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Five patients who were cardiac transplantation candidates were 
supported with a simple mechanical assist system when unrespon-
sive low cardiac output developed and an appropriate donor heart 
was not available. The periods of support ranged from 2Vi to 15 
days with a simple left ventricular assist device in four patients 
and a biventricular assist device in one. Three patients died prior 
to transplantation and two were discharged following cardiac 
transplantation and remain in good health. Two patients were 
supported for five and 15 days, respectively, by continuous flow 
with pulsatility and have shown recovery and maintenance of 
systemic organ functions. 
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Cardiac transplantation is the final therapeutic option 
for certain patients with end-stage cardiac dysfunction, but 
the scarcity of an appropriate donor organ can result in 
their death while waiting for transplantation. We report 
our experience with the Biomedicus Bio-pump, a simple 
mechanical assist device, as a bridge to cardiac transplan-
tation in five patients. 

Case reports 
CASE 1. A 34-year-o ld whi te m a n was trans ferred to the Cleve land 

Clinic in card iogen ic shock t h r e e days f o l l o w i n g an acute massive myo-
cardial infarct ion. Catheter izat ion c o n f i r m e d the diagnosis a n d s h o w e d 
inoperab le disease. O v e r the e n s u i n g f o u r days, his cond i t i on deter io-
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Figure. Patient supported by left ventricular mechanical assist-
ance for 10 days is sitting out of bed. 

inst i tuted with f lows main ta ined at 2 .4 L / m i n / m 2 . Sepsis 
then d e v e l o p e d , e l iminat ing the possibility o f transplant. 
Ventr icular support was d i s c o n t i n u e d a f ter 1 2 4 hours a n d 
the pat ient died. 

CASE 2. A 56 -year-o ld whi te w o m a n u n d e r w e n t mitral 
valve surgery , but was unable to be w e a n e d f r o m bypass 
desp i te I A B P and appropriate pharmaco log ica l support . 
S u p p o r t e d by the left ventr icular assist dev ice , she was 
r e t u r n e d to the intensive care unit with f lows mainta ined at 
2 . 6 L / m i n / m 2 . N o return o f left ventricular funct ion was 
n o t e d a f ter 4 8 hours , a n d a f t er rapid evaluat ion , she was 
accepted as a transplant candidate . A f t e r 81 hours o f sup-
port , a d o n o r heart was p r o c u r e d a n d transplantat ion was 
p e r f o r m e d . She was d i scharged f r o m the hospital in g o o d 
health. T h e exc i sed heart s h o w e d necros is o f 70% o f the 
left ventricle . 

CASE 3. A 50-year-o ld whi te man, w h o u n d e r w e n t cor-
onary revascularizat ion surgery , had a s tormy pos toperat ive 
course requir ing card io ton ic agent s and I A B P . H e was 
transferred to the C leve land Clinic in card iogen ic shock 
with low urine output . H e transiently i m p r o v e d and was 
a c c e p t e d as a transplant candidate , but a left ventricular 
assist dev i ce was inserted w h e n his cond i t i on fur ther dete -
r iorated. F lows w e r e mainta ined at 2 .6 L / m i n / m 2 , renal 
func t ion re turned , a n d a f t er 6 0 hours o f support , a d o n o r 
heart was f o u n d . Transp lanta t ion was p e r f o r m e d , a n d he 
was d i scharged f r o m the hospital in g o o d health. T h e ex -
cised heart s h o w e d massive injury to the left ventricle . 

CASE 4 . A 30 -year-o ld whi te m a n was eva luated and 
a c c e p t e d into the transplant p r o g r a m with the diagnosis o f 
terminal card iomyopathy . Despi te in termit tent cardiotonic 
infus ions and I A B P , his cond i t ion progress ively deter io-
rated. Biventricular support was subsequent ly necessary for 
p r o f o u n d biventricular fai lure. H e was m a n a g e d for three 
days with f lows mainta ined at 4 . 3 L / m i n / m 2 (L /R) . Support 
was d i s cont inued because o f progress ive di f f iculty in main-

ta ining a d e q u a t e per fus ion and persistent hypotens ion , 
probably secondary to sepsis. 

CASE 5. A 43-year-old white man with class IV cardio-
myopathy was accepted into the transplant program. O v e r 
the n e x t e ight weeks , he required intermit tent cardiotonic 
infus ions and eventual ly I A B P support . H e b e c a m e unre-
spons ive a n d ol iguric, a n d left ventricular assist dev ice sup-
port was inst i tuted. Posit ive b l o o d cultures w e r e obta ined 
36 hours later, cons is tent with line sepsis ex is t ing prior to 
implant o f the device . C o n s e q u e n t l y , h e was r e m o v e d f r o m 
the transplant list a n d m a n a g e d with an intensive 10-day 
course o f antibiotics. D u r i n g this t ime, he u n d e r w e n t ex tu -
bat ion, b lood cul tures w e r e negat ive , renal func t ion re-
covered , and he was again p laced o n the wait ing list for 
transplantat ion {Figure). H o w e v e r , 14 days a f ter init iating 
ventricular support , t h e r e was a m a r k e d a n d rapid progres-
sive deter iorat ion o f cerebral funct ion . A scan s h o w e d mul-
tiple cerebral embol i . Support was d i scont inued o n the 15th 
day and he d ied . T h e autopsy s h o w e d mult ip le cerebral 
embol i , bo th o ld (prior to left ventricular mechanical assist-
ance) and recent . T h e source o f embo l i appeared to be the 
left ventricular cavity, no t the assist system devices , which 
s h o w e d minimal depos i t ion . 

Ventr icular assist appara tus 
T h e basis of the simple ventricular assist system 

is the Biomedicus pump. T h e acrylic pump head 
consists of a single moving part that rotates. 
Incoming blood is accelerated over a set of par-
allel cones producing a constrained vortex. T h e 
blood flow generated is in proportion to the 
number of revolutions per minute. Readily avail-
able Tygon tubing connects the inflow and out-
flow ports to standard wire-reinforced cannulas. 
Arterial re turn to the patient is through the 
standard 24-F armored endhole cannula with 
drainage through a 32- or 36-F armored venous 
cannula. T h e cannulas are held in position by 
Teflon-pledgeted purse-string sutures. In four 
instances, the drainage cannula was placed 
through the left atrial appendage as part of a 
sternotomy approach, while in the fifth case, a 
left thoracotomy was performed due to previous 
sternotomy and the cannula was positioned 
through the left ventricular apex. T h e cannulas 
were tunneled to exit at a site distant f rom the 
operative incision and held by heavy suture. 
Pump heads were changed if pump performance 
was questionable or unusual vibration noises de-
veloped. In such circumstances, replacement of 
the pump head could be performed in less than 
60 seconds. In all cases, after postoperative bleed-
ing had been controlled, heparin was instituted 
to maintain the activated clotting time at approx-
imately W2 times normal. 
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Results 

Mechanical ventricular assistance as a bridge 
to cardiac transplantation was attempted in five 
patients between August 1985 and December 
1986. T h e patients (four men and one woman) 
ranged in age from 30 to 54 years. In one patient, 
support was instituted as an aid to weaning from 
cardiopulmonary bypass following mitral valve 
surgery and she was accepted into the transplant 
program when there was no evidence of recovery 
of ventricular function. T h e other four patients 
had already been accepted into the cardiac trans-
plant program and experienced deterioration of 
ventricular function while awaiting an appropri-
ate donor. In these patients, the device was de-
ployed only after adequate cardiac outputs could 
not be maintained despite the use of full phar-
macological support with cardiotonic agents, 
vasodilators, and IABP. 

The insertion of the device was done without 
the aid of cardiopulmonary bypass in four cases 
due to the relatively simple technique. In the 
fifth case, the device was inserted as an aid to 
weaning from cardiopulmonary bypass following 
mitral valve surgery. In all cases, good flows were 
easily achieved and maintained at 2.4 L/min/m 2 

or higher. The duration of mechanical assistance 
ranged from 2Vz to 15 days. In two cases, an 
appropriate donor heart was found soon after 
their acceptance as transplant candidates and 
transplantation was performed successfully. 
These two patients were discharged and are 
doing well. No donor organ was ever found for 
the other three patients. 

In the immediate postoperative period, bleed-
ing necessitated reoperation in three of five cases 
and was related to cannulation sites. When Tef-
lon strips were used around the cannulas in the 
latter two cases, bleeding was not a problem. 
Hemolysis associated with the use of the Biome-
dicus pump has not proved to be a clinically 
significant problem; free serum hemoglobin lev-
els have usually been 10 mg/100 mL or less after 
the first 24 hours. Platelet numbers tended to 
decrease with continued use of the Biomedicus 
pump; in two patients, platelet replacement ther-
apy was necessary. 

Renal function was impaired in all patients at 
the time of left ventricular mechanical assistance 
with the exception of case 2. The oliguria or 
anuria resolved spontaneously with institution of 
mechanical support and the biochemical abnor-

malities regressed. This was true also for the two 
patients in whom balloon pumping was discontin-
ued and nonpulsatile flow was the means of sup-
port. In the patient supported for 15 days, al-
though the serum blood, urea, nitrogen, and 
creatinine levels normalized, 24-hour creatinine 
clearance on the 11 th day of support was mildly 
abnormal at 64 mg per 24 hours (normal, 0 - 4 0 
mg per 24 hours). Liver function showed early 
mild dysfunction and then rapid recovery to nor-
mal for all patients. 

For two patients, supported for five and 15 
days, respectively, the IABP was removed in an 
attempt to minimize the risk of sepsis. Although 
neither patient survived, they represent, to our 
knowledge, the longest clinical survivors with 
pulseless perfusion in a conscious state, extu-
bated, and able to communicate. As a result, we 
have learned that blood pressure can be moni-
tored noninvasively by using a sphygmomanom-
eter arm cuff and a Doppler flow probe posi-
tioned over either the radial or the brachial ar-
tery and that this correlated extremely well with 
values obtained by an indwelling arterial cathe-
ter. The longest survivor was able to sit out of 
bed briefly, but was never ambulated. These two 
experiences encouraged us to consider early re-
moval of IABP in conjunction with prolonged 
use of a nonpulsatile support system. 

Discussion 
Nonpulsatile ventricular assist devices (either a 

roller pump or a centrifugal pump) are the most 
frequently used blood pumps for the manage-
ment of patients with persistent low cardiac 
output state unresponsive to standard techniques 
such as IABP.'~5 The Biomedicus pump is the 
most frequently used and has also been employed 
as a bridge to cardiac transplantation by some 
groups.6 7 Such mechanical devices are becoming 
increasingly needed for this latter purpose due 
to the relative lack of donors. For patients ac-
cepted into a cardiac transplant program, most 
groups have shown a 20%-30% mortality prior 
to transplantation due to the inadequate supply 
of donor hearts. From August 1984, when we 
initiated a transplant program, through Decem-
ber 1986, 10 transplant candidates died due to 
lack of a donor organ. 

Mechanical ventricular assist as a bridge to 
transplant was first attempted by Cooley et 
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al.8 Since then, both pulsatile and nonpulsatile 
pumps have been used.9"12 Certainly the excision 
of the failing heart and its temporary replace-
ment by an artificial total heart have been sur-
prisingly successful.10 Most patients, however, die 
of left ventricular failure and would benefit f rom 
a left ventricular mechanical assist while awaiting 
an appropriate donor organ. Hill et al12 had the 
first success with this concept, and now many 
devices, both intracorporeal and extracorporeal, 
have been successfully used. 

Since August 1985, the simple Biomedicus me-
chanical ventricular assist system has been used 
in five cases in an attempt to prolong the period 
available for finding an appropriate donor organ. 
Each of these cases has different features, but 
each has been a learning experience for us. In 
one case, after sepsis developed, support was 
discontinued five days later and the patient died. 
In contrast, in the 15-day case, a decision was 
made not to discontinue support despite the pres-
ence of sepsis. Subsequently, an appropriate 
course of antibiotics was successful. The autopsy 
results in this patient, however, showed emboli 
in the brain and right coronary artery from the 
native ventricle. A cannula had been inserted 
through the left atrial appendage and although 
the patient was maintained in a nonpulsatile state, 
intermittent ejection was occasionally noted in 
the arterial trace. While it is traditional to avoid 
cannulating the apex for temporary ventricular 
assist in a pre-transplant patient, fur ther myocar-
dial injury is not a relevant problem. Further-
more, left atrial drainage most probably results 
in relative stasis in the ventricle and potentially 
promotes the formation of thrombus. We believe 
that the optimal site for drainage in a pre-trans-
plantation patient should be via the left ventric-
ular apex, which will minimize the potential for 
stasis and thrombus formation. 

Conclusion 
When we initiated the program of using assist 

devices prior to transplantation, the average wait-
ing time for a donor was significantly shorter. 
Accordingly, it seemed appropriate to make use 
of this simple temporary ventricular assist system 
for periods of up to two weeks. Now, the waiting 
time for a donor has increased markedly and the 
need for more prolonged support with implant-
able devices has to be considered. Thus the Bio-

medicus device may be used prior to an implant 
pump, providing a waiting period during which 
the patient's potential for recovery and ability to 
survive a prolonged support course can be 
assessed. 
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