NEW and the lowestMAP, 
the use of a minimum flow r a t e  s e t t i n g  may decrease barotrauma 
and the incidence of BPD i n  ven t i l a ted  newborns. 
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