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"INADVERTENT PEEP" WITH THE USE OF A  CONVENTIONAL 
VENTILATOR I S  UNDETECTED BY A  PROXIMAL AIRWAY 17'0 PRESSURE MONITOR. E r i k  A .  H a q e n ,  R l c h a r d  L.  

B u c c l a r e l  l l ,  M a r c  J .  ( S p o n .  by D o n a l d  V. E l t z m a n )  
U n l v e r s l t y  o f  F l o r l d a ,  D e p a r t m e n t s  o f  P e d l a t r l c s  and P h y s l o l o g y ,  
G a l n e s v l  l  l e ,  F l o r l d a .  

" I n a d v e r t e n t  PEEP" d e v e l o p s  d u r l n g  h l g h  f r e q u e n c y  v e n t l l a t l o n .  
T h l s  e f f e c t  I s  n o t  a s  we1 I  r e c o g n l r e d  u s l n g  a  c o n v e n t i o n a l  v e n t -  
I  l a t o r  a t  h l g h  f r e g u e n c l e s .  A  n e o n a t a l  l u n g  model w l t h  r e s p l r a -  
t o r y  compliance o f  3 . 3  ml/crn H20 and a p r e s s u r e  t a p  t o  m e a s u r e  
a l v e o l a r  p r e s s u r e  ( P a l v )  was ventilated w l t h  a Baby  B l r d  t h r o u g h  
a  2 . 5  mm I D  n e o n a t a l  ET t u b e  a t  20 t o  100 b r e a t h s  p e r  m l n u t e  
(BPM) u s l n g  a v a r l e t y  o f  I : E  r a t l o s ,  p e a k  p r e s s u r e s ,  and end 
e x p l  r a t o r y  p r e s s u r e s .  P r o x l  ma1 a l  r w a y  p r e s s u r e  ( P a r )  was measured  
a t  t h e  ET t u b e  a d a p t o r .  End t l d a l  P a l v  I n c r e a s e d  a s  f r e q u e n c y ,  
p e a k  p r e s s u r e  and I : E  r a t l o s  were  I n c r e a s e d  even I f  t h e  v e n t l l a -  
t o r  was s e t  a t  z e r o  PEEP. T h l s  I n a d v e r t e n t  I n c r e a s e  I n  P a l v  was 
n o t  d e t e c t e d  by t h e  p r o x l m a l  a l r w a y  p r e s s u r e  m o n l t o r  e v e n  t h o u g h  
t h e  " I n a d v e r t e n t  PEEP" ( P a l v - P a w )  was a s  g r e a t  a s  9 . 8  cmH20 a t  
100 BPM. " I n a d v e r t e n t  PEEP" I s  t h e  r e s u l t  o f  l n s u f f l c l e n t  e x p l r a -  
t o r y  t l m e  a t  h l g h  ventilator r a t e s ,  and I t s  magnitude I s  
d e c r e a s e d  by l n c r e a s l n g  e x p l  r a t o r y  t l m e .  

INADVERTENT PEEP 
Paw PEEP* P a l v  P a l  "-Paw 

I : E  - 20 BPM 100 BPM 2 0  BPM 100 BPM -- -- 
1 : 1  0 0 9.8 0 9 .8  

8 8 10.6 0 2.6 
" P e a k  l n s p l  r a t o r y  P r e s s u r e  2 4  cmH20  

MECHANICAL SIMILARITIES OF A HIGH FREQUENCY JET 
VENTILATOR AND A CONVENTIONAL VENTILATOR. E r i k  A. 17'1 -, Richard I,. B u c c i a r e l l i ,  Marc J  ~ a e m o n .  

by Donald V. EltzmanJ University of F l o r i d a ,  Departments of 
P e d i a t r i c s  and Physiology,  G a i n e s v i l l e ,  F l o r i d a .  

The outputs  of a  Healthdyne J e t  (HJ) and a  Baby Bird (BB) 
v e n t i l a t o r  were compared by v e n t i l a t i n g  a  neonata l  lung model 
with phys io logica l  r e s i s t a n c e  and compliance. We measured 
a l v e o l a r  p r e s s u r e  ( P a l v ) ,  change i n  lung volume ( ALV) and t i d a l  
volume (V ) over t h e  frequency ( f )  range of each v e n t i l a t o r  
(80:900 B& and 20-100 BPM r e s p e c t i v e l y )  using a  v a r i e t y  of I:E 
ratios, peak p r e s s u r e s ,  end e x p i r a t o r y  p r e s s u r e s ,  and flow r a t e s .  
The r e l a t i o n s h i p s  of Pa lv ,  LV and V t o  f  were s i m i l a r  i n  both 
v e n t i l a t o r s .  Palv and LV i n c r e a s e d T s i m i l a r l y  by i n c r e a s i n g  f re -  
quency. This e f f e c t  was magnified by i n c r e a s i n g  I:E r a t i o  or  flow 
r a t e .  V- decreased  i n  both v e n t i l a t o r s  according t o  a  hyperbo- 
l i c  re l ; t ionsh ip    constant). A convent ional-and j e t -  "enti-  
l a t o r  have very s i m i l a r  mechanical output and pressure  and volume 
r e l a t i o n s h i p s  over t h e i r  frequency ranges .  This s i m i l a r i t y  
d e r i v e s  i n  p a r t  f r w  s i m i l a r i t y  of design and i n  par t  £ran i n t e r -  
a c t i o n  between t h e  v e n t i l a t o r  and t h e  v e n t i l a t e d  o b j e c t .  

I:E f  Pa lv  ALV 
1 : 1  20 3.4 11.1 

BB 100 10.6 34.5 

100 7.2 23.4 
1 :2  20 3.6 11.7 y ~ ~ ~ ~ -  
1:9  100 1.6 5 .2  

W 900 14.6 47.1 2 o 
1:4 100 9.6 31.0 

900 36.0 116.1 - 
Frequency (BPM) 

MEASUREMENT OF EXPIRED ETHANE AN0 N-PENTANE DOES NOT 
PREDICT OXYGEN INDUCED DAMAGE TO THE LUNGS OF LAMBS. ' 1782 Thomas Hansen. H a r i l v n  Smith. A l f r e d  Gest and Mark - - -  - - 

G i e s l e r .  Dept. o f  ~ e d ~ a t r i c s ,   lor ~ o l  i e g e  o f  M e d ~ c ~ n e ,  Houston 
Measurement o f  t h e  r a t e  o f  excretion o f  ethane and n-pentane i n  

e x p i r e d  gas has been suggested as a method o f  d e t e c t i n g  oxygen 
induced  i n j u r y  t o  t h e  lung.  To t e s t  t h i s  t h e o r y ,  we made d a i l y  
measurements o f  pulmonary a r t e r i a l  (PA) and l e f t  a t r i a l  (LA)  
p ressures ,  l u n g  lymph f l o w ,  t h e  1ymph:plasma p r o t e i n  r a t i o  and 
c o n c e n t r a t i o n s  o f  ethane and n-pentane i n  e x p i r e d  gas i n  6 
23+3 dav o l d  lambs as t h e y  c o n t i n u o u s l y  b rea thed  100% oxygen. 
~ e s u l t s -  Mean + S.E. * d j f f e r e n t  p < 0.05) 
Day i n  PA LA Lympk Flow LymphIPlasma pH Pa@ PaC02 

b2 ( t o r r )  ( m l f h r )  P r o t e i n  ( t o r r )  
F i r s t  15+1 2+1 1.63i0.26 0.62+0.02 7.40t0.01 39Dt8 47+2 
L a s t  16+1 1+1 4.42+0.44* 0.66+0.02* 7.08+0.06* 174+26*113+11* 
(pm/lOOg/min) Day 1 Day 2 Day 3 Day 4 Day 5 

Ethane 1.46t0.25 1.68t0.33 1.38t0.31 1.52+0.27 1.14t0.39 
Pentane 0.47t0.12 0.45t0.10 0.53i0.11 0.57+0.11 0.29t0.10 

A f t e r  3-4 days i n  oxygen l u n g  lymph f l o w  and t h e  1ymph:plasma 
p r o t e i n  r a t i o  inc reased  demons t ra t ing  t h a t  pulmonary microvascu- 
l a r  p e r m e a b i l i t y  t o  p r o t e i n  had i n c r e a s e d  presumably as a r e s u l t  
o f  oxygen induced damage t o  t h e  endothel ium. D a i l y  e x c r e t i o n  o f  
ethane and n-pentane d i d  n o t  change th roughou t  t h e  course  o f  t h e  
exper iment even though a l l  6 lambs d i e d  o f  r e s p i r a t o r y  f a i l u r e  
f rom oxygen t o x i c i t y .  We conc lude  t h a t  t h e  measurement o f  excre-  
t i o n  o f  ethane and n-pentane i n  e x p i r e d  gas i s  n o t  a r e l i a b l e  
i n d i c a t o r  o f  oxygen induced damage t o  t h e  lungs  o f  lambs. 

FUROSEMIDE DECREASES VENTILATION I N  NEWBORN RABBITS. 
TA Hazinsk l ,  Department of P e d i a t r i c s ,  C h i l d r e n ' s  

01783Memori,l H i s p i t a l ,  Northwestern U n i v e r s i t y  Medical  
School,  Chicago, I l l i n o i s  ( i n t r o .  by R Yogev) 

Furosemide improves lung  mechanics i n  i n f a n t s  wi th  bronchopul- 
monary d y s p l a s i a  (BPD). However, in some i n f a n t s  we found t h a t  
e v e n i f  lung  mechanics improve, PaCO2 r i s e s  and v e n t i l a t i o n  f a l l s  
dur ing  furosemide therapy .  I s  t h i s  due t o  a  furosemide-induced 
metabol ic  a l k a l o s i s  wi th  a  secondary r e s p i r a t o r y  ad jus tment?  Be- 
cause  t h e  ac id-base  s t a t u s  of BPD p a t i e n t s  i s  complex ,wes tudied  
normal r a b b i t  pups. For t h e  f i r s t  9  d a y s o f  l i f e ,  10 pups r e c e i v -  
ed i n t r a p e r i t o n e a l  i n j e c t i o n s  of furosemide (2mg/kg b i d )  and 10 
pups r e c e i v e d  s a l i n e .  On day 10,  we i n s e r t e d  a  c a t h e t e r  i n t o  one 
c a r o t i d  a r t e r y  and p laced  each pup i n  a  plethysmograph.  We mea- 
sured  body tempera ture ;  blood p r e s s u r e ;  a r t e r i a l  gases  and pH; 
serum Na, C1, K; r e s p i r a t o r y  frequency and t i d a l  volume. We c a l -  
c u l a t e d  v e n t i l a t i o n  (VE/g) and base  e x c e s s  (BE) and measured 
post-mortem s t a t i c  lung  compliance (CL). V a r i a b l e s  which were 
s i g n i f i c a n t l y  d i f f e r e n t  by unpai red  t - t e s t  a r e  shown below (means 
on ly ,  p< .05) :  Na 

Cl pH PO2 PC02 BE CL 
SALINE 137 99 7.39 88  41 -1 .570 0.100 
FUROSEMIDE 126 84 7.46 72 55 f l l  .390 0.139 

Furosemide t r e a t e d  pups developed a  primary a l k a l o s i s  and a  sec-  
ondary r e s p i r a t o r y  a c i d o s i s ;  i n  a d d i t i o n ,  lung  compljance was 
improved. KC1 i n j e c t i o n  t o  a l k a l o t i c  pups increased  VE and de- 
c reased  pH. We conclude t h a t  furosemide 1) c a u s e s  a  metabol ic  
a l k a l o s i s  and reduces  v e n t i l a t i o n  and 2 )  i n c r e a s e s  t h e  paC02 
which r e f l e c t s  changes i n  acid-base s t a t u s  and not  changes i n  
lung  f u n c t i o n .  

EFFECT OF BRGATHING PATTERN ON OXYGENATION DURING 
SLEEP I N  PREMATURES. Joan  E. Hodgman, Toke Hoppen- 

a1784brouwers , Mina S h i r a z i ,  L u i s  A. Cabal and Manuel 
Durand. Univ. of  So. C a l i f .  Sch. of Med., Los Angeles County- 
USC Med. C t r . ,  Dept. o f  P e d i a t r i c s ,  Los Angeles. 

P e r i o d i c  b r e a t h i n g  (PB) o c c u r s  commonly i n  o s t e n s i b l y  hea l -  
t h y  p r e t e m  i n f a n t s ,  y e t  its s i g n i f i c a n c e  is  unknown. To e l u -  

c i d a t e  t h e  e f f e c t  of  PB on  oxygenation,  we s t u d i e d  1 3  AGA 32 wk 
i n f a n t s  w i t h  a  mean BW of 1744 gms a t  a  p o s t n a t a l  age  o f  7 days.  
I n f a n t s  i n  good c o n d i t i o n  were s e l e c t e d  and morbid c o n d i t i o n s  
Such a s  asphyxia  a t  b i r t h  were s p e c i f i c a l l y  excluded.  Impedance 
pneumography, R-R i n t e r v a l ,  Ptc02 and PtcC02 were c o n t i n u o u s l y  
recorded  f o r  up t o  8 h r s .  The 02 and C02 e l e c t r o d e s  were c a l i -  
b r a t e d  a t  a  t empera ture  o f  43.5 and 440C, r e s p e c t i v e l y .  S l e e p  
s t a t e  was determined u s i n g  t h e  b e h a v i o r a l  c r i t e r i a  o f  P r e c h t l .  
P e r i o d s  of r e g u l a r  b r e a t h i n g  (RBI and PB were i d e n t i f i e d  f o r  
b o t h  a c t i v e  (AS) and q u i e t  s l e e p  (QS). PB was d e f i n e d  a s  r e p e t i -  
t i v e  pauses  o f  3-5 sec .  d u r a t i o n  s e p a r a t e d  by 10-15 s e c .  of RB. 
A f t e r  s t a b i l i z a t i o n  i n  each s l e e p  s t a t e ,  t h e  f i r s t  2  min. of  RB 
and PB were s e l e c t e d  f o r  d e t e r m i n a t i o n  o f  PtcO2 and PtcC02 l e -  
v e l s .  For a n a l y s i s ,  samples were t a k e n  every  10 sec .  and aver -  
aged over  t h e  2  min. per iod .  No d i f f e r e n c e  i n  mean PtcC02 l e -  
v e l s  occur red  i n  e i t h e r  b r e a t h i n g  p a t t e r n  o r  s l e e p  s t a t e .  Ptc02 
was lower d u r i n g  PB t h a n  RB i n  bo th  s l e e p  s t a t e s .  Marked v a r i a -  
b i l i t y  o f  l e v e l s  occur red  d u r i n g  AS w i t h  o n l y  o c c a s i o n a l  f l u c t u -  
a t i o n s  d u r i n g  QS, b u t  t h e r e  were no d i f f e r e n c e s  i n  t h e  mean l e -  
v e l s  between AS and QS. S ince  r e s p i r a t o r y  r a t e  was reduced i n  
PB, t h e  r e l a t i v e  hypoxia d u r i n g  PB under normal c o n d i t i o n s  i s  
determined by r e s p i r a t o r y  r a t e  and n o t  by s l e e p  s t a t e .  

DAY-WDAY P?Q%MXWM VARIABILPTY. C a r l  E. Mult, 
R3zer-t T. Bruuillette, Kian Liu, and  Linda Klemka. 1785 N x t h w e s t e m  u l i w s i t y ,  ~ ~ t s  o f  P e d i a t r i c s  

and Ccmnunity H e a l t h  and  P r e v e n t i v e  Medicine,  Chicago, IL. 
To determine  day-to-day v a r i a b i l i t y  i n  respiratory p a t t e r n ,  we 

have o b t a i n e d  188 c a p a r i s o n s  o f  pnemcqrams p e r f o r m 4  i n  two 
s u c c e s s i v e  24-hour i n t e r v a l s .  The r e s p i r a t o r y  p a t t e r n  v a l u e s  
c a l c u l a t e d  were total d u r a t i o n  o f  b r i e f  apnea  (apnea d e n s i t y )  , 
p e r i o d i c  b r e a t h i n g  e p i s o d e s ,  l o n g e s t  apnea ,  ncmS3er o f  apneas  > l l  
sec, a n d  n a k e r  o f  apneas  ) 1 5  sec. F o r  Day 1 apnea d e n s i t y  (A61 
D%), p e r i o d i c  b r e a t h i n g  and  l o n q e s t  apnea v a l u e s  o f  c 0 . 6 8 ,  < 1 . 5  
episodes1100 min and<20 sec, Day 2  values f e l l  o u t s i d e  t h a t  
r a n g e  i n  10%,  8% and  1% of c a p a r i s o n s ,  r e s p e c t i v e l y .  The theo- 
retical p r e d i c t i o n  o f  Day 2 results based o n  the observed  Day 1 
v a l u e s  was a s s e s s e d  by c a l c u l a t i o n  o f  c ~ n f i d e n c e  and p r e d i c t i o n  
intervals. W e  can be 95% c o n f i d e n t  that a Day 1 %ID% o f  0.5% 
w i l l  be less than 1.2% o n  D a y  2 ,  1 . 5  e p i s o d e s  of p e r i o d i c  b r e a t h -  
ing/100 min o n  Day 1 w i l l  be less than 3.2 on  Day 2, and  a Day 1 
l o n g e s t  apnea of 1 5  sec w i l l  be less than 22 sec o n  Day 2. These 
p r e d i c t i o n  intenmls are too wide to be c l i n i c a l l y  u s e f u l .  P a r t  
o f  this v a r i a b i l i t y ,  hcwever, is n o t  randcm b u t  is r e l a t e d  to 
a d a p t a t i o n ,  a s y s t e m a t i c  tendency  f o r  t h e  Day 2  v a l u e  t o  be less 
than the Day 1 v a l u e .  F o r  e a c h  parmter, the Day 2  r a n g e  is 
lcwer ,  s l o p e  of the Day 2  v s  Day 1 r e g r e s s i o n  l i n e i s s i g n i f i c a n t -  
l y  less than o n e  ( p < . 0 1 )  and t h e  y  i n t e r c e p t  is s i g n i f i c a n t l y  
greater than z e r o  ( p  < .01: . Knwledge  o f  day-to-day pnemcqram 
v a r i a b i l i t y  in g e n e r a l ,  and  of t h e  a d a p t a t i o n  phen-on s p e c i f i -  
c a l l y ,  should  be h e l p f u l  in i n t e r p r e t i n g  i n d i v i d u a l  p n e m q r a m  
r e s u l t s  and in a s s e s s i n g  t h e  c l i n i c a l  u s e f u l n e s s  o f  pnemcgrams. 
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