
CARDIOLOGY 193A 

ISCHEMIA IN THE DEVELOPING RABBIT MYOCARDIUM. Stanton B. 
Pcrw and Joanne S. Inowall. Swn.  bv James E. Lock. Harvard Med 

~ - - -  .- 

school NMR Lab, ~ o s r o n  MA. 
' 

0 1  2 1 The relationship between maturation and response of the 
myocardium to ischemic injury remains controversial. Therefore, we 
studied isovolumic, bulfer-perfuscd hearts(n=3-lolgroup) from 3 age 

groups of New Zealand white rabbits: 3 day(3d), 18 day (led), and adult. Experiments 
(control (CON), 30 min no-flow ischemia(lSCH) and 30 min reflow(REF)) were performed 
at 37' C with performance measured as  rate-pressure product (RPP). P31-NMR yielded 
ATP, creatine phosphate(CP), and inorganic phosphate(Pi) contents (pmollgdw) and 
intracellular pH(pHi) at 4-6 min intervals. Na23-NMR with shift reagent (Dy(TTHA)3-) 
yielded intra-(Nai) and extracellular(Nao) sodium at 4 min intervals in 36 and 18d hearts. 

END END During ISCH the rate of change in 
G.Qk4 kxH REF-%controi ATP, CP,Pi and pHi did not differ 

3d CP 8.3 0.3 7.6 (91) among groups. [ATP] differed among 
Pi 11.6 52.2 11.4 (98) groups only at END-REF and was 
RPP 15200 0 9700 (70) lower in aduils (41 vs 65%CON for 3d 

18d CP 23 0.4 23.9 (104) and 18d). [CP] increased 4-fold with 
Pi 8.4 63.6 10.8 (128) development. Recovery of CP and Pi 
RPP 20700 0 18200 (91) (%CON) was lower in adult than 18d 

AdultCP 32.8 0.2 27.6 (84) hearts. pHi was -7.1 during CON and 
Pi 5.4 63.3 8.7 (161) REF and -6 at END-ISCH in each 
RPP 13400 0 8000 (63) group. Nai reversibly increased - 

2.5-fold during ISCH for both 3d and 18d hearts. Nao increased 120% in 18d vs 103% in 
3d during REF. Recovery of RPP was best in 18d hearts and worst adult hearts. 

Thus, tolerance to ischemia in the rabbit myocardium initially increases and then 
decreases during development. However, the results do not demonstrate a simple 
relalionship between any metabolite or ion measured and developmental differences in 
functional recovery. 

TRANSMISSlON OF AORTlC ACCELERATION FORCES TO 
INTRACRANIAL ARTERIES IN NEWBORN INFANTS: A PULSED 

Jf 122 DOPPLER (PD) STUDY. Tonse Rab, Shin Kim, Vivek Ghai. 
(Spon.by D . V i d y a s % )  Univeristy of Illinois Medical Center. 
Department of Pediatrics, Chicago, Illinois. 

Recent work suggests absence of elastic elements and lack of reticular fibers 
in mapr intracranial (ICI arteries of premature infants, (J. Neurosurg.'85 
Hegedus). To study the hemodynamic counterpart of this structural immaturity, 
we measured the fractional transmission of aortic acceleration (ACC) forces to 
the IC arteries. Using standard cardiac Doppler techniques and a real time PD 
device (HP 770200) we measured cardiac out put (CO), maximum velocity (V max), 
ACC (dvmaxldt), and other time intervals in the aorta h IC vessels. Scanning 
via the temporal bone, (Transcranial Doppler. Raj, JUM.'86) we studied the 
middle cerebral artery, (MCA) and via the fontanelle, the basilar and anterior 
cerebral arteires (ACA) in real time with flowlDoppler angle of (5'. Results in 
4 term and 4 stable preterms (Wt. 1.2 Kg, GA 3.3 w b )  were: 1) Higher aortic V 
max and ACC in term Vs preterm. 2) But a significantly larger % of aortic ACC 
transmission to all IC arteries in preterms a s  compared to the term. We 
conclude that transmission of high acceleration forces to preterm infants' brain 
vessels lacking elastic elements could render them vulnerable for intracranial 
hemorrhage. WPreterm Vs term. ~(0.05, ANOVA and Tukey's test) 

Vmax ( c d s )  Sys.ACC(cds2) % Aort ic  ACC 
Term Preterm Term Preterm Term Preterm 

Aorta 109 52.3s 1970 1009t 
Bas i l a r  41.1 37.4 560 631t 28.4% 6 2 . 5 % *  
MCA 40 30 562 50041 28.% 50%* 
ACA 20.4 22 353 279r 18% 27.66t 

BALLOON PULMONARY VALVULOPLASTY FOR COMPLEX CYANOTIC 
HEART DEFECTS. P. Syamasundar Rao, King F a i s a l  Spec. 

4 A -  
Hosp i t a l ,  Dept. of P e d i a t r i c s ,  Riyadh, Saudi Arabia. 

ILS  Six  i n f a n t s  w i th  complex cyano t i c  hea r t  d e f e c t s  
(CCHD) ( t e t r a l o g y  of F a l l o t  (TOF) i n  two, t ranspo-  
s i t i o n  of t h e  g r e a t  a r t e r i e s  wi th  v e n t r i c u l a r  s ep ta1  

d e f e c t  (VSD) and pulmonary s t e n o s i s  (PS) i n  two, dex t roca rd i a ,  
v e n t r i c u l a r  i nve r s ion ,  VSD and PS i n  t h e  f i f t h ,  and c r i t i c a l  PS 
wi th  hypop la s t i c  r i g h t  v e n t r i c l e  i n  t h e  s i x t h ) ,  aged 7 days t o  
s i x  months weighing 2.9 t o  7.9 kg, underwent percutaneous bal -  
loon pulmonary va lvu lop la s ty  (PBPV) a s  a p a l l i a t i v e  procedure. 
The i n d i c a t i o n  f o r  PBPV was complex ca rd i ac  d e f e c t  not  amenable 
t o  t o t a l  c o r r e c t i o n  a t  t h e  age and s i z e  a t  p re sen ta t ion  but a t  
t h e  same time r equ i r ing  p a l l i a t i o n  of pulmonary ol igemia.  The 
pulmonary blood flow index (1.83 + 0.55 v s .  3.07 f 0.65 l/min/m2, 
p e 0 . 0 5 ) .  QP:QS (0.55 + 0.05 v s .  1 . 0 2  0.28, p <0.02) ,  and pulmo- 
nary a r t e r y  p re s su re  (21 2 6 v s .  3 8 2  12 mmHg, p < 0 . 5 )  increased 
fol lowing PBPV. A r t e r i a l  oxygen s a t u r a t i o n  increased immediately 
i n  TOE and dex t roca rd i a  p a t i e n t s  wh i l e  t h e r e  was no imnediate 
i nc rease  i n  o t h e r  t h ree ;  t h e  l a t t e r  is  presumably r e l a t e d  t o  
dynamics of i n t e r a t r i a l  shunt ing.  Immediate s u r g i c a l  in terven-  
t i o n  was avoided i n  a l l  s i x  p a t i e n t s .  

On follow-up 3 t o  6 months a f t e r  PBPV, a l l  i n f a n t s  were t h r i -  
v ing we l l  with decreased hypoxemia and polycythemia. Follow-up 
c a t h e t e r i z a t i o n  d a t a  a r e  a v a i l a b l e  i n  3 p a t i e n t s ,  3 t o  6 months 
fol lowing PBPV and i n  a l l  t h ree ,  t h e  immediate pos t  PBPVimprove- 
ment p e r s i s t e d .  These d a t a  suggest  t h a t  PBPV o f f e r s a n e x c e l l e n t  
p a l l i a t i o n  of pulmonary oligemia i n  CCHD, thus ,  avoiding t h e  
r i s k s  of immediate s u r g i c a l  p a l l i a t i o n  and paving f o r  a b e t t e r  
r e s u l t  of eventual  t o t a l  s u r g i c a l  co r r ec t ion .  

EXERCISE STUDIES I N  CHILDREN WITH TRANSPOSI- 
TION OF THE GREAT ARTERIES(TGA) AFTER MUSTARD 
REPAIR. J . R e i s m a n ; G . C a n n  ;N .Musewe ;D.Wi lkes ;  0124 H . L e v i s o n  & L . B e n s o n .  Ca:diol. & C h e s t  D i v . ,  
H o s p i t a l  f o r  S i c k  C h i l d r e n ,  T o r o n t o ,  C a n a d a .  

T h e  c a r d i o p u l m o n a r y  r e s p o n s e s  t o  e x e r c i s e  
o f  1 7  p t s  (mean  a g e  1 3 y , M / F = 1 1 / 6 )  w i t h  TGA a n d  M u s t a r d  
r e p a i r ( m e a n  a g e  a t  s u r g e r y = 1 9 . 4  mo)  w e r e  c o m p a r e d  w i t h  
t h o s e  o f  1 7  a g e - m a t c h e d  n o r m a l  s u b j e c t s . A n  i n c r e m e n t a l  
e x e r c i s c  test w a s  p e r f o r m e d  t o  d e t e r m i n e  w o r k  c a p a c i t y  
(Wmax). H e a r t  ra te  ( H R ) ,  o x y g e n  s a t u r a t i o n  ( S a 9 2 ) , o x y -  
g e n  c o n s u m p t i o n  ($02)  a n d  m i n u t e  v e n t i l a t i o n  ( V E )  were 
m e a s u r e d  d u r i n g  e x e r c i s e .  C a r d i a c  o u t p u t ( Q )  a n d  s t r o k e  
v o l u m e  ( S V )  w e r e  s u b s e q u e n t l y  c o m p u t e d  d u r i n g  s t e a d y  
s t a te  e x e r c i s e  a t  5 0 %  Wmax b y  t h e  I n d i r e c t  F i c k  ( ' 2 0 2 )  
m e t h o d , a n d  e x p r e s s e d  as a % p r e d i c t e d .  D u r i n g  t h e  i n -  
c r e m e n t a l  t e s t ,  t h e  TGA p a t i e n t s ,  a s  c o m p a r e d  t o  t h e  
n o r m a l  s u b j e c t s ,  a c h i e v e d  1 o w e r . m a x i m a l  v a l u e s  f o r  
Wmax. HR. a n d  VO7, b u t  n o t  f o r  VE ( T a b l e ) .  . . - 

TGA C o n t r o l  P 
Wmax ( w a t t s / k q )  2 . 3 T 0 . 6  3 . 3  f 0 . 7  C O T O ~  . - .  
HR ( b p m )  1 7 2  t 14 1 8 5  f 11 4 0 . 0 1  
t o2  ( m l / k g / m i n )  3 1 . 7  t 7 . 7  4 5 . 3  f 1 0 . 5  C O . O 1  
VE ( L / k g / m i n )  1 . 3  f 0 . 3  1 . 5  i 0 . 5  NS 

D u r i n g  s t e a d y  s t a te  exercise t h e  mean f SD v a l u e s  
a c h i e v e d  b y  t h e  TGA p a t i e n t s  f o r  Q a n d  SV w e r e  1 0 . 4  + 
1 . 7  L / m i n  ( 9 2  + 2 % p r e d )  a n d  6 6  f 1 4 . 5  m l s  ( 9 8  t 1 6  
% p r e d )  r e s p e c t i v e l y .  We c o n c l u d e  t h a t  t h e  a e r o b i c  
c a p a c i t y  o f  TGA p a t i e n t s  f o l l o w i n g  M u s t a r d  r e p a i r  is  
s i g n i f i c a n t l y  r e d u c e d .  

I S  THE PLASMA DIGOXIN IMNUNOREACTIVITY OF PRENANCY 
AssCCIATED WITH DIGITUS-LIKE (Na+K)ATPase 
INHIBITION? Richard Ri e l  John Haml n, Gerard 0125 -. f s p n  by Allen",c&artz) UnivYof Maryland, 
Depts o f  P e d i a t r i c s  and Physiology, Baltimore. 

Digoxin immunoreactivity (DI) has  been 
i d e n t i f i e d  i n  plasma from women wi th  pregnancy induced 
hyper tension (PIH). Thus, it has  beer? suggested t h a t  
d i g i t a l i s - l i k e  i n h i b i t i o n  of c e l l  Na pumps ((NatKIATPase) may 
play a r o l e  i n  PIH. Digoxin and o t h e r  c a r d i a c  g lycos ides  can 
be d i sp l aced  from red  blood c e l l s  (RBC) by incuba t ion  i n  a 
Na+ATP s o l u t i o n .  By measuring Na pump a c t i v i t y  wi th  and 
wi thout  such an incubat ion,  t h e  degree  o f  Na pump i n h i b i t i o n  
can be  ca l cu la t ed .  

We used t h i s  technique t o  eva lua t e  whether DI is as soc ia t ed  
wi th  d i g i t a l i s - l i k e  b i r d i n g  t o  R E  (Na+K)ATPase. DI was 
de t ec t ed  i n  a l l  18 pregnant women, 9 nornwtensive 
(.29+.07ng/mll and 9 wi th  PIH 1.222.06, p >  0.11, but was 
undetectable  i n  9 nonpregnant women. Additonally, 7 p a t i e n t s  on 
o r a l  d igoxin  were s t u d i e d  and had l e v e l s  o f  .97+.37ng/ml. RBC 
(Na+K)ATPase a c t i v i t y  increased i n  a l l  s u b j e c t s  a f t e r  Na+ATP 
incubat ion.  Pump a c t i v i t y  increased t o  t h e  same e x t e n t  i n  
pregnant (23x261 and nonpregnant (25%23) women d e s p i t e  t h e  DI 
p re sen t  i n  pregnant s u b j e c t s .  P a t i e n t s  taking digoxin  had a 
twofold g r e a t e r  i nc rease  i n  Na pump a c t i v i t y  (52%+6), 
confirming t h e  a b i l i t y  o f  t h i s  technique t o  d i s p l a c e  digoxin  
from R E  Na pumps. 

Digoxin immunoreactivity is p resen t  i n  pregnancy 
i r r e s p e c t i v e  o f  blood p re s su re  s t a t u s  and is not  a s soc ia t ed  
wi th  d i g i t a l i s - l i k e  i n h i b i t i o n  o f  (Na+K)ATPase. 

THE EFFECT OF SALT (Na) INTAKE ON BLOOD PRESSURE (BP) 
I N  OBESITY. A . P .  Rocchini,  C. Moorehead, D .  Bondie, 
R. Chico, A.R. Sn ide r .  Univers i ty  of Michigan. 

1 26 m u d y  t h e  r o l e  o f  Na in t ake  on hyper tension i n  - - -  
o b e s i t y ,  33 obese ado le scen t s  (ads)  and 15 non-obese 
ads  r ece ived ,  i n  a random sequence, 2 wks o f  high 

Na in t ake  (7250 meq/day) and 2 wks of low Na in t ake  U20 meq/day). 
A l l  ads  had t h e i r  BP measured, both  on low and high Na d i e t s ,  i n  
t h e  s i t t i n g  p o s i t i o n  every 5 min f o r  1 h r .  Other v a r i a b l e s  mea- 
sured include:  plasma volume (PV) (Evans b lue  dye ) ,  c a r d i a c  out-  
pu t  (CO) (2D-Echo-doppler) , f a s t i n g  i n s u l i n  (INS), and a ldos t e rone  
( a ldo ) .  Compared t o  non-obese ads  when switched from high t o  low 
Na d i e t ,  obese ads  had l a r g e r  decreases  i n :  mean BP (12.2 5 .7 vs  
1 .7  + 2.2 mmHg P<0.01), PV (974 2 114 vs  484 + 111 m l  p<0.01), 
and CO (2.6 5 . 3  v s  0.6 5 0.5 L/min H 0 . 0 5 ) .  Obese ads  a l s o  had 
higher  INS (27.3 + 2.4 v s  10 .1  + 0.8  uU/ml p(0.01) and a l d o s  
(15.2 + 1 .3  v s  11.7 5 2.5 ng/dl p t0 .01 (high Na) and 25.2 + 2.1  
v s  18 .1  + 2.9 ng/dl F 0 . 0 5  (low Na) ) .  When changed from high t o  
low Na dTet ,  23/33 obese and 1/15 non-obese ads  (pi0 .01)  decreased 
t h e i r  mean BP by >10 mmHg. Comparing t h e  23 obese ads  whose BP's 
changed by >10 mmHg with  t h e  10 obese ads  whose BP d i d  not  change, 
we observed t h a t  t h e  s a l t - s e n s i t i v e  ads  a l s o  experienced t h e  
l a r g e s t  changes i n  PV (1048 + 119 v s  398 + 108 m l  p<0.05) and CO 
(3.1  + 0.4 v s  1 . 5  5 1 . 3  L/min p(0.05) and had t h e  h ighes t  INS 
(30.0 + 2.9 v s  21.1 + 3.5 uU/ml p(0.05) and a ldo  (16.3 + 1 .2  vs  
11.2 c 2 . 4  ng/dl pc~';b5 (high Na) 27.2 2 2.5 vs  21.2 5 5.2  ng/dl 
p<0.05 (low Na) ) .  Thus un l ike  non-obese ads,obese ads '  BP i s  
very dependent on Na in t ake .  I t  appears  t h a t  t h e  e l eva ted  INS and 
a ldos  t h a t  occur i n  many obese ads  maybe r e spons ib l e  f o r  t h e  f l u i d  
r e t e n t i o n  and e l eva ted  BP as soc ia t ed  wi th  a high sodium in t ake .  
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