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The Hemopump: a transvalvular, axial flow, left ventricular assist device
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Reversible ischemic left ventricular function was de-
scribed in detail by Theroux et aL lT) in an ex-
perimental canine preparation using sonomicrome-
ters to measure regional function. After a 2-hour
coronary occlusion, profound regional left ventric-
ular dysfunction occurred and persisted for several
days despite coronary reperfusion. However, over
the course of 2 to 3 weeks the left ventricular dys-
function normalized. We have reported similar find-
ings in humans undergoing successful thrombolysis
in the setting of acute myocardial infarction. Reper-
fusion appeared to be the key element in improve-
ment of left ventricular function because mechanical
therapy including coronary bypass surgery seemed
not to affect the outcome [2].

Some investigators have suggested that reperfusion
after ischemia may actually induce a transient wors-
ening of left ventricular function. Clearly, if the sta-
tus of the circulation is marginal, especially in pa-
tients with cardiogenic shock in the setting of acute
myocardial infarction or after cardiac surgery, a cir-
culatory assist would offer the opportunity for sup-
porting the circulation while the myocardium had
a chance to recover some function. Desirable fea-
tures of an ideal circulatory support device include
1) improved cardiac outputi 2) decreased myocardial
work and oxygen consumption; 3) improved collat-
eral blood flow into ischemic regions; 4) the poten-
tial for prolonged use; and 5) an acceptable risk and
complication rate. Circulatory support devices avail-
able include,the intra- aortic balloon pump, various
left ventricular assist devices. and total cardiopul-
monary bypass.

McDonnell et sl. l3l compared intra-aortic counter-
pulsation to left ventricular bvpass and found that
i left ventricular bvpass deviie was capable of re-
ducing myocardial"o*yg"tr consumption by gr"ur"t
than 50% compared with counterpulsation, which re-
duced oxygen consumption by 17% in the best of
situations. Their findings suggested that intra-aor-
tic countenrulsation is between 30% and 40Vo as ef-

fective as total left heart bypass. Takanashi et al. l4l
have suggested that a transapical left ventricular by-
pass reduced mvocardial infarction size in a swine
model to a greater extent than intra-aortic balloon
counterpulsation. Unfortunately, their study did not
use infarct size measurements expressed as percent
of region at risk and therefore may not be reliable.
The transapical bypass did, however, seem to unload
the circulation to a much greater extent than intra-
aortic balloon counterpulsation. We have reported
in abstract form similar findings using the Hemo-
pump (Johnson and Johnson Interventional Systems,
Warren, NI) as a left ventricular assist device in a
canine myocardial infarction model [5]. However,
these data are not published in final form at the
present t ime.

Mechanics

The Hemopump was invented by Dr. Richard
Wampler. It consists of an axial flow turbine cou-
pled to a 25-cm Silastic (Dow Corning Corp, Medi-
cal Materials Bus, Midland, MI) cannula. The turbine
is powered by a 9F drive shaft that is coupled elec-
tromechanically to an electromagnetic drive motor
and control console. The cannula is 7 mm in diame-
ter and is advanced through a 12-mm polyethylene
terephthalate (Dacron, Du Pont, Wilmington, DE)
graft and, most commonly, anastomosed to the com-
mon femoral artery (Fig. 1) [6]. There are multiple
techniques for insertion of the Hemopump device,
as described in detail by Duncan et al. l7l.If the iliac
vessels are completely occluded, a retroperitoneal in-
cision over the distal abdominal aorta maybe carried
out with anastomosis of the 12-mm Dacron graft di-
rectly to the descending abdominal aorta above the
bifurcation of the iliacs.
Transthoracic insertions of the Hemopump have
been utilized using a special short cannula. How-
ever, at present this method of insertion has been dis-
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cavity and depositing it in the aorta, the decompres-
sion effects on the left ventricle are significant. Mer-
hige ef al. [8] reported a study in a canine preparation
that demonstrated a significant reduction in left ven-
tricular systolic and diastolic pressure as well as an
increase of mean aortic pressure using the Hemop-
ump. This, therefore, allowed the potential for coro-
nary blood flow to occur throughout the cardiac cy-
cle and resulted in a significant improvement in col-
lateral blood flow into the ischemic region despite
persistence of coronary artery occlusion.

These findings, initially reported in animals, have
also been observed in humans. Figure 4 demon-
strates left ventricular pressure and femoral artery
pressure in a patient with cardiogenic shock treated
with the Hemopump. As demonstrated, mean fe-
moral artery pressure was substantially higher than
peak left ventricular pressure during the period
of Hemopump assist. Additionally, left ventricular
end-diastolic pressure was reduced during the as-
sist period and rose significantly as the pump was

Fig. 2. The Hemopump advanced retrograde across the
aortic valve with the tio of the cannula restino within the left
ventricular cavity. The turbine is positioned d-istal to the left
subclavian artery and serves as the exit port for the blood
flow.

Fig.  1.  The Hemopump inser ted through the le f t  common
femoral artery. The 9F drive shaft exits the femoral artery
via a 12-mm Dacron graft (not shown).

continued because there were an excessive number
of drive shaft fractures secondary to excessive flex-
ing of the drive shaft necessitated by the transtho-
racic approach. Currently the cannula is advanced
around the aortic arch and prolapsed across the aor-
tic valve similar to catheterization technioues for
crossing the aortic valve retrograde using siandard
pigtail catheters (Fig. 2). The device is driven at
25,000 rpm producing a flow of up to 3.5 L/min [6].
The console is quite easily attached to the side rail of
a transport gurney or bed (Fig. 3). The drive shaft re-
quires a lubricant solution called the purge fluid and
consists of 40Vo dextrose and water. The oatient re-
ceives approximately 200 mL of this material daily.

Physiologic effects

Since the Hemopump unloads
pumping blood directly out of

the left ventricle by
the left ventricular
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Fig. 3. Patient with Hemopump in place.
The power console and purge solutions
are mounted on a removable carrier. The
Hemopump console may be attached to
the foot or side rail of a bed.

'turned off. Since the pump is a continuous-flow de-
vice, cardiac rhythm tends to have little effect on
measured pressures. Provided the pulmonary vas-
cular resistance is not excessive, cardiac output and
mean arterial pressure can be maintained at accept-
able levels even in the presence of severe left ven-
tricular dysrhythmias including ventricular fibrilla-
tion.

Indications

Because the Hemopump remains an investigational
device, precise indications are undetermined. Loi-
sance ef sl. 19) have reported using the Hemop-
ump as a support device during high-risk an-
gioplasty. They reported a rise in cardiac in-
dex of 23% and a fall in pulmonary capillary
wedge pressure of 17% with Hemofump sup-
port. Several patients developed severe electri-
cal instability during the angioplasty procedure
but remained conscious with good blood pres-
sure with Hemopump support. Frazier et al. 110,771
have reported use of the device in acute re-
iection after cardiac transplantation. The Hemo-

br-p was utilized to suppbrt the circulation while
antirejection modalities were employed that were
ultimately successful. Use of the Hemopump as a
left ventricular assist device obviated repeat thoraco-
tomy in this critically ill patient and completely sup-
ported the circulation during the initial 24 hours of
the severe rejection episode.

In a report on 53 patients treated with the Hemop-
ump, Wampler et al. [12] have reported the best out-

Fig. 4. Femoral artery and left ventricular pressure in a pa-
tient on Hemopump support demonstrating a mean femoral
artery pressure of 110 mm Hg with a peak left ventricular
pressure of approximately 55 to 60 mg Hg and left ven-
tricular end-diastolic pressure of 20 mm Hg. After stopping
the Hemopump, the end-diastolic pressure rises to 30 to
40 mm Hg and the mean femoral artery pressure drops to
approximately 65 to 70 mm Hg.
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come in patients with acute myocardial infarction.
The survival rate was 47.2%. The cardiac index in
all patients reported improved from 1.6 L/min to
2.28 L/rr.in at 24 hours (P=0.023) and mean arte-
rial improved significantly from 57 to 65.3 mm Hg
(P = 0.028), simultaneous with reduction of vasopres-
sor doses.

Thus, indications for use of the Hemopump include
1) cardiogenic shock in acute myocardial infarction,
ideally within the first 24 hours from onset of pain
and in the presence of successful reperfusion ther-
apy;2) acute transplant rejection; 3) supported an-
gioplasty in critically ill patients with attempted an-
gioplasty of the only remaining vessel; and 4) failure
to wean from cardiopulmonary bypass after open
heart surgery.

Contraindications

Since the Hemopump requires insertion across the
aortic valve, patients with severe aortic stenosis or
aortic insufficiency should not be considered for
use of the device. Similarly, patients with pros-
thetic mechanical aortic valves are not candidates for
the device. (Patients with prosthetic porcine aortic
valves, though could conceivably undergo success-
ful Hemopump insertion). The device actively as-
pirates blood from the left ventricular cavity and,
hence, patients with documented left ventiicular
thrombus would be at risk for systemic emboliza-
tion and should not be considered for Hemop-
ump support. The final contraindication is patients
with severe right-sided heart failure secondary to ei-
ther acute right-sided heart infarction or severe el-
evation of the pulmonary vascular resistance. Pa-
tients with severe peripheral vascular disease have
been successfully treated after angioplasty of the in-
volved vessels immediately prior to insertion of the

Pump.

Complications

In Wampler et al.'s [12] report, the major com-
plication was failure to insert the device, usu-
illy on the basis of severe peripheral atheroscle-
rosis or difficulty in crossing in the aortic valve.
Other complications included thrombocytopenia in
7.3Vo dvsrhythmias in 27% (not associated with
hemodynamic sequelae), and peripheral embolism
after pump removal in 2.4%. Other investiga-
tors have reported minimal problems with in-
sertion site infection (rare) and mechanical fail-
ures including drive cable fracture. Interestingly,
leg ischemia has not been reported with the de-
vice.

Potential role in clinical practice

The Hemopump is a powerful left ventricular as-
sist device that currently requires surgical inser-
tion. It reouires close cooperation between the car-
diothoracii surgeon and 

-the 
interventional cardi-

ologist. It is often necessary to dilate the com-
mon femoral artery and common iliacs with a
10-mm angioplasty balloon in order to insert the
cannula in diseased or smaller vessels. Once the
cannula is successfully inserted into the descend-
ing aorta, negotiation of the arch vessels occasion-
ally requires an angiographer's skill in catheter
and cannula manipulation to assist in crossing
the aortic valve. It would obviously be advanta-
geous for the device to be miniaturized in or-
der for it to be inserted percutaneouslv. The de-
sirable features of the device are its profound left
ventricular unloading ability, improved collateral
blood flow into ischemic regions, and its abil-
ity to support the circulation essentially indepen-
dent of cardiac rhythm. It is anticipated the de-
vice will be very useful for patients with acute
anterior myocardial infarctions with extensive my-
ocardial dysfunction that conceivably would be
benefitted by several days of left ventricular un-
loading and rest. A potential role in treatment
of patients awaiting cardiac transplantation may
also be possible, particularly with improvement of
the drive shaft technology that has already oc-
curred.

Annotated references and
recommended reading

. Of interest

.. Of outstanding interest

THEROUX P, RoSS J JR, FRANKLIN D, KEMPER WS,
SASAYAMA S: Coronary arterial reperfusion: IIL Early
and late effects on regional myocardial function and
dimensions in conscious dogs. Am I Cardiol 1976,
38:599-606.

Demonstrated profound lefi ventricular dysfunction that partially
resolved over days to weeks after coronary reperfusion in an an-
imal model.

2. SMALLING RW, FUENTES F, MATTHEWS MN, ET AL,: Sus.
o tained improvement in left ventricular function and

mortality by intracoronary streptokinase administration
during evolving myocardial infarction. Circulation L983,
68:131-138.

Confirmation of findings in animals after reperfusion in hu-
mans demonstrating a return of left ventricular function following
reperfusion with intracoronary streptokinase.

3, MCDONNELL MA, KRALIOS AC, TSAGARIS TJ, KuToe H:
.. Comparative effect of counterpulsation and bypass on

left ventricular myocardial oxygen consumption and dy-
namics before and after coronary occlusion. Am Heart I
1979, 97:78-88.

Left ventricular bypass significantly reduced myocardial oxygen
consumption compared to intra-aortic counterpulsation.



REVTEW tN DEPTH Circulatory support devices in clinical cardiology 671

4. TAKANASHI Y, CAMPBELL CD, LAAS J, PICK RL, MEUS P,
. REPLoGLT RL: Reduction of myocardial infarct size in

swine: a comparative study of intraaortic balloon pump-
ing and transapical left ventricular bypass. Ann Thorec
Surg "1981., 32:475485.

Myocardial infarction size in a canine model was reduced by left
ventricular bypass to a greater extent than animals treated with
intra-aortic balloon counterpulsation. Unfortunately, in this arti-
cle, risk region was not measured.

5. SMALLING RW, CASSIDY D, MERHIGE ME, ET AL,: Im-
proved hemodynamic and left ventricular unloading
during acute ischemia using the Hemopump assist de-
vice compared to intraaortic balloon counter pulsation.

I Am Coll Cqrdiol 7989, 13:1604'.
The Hemopump produced a significant reduction in left ventricu-
lar systolic and diastolic pressure compared with intra-aortic bal-
loon counterpulsation. Reeional mvocardial blood flow was re-
duced in response to a deireased workload.

6. WAMPLER RK, MOISE JC, FRAZIER OH, OIsTru DB: In piao
.. evaluation of a peripheral vascular access axial flow

blood pump, ASAIO Transactions 7988, 34:450454.
The first description of employing the Hemopump in animals.
Significant left ventricular unloading in calves was demonstrated
over a period of 2 weeks.

7. DUNCAN JM, FRAZIER OH, RADoVANCEVIC B, VELEBIT V:
.. Implantation techniques for the Hemopump. Ann Thorac

Surg 1989, 48:733-735.
Various implantation technicues are described for use of the
Hemopump via the femoral,-abdominal aortic, or transthoracic
aPproacnes.

8. MERHIGE ME, SMALLING RW, CASSIDY D, ET AL,: Effect
.. of the Hemopump left ventricular assist device on re-

gional myocardial perfusion and function. Reduction
of ischemia during coronary occlusion. Circulation 1989,
80(suppl III):158-166.

The Hemopump was shown to significantly reduce left ventricu-
lar work and improve profusion into ischemic regions in a canine
model.

9. LoISANCE D, DUBoIS-RANDE JL, DELEUZE PH, OKUDE J,
.. RoSENVAL O, GrscgwrNo H: Prophylactic intraventric-

ular pumping in high-risk coronary angioplasty. Lancet
1.990, 335:438440.

The Hemopump was used to support angioplasty in patients with
one patent coronary artery. Successful left ventricular support was
achieved in the mijority of patients even in the presenie of high
grade ventricluar arryhthmias or bradycardia.

10. FRAZIER OH, MACRIS MP, WAMPLER RK, DUNCAN JM,
.. SwEENEY MS, FUQUA JM: Tieatment of cardiac allograft

failure by use of an intraaortic axial flow plump. I Heart
Transplant 7990, 9:408474.

Cardiac transplant rejection resulting in cardiogenic shock was
successfully treated in three patients with the Hemopump whiie
antirejection modalities were employed.

11. FRAZIER OH, WAMPLER RK, DUNCAN JM, ET ,41,: FiTst
.. human use of the Hemopump, a catheter-mounted ven-

tricular assist device, Ann Thorac Surg 7990, 49:299-304.
A description of the first human use of the Hemopump in a pa-
tient with cardiac transplant reiection.
'1,2. 

WAMPLER RK, FRAZTER OH, LANSTNG A, ET AL: Treatment
.. of cardiogenic shock with the Hemopump left ventric-

ular assist device. Ann Thorac Surg 1991, in press.
A multicenter trial utilizing the Hemopump for cardiogenic shock
in the setting of acute myocardial inferction, failure to wean from
cardiopulmonary bypass, and other low cardiac ouput states. The
most success was in patients with acute myocardial infarction.


