
Preclinical evaluation of a biolized 
temporary ventricular assist device1 

Ryohei Yozu, M.D. 
Leonard A. R. Golding, M.D. 
Gordon Jacobs, M.S. 
Shun Murabayashi, Ph.D. 
Hiroaki Harasaki, M.D., Ph.D. 
Raymond J . Kiraly, M.S. 
Yukihiko Nose, M.D., Ph.D. 

An external clinical temporary ventricular assist device (VAD) 
has been developed with the use of our universal, multipurpose 
cardiac prosthesis with specially designed inflow and outflow 
cannulas. The cannulas allow flexibility in application of the VAD, 
which can access the vascular system via either the atrium or 
ventricle for inflow, and the aorta or pulmonary artery for outflow. 
A high-pressure pneumatic actuator activates the pusher-plate of 
the VAD. The clinical drive system for this VAD has complete 
redundancy and automatic switching to a backup system in the 
event of any component failure. Six VADs were tested in calves as 
a temporary left VAD before clinical use and functioned well. 
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Circulatory support utilizing various forms of mechanical 
ventricular assist is now an accepted mode of therapy in 
refractory cardiogenic shock in several institutions. 

At T h e Cleveland Clinic Foundation, various forms of 
cardiac prostheses have been developed over several dec-
ades. In 1977 we began the development of a universal 
cardiac prostheses (UCP), which could be used for tran-
sient, interim, or pe rmanent replacement of cardiac func-
tion. It was established that all components of such a device 
must be (1) adaptable and interchangeable for each of the 
above pump configurations, (2) mass producible, and (3) 
biocompatible and sterilizable. 

Before development of a temporary ventricular assist 
device system (VAD), the blood pump had already been 
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Fig. 1. T h e Cleveland Clinic Foundation temporary cardiac 
assist pump and cannula system. 

e v a l u a t e d a s a l o n g - t e r m i m p l a n t a b l e ( i n t r a t h o r -
ac i c ) l e f t V A D in 11 c a l v e s f o r a s l o n g a s s e v e n 
m o n t h s w i t h o u t t h e u s e o f a n t i c o a g u l a n t s . 7 ' 8 

B a s e d o n t h e s e g o o d r e s u l t s , a t e m p o r a r y V A D 
f o r c l in i ca l u s e w a s d e s i g n e d , b u i l t , a n d t e s t e d in 
c a l v e s . 

T h i s r e p o r t s u m m a r i z e s t h e d e v e l o p m e n t o f 
t h e t e m p o r a r y V A D s y s t e m a n d t h e r e s u l t s o f 
V A D p e r f o r m a n c e e v a l u a t i o n s . 

Mate r i a l s a n d m e t h o d s 

Blood pump 
T h e c o n v e x c i r c u l a r b l o o d p u m p c o n s i s t s o f a 

r i g i d e p o x y h o u s i n g w i t h i n l e t a n d o u t l e t p o r t s , 
p n e u m a t i c a c t u a t o r , a n d p o l y o l e f i n r u b b e r d i a -
p h r a g m s u p p o r t e d b y a p u s h e r - p l a t e (Fig. 1). T h e 
p o l y o l e f i n r u b b e r w a s s e l e c t e d o n t h e bas i s o f i t s 
d e m o n s t r a t e d h i g h f l e x l i fe . 

All b l o o d - c o n t a c t i n g s u r f a c e s o f t h e p u m p a r e 
c o a t e d w i t h a t h i n ( 1 0 - 5 0 /xm), s m o o t h , a n d 
s e a m l e s s a l d e h y d e - t r e a t e d p r o t e i n t o p r o v i d e f o r 
b l o o d c o m p a t i b i l i t y . T h e s t r o k e v o l u m e o f t h e 
p u m p w a s d e s i g n e d t o b e 9 0 m l w i t h a p u s h e r -
p l a t e e x c u r s i o n o f 1 .5 c m . R e g u r g i t a t i o n t h r o u g h 
t h e v a l v e s l o w e r s t h e e f f e c t i v e s t r o k e v o l u m e t o 
a b o u t 8 0 m l . T h e p u s h e r - p l a t e p o s i t i o n t r a n s -
d u c e r c o n s i s t s o f a S a m a r i u m c o b a l t p e r m a n e n t 
m a g n e t b o n d e d t o t h e p u s h e r - p l a t e a n d a H a l l 
e f f e c t s e n s o r ( A m e r i c a n A e r o s p a c e C o n t r o l 
M o d e l H I - 5 ) b o n d e d t o t h e p u m p h o u s i n g . T h e 
r e s u l t a n t v o l t a g e s i g n a l , w h i c h is p r o p o r t i o n a l t o 
t h e d i s t a n c e b e t w e e n t h e s e n s o r a n d m a g n e t , is 
l i n e a r i z e d b y a l o g a r i t h m i c a m p l i f i e r a n d a l l o w s 
t h e c o n t i n u o u s m e a s u r e m e n t o f p u s h e r - p l a t e p o -
s i t i o n a n d t h u s p u m p s t r o k e v o l u m e . 

Cannulas 
W e c h o s e a c a n n u l a se t t h a t w o u l d a l l o w t h e 

o p t i o n o f e i t h e r v e n t r i c u l a r a p e x t o a o r t a o r 
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a t r i u m t o a o r t a v a s c u l a r a c c e s s , d e p e n d i n g o n t h e 
p a t i e n t ' s c o n d i t i o n . F o r t h e a p i c a l i n f l o w s i t e , a 
m o d i f i e d B e r n h a r d s y s t e m w a s u s e d . 9 T h e o u t -
f l o w c o n s i s t e d o f a n 1 8 m m low p o r o s i t y D a c r o n 
g r a f t p r o t e c t e d b y a s e r i e s o f m e t a l r i n g s e m -
b e d d e d in a l a y e r o f s i l i c o n e t u b e a n d c o v e r e d 
w i t h a n o u t e r D a c r o n f a b r i c s l e e v e (Fig. 1). 

T w o m o d i f i c a t i o n s w e r e m a d e . F i r s t , t h e D a c -
r o n g r a f t a t t a c h e d t o t h e a p i c a l i n f l o w c a n n u l a 
w a s e x t e r n a l l y c o a t e d w i t h B i o m e r t o r e n d e r t h e 
t u b e i m p e r v i o u s t o a i r d u r i n g v a c u u m a p p l i c a -
t i o n . S e c o n d , t h e o u t e r D a c r o n s h e a t h t h a t c o v e r s 
t h e i n f l o w a n d o u t f l o w t u b e s w h e r e t h e y p a s s 
t h r o u g h t h e c h e s t wal l w a s g l u e d t o t h e u n d e r l y -
i n g s i l i c o n e t u b e t o m i n i m i z e t h e p o t e n t i a l f o r 
i n f e c t i o n t r a v e l i n g i n w a r d a l o n g s i d e t h e c a n n u l a . 
T h e l e f t a t r i a l c a n n u l a , m o d i f i e d f r o m t h a t u s e d 
b y P i e r c e e t a l 3 w a s m a d e w i t h a B i o m e r - c o a t e d 
5 1 F r e n c h v e n o u s r e t u r n c a n n u l a w i t h a r i g h t -
a n g l e b e n d . T r i l e a f l e t t i s s u e v a l v e s ( 2 2 m m i n t e r -
n a l d i a m e t e r ) a r e u s e d a t t h e p u m p i n f l o w a n d 
o u t f l o w f o r u n i d i r e c t i o n a l f l o w a n d a r e f a b r i c a t e d 
f r o m h u m a n d u r a m a t e r . 

Drive system 
T h e d r i v e c o n s o l e is a s i n g l e i n t e g r a t e d u n i t 

(Fig. 2). I t c o n s i s t s o f f o u r s u b s y s t e m s : (1) p o w e r 
s u p p l y u n i t , (2) p n e u m a t i c u n i t , (3) c o n t r o l u n i t , 
(4) m o n i t o r a n d a l a r m u n i t . 

1 . Power supply unit: a b a t t e r y p o w e r s u p p l y is 
i n c l u d e d , w h i c h c a n f u n c t i o n f o r a s l o n g as 3 5 
m i n u t e s d u r i n g p a t i e n t t r a n s p o r t f r o m t h e o p e r -
a t i n g r o o m t o t h e i n t e n s i v e c a r e u n i t , a n d will 
a u t o m a t i c a l l y e n g a g e s h o u l d A C p o w e r fa i l . 

2 . T h e pneumatic unit p r o v i d e s f a i l - s a f e o p e r a -
t i o n w i t h c o m p l e t e l y r e d u n d a n t b a c k u p p n e u -
m a t i c s . 

3 . T h e control unit c a n o p e r a t e i n f o u r d i f f e r -
e n t m o d e s in o r d e r t o c o p e w i t h a v a r i e t y o f 
c l i n i ca l s i t u a t i o n s a n d p r o b l e m s a r i s i n g f r o m b o t h 
t h e p a t i e n t a n d V A D . T h e s e a r e (a) m a n u a l 
m o d e , w h i c h a l l o w s t h e e a s y r e m o v a l o f r e s i d u a l 
a i r f r o m t h e V A D d u r i n g s t a r t u p , (b) a s y n c h r o n -
o u s ( A s y n ) m o d e ( f i x e d r a t e ) , (c) s y n c h r o n o u s 
(Syn) m o d e ( e l e c t r o c a r d i o g r a m - t r i g g e r e d ) , (d) 
fill/empty ( F / E ) m o d e . I n t h e las t m o d e a H a l l 
e f f e c t s e n s o r u s e d t o i n d i c a t e p u s h e r - p l a t e p o s i -
t i o n t r i g g e r s a c i r c u i t , w h i c h h a s a d j u s t a b l e e n d 
p o i n t s , h e n c e i n i t i a t i n g filling a t e n d e j e c t i o n a n d 
e j e c t i o n a t e n d f i l l i n g . T h i s r e s u l t s in a p u m p 
w i t h a p r e l o a d - a n d a f t e r l o a d - d e p e n d e n t r a t e b u t 
a s t r o k e v o l u m e t h a t c a n b e a d j u s t e d m a n u a l l y . 

4. T h e monitor and alarm unit allows cont inual 
e v a l u a t i o n o f p h y s i o l o g i c a l a n d V A D f u n c t i o n s . 
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Elec t rocard iogram (ECG), blood pressure , 
pusher-pla te position, or dr iv ing pressure signals 
can be selectively displayed on a long-persistence, 
dual- t race oscilloscope to aid in ad jus t ing best 
V A D opera t ion . Also, p u m p ra te a n d flow a re 
shown digitally. 

T h e alarm panel convenient ly displays com-
plete system status, including p u m p p e r f o r m a n c e , 
pneumat i c and power-re la ted failures, low p u m p 
rate , low p u m p flow, au tomat ic 1:2 m o d e (when 
the hea r t r a te exceeds 130 b e a t / m i n , the syn-
ch ronous rat io is automatical ly r e d u c e d to 1:2 
and an alarm sounds), pneumat i c pressure loss, 
vacuum loss, back up pneumat i c if in use, and 
ba t te ry opera t ion (low voltage and over voltage). 

In vitro studies 
In vi t ro p e r f o r m a n c e evaluations of this p u m p 

have been previously r e p o r t e d in detai l . ' In brief , 
in vi t ro dynamic p e r f o r m a n c e and flow visuali-
zation studies were p e r f o r m e d in a mock circu-
latory system. 

Th i s p u m p was designed to meet t he criteria 
of the Nat ional Hea r t , L u n g and Blood Inst i tute 
( N H L B I , D e p a r t m e n t of Heal th , Educat ion and 
Wel fa re , R F P HV-77-8, J a n u a r y 1977); it pro-
vides a flow ra te of approximate ly 10 L / m i n at 
a p u m p i n g ra te of 120 b e a t s / m i n against a mean 
ar ter ia l pressure of 120 m m H g with mean filling 
pressure of 15 m m Hg. 

In vivo studies 
T h e s e studies were designed to evaluate system 

p e r f o r m a n c e and team readiness b e f o r e initiation 
of clinical application. Six VADs were posi t ioned 
external ly t h r o u g h a left t ho raco tomy in heal thy 
calves weighing 8 0 - 1 1 0 kg. 

In t h r e e cases, the apex was cannula ted , while 
in the o t h e r three , the left atrial a p p e n d a g e was 
accessed. T h e outf low cannula was su tu red to the 
side of the midthoracic aor ta . T h e two cannulas 
were passed t h r o u g h pe rcu t aneous t rans thorac ic 
holes m a d e in the 6th intercostal space (Fig. 3). 

T h e assist p u m p , previously f lushed with saline, 
was a t tached to the cannulas, and placed exter-
nally on the lateral chest wall. Slow manua l pump-
ing was initiated to completely r e m o v e residual 
air f r o m the system. W h e n the air was r emoved , 
the p u m p i n g m o d e was switched to e i ther Syn, 
F / E , o r Asyn mode . 

Arter ia l pressure , left atrial p ressure (Statham 
P-23 pressure t ransducer , Gould) a n d left ven-
tr icular pressure (Königsberg t r ansduce r Model 
P-20) were cont inuously mon i to r ed t h r o u g h o u t 
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Fig. 2. Drive console. 

the exper iments . Hemato log ic studies and circu-
lating blood vo lume (Vo lumet ron , Miles Labs, 
Inc) were checked periodically. T h e assist p u m p 
was examined on removal and comple te autopsies 
were p e r f o r m e d at the e n d of the exper iments . 

Resu l t s 

In vitro studies 
Tes t ing of the p u m p indicates tha t a net max-

imum stroke vo lume of 80 cc was obta ined . Com-
plete filling of t he p u m p takes place in 230 msec 
with an inlet p ressure of 15 m m Hg, resul t ing in 
a flow of 9 .6 L / m i n at a p u m p i n g ra te of 120 
b e a t s / m i n . Flow visualization studies d e m o n -
st ra ted good filling a n d eject ion flow pa t t e rns 
with good washing of all surfaces. 

In vivo studies: clinical course 
T h e results of the six in vivo exper imen t s a r e 

summar ized in Table 1. T h e average per iod of 
cont inuous p u m p i n g in each calf was 12 days. 
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Fig. 3. Preclinical calf experiment (81534). Temporary left ventricular assist device is connected to the calf. 

T h e r e were no unexpla ined dea ths d u r i n g the 
exper iments . O n e calf (81491) was sacrificed 
a f t e r n ine days of p u m p i n g because of massive 
h e m o r r h a g e d u e to dehiscence at the ventr icular 
cannula t ion site, which was a di rect result of 
ove rwhe lming infection (Pseudomonas aeruginosa). 
In calf 81534 , an a t t emp t was m a d e at 12 days 

to r emove the V A D , because of decl ining p u m p 
flow. However , hemor rhage - induced ventr icular 
fibril lation ensued and the expe r imen t was ter-
mina ted . Autopsy con f i rmed that the cause of 
the low-flow state was partial obs t ruc t ion of the 
left atr ial cannula tip by the atrial appendage . 
Th i s was a t t r ibu ted to i m p r o p e r fit of t he cannula 

T a b l e 1. Summary of preclinical experiments 

Experiment no. Cannulation 
Duration of 

pumping (days) Survival af ter pump removal Cause of termination Pumping mode 

81507' 

81534 

81536 J 

Apical 

Atrial 

14 

11 

9 

14 

12 

13 

No; pump removal 
not attempted 

No; pump removal 
not attempted 

No; pump removal 
not attempted 

Yes; sacrificed 14 
days later 

No; ventricular fi-
brillation at 
pump removal 

Yes; sacrificed 14 
days later 

Elective 

Elective 

Hemorrhage 
due to infec-
tion 

Elective 

Ventricular fi-
brillation 

Elective 

Syn 

Syn 

Syn 

Syn, F/E, Asyn 

F/E, Asyn 

F / E 

Syn = synchronous, F / E = fill/empty, Asyn = asynchronous. 
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Fig. 5. Left atrial inflow cannula (calf 81536) Fig. 4. Pump from preclinical experiment (calf 81536), 

tip in the small left a t r i um of the normal calf. 
A f t e r changing the design of the Dacron collar 
on the cannula tip to p roper ly fit a calf, t he re was 
no r e c u r r e n c e of this p rob lem. T w o animals 
(81507, 81536) were kept alive fo r 14 m o r e days 
a f t e r removal of the p u m p . N o calf showed clin-
ical evidence of central ne rvous system emboli or 
renal emboli . Good tissue ancho r ing of the ou t e r 
Dacron cover ing of the inflow and outf low can-
nulas was observed in most cases. T h e six pairs 
of tissue valves and cannulas were clean. In two 
pumps some minor deposi t ion was observed on 
the d i aph ragm consistent with a low-flow state 
( < 3 L / m i n , 81534) o r with severe infection 
(81491). T h e o the r f o u r p u m p s were clean (Figs. 
4 and 5). 

Hematologic studies 
In most cases, the hematoc r i t decreased slightly 

d u r i n g the first week a f t e r implanta t ion , followed 
by a gradual r e t u r n to the p reopera t ive value. 
Blood t r auma was minimal as evidenced by the 
low values fo r plasma hemoglob in (Fig. 6) and 
constant value of red b lood cell osmotic fragility. 

Fibr inogen values r e m a i n e d u n c h a n g e d f r o m 
preopera t ive values. A m o d e r a t e reduc t ion in 
platelet coun t was observed (first postoperat ive 
day, P < 0.01), bu t r e t u r n e d to the preopera t ive 
level within seven days (Fig. 6). T h e se rum elec-
trolytes, se rum proteins , bi l i rubin, blood urea 
n i t rogen , and crea t in ine values were not d i f fer -
ent f r o m preopera t ive values in all exper iments . 

Hemodynamics 
P u m p flow fo r each animal is shown in Figure 

7. Average p u m p flow was 7.8 L / m i n with ven-

mg% 
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o 
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UJ 
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z 
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mg/d l 
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3 0 0 
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NS 
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.r-T 
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C E L L x l 0 y m m 3 PLATELET COUNT 
1100 r 

o 
o 
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_J 
UJ 
< 
—I 
O. 

PRE OP 1 3 7 12 18 DAYS 
POSTOPERATIVE T I M E 

VALUES SHOWN ARE M E A N ± STANDARD DEVIAT ION ( M ± S D ) 

NS * NOT S T A T I S T I C A L L Y S I G N I F I C A N T ( P > 0 . 0 5 ) 

Fig. 6. Serial determinations of plasma hemoglobin, fibrino-
gen, and platelet count. 
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PUMP FLOW VS. TIME FOR EACH 
PRE-CUNICAL CALF EXPERIMENT 

0 2 4 

Each data point presorts 24 hours average 

6 8 10 12 
POSTOPERATIVE TIME 

14 OAVS 

•Not«, 
Meon Flow« 2.86 L/Mia 

for 7 hours on Iht 
I st night 

Fig. 7. Pump flow versus time for each preclinical calf experi-
ment. 

tricular cannulation and 4.4 L / m i n with atrial 
cannulation. The calves with apical cannulation 
maintained better VAD filling and consistently 
higher flow without assist vacuum to the pump 
diaphragm. For atrial cannulation in any mode, 
assist vacuum (10-30 mm Hg) had to be used to 
enhance pump filling and flow during the entire 
period of pumping. Circulating blood volume did 
not change postoperatively f rom preoperative 
value (P > 0.05). Hemodynamic parameters dur-
ing pump on /o f f studies are shown in Table 2. 
Under pumping conditions with apical cannula-
tion in the synchronic mode, heart rate (P < 
0.01), left atrium (LA) and left ventricular end-
diastole (LVED) pressure (P < 0.05) decreased, 

% 
5 0 1 

PERCENT REDUCTION (PUMP OFF TO ON) 
IN TENSION TIME INDEX ( T T I ) VS. TIME 

APICAL 
ATRIAL 

0 2 4 6 8 10 12 14 DAYS 
POSTOPERATIVE TIME 

Fig. 8. Percent reduction (pump off to on) in tension time 
index (TTI) versus time. 

while aortic (Ao) pressure increased (P < 0.05), 
compared to values with the pump off. 

During pumping with atrial cannulation in fill/ 
empty mode, LA pressure and heart rate de-
creased significantly (P < 0.05). Ao pressure var-
ied according to pump timing. It was lower when 
the pump was counter pulsating and higher when 
the heart and pump ejected simultaneously (co-
pulsation). 

Percent reduction (pump off to on) in tension 
time index (TTI) is shown in Figure 8. In general, 
greater percent T T I reduction was observed in 
the early postoperative period. Moreover, per-
cent T T I reduction with apical cannulation was 
greater than with atrial cannulation during the 
first week. However, by the tenth postoperative 
day, percent T T I reduction was approximately 
the same for both cannulation methods. 

Table 2. Hemodynamic comparison of pump on versus pump off with apical and atrial cannulation 
Pump Pressure (mm Hg) 

Cannulation on/off Pump flow Heart rate 
(Exp. No.) (n = 3) Mode (L/min) (beats/min) LA (mean) LVED Ao % T T U 

Apical (79365) On Syn 5.4 ± 0.8 94 ± 6" 2.7 ± 2.4b 3.3 ± 2.8b 145 ± 5 a / 9 0 ± T 47 ± 5 
(108 ± 7)a 

Off 101 ± 5 4.8 ± 2.6 16 ± 1.1 128 ± 8 / 8 4 ± 6 
(94 ± 9) 

Atrial (82507) On F / E 5.0 ± 1.3 98 ± 4a 3.7 ± 1.2a 6.3 ± 2.0 138 ± 8 / 8 1 ± 7 26 ± 2 

Off 101 ± 4 5.3 ± 2 . 6 8.0 ± 1.4 
(103 ± 9) 

124 ± 4 / 7 4 ± 5 
(89 ± 8) 

LA = left atrium; Ao = aorta; LVED = left ventricular end-diastole; Syn = synchronous; F/E = fill/empty; %TTIJ, = percent reduction in 
tension time index. 
a Significance: P < 0 .05 compared with pump off (paired t test). 
b Significance: P < 0.01 compared with pump off (paired t test). 
Data above taken on the day of surgery (M ± SD). 
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Discussion 

T h e efficacy of mechanical circulatory assist-
ance in the treatment of profound left ventricular 
(LV) failure has been documented f rom both a 
theoretical basis and from laboratory studies. 
The intra-aortic balloon pump (IABP) has been 
used in a significant number of patients with LV 
failure; however, some patients cannot survive 
with this form of cardiac assistance and require 
escalating degrees of cardiovascular support. T h e 
VAD is more effective than IABP which is a 
volume-displacement device that augments exist-
ing circulation. The VAD is a t rue blood pump, 
which can temporarily replace the function of the 
failing heart to allow a period of rest and recov-
ery. T h e currently available pumps vary in design 
(concentric tube, sac, or pusher-plate type), blood 
contacting surface (flocked, highly smooth poly-
mer, or highly smooth protein), and valve type 
(tissue or mechanical); but all models have proved 
safe and effective in normal calves for periods of 
use exceeding the intended duration of clinical 
use. 

Berger et al4 employed an axisymmetric pump 
with a flocked surface and tissue valves, while 
Pierce et al3 used a sac-type device with a highly 
smooth polymer surface and mechanical valves. 
The unique feature of our temporary VAD is a 
pusher-plate pump that facilitates control, and 
blood-contacting surfaces coated with a seam-
free, highly smooth protein. T h e trileaflet valves 
are fabricated from human dura mater. Antico-
agulants are not required with this pump. 

The pneumatic drive system to be used for 
clinical work is the same basic device as that 
developed and used for several years in long-
term VAD experiments under National Institutes 
of Health (NIH) contracts at our laboratory. The 
purpose in repackaging this unit for clinical use 
was to design a drive system that could be easily 
used by clinical personnel, with the capability for 
mobile operation, and sufficient flexibility to 
cope with varying circulatory assist situations. A 
new control mode, F / E , was developed as an 
alternative to Syn or Asyn operation.10 It was 
recognized that the F / E mode was preferable 
with atrial cannulation (to maintain sufficient 
flow), and could also be used with ventricular 
cannulation when natural heart conditions pre-
clude use of the synchronous mode, such as tach-
yarrhythmia or poor ECG signals. F / E mode has 
also been found to be the most sensitive to pre-
load and afterload. When the VAD stroke vol-

ume is adjusted properly, excellent synchroniza-
tion can be achieved without the use of an ECG 
signal. 

Controversy remains over the best method of 
vascular access during left VAD pumping for 
patients with severe LV failure. Our experiments 
in calves have demonstrated the superiority of 
apical cannulation over atrial cannulation in de-
compressing the left ventricle and reducing myo-
cardial oxygen consumption. However, these 
studies were not performed in animals with se-
vere LV failure. A review of clinical VAD expe-
rience reveals more survivors of atrial cannula-
tion than apical cannulation,311 suggesting that 
left atrial perfusion may be more effective in 
instances of severe LV failure. Because of the 
difficulty in achieving a reliable LV failure model 
in laboratory animals, fur ther clinical experience 
is necessary to reach a conclusion as to the best 
method of vascular access. 

There has been steady progress in the devel-
opment of assist devices. Some systems are pres-
ently in clinical use ranging from simple centrif-
ugal pumps to sophisticated electronically con-
trolled pumps.1 '-13 Golding et al2'14 reported 11 
cases in which centrifugal pumps were employed 
in patients who could not be weaned f rom car-
diopulmonary bypass after cardiac surgery. Eight 
of the 11 patients were weaned, with 2 long-term 
survivors. More recently, Pierce et al3 reported a 
50% survival rate with the use of VAD after 
cardiac surgery in patients who could not be 
weaned. In general, the overall survival rate in 
these patients is about 20%.15 

We are encouraged by the high degree of 
success of our temporary VAD experiments. T h e 
Food and Drug Administration has approved this 
device for human use, and current clinical studies 
are underway for patients requiring temporary 
support of ventricular function in accordance 
with NIH clinical protocol. 
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