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CARDIAC PERFORMANCE, EXERCISE CPPACITY AND PULMONARY el33 FUNCTION WTER FONTAN SURGERY 
David G. Ruschhaupt, Daniel ST. Campbell, Ot to  G.  

Thi lenius ,  Robert L. Reploqle,  Rene A. Pxc i l l a ,  
The Univers i ty  of Chicaqo Hospi ta ls ,  Department of P e d i a t r i c s  
and Cardiac Surgery, Chicago, I l l i n o i s  

Seven p a t i e n t s  with conqeni ta l  h e a r t  d i s ea se  p a l l i a t e d  bv 
Fontan surgery  (F) underwent ca rd i ac  c a t h e t e r i z a t i o n  (CC), tread- 
m i l l  exe rc i s e  (TE), and pulmonarv funct ion (PF) t e s t s .  CC re-  
vealed  absent  r i g h t  atrial-pulmonarv pressure  q rad i en t ,  normal 
pulmonary pressures  and mild a r t e r i a l  de sa tu ra t i on  (82-93%). LV 
e n d i a s t o l i c  volume (cm3/M2), s t roke  volume (ml/M2), output  (L/m/ 
~ 2 )  and e j e c t i o n  f r a c t i o n  ore/post surqerv  were: 90.6/78.3, 
53.1/42.1, 4.94/3.78, and 0.59/0.53, r e soec t ive ly  ( a l l  p=NS). 
TE protocol  used s teady r a t e  ( 3  mph) and increas inn grade (0% 
through 5, 10 ,  15, 20 ,  22.5, 25 and f i n a l l v  27.5% a t  4 mph) up 
t o  exhaustion (TE max) . Minute v e n t i l a t i o n  (VE) , t i d a l  volume 
( T V )  , r e sp i r a to ry  r a t e  (RR) , oxygen consumption (VO2), blood 
p re s su re  and h e a r t  r a t e  (HR) were measured q l m i n  and comnared 
t o  those  of 50 normal (NL) sub j ec t s .  TE max by F was 20% in- 
c l i n e .  Althounh V02, T V  and HR were appropr ia te  f o r  exe rc i s e  
l e v e l ,  RR and VE were ou t s ide  2 SD of NL a t  each workload. 
Values dur ing TE max were lower than those  of NL: V02=69%, TV= 
85%, HR=83%, RR=81%, VE=85%. PF t e s t s  revealed  (% of NL): 
forced v i t a l  capacit!r=82%, neak exn i r a to rv  flow=104%, forced ex- 
p i r a t o r v  volume=85%, pu1monar.r d i f fu s inq  capacity=73%. F 
p a t i e n t s  have abnormal PF and exe rc i s e  capaci ty  d e s p i t e  "qood" 
r e s t i n q  hemodynamics. These may be r e l a t e d  t o  inadequate car- 
d i a c  funct ion durinq e f f o r t  and reduced ~u lmona rv  perfus ion.  
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Ruby Popv, Spon. by  J u d i t h  G. H a l l ,  U n i v e r s i t y  o f  B r i t i s h  Columbia.  Vancouver .  BCI 
L e f t  v e n t r i c u l a r  (LV)  s y s t o l i c  and d i a s t o l i c  f u n c t i o n  was assessed  i n  12 

p a t i e n t s  a f t e r  t o t a l  c o r r e c t i o n  o f  t e t r a l o g y  o f  F a l l o t  (TOF) and compared w i t h  8  
n o r m a l  p a t i e n t s  (N) .  The mean age of  TOF uas 10.1 y e a r s  ( r a n g e  5-17.8 y e a r s )  a t  
c a t h e t e r i z a t i o n  and 3.5 y e a r s  ( r a n g e  0.3-8 y e a r s )  a t  s u r g e r y .  On l y  o n e  ha? a shun t  
p r i o r  t o  s u r g e r y .  A t  c a t h e t e r i z a t i o n  t h e  s t a n d a r d  i n d e x e d  l e f t  v e n t r i c u l a r  pa ra -  
m e t e r s  - end d i a s t o l i c  vo l une  (EOV ) .  -nd s y s t o l i c  v o l u n e  (ESV ) ,  e j e c t i o n  f r a c -  

t i o n  (EF ) ,  s t r o k e  vo lume (SV ) ,  ens-diastolic p r e s s u r e  (EDP), i e a k  s y s t o l i c  
p r e s s u r e  (PSP), mass (M ) an$ peak s y s t o l i c  p r e s s u r e / e o d  s y s t o l i c  vo lume , r a t i o  
(PSP/ESVI),were o b t a i n e h .  L.V. d i a s t o l i c  o p e r a n t  chamber s t i f f n e s s  ( b )  E myo- 
c a r d i a l  stiffness (K ) w e r e  c a l c u l a t e d  f rom s i m u l t a n e o u s  d i a s t o l i c  p r e s s u r e s  and 
volumes u s i n g  monoexEonen t i a1  f o rmu lae .  The two g roups  were compared by  u n p a i r e d  
"1 "  t e s t s .  The re  was no d i f f e r e n c e  i n  EDP, SV , PSP, and M . 

# E D V ~  E S V ~  E.F. ~SPIESV b1 K~ 

TOF 12 H 93.1 29 69.1 3.63 0.038 17.25 
SD +16.2 t 7 . 7  ~ 5 . 5  t 1 . 7 3  +.022 t 8 . 05  - - 

N 8  M 72.9 16.0 77.9 7.63 .032 10.04 
SD +10.61 ~ 6 . 4  ~ 8 . 3 6  ~ 3 . 5 3  1 .007  ~ 2 . 0 2  

p=.001 p=.OOl p=.02 p=.016 NS p=.025 
Thus, TOF had  h i g h e r  EDV , ESVI,, louer EF, PSP/ESV r a t i o s  t h a n  N. Chamber 
s t i f f n e s s  was no rma l  bu t lmyoca rd l a l  s t i f f n e s s  (K ) uas  s i g n i f i c a n t l y  h i g h e r  
i n  TOF. A number of  TOF u e r e  no rma l ,  b u t  f u r t he :  a n a l y s i s  showed no c o r r e l a t i o n  
between t h e s e  pa rame te r s  and age a t  s u r g e r y .  
Thus, as a  g roup ,  TOF have r e s i d u a l  s y s t o l i c  and d i a s t o l i c  a b n o r m a l i t i e s  o f  
LV f u n c t i o n  a f t e r  t o t a l  c o r r e c t i o n .  
**Suppor ted by  t h e  B.C. H e a r t  F o u n d a t i o n .  

CORRELATION OF PEAK SYSTOLIC PRESSUREIEND SYSTOLIC VOLUME(PSP/ESV) 135 AND END SYSTOLIC PRESSURE/END SYSTOLIC VOLUME (ESP/ESV) RATIOS. 
George G.S. Sandor ,  Ruby Popv, Spon. by  J u d i t h  G.  H a l l .  Depa r tmen t  

o f  P a e d i a t r i c s ,  U n i v e r s i t y  o f  B r i t i s h  Columbia,  Vancouver ,  B.C. 
Sagaua's  i n d e x  o f  L.V. f u n c t i o n ,  Emax, has been s i m p l i f i e d  t o  ESP/ESV r a t i o .  

The r a t i o  PSP/ESV has been s u b s t i t u t e d  e n a b l i n g  n o n - i n v a s i v e  measurement  o f  t h i s  
i n d e x .  T h i s  s t u d y  assessed  t h e  c o r r e l a t i o n  o f  t h e s e  r a t i o s  t o  d e t e r m i n e  t h e  
v a l i d i t y  o f  t h e  u s e  o f  PSP/ESV r a t i o s .  A t  c a r d i a c  c a t h e t e r i z a t i o n  ESP, PSP E ESV 
were measured i n  1 1  n o r m a l  ~ a t i e n t s ( E )  (mean age 10.3, r a n g e  4-18 y e a r s ) , l O  a o r t i c  
s t e n o t i c  p a t i e n t s  (AS) (mean age 8.9, r a n g e  5-16 y e a r s ) ,  u i t h  mean peak s y s t o l i c  
g r a d i e n t  o f  56.5 t o r r  ( r a n g e  20-120 t o r r )  and 11  vo lume l o a d  (VL)  p a t i e n t s  (mean 
age 9.3, r ange  2.3-14 y e a r s ) ,  w i t h  a o r t i c  r e g u r g i t a t i o n  ( 7 ) ,  m i t r a l  r e g u r g i t a t i o n  

( 2 ) ,  PDR ( 1 ) .  C VSD ( 1 ) .  A n a l y s i s  o f  v a r i a n c e  & B o n f e r r o n i  t e s t s  were used 
t o  compare t h e  t h r e e  g roups  & c o r r e l a t i o n s  v e r e  per formed.  

N  AS - - VL . - 
11 10 1 1  

PSP/ESV 4.84 + 1.3 11.47 + 6.6 2.66 + 1.03 
N  vs AS p  = .018 N  v s  VL p  <.001 AS v s  VL p  = ,003 

ESP/ESV 4.46 + 1.12 6.24 + 2.29 2.35 + .87 
N v s  AS p  = 0.42 N  v s  VL p<.001 AS vs VL p  =< .001  

P l o t t i n g  ESPlESV vs PSP/ESV f o r  
1 )  N  - yi .853x + .33; r = .989, i . e . .  t h e  s l o p e  n e a r e d  u n i t y .  
2 )  VL - y= .8164x + .17; r = ,965, i .e . ,  t h e  s l o p e  a l s o  app roached  u n i t y .  
3 )  RS - y= .3078x + 2.7: r = ,887, i . e . ,  p o o r  c o r r e l a t i o n ,  however  s u b s t i t u t i n g  
s y s t o l i c  a o r t i c  p r e s s u r e  (SAP) f o r  PSP & r e p l o t t i n g  ESP/ESV v s  SAP/ESV f o r  AS 
y= , 7 4 5 ~  + 1.27; r = .86, i .e . .  t h e  s l o p e  app roached  u n i t y  aga in .  
Thus, i n  t h e  absence o f  l e f t  v e n t r i c u l a r  o u t f l o w  o b s t r u c t i o n  t h e  s i m p l e  r a t i o  
o f  PSP/ESV c o r r e l a t e s  w e l l  w i t h  ESP/ESV and may be used  n a n - i n v a s i v e l y .  

COMPARISON BETWEEN M MODE AND DIGITIZED ECHOCARDIOGRAPHY I N  THE 
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P a u l  C. Rogers,  Ka-Wah Chan, Zubeda Sada rudd in ,  M a r i o n  A. T i p p l e ,  

S h i r l e y  H a z e l l .  J. Mav i s  Tea rda le .  Spon. by  J u d i t h  G. H a l l .  Depa r tmen t  o f  
P a e d i a t r i c r ,  U n i v e r s i t y  o f  B r i t i s h  Co lumb ia .  Vancouver ,  B.C. 

T h i s  s t u d y  compared s t a n d a r d  m-node echo (ME) and d i g i t i z e d  e c h o c a r d i o g r a p h y  
(OE) t o  d e t e c t  a n t h r a c y c l i n e  c a r d i o t o x i c i t y .  25 p a e d i a t r i c  p a t i e n t s  w i t h  
l eukaem ias  o r  s o l i d  t umors  ( 1  ma le ) ,  mean age - 10.4 y r .  (1.9-15.6) had  ME 3 
b e f o r e  (PRE). a t  200-300 mg/m (MID) .  a f t e r  maximum dosage (POST) o f  a d r i a m y c i n  
o r  d u a n o r u b i c i n  (mean 2.3 months,  0.3-6.5 m )  and compared t o  33 age matched 
n o r m a l s  (NORM). 14 had  p r e v i o u s  chemotherapy some w i t h  cyc l ophospham ide  and /o r  
r a d i a t i o n .  Mean f o  l ow  up d u r a t i o ~  was 21.5 months (7.8-33.8 m), mean maximum 1 - 
dose was 409.6 mg/m (300-582 ag/m ). None had  c a r d i a c  f a i l u r e .  L e f t  v e n t r i c u -  
l a r  ( LV )  s y s t o l i c  t i m e  i n t e r v a l s  ( S T I ) ,  s h o r t e n i n g  f r a c t i o n  (SF) ,  mean v e l o c i t y  
o f  s h o r t e n i n g  (VCF) uere  done on ME. Peak LV v e l o c i t y  i n  s y s t o l e  (PLVS) and 
d i a s t o l e  (PLVD), n o r m a l i z e d  L.V. v e l o c i t y  i n  s y s t o l e  (NLVS) and d i a s t o l e  (NLVD), 
peak p o s t e r i o r  w a l l  v e l o c i t y  i n  s y s t o l e  (NPWVS) and d i a s t o l e  (NPWVD) and s i m i l a r -  
l y  peak and n o r m a l i z e d  s e p t a l  v e l o c i t i e s  (PSVS, PSVD, NSVS and NSVD) w e r e  o b t a i n -  
ed by  t r a c i n g  and d i g i t i z i n g  t h e  echo (DE).  B o n f e r r o n i  t e s t s  o f  s i g n i f i c a n c e  
were de te rm ined .  ME showed a )  d e c l i n i n g  VCF from PRE(1.43) t o  MID(1.23) and 
POST(1.2) (p=.0005 & .001) b )  d e c l i n i n g  SF f r o m  PRE(36.9) t o  MID(32.7)  t o  POST 
(32 .0 )  (p=.0002 E .0014) c ) S T I ' s  v e r e  n o t  u s e f u l .  DE showed a )  g r e a t e r  PLVS 
f o r  PRE(9.47) t h a n  NORM(8.21) (p=.0017) b u t  no s i g .  f a l l .  b)PRE NLVS(2.83) was 
g r e a t e r  t h a n  NORM(2.54) and f e l l  a t  POST(2.28) (p=.0000 & .0013)  c)PLVD C NLVD 
were no rma l .  P o s t e r i o r  w a l l  and s e p t a l  m o t i o n  i n  s y s t o l e  and d i a s t o l e  uas 
n o r m a l  e x c e p t  PRE PPWVD(6.85) was g r e a t e r  t h a n  NORM(5.17) and f e l l  t o  no rma l  a t  
MID. Thus 1)ME i s  as u s e f u l  f o r  s c r e e n i n g  f o r  LV d y s f u n c t i o n  as DE, 2)DE showed 
h y p e r f u n c t i o n  i n  some p a r a m e t e r s  PRE. T h i s  d i d  n o t  c o r r e l a t e  w i t h  age, haemo- 

~ ~ ; b , ~ ~ ~ t f ~ ; ; ~ F f ~ ~ ~ ; ~ O ; a ~ ~ ~ n g ~ e ; f ~ ; ; ; . t $ a o ; e . t h c ~ ~  o f  t h i s  

ECHOCARDIOGRAPHY DOES NOT ACCURATELY PREDICT PA 137 WEDGE PRESSURES I N  SMALL SUBJECTS. Richard A. 
Schieber,  Paul F. Braum (Spon. by William H. Neches) 

Univ. of P i t t sbu rgh  School of Med. and Chi ldren 's  Hosp. of P i t t s -  
burgh, Depts. of Anesthes ia /CC~ and P e d i a t r i c s ,  P i t t sbu rgh ,  PA 

Adult s t ud i e s  i nd i ca t e  a s t rong c o r r e l a t i o n  brtween PA wedge 
pressure  (WEDGE) and t h e  RATIO and d i f f e r ence  (DIFF) of 2 echo- 
cardiographic  (ECHO) m i t r a l  va lve  d i a s t o l i c  t ime in t e rva l s :  Q- 
m i t r a l  va lve  c lo su re  (Q-MVC) and a o r t i c  va lve  c losure-mit ra l  E 
point  (AVC-E). E f f ec t s  of HR on the se  i n t e r v a l s  and of r e sp i r a -  
t o r y  phase on WEDGE were not  considered. 

We measured one ECHO-WEDGE da t a  s e t  from each of 24 young 
p a t i e n t s  during rou t ine  ca rd i ac  c a t h e t e r i z a t i o n .  Mean age was 
4.7 y r s  (range 0.3-15.8). None had prolonged PR, m i t r a l  steno- 
s i s ,  or  were in tubated.  WEDGE ranged from 4-22 mm Hg (mean 
10.1). ECHO i n t e r v a l s  were measured a t  end- inspi ra t ion  and end- 
exp i r a t i on  and a r i t hme t i ca l l y  adjus ted  f o r  HR d i f f e r ences  within 
and between p a t i e n t s .  No s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  
was found between WEDGE and RATIO o r  DIFF, r ega rd l e s s  of RR ad- 
justment o r  r e s p i r a t o r y  phase (-0.2<r<0.2, p>.05 f o r  each) .  

Mul t ip le  da t a  s e t s  were then obtained from 6 neonata l  p i g l e t s  
whose LVEDP was increased from 3-38 mm Hg by volume infus ion.  
Again, no c o r r e l a t i o n  between LVEDP and any der ived ECHO function 
was l a r g e  enough f o r  p r ed i c t i ve  purposes (r5.40 by l i n e a r  r e -  
gress ion a n a l y s i s ) .  

No s i g n i f i c a n t  r e l a t i onsh ip  was found between ECHO and WEDGE 
measurements i n  small sub j ec t s ,  un l ike  i n  adu l t s .  Confirmation 
s tud i e s  a r e  needed i n  adu l t s .  

CHANGING PATTERNS IN MANAGEMENT OF AORTIC VALVAR 
STENOSIS I N  INFANCY. S tua r t  Se t h u s  Fredr ick  2. 138 Bierman, Freder ick  0 Bowman, :r., k u d  Krongrad. 

College of Physicians & Surgeons, Columbia Univers i ty ,  
Department of P e d i a t r i c s ,  N.Y.C., New York 10032. 

In  t h e  pas t ,  management of i n f a n t s  with c r i t i c a l  i s o l a t e d  
a o r t i c  (Ao) va lve  (V) s t e n o s i s  (AVS) was dependent on diagnosis  
by ca rd i ac  ca the t e r i za t i on  ( ca th ) .  In  c r i t i c a l l y  ill i n f a n t s  
t h i s  procedure i s  o f t en  associa ted  wi th  severe  complications. As 
of 1981, 10 i n f a n t s ,  ages 1 day t o  18 weeks, were diagnosed a s  
having c r i t i c a l  AVS. Anatomic d iagnosis  was made by 2D Echo- 
cardiogram (Echo) i n  a l l  p a t i e n t s  (p t s )  showing a thickened AOV 
(10/10 p t s )  l e f t  v e n t r i c u l a r  hypertrophy (LVH) (10/10 p t s )  , 
normal LV s i z e  (8110 p t s )  LV d i l a t a t i o n  and small LV ( 1  p t  each). 
Lef t  a t r i a l  d i l a t a t i o n ,  i n d i r e c t l y  i nd i ca t i ng  increased LV end 
d i a s t o l i c  pressure ,  was present  i n  9/10 p t s .  Diagnosis was con- 
firmed by ca th  i n  4 p t s ,  surgery  i n  5 p t s ,  and autopsy i n  1 p t .  
Aor t ic  valvotomy was done i n  5 p t s  without ca th  and 4 p t s  f o l -  
lowing cath. P r io r  t o  surgery  t he  p t s  had c l i n i c a l  evidence of 
poor cardiac  output (10/10 pts),LVH (10/10 p t s )  and s t r a i n  
(8110 p t s )  on ECG and cardiomegaly on ches t  x-ray (10/10 p t s ) .  
A 1 day old  i n f an t  i n  p e r s i s t a n t  a c idos i s  wi th  a d i l a t e d  LV 
died p r i o r  t o  surgery and a p t  wi th  a small LV on echo died  
postopera t ively .  8 p t s  survived surgery. It is  concluded t h a t  
noninvasive c l i n i c a l  evaluat ion i s  adequate f o r  p r ec i s e  diag- 
n o s i s  and es t imat ion of s eve r i t y  p r i o r  t o  a o r t i c  valvotomy i n  
i n f an t s .  Cath is  p re sen t ly  of l im i t ed  value  i n  such p a t i e n t s  and 
should be reserved f o r  i n f a n t s  with AVS and pos s ib l e  a s soc i a t ed  
de fec t s .  
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