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Introduction

Cardiogenic shock occurs in 7.57o of all patients
presenting with acute myocardial infarction.r Mortal-
ity in this condition continues to be as high as 807o
despite emergence of thrombolytic and other interven-
tional techniques. Although it is generally felt that re-
perfusion therapy utilizing thrombolysis or direct an-
gioplasty results in significant infarct salvage, not all
patients demonstrate return in left ventricular func-
tion.2 In fact, only 457o of patients presenting with
depressed left ventricular function experience a signif-
icant improvement by hospital discharge, after suc-
cessful reperfusion.3 Additionally, further injury may
occur during reperfusion after a prolonged ischemic
insult. Although multiple pharmacological efforts
have been used in an attempt to reduce this reperfusion
injury, none have emerged as definitely effective.a-6
hofound myocardial ischemia results in immediate
cessation of regional function, in the distribution of
the involved artery. After a prolonged ischemic insult,
recovery of function may occur, but usually the is-
chemic area remains with little or no function for a
period of days.7'8 This phenomenon has been termed
myocardial stunning. The exact mechanism of myo-
cardial sfunning is unclear, but it is feasible that pa-
tients suffering from cardiogenic shock secondary to
myocardial infarction may have a component of re-
versible dvsfunctional or stunned mvocardium. Al-
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though the mechanism of this stunning is uncleare if
the ventricle is supported during the period of recov-
ery, it is feasible that patients with ischemia-induced
cardiogenic shock could be saved if circulation could
be supported during the period of recovery from stun-
ning. Allen et al.ro have demonstrated that totally un-
loading the ventricle during the period of reperfusion
will markedly attenuate infarct size and augment func-
tion recovery of previously ischemic tissue. The Hem-
opump (Johnson & Johnson, Warren, NJ, USA) trans-
valvular assist devise, developed by Wampler, et al.rr
has the potential to significantly unload the ventricle,
and is much less invasive than total cardiopulmonary
bypass.

The purpose of this article is to review evidence
that:

1. unloading the ischemic ventricle with the Hemo-
pump will result in significant infarct salvage and
diminution of reperfusion injury;

2. supporting left ventricular function can allow re-
covery and retum of circulatory integrity in patients
presenting with cardiogenic shock during myocardial
infarction;

3. prolonged left ventricular unloading may reduce
ultimate infarct expansion; and

4. it is possible to support the circulation with a
relatively small (14Fr) percutaneously inserted Hemo-
pump.

Investigations in Experimental
Animals

In order to test the hypothesis that left ventricular
unloading for the duration of myocardial ischemia will
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produce significant infarct salvage, we studied animals
subjected to a 2-hour coronary occlusion, followed by
reperfusion alone, or a 2-hour period of occlusion with
intercurrent intraaortic balloon counter pulsation, fol-
lowed by reperfusion, or intercurrent left ventricular
assistance using the Hemopump, followed by reperfu-
sion. In supported animals, the assist device was ap-
plied for the entire period of ischemia.

In this acute animal study, after general anesthesia
was induced, a left lateral thoracotomy was performed,
and the heart was suspended in a pericardial cradle.
The left anterior descending coronary artery was iso-
lated, and a silk snare was placed just distal to the first
diagonal. Coronary blood flow was measured with a
Doppler flow probe, applied just proximal to the snare.
In order to measure regional function, sonomicrometer
crystals were implanted mid-way between the base and
the apex, in the circumferential direction, in the distri-
bution of the circumflex and left anterior descending
coronary arteries. Left ventricular pressure was mea-
sured, utilizing a catheter placed in the left ventricular
apex via a stab wound. Additionally, a left atrial cathe-
ter was placed for measurement of left atrial pressure
and injection of radioactive microspheres. An addi-
tional catheter was placed in the ascending aorta for
measurement of arterial blood pressure, and for blood
sampling during microsphere injections. In animals
randomized to receive the Hemopump, the Hemopump
was placed through a low, mid-line laborotomy and
advanced retrograde under fluoroscopic control across
the aortic valve. In animals randomized to receive the
intraaortic balloon pump, a 40-mm Datascope in-
traaortic balloon pump was placed via cut down on
the left femoral artery, and advanced to the descending
aorta just distal to the brachiocephalic vessels. Control
hemodynamic measurements were made prior to onset
of left ventricular assistance, in the assisted animals.
Regional myocardial blood flow was determined using
l5-p radioactive microspheres in the control state.
After baseline measurements, the left anterior de-
scending coronary artery was ligated, and measure-
ments of hemodynamics and regional myocardial
blood flow were repeated. Repeat measurements were
made every 30 minutes during the period of occlusion,
at reperfusion, and at animal sacrifice I hour after re-
perfusion. Reperfusion occurred at 2 hours after left
anterior descending coronary artery occlusion in all
animals. After t hour of reperfusion, the animal was
sacrificed, and the heart was removed for analysis of
infarct size, using TTC staining and measurement of
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Figure 1. Infarct size versus zone at risk in animals subjected to a 2-
hour coronary occlusion followed by a 1 -hour period of reperfusion.

regional myocardial blood flow. Animals with is-
chemic region blood flow ) 3OVo of the control region
during occlusion were excluded from analysis. As re-
ported previouslyl2 there was a substantial decrease
in infarct size in both the Hemopump and the balloon
pump animals (Fig. l). The infarct size expressed as
percent of the region at risk in control animals, which
were subjected to reperfusion alone after 2 hours of
ischemia was 6l .6Vo + l5Vo .Intraaortic balloon coun-
terpulsation produced a significant reduction in infarct
sizeto2To/o. The Hemopump produced a furtherreduc-
tion in infarct size to 2l.7%o of the risk region (P <
0.001 compared to control animals). The Hemopump
produced a striking reduction in left ventricular pres-
sure during the ischemic period 63 + 35 mmHg com-
pared to 100 + 1l mmHg without support (P s
0.005). Similarly, the Hemopump produced an in-
crease in mean arterial pressure from 82 + I I mmHg
to 9l + 14 mmHg. In contrast, there were no signifi-
cant changes in left ventricular systolic pressure or
mean arterial pressure during ischemia with the bal-
loon pump suggesting that the Hemopump was a much
more efficient form of left ventricular assistance.

Similar experiments were performed in a chronic
animal model which underwent infarction 2 weeks
after instrumentation and surgery. Animals supported
by the Hemopump experienced a l5%o infarct size ver-
sus zone at risk, while animals treated with reperfusion
alone experienced a 447o infarct size versus region at
risk (P : 0.008). Myocardial blood flow in the is-
chemic region in these animals seemed to improve
compared to the control region from 0.35 + 0.33 to
0.51 + 0.41 . In the chronic animal model left ventricu-
lar support was initiated 5 minutes prior to reperfusion
only. This mimicked what might have been achievable
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in the clinical situation with direct angioplasty for
myocardial infarction. Thus, striking infarct salvage
can occur when left ventricular assistance is applied
only during the period immediately preceding reperfu-
sion after a prolonged period of ischemia. An infarct
size of only l57o of the risk region, after a 2-hour
occlusion of the left anterior descending coronary ar-
tery represents an important and meaningful result.

It has been suggested that the Hemopump produced
significant left ventricular unloading in the canine
model, however, it may not be powerful enough to
support, in a meaningful way, the circulation in larger
models, including humans. Accordingly, we instru-
mented two 65- to 70-kg sheep with the 21Fr Hemo-
pump in an attempt to determine the degree of left
ventricular assistance achievable with this device. As
illustrated in Figure 2, in this large animal the Hemo-
pump was able to support the circulation during ven-
tricular tachycardia, with mean arterial pressure of
85*90 mmHg, while left ventricular pressure re-
mained < l0 mmHg. When the Hemopump was
switched off in this animal, the mean arterial pressure
fell to approximately 20 mmHg, while left ventricular
pressure rose to 30 mmHg systolic. Thus, it appears

that the 21Fr Hemopump is capable of supporting the
circulation in the absence of significant pulmonary hy-
pertension, independent of cardiac rhythm.

Clinical Investigations

After preliminary experience in animal models pro-
duced encouraging results, clinical trials were begun
with the 21Fr Hemopump. Initially, it was feared that
although the Hemopump could adequately support the
circulation in large experimental animals, it was not
powerful enough to support the circulation in humans.
Fortunately, early results in the Phase I trial proved
this fear to be unfounded. As illustrated by Figure 3,
Hemopump support in a72-kg patient with profound
cardiogenic shock secondary to anterior myocardial
infarction, was quite successful. During Hemopump
support, the mean arterial pressure remained at72-76
mmHg, while left ventricular pressure had fallen to
35*40 mmHg. With cessation of Hemopump support,
the hemodynamic parameters fell to baseline with an
aortic pressure of approximately 50 mmHg systolic,
and left ventricular pressure of 50-55 mmHg. At the
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Figure 2. Hemodynamic and segmental function measurements in a 65-kg sheep with acute regional ischemia and ventricular
tachycardia.
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same time, the pulmonary artery diastolic pressure was
mafkedly elevated.

It was envisioned that the Hemopump may offer
some advantages over intraaortic balloon pumping, es-
pecially in the setting of cardiac arrhythmias. As illus-
trated by Figure 4, a 74-year-old patient presenting
with cardiogenic shock, developed ventricular tachy-
cardia and profound hypotension. Insertion of the
Hemopump allowed support of the circulation while
antegrade blood flow was established in the infarct
related artery, using coronary angioplasty. Once again,
during Hemopump assist mean arterial pressure ex-
ceeded 100 mmHg, while left ventricular pressure was
between 60-70 mmHg systolic. With cessation of left
ventricular assist, arterial pressure fell to 70-80
rnmHg systolic, while left ventricular end diastolic
pressure rose dramatically.

Surprisingly, it was discovered that, in the absence
of significant pulmonary hypertension, the 21Fr Hem-
opump was able to support the circulation in cardiac
arrest, as illustrated by Figure 5. In this patient, cardiac
arrest occurred shortlv after entering the cardiac cathe-
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Figure 3. Hemodynamic measurements in a 35-year-old patient with an anterior myocardial infarction and subsequent

cardiogenic shock supported with the 2lFr Hemopump.

terization laboratory, in a patient with cardiogenic
shock, secondary to acute myocardial infarction. CPR
failed to produce a meaningful blood pressure, as illus-
trated, however, the Hemopump was inserted during
CPR, and as soon as the aortic valve was crossed, a
physiological blood pressure was produced. This ma-
neuver allowed stabilization of the circulation while
infarct related artery angioplasty could be carried out.
This degree of left ventricular circulatory support dem-
onstrated the potential for the Hemopump to serve as
a temporary assist device while providing time for re-
covery of profound myocardial stunning in is-
chemically damaged hearts.

Multicenter Phase I Trial Results

Fifty{hree patients were entered into a Phase I
study, designed to evaluate the safety and efficacy of
the Hemopump 21Fr device in patients presenting with
cardiogenic shock. The criteria for admission to the
study included patients presenting with:
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HEMOPUMP SUPPORT
DURINC VET{TRICTJIAR TACHYCARDIA
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Figure 4. Femoral artery and left ventricular pressure in a patient with cardiogenic shock and ventricular tachycardia. The
femoral artery pressue is maintained during Hemopump support despite the presence of the severe tachyarrhythmia.

<-
HEMOPUMP CROSSES VALVE AND
CIRCI.JLATION SUPFORT INITIATED

Figure 5. Femoral artery pressure during cardiopulmonary resuscitation in a 65-year-old man with an acute anterior myocar-
dial infarction and cardiac arrcst. CPR is ineffective in supporting the arterial prcssrue. As the Hemopump crosses the
aortic valve sufficient circulatory support is achieved to raise the mean arterid pressure to 90 mmHg.
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1. a cardiac index with of < 2llmm2:

2. a pulmonary capillary wedge pressure ) 18

mmHg; and
3. a systolic blood pressure < 90 mmHg on anatro-

phic agents.

The results of this trial have been published previ-

ously.l3
Of the 53 patients entered into this study, 2l had

cardiogenic shock secondary to acute myocardial in-

farction, 22 had postcardiotomy cardiogenic shock,

and ten patients carried a variety ofdiagnosis including

acute transplant rejection' The Hemopump could not

be inserted in 12 patients, secondary to severe athero-

sclerosis of the ilial femoral system, or inability to

cross the aortic valve.

Results

The Hemopump produced stabilization of hemody-

namics in the majority of patients. The pulmonary cap-

illary wedge pressure fell dramatically from 21 to 16'6

mmHg (P > 0.001). The mean arterial pressure rose

from 55.8 to 66.6 mmHg (P > 0.001) while the cardiac

index rose modestly from 2.191/mm2 1P : 0.005)'

During the period of support dysrhythmias occurred

in 27 .5Vo of the patients. It is unclear whether the ma-

jority of these were secondary to mechanical stimula-

tion of the cannula within the left ventricle, or simply

were the natural progression of the patients ischemic

insult. Nonetheless, these dysrhythmias did not pro-

duce hemodynamic sequela.
Survival in the patients with successful insertion

was3l.'7Vo. Survival in patients with acute myocardial

infarction was 4l%o compared to 23.5Vo survival in

patients with postcardiotomy shock.

Use of the HemoPump in Cardiogenic

Shock SecondarY to Acute

MYocardial Infarction

In a separate project, we have chosen to focus on

the use of the Hemopump in myocardial infarction

shock.la Eleven patients with cardiogenic shock, sec-

ondary to acute myocardial infarction were entered

into the study. The entry criteria were the same as in

the previous trial, described above. Patients meeting

entry criteria with informed consent, were entered into
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the trial, and the Hemopump was placed. Their left

ventricular ejection fraction was determined either by

left ventriculography at the time of insertion, or by

gated-radio nuclide left ventriculography, within 24

hours of insertion. Thirty day follow-up ejection frac-

tion was estimated by two-dimensional echocardiogra-

phy in surviving patients. Hemodynamic variables, in-

cluding mean arterial pressure, pulmonary capillary

wedge pressure, and cardiac output were obtained

prior to Hemopump insertion, every 8 hours after in-

sertion, and after removal.
The majority of these patients had anterior myocar-

dial infarctions (55Vo). The initial ejection fraction was

25Vo ! llVo, while the mean arterial pressure was 69
+ 13 mmHg, cardiac index was 1.6 + 0.41lmm2 and

the pulmonary capillary wedge pressure was 26 + 4

mmHg. These patients had severe shock manifested

by an average dopamine hydrochloride dose of 5l +

92 mgkglmz. The Hemopump was inserted success-

fully in all patients. Occasionally, it was necessary to

dilate the iliofemoral system with a lO-mm diameter

standard peripheral angioplasty balloon. If the infarct

related artery was not patent, after Hemopump place-

ment, emergency coronary angioplasty' or coronary

artery bypass surgery, was carried out. As illustrated

by Figure 6A-C, it was possible to carry out routine

Figure 6A. Cardiogenic shock in a 72-year-old woman with a recent

lateral myocardial infarction secondary to a circumflex occlusion'

Circulatory support is achieved utilizing the Hemopump'

270 Joumal of Interventional Cardiology Vol .8 ,  No.3 ,  1995



Figure 68. The totally occluded circumflex has been crossed with

a flexible guidewire and dilatation is achieved with a 2.5-mm angio-
plasty balloon.

Figure 6C. Successful restoration ofblood flow in the infarct related
(circumflex) corcnary artery, utilizing Hemopump support.

LV ASSIST IN SHOCK

coronary angioplasfy during Hemopump assist, with
the cannula in place. All patients had patent infarct
related arteries at the termination of their intervention.
In this cohort of patients, the mean arterial pressure
rose from 69 + 13 to73 + 8 mmHg (P : NS). The
pulmonary capillary wedge pressure fell from 26 +

4 to 16 + 4 (P < 0.01) mmHg, and the cardiac index
rose from 1.6 + 0.41lmm2 (p < O.Ot), from preinser-
tion to 24 hours after insertion of the Hemopump. Sim-
ilarly, the left ventricular ejection fraction improved
from267o + 1Vo to 36Vo + 4Vo at3o days (P < 0.05).

It had been postulated that left ventricular unloading
may result in decreased infarct expansion during the
recovery phase. The average left ventricular end dia-
stolic dimension in surviving Hemopump patients was
5.7 + 0.7 cm, with an end systolic dimension of 4.7
+ 0.7 cm at 30-day follow-up. These values suggest
that the left ventricle did not markedly dilate, despite
the presence of antecedent severe shock. All of the
survivors had experienced anterior myocardial infarc-
tion. One patient was restudied 8 months after his ini-
tial infarct to evaluate atypical chest pain, in the pres-
ence of a positive follow-up stress test. As illustrated
by Figure 7, his left ventricular end diastolic volume
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Figure 7. Quantitative left ventricular volume measurements in a
patient with an acute anterior myocardial infarction and secondary
cardiogenic shock. The 8-month follow-up volumes were obtained

during a follow-up catheterization evaluating the patient for possible

restenosis of his left anterior descendins.
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had fallen to 204.6 cc from his acute end diastolic
volume of 263.3 cc. Similarly, his ejection fraction
had improved from 4IVo to 507o. These data are
suggestive, but not conclusive, that left ventricular un-
loading with the Hemopump may lead to reduced in-
farct expansion after large anterior myocardial infarc-
tion.

Complications reported in the initial experience
with the 21Fr Hemopump included septicemia, throm-
bocytopenia in7.3Vo of patients, systemic thromboem-
bolism in 2.4Vo of patients, neurological events in
4.8Vo of patients, and peripheral embolism in 2.4Vo of
patients. Although thrombocytopenia did occur, trans-
fusion was required in only three patients in the multi-
center trial, and there was no associated spontaneous
bleeding.l3

Percutaneous Insertion of the
Hemopump

Recently a new, miniaturized version of the Hemo-
pump (14Fr), which is inserted using a percutaneous
femoral inducer sheath has undergone preliminary in-
sertion. Scholz and colleagues supported two patients
with poor ventricular function during angioplasty pro-
cedures with the l4Fr percutaneous Hemopump.ls In
both patients significant improvement in hemody-
namics during occlusion of the dilated artery resulted
with Hemopump support and there were no acute com-
plications in these patients. Subsequently, over 20 pa-
tients have been similarly supported during a pilot trial
with this device in Europe with encouraging results.

Summary

The Hemopump has been shown to be an effective
left ventricular assist device. It is capable of supporting
the circulation in patients with profound left ventricu-
lar dysfunction in the setting of cardiogenic shock. In
experimental animals it seems possible that supporting
the circulation immediately prior to reperfusion will
produce a significant decrease in infarct size, which
has important clinical ramifications, particularly in the
setting of patients with large anterior myocardial in-
farction. The mechanism for this infarct salvage is un-
clear at the present time and requires further investiga-
tion, at a more basic level.

SMALLING

The current tools available to the cardiologist in-
clude the intraaortic balloon pump and the cardiopul-
monary support system (CPS), (PCs, BARD, Inc.).16
The Hemopump is available in Europe, but not in the
United States at the present time. Clearly, the CPS
system is the most powerful of the devices available,
producing up to 61/m of flow. Unfortunately, there are
a number of drawbacks with the CPS system, includ-
ing its need for an oxygenator, which limits its useful
period of support to approximately 8 hours. Addition-
ally, support with the PCS system may be associated
with adverse physiological events. The intraaortic bal-
loon pump requires synchronization with the cardiac
cycle, and hence, is not suitable for patients with sig-
nificant tachyarrhythmias. Patients with overt cardiac
arrest, similarly, cannot be supported with the intraaor-
tic balloon pump. Nonetheless, the balloon pump has
been associated with improved infarct salvage in an
experimental animal model.r2 On the other hand, the
Hemopump, in its first version, required a surgical in-
cision and placement of a graft onto the femoral artery.
Nonetheless, it was associated with favorable hemody-
namic and physiological effects, that are associated
with improved collateral blood flow, and metabolic
function in the failing ventricle.l2'|7

It is quite possible that circulatory support initiated
prior to reperfusion, particularly in the setting of a
large anterior myocardial infarction, and maintained
for a period of 48-72 hours after reperfrrsion might
result in a significant infarct salvage, as well as limita-
tion ofinfarct expansion. The development ofthe 14Fr
Hemopump, which may be inserted percutaneously,
provides the promise that if it is shown to be suitably
safe and effective, it could be utilized in infarct inter-
ventions in patients with severe hemodynamic com-
promise, as well as patients with large anterior myo-
cardial infarction. We eagerly await the results of pre-
liminary studies with this device.
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