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PRESSURE-FLOW BEHAVIOR O F  A BRONCI-IO- 
PLEURAL FISTULA DURING MECHANICAL VENTILA- 
TION. ulio P.r z Fon 'n nd Andrea 0 .  Ra (spon. by G. 64 Lister).'YaIe ;I&. Dei:rt.aof Pediatr. New zaven, CT. 

For a broncho-pleural fistula to resolve, the impedance 
of the fistulous pathway must increase until flow ceases and 

the leak seals. We examined the effect of ventilatory pattern on broncho- 
pleural pathway impedance in 7 anesthetized, paralyzed 6-week old Iambs. 
A wedge of subpleural lung tissue was removed and a peripheral bron- 
chus (ID < Imm) sectioned to create an artificial broncho-pleural 
pathway. We estimated the pathway's average impedance (Z) from the 
Eean pressures in a regional bronchus measured with a retrograde catheter 
(Pbr) and at the pleural inlet of the chest tube draining the pleural space 
(Sut). and_the mean flow through the chest tube (v leak)  as .? = 

(Pbr-Pout)/Vleak. Tidal volume (VT) was measured wlth a jacket 
plethysmograph calibrated in absolute volume by He dilution. We deter- 
mined Z while ventilating the lungs with rates of 20, 40, 60, and 80 
breathlmin and inspiratory times of 1.0, 0.6, 0.3, and 0.2 s. FRC, VT, 
and mean lung volume were first kept constant at 40, 5, and 2.5 rnljkg. 
In a second experiment, VT was adjusted to maintain PACO2 constant, 
without changing FRC or mean volume. Z ranged from 0.172 to 5.930 crn 
H20/ml/s and was independent of ventilatory rate even when VT was 
increased. Repeated stepwise inflation/deflation maneuvers revealed a 
biphasic static 2-lung volume relationship, with Z decreasing at low 
volumes and ilcreasing slowly at volumes greater than FRC. Our results 
indicate that Z is I )  unaffected by ventilatory pattern at conventional 
ventilatory rates and 2) sensitive to lung volume only at low volumes. At 
high lung volumes, peribronchial pressures may exceed the pressure inside 
the fistula, thus creating a choking effect which increases Z. The same 
effect may occur if Fout is lowered by applying negative pleural pressure. 

H I G H  FREQUENCY VENTILATION DECREASES THE BAROREFLEX. 
E r i k  A. Bagen. George A.  Gregory. Univ. of Ca l i f o r -  - 
n i a ,  CVRI and Anes thes ia  Dept.. San Francisco .  

t165 E f f e c t s  of h igh  f requency v e n t i l a t i o n  (HFV), such 
a s  apnea ,  a r e  mediated by t h e  autonomic nervous ' sys-  
tem. To f u r t h e r  d e f i n e  t h e s e  e f f e c t s ,  we s t ud i ed  an 

impor tant  autonomic r e f l e x ,  t h e  b a r o r e f l e x ,  du r ing  HFV and con- 
v e n t i o n a l  v e n t i l a t i o n  (CV) of 5 young a d u l t  male r a b b i t s  
a n e s t h e t i z e d  wi th  c h l o r a l o s e  and para lyzed wi th  metocur ine .  To 
keep FRC c o n s t a n t  dur ing  change from CV t o  HFV, we con t i nuous ly  
measured FRC by j a c k e t  plethysmograph, a d j u s t i n g  j e t  v e n t i l a t o r  
d r i v i n g  p r e s s u r e  a s  necessary .  V e n t i l a t i o n  (PaC02) was a l s o  kept  
c o n s t a n t  by adding C02 t o  i n s p i r e d  g a s  a s  needed. We t e s t e d  t h e  
b a r o r e f l e x  by i n c r e a s i n g  blood p r e s su re  (BP) wi th  phenylephr ine  
and p l o t t i n g  change i n  BP a g a i n s t  change i n  R-R i n t e r v a l  
ob t a ined  from EKG. Measurements were made du r ing  b a s e l i n e  CV 
( p r e s s u r e  25/4, r a t e  45 ) .  HFV ( r a t e  600 ) .  and a f t e r  r e t u r n  t o  
CV. BP and h e a r t  r a t e  were no t  a f f e c t e d  by changes i n  v e n t i l a t o r  
f requency.  The s l ope  of t h e  l i n e  o f  BP vs R-R i n t e r v a l  was 31% 
t o  62% l e s s  du r ing  HFV compared t o  CV (Pc0.04). The s l ope  of t h e  
b a r o r e f l e x  r e tu rned  t o  b a s e l i n e  when CV was r e - i n s t i t u t e d .  S ince  
FRC and v e n t i l a t i o n  were c o n s t a n t ,  we specu l a t e  t h e  dec r ea se  i n  
b a r o r e f l e x  r e s u l t s  from r ap id  p r e s su re  changes (dp /d t )  du r ing  
HFV s t i m u l a t i n g  pulmonary mechanoreceptors c aus ing  c e n t r a l l y  
mediated ba ro r ecep to r  i n h i b i t i o n .  We conclude t h a t  c l o s e  car -  
d iovascu l a r  moni tor ing  of p a t i e n t s  du r ing  HFV i s  warranted .  
e s p e c i a l l y  when t h e r e  i s  ca rd iovascu l a r  compromise (shock,  hypo- 
volemia,  s e d a t i o n  o r  a n e s t h e s i a ) .  Neonates a r e  e s p e c i a l l y  a t  
r i s k  when t h e  b a r o r e f l e x  i s  diminished because t h e i r  r e l a t i v e l y  
f i xed  s t r o k e  volume makes c a r d i a c  ou tpu t  h e a r t  r a t e  dependent.  

ESOPHAGEAL ATRESIA WITH TRACHEO-ESOPHAGEAL FISTULA--A 
REVIEW OF CRITICAL CARE. ANESTHETIC A N D  SURGICAL 
MANAGEMENT. Debra Y.  ~ a m i l t o n ,  Kumar G. Be l an i ,  Arnold 166 S. Leonard, J o h n F F o k e r ,  ~ h e o d o r e X T h o m p s o n m  
by  William ~ r i v i n  U n i v e r s i t y  o f  Minnesota H o s ~ i t a l .  . - 
Minneapol is ,  M N  

We reviewed t h e  c r i t i c a l  and p e r i o p e r a t i v e  management of 57 
newborns and i n f a n t s  w i th  esophageal a t r e s i a  (EA) and t r a cheo -  
esophageal f i s t u l a  (YEF) d u r i n g  t h e  l a s t  16  yea r s  (1970-1985). 
The common anomaly o f  proximal EA wi th  d i s t a l  TEF was p r e sen t  i n  
54; 3 had t h e  l e s s  common H t y p e  f i s u t l a .  The major p r eope ra t i ve  
problem was pneumonia + a t e l e c t a s i s .  There was no r e l a t i o n s h i p  
between i n t u b a t i o n  tec'Finique and subsequent  v e n t i l a t o r y  problems. 
Even though s e r i o u s  v e n t i l a t o r y  problems a f t e r  an i n i t i a l  gas-  
t r o s tomy  h a v e b e e n e p o r t e d ,  no such problem was f o u n d  t h i s  
review. I nvas ive  moni tor ing  ( a r t e r i a l  2 c e n t r a l  venous 1 i n e s )  
was used more o f t e n  i n  r e cen t  yea r s .  When compared t o  p r ev ious  
r e p o r t s  t h e  o v e r a l l  one-year m o r t a l i t y  was s i g n i f i c a n t 1  y b e t t e r  
f o r  bab i e s  we igh ing?  2.5 kgs ( <  2.0 kgs = 50%; 2-2.5 kgs = 87%). 
Su rv iva l  f o r b a b i e s  > 2.5 kgs con t i nues  t o  be good (97%).  
Improved s u r v i v a l  maybe r e l a t e d  t o  b e t t e r  moni tor ing ,  improved 
s u r g i c a l  t e chn ique ,  c a r d i a c  and n u t r i t i o n a l  suppo r t .  Prophylac- 
t i c  esophagea: d i l a t i o n  o f  t h e  r epa i r ed  a t r e t i c  segment was done 
r o u t i n e l y  and may have decreased  t h e  i nc idence  of  ch ron i c  a s p i r a -  
t i o n  and m o r t a l i t y .  However, t h e r e  was a d i f f e r e n c e  i n  m o r t a l i t y  
and morb id i t y  between pr imary  and s t aged  r e p a i r s .  With t h e  l a t -  
t e r ,  t h e  m o r t a l i t y  and morb id i t y  was 8.9% and 89% r e s p e c t i v e l y .  
With pr imary  r e p a i r  o n l y  3.6% and 57%. The p a t i e n t s  who had 
s t a g e d  r e p a i r  were of younger g e s t a t i o n a l  age ,  weighed l e s s  and 
had a h ighe r  i nc idence  o f  p r eope ra t i ve  pulmonary problems. 

FATIGUE OF THE INSPIRATORY MUSCLES OF THE RIB CAGE 
IN HUMANS Marc 8 .  Hershenson, Yoshihiro Kikuchi,  
Mary E l l en  B .  Wohl, Robert  K .  Crone, Stephen H .  167 Loring.  Harvard Medical School ,  The C h i l d r e n ' s  
H o s p i t a l ,  Departments o f  Anes thes ia  and Pulmonary 
Medicine,  and The Harvard School o f  Pub l i c  Hea l t h ,  
Department o f  .Phys io logy,  Boston, MA 02115. 

S t u d i e s  on r e s p i r a t o r y  muscle f a t i g u e  have focused on t h e  
diaphragm (DIA). We have found,  however, t h a t  maximal s t a t i c  
i n s p i r a t o r y  p l eu ra l  p r e s su re  (P i  max) i s  l im i t ed  by t h e  s t r e n g t h  
of t h e  i n s p i r a t o r y  muscles  o f  t h e  r i b  cage  (RC). F a i l u r e  t o  
mainta in  Pi max du r ing  i n s p i r a t o r y  endurance t a s k s  might  t h e r e -  
f o r e  r e s u l t  from f a t i g u e  of t h e  RC muscles r a t h e r  t han  DIA. To 
t e s t  t h i s  hypo the s i s ,  5 t r a i n e d  s u b j e c t s  r epea t ed  maximal 
i n s p i r a t o r y  e f f o r t s  ( d u t y  c y c l e ,  0 .5)  u n t i l  Pi max could  not  be 
mainta ined.  Sub j ec t s  performed such e f f o r t s  wi th  a minimum of 
abdominal muscle r e c ru i tmen t .  Before and a f t e r  i n s p i r a t o r y  
e f f o r t s ,  DIA muscle s t r e n g t h  was eva lua t ed  by measuring t h e  
t ransdiaphragmat ic  p r e s su re  genera ted  du r ing  maximal expu l s i ve  
e f f o r t s  w i th  an  open g l o t t i s  (Pdi  max). (During expu l s i ve  e f f o r t s  
t h e  DIA i s  maximally a c t i v a t e d ;  t h u s ,  t h e  Pdi ob t a ined  i s  a t r u e  
index o f  DIA s t r e n q t h ) .  Resu l t s  (xrS0,  *p<.01, pa i r ed  t ) :  

~ e f o r e  f a t i g u e  
Pi max (cmH20) 7+13 
Pdi max (cmH2O) 189+13 183t20 
We conclude  t h a t  (1) Pi max i s  no t  l i m i t e d  by DIA s t r e n g t h ,  and 
( 2 )  because DIA s t r e n g t h  was unchanged, f a i l u r e  t o  mainta in  Pi 
max i n  t h e s e  s u b j e c t s  appeared t o  be due t o  f a t i g u e  o f  t h e  
i n s p i r a t o r y  muscles of t h e  R C .  R C  muscle f a t i g u e  may be 
impor tant  i n  t h e  pa thogenes is  o f  r e s p i r a t o r y  muscle f a i l u r e .  

Suppor ted  by BL 07633. 

PENTOXIPHYLLINE (PENT) AND HYPOTHERMIA (HT) REDUCE 
THE SUSCEPTIBILITY TO HYPOXIA IN ANESTHETIZED DOGS 
Marc B .  Hershenson, James A .  Schena, Paul A. Lozano, a168 Robert K.  Crone (spon. by A n n  R .  S t a r k ) .  Harvard 
Medical School ,  The C h i l d r e n ' s  H o s p i t a l ,  Departments 
o f  Anes thes ia  and Pulmonary Medicine,  Boston,MA 02115 

Hypothermia (\IT) has  been used t o  reduce  02 consumption (602) 
i n  c r i t i c a l l y  i l l  c h i l d r e n .  HT, however, does  not  reduce  t h e  
c r i t i c a l  l e v e l  of Pa02 r equ i r ed  t o  mainta in  002,  because c a r d i a c  
ou tpu t  (CO) and 02 e x t r a c t i o n  (02  e x t )  e r e  a l s o  dec r ea sed .  We 
hypothesized t h a t  PENT, by i nc r ea s ing  RBC d e f o r m a b i l i t y  and vaso- 
d i l a t i o n ,  would i n c r e a s e  CO and 02 e x t  dur ing  HT, reducing t h e  
c r i t i c a l  l e v e l s  o f  02  d e l i v e r y  (002)  and Pa02. 15  a d u l t  beagles  
were exposed t o  hypoxic hypoxia dur ing  nor~nothermia (38"C), HT 
(30°C) and PENT plus  HT. We measured Hb, % s a t ,  p02, C O ,  blood 
v i s c o s i t y  and i 0 2 ,  and c a l c u l a t e d  DO2 (CO.Ca02), SVR, PVR, 02 e x t  
and c r i t i c a l  DO2 and Pa02. Resu l t s  (i+SD, *p<.05, **p<.001): 

38°C 30°C PENT+3O0C 
i02(cc /kg/mn)  6 1 m . 5  3 m .  4** 3.7~0.5*-* 
CO (cc/kg/mn) 144+46 86+22* 140t35 
S~R(dyn/s /cm5)  3178t620 5485~687* 2 7 3 5 ~ 6 4 2  
c r i t i c a l  DO7 13.0  7 . 1  5 7 . ~ . - - .- 
c r i t i c a l  pa62 18  17 1 0  
02 e x t  .54 .39 .78 
Because o f  i t s  e f f e c t s  on CO and 02 e x t ,  HT a l o n e  d i d  not reduce 
c r i t i c a l  PaO2. PENT reversed  HT-induced changes i n  CO and 02 e x t  
wi thout  changing VO2, a l l owing  r educ t i ons  i n  c r i t i c a l  DO2 and 
Pa02. When combined, PENT apd HT reduce  t h e  s u s c e p t i b i l i t y  t o  
hypoxia i n  dogs by reducing VO2 whi le  ma in t a in ing  DO2 and 02 e x t .  
PENT and HT may be useful  in  s e v e r e ,  i n t r a c t a b l e  h poxemia 

~ u p p o r t e X  by HL 67633. 
EFFECT OF HEMOGLOBIN CONCENTRATION lHbl ON 
CRITICAL (crt) CARDIAC OUTPUT (CO AND 0- 
TRANSPORT (SOT), , F e l i ~ e  Heusser, Andrea 0. R?IY, Jollll 
T. w, Georae Lister. Yale Univ Sch Med, Dept Ped, 69 G w  Haven. CT. . - 

We previously reported that 4 week old lambs have 
the least tolerance to reduction in CO. We hypothesized that this 
was due to their relative anemia, because the low [Hb]: 1) 
decreased SOT (SOT=COxCa02) or 2) impaired O2 extraction 
(extr). To test these hypotheses, we lowered CO in 4 week old 
lambs by incremental stepwise inflation of a balloon tipped 
catheter (Foley) in the right atrium. We determined the point 
where consumption (V02) decreased or arterial lactate 
incmsed,02which defined: crt CO. crt fractional CO (crtFC0- 
crtCO/basalCO) and crt SOT. We performed 12 experiments in 5 
lambs at various [Hb], obtained by isovolemic exchange transfu- 
sipfl%yith sheep p a c p d  [t%cells or ,pasvOThe dat ( + 

Tg7a 0--------- 7ii i l~~~nKgT---Cm~~m-~d--7 E r 8 0 F )  a r & t ~ ~ ~  ------ ---- 
7 . 6 ~ 3 7  5 155i28.5 7.5i1.3 8.1t1.2 0.53t0.12 
10.5t.3 5 120f 12.4 6.7k0.8 8.2k3.2 0.45i0.12 
13.7 2 147.5 8.3 8.8 0.39 
(13.4-14.0) (141-154.3) (7.8-8.7) (7.4-10.2) (0.29-0.38) 
These findings further confirm the postulate that the crt SOT is 
independent of the manner in which the SOT is altered (no 
difference in the crt SOT among the 3 groups). Furthermore the 
anemic lambs had the least tolerance for reduction in CO, because 
of decreased O2 carrying capacity rather than impaired maximal 
O2 extr (no difference in V02/crtSOT). These data have 
important clinical implications for maintaining SOT in subjects 
with limited CO. 
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