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Unloading During High Risk
INTRODUCTION

Advances in interventional cardiology will probably
result in increased numbers of patients who would ben-
efit from the use of assist devices in the catheterization
laboratory. Ideally, such devices should allow rapid
transfemoral percutaneous insertion. Currently, percuta-
neous initiation is possible with intraaortic balloon coun-
terpulsation (IABP) [1] and cardiopulmonary bypass
(PCPS) [2]. The less invasive IABP depends on residual
left ventricular function and thus has only minor effects
in patients with profound hemodynamic compromise.
The PCPS system is a most powerful assist device
which, during cardiac arrest, can provide complete cir-
culatory support [3]. However, during extracorporeal
perfusion, the left ventricle may be adversely affected [4]
and there are unresolved problems regarding left ventric-
ular loading and need of simultaneous left ventricular
venting [5]. Additionally, a high morbidity was reported
including neurovascular injury related to the perfusion
cannulas in 26Vo and transfusion required in 43Vo of pa-
tients [6].

In 1988, Wampler et al. [7] described a new catheter
mounted, transvalvular left ventricular assist device, the
Hemopump@, intended for use in the treatment of car-
diogenic shock. This device was based on axial flow
pump technology and was capable of producing a max-
imal flow of 3.5 l/min. The Hemopump@ [2] French
(Fr.) in outer diameterl was intended for surgical place-
ment via the iliofemoral route. Clinical trials were con-
ducted in the United States to evaluate the system in the
treatment of potentially reversible cardiogenic shock.
These trials demonstrated significant improvement in the
hemodynamic condition of patients with shock and im-
provement in survival of selected patients [8] . However,
the large diameter of the pump prevented successful
placement in 23Vo of patients and thus posed a significant
barrier to its clinical use.

The following report describes a new miniaturized (14
Fr.) Hemopump@ system intended for percutaneous in-
sertion via the femoral artery and the first application of
this pump in two patients during high risk coronary an-
gioplasty. In both patients, selection criteria were in ac-
cordance with those suggested for use of percutaneous
PCPS support in patients with high risk percutaneous
transluminal coronary angioplasty (PTCA). These crite-
ria are l) the presence of severe or unstable angina pec-
toris, 2) at least one likely dilatable coronary artery ste-
nosis, and 3) left ventricular eiection fraction less than
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Fig. 1. The 14 Fr. HemopumP@ system lor percutaneous in-
sertion.

25Vo or a target vessel supplying more than half of the
viable myocardium, or both [6].

14 FR. HEMOPUMPCE SYSTEM

The 14 Fr. Hemopump@ is a catheter mounted, left
ventricular assist system intended for transvalvular
placement via a percutaneous transfemoral insertion
(Johnson & Johnson Interventional Systems Co., Rancho
Cordova, CA). The system consists of an inflow cannula
and pump, flexible drive cable, and external motor and
console (Fig. l). The anatomic placement of the 14 Fr.
device is the same as the 2l Fr. device [7,8]: the inflow
cannula is positioned across the aortic valve with the
inlet residing in the left ventricle and the pump outlet
positioned above the aortic valve. During operation of
the pump, the ventricle is actively decompressed and
blood flow is delivered to the aorta (Fig. 2). This blood
flow is continuous in nature and is independent of any
synchronization with the native heart.

The device is based on a mixed flow rotary pump to
which a flexible inflow cannula is attached (Fig. 3). The
total length from the pump body to the tip of the inflow
cannula is 4 in. (10.2 cm); the maximum outside diam-
eter is 0.181 in. (4.6 mm). Rotary motion is supplied to
the pump by means of a flexible drive cable which is
powered by an external motor. There are 7 pump speeds
from 35.000 to 45,000 rpm. In vivo and in vitro studies
performed in our institution demonstrated flow rates of
1 .5 -2 .2  Umin .

Chronic ovine in vivo studies (n : 7 animals; duration
up to l4 days) demonstrated minimal injury to intracar-
diac and aortic structures, excellent thromboresistance of
blood contacting surfaces, and minimal evidence of
thromboembolic events. In these animal studies, the
mean plasma free hemoglobin level was 9.7 mgVo after 3
days of operation, up from a baseline of 5.6 mgTo [Wam-
pler, unpublished datal.

PERCUTANEOUS INSERTION TECHNIQUE

Percutaneous transfemoral insertion of the 14 Fr. He-
mopump@ is performed using a modified Seldinger tech-
nique. The most important element of the proprietary
introducer set is a specialized sheath (16 Fr. outside di-
ameter) with an exchange conduit, hemostasis valve, and
tubing clamp to minimize blood loss during insertion
(Johnson & Johnson Interventional Systems Co.). Before
insertion, a 15 Fr. dilator is inserted through the hemo-
stasis valve into the introducer sheath (Fig. a).

Following percutaneous placement of a 0.035 in. J tip
movable core wire (150 cm), an 8 Fr. dilator and then a
12 Fr. dilator are passed over the wire and through the
ileofemoral system. After removal of the J tip movable
core wire, a 0.038 in. high stiffness guide wire is inserted
through the l2 Fr. dilator. The l2 Fr. dilator is removed,
and the introducer sheath-I5 Fr. dilator assembly is
placed over the stiff wire and advanced as far as possible,
well above the level of the abdominal aorta.

After removal of the dilator and the stiff wire, a 0.014
in. monofilament guide wire is introduced through the
sheath and placed into the left ventricle under fluoro-
scopic guidance. The exchange conduit is occluded with
the clamp, and blood is flushed from the conduit with
heparinized saline using the side port of the sheath.

The proximal end of the monofilament wire is placed
through the eyelet of the Hemopump@ inflow cannula,
and the pump is passed over the monofilament wire into
the clear exchange conduit using a specialized 16 Fr.
shuttle sleeve and dilator (Fig. 5). After releasing the
tubing clamp from the exchange conduit, the pump is
advanced into the abdominal aorta and turned on mini-
mum flow speed to minimize the risk of thrombus for-
mation. Under fluoroscopic guidance, the pump is ad-
vanced over the wire until the inflow cannula eniers the
left ventricle and the monofilament wire is removed.

CASE REPORTS
Case 1

A 60-year-old man (body weight 74 kg, height 1.64
m) presented with stable angina pectoris. Coronary an-
giography revealed single vessel disease [907o proximal
stenosis of the dominant left circumflex arterv (LCX),
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Fig, 2. Anatomic placement of inflow cannula in the left ven'
tricle and pump body approximately 3-4 cm above the sinus of
the aortic valve.

807o stenosis of a posterolateral branch of the circumflex
artery, very small right coronary artery, and small left
anterior descending coronary artery (LAD)]. Left ven-
triculography showed normal contractility. Exercise thal-
lium 201 myocardial scintigraphy revealed a large isch-
emic area located posterolateral, posterobasal, and on the
diaphragmatic surface. Since the ischemic region was
assessed to be more than one half of the viabie myocar-
dium, the angioplasty procedure was considered to be at
risk for hemodynamic compromise and for an adverse
outcome in case of vessel ciosure. Thus. after written
informed consent, the patient was selected for Hemo-
pump@ supported angioplasty.

Angiography of the ileofemoral system was performed
and demonstrated acceptabie patency for insertion of the
introducer. A 7 Fr. Swan-Ganz@ catheter was positioned
in the pulmonary artery and a 7 Fr. pigtail catheter was
placed in the left ventricle. After intravenous adminis-

Fig. 3. Schematic diagram of flow rotary pump with lateral out-
flow.

tration of 15,000 units of hepann, the Hemopump@ was
guided into the left ventricle using the percutaneous tech-
nique described above.

To assess the level of support provided by the 14 Fr.
device, hemodynamic values were recorded with and
without assistance both prior to initiation of PTCA and
during balloon inflation. Prior to balloon inflation, He-
mopump@ support led to an increase in cardiac output
(CO) from 3.45 l/min (3.2413.8613.24) to 4.58 limin
(4.5614.5214.66) measured by thermodilution. Left ven-
tricular end diastolic pressure decreased from l4 to 9.0
mm Hg and pulmonary capillary wedge pressure
(PCWP) was reduced from 14 to 8.0 mm Hg.

Coronary angioplasty of the proximal LCX stenosis
was then performed using a 0.014 in. "high torque
floppy" guide wire (ACSo) and a 3.0 mm balloon cath-
eter. The first inflation (duration 102 sec) performed
during Hemopump@ support led to a decrease in aortic
pressure (AoP) from 120180 to 95175 mm Hg and a si-
multaneous increase in PCWP from 8 to 12 mm Hg. The
decrease in AoP was more pronounced during the second
inflation performed without Hemopump@ support (de-
crease from 130/80 to 85/60 mm Hg and increase in
PCWP from 8 to 22 mg Hg during inflation of 108 sec.

Since the result of PTCA was not satisfactory, a third
inflation was performed using a larger (3.5 mm) balloon.
lnflation was started without Hemopump@ support and
resulted in marked hemodynamic compromise with an
AoP of 60142 mm Hg and a PCWP of 25 mm Hg after 70
sec of inflation (Fig. 6,{,8). In this situation, the He-
mopump@ was started resulting in an increase in AoP to
87/61 and a decrease in PCWP to l0 mm Hg. Thus,
continued inflation of the balloon was made possible for
120 sec with stabilized hemodynamics (Fig. 6C). After
successful completion of the PTCA, the Hemopump@
was removed via the introducer sheath (Fig. 7). The total
time of Hemopump@ operation was 122 min.

Limb ischemia-related leg pain (peripherai pulses not
palpable. iivid-colored leg) occurred 40 min after place-
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Fig. 4. Specialized introducer sheath with tubing clamp (TC), exchange conduit (Ec)' side port
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conduit, hemostasis valve (HV), and 15 Fr. dilator with 0'038 in' high stiffness

guide wire.

Fig. 5' lntroduction of the HemopumP@ to the exchange conduit' A: The monofilament wire is

placed through the eyetet of the iemopumP@ inllow cannula and the pump is passed over the

wire into the exchange 
"*ouit 

using a 16 Fr. shuttle sleeve. B: Hemopumpo placed in the

exchange conduit.

B

ment of the sheath and required analgesia' An increase in

both plasma free hemoglobin (from 6'5 to 35 mg/dl;

not*il range: 0-10 mg/dl) and lactate dehydrogenase
(LDH) (from 1 14 to 2'77 U/l; normal range: 80-200 U/l)

*u, otr"*"d. Platelets were not affected (245'l}ellbe-

fore, 244'l}en immediately after assistance, and

251'rcen after 24 hr).
Three hours after PTCA the ACT was less than 200

sec and the introducer sheath was removed using a com-

Dressor. No hematoma at the insertion site and no evi-

dence of neurovascular injury to the leg were noted' The

hemoglobin was stable (14-5-15.4 g/dl at,24 hr post-

procelure;. The patient was discharged 2 days after

PTCA.

Case 2

A 68-year-old man (body weight 88 kg, height 1'73

m) was iransferred with unstable angina pectoris' Coro-

nary artery bypass grafting had been performed 4 years

"urii"t. 
Cardiac catheterization demonstrated severe
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Fig. 6. Patient 1: Original registration ol ECG (leads l, ll, and
lll), AoP, and PCWP before and during PTCA of a proximal LGX
stenosis. A: Belore balloon inflation. B: After 70 sec of balloon
inflation: Severe ischemia (note ST segment changes in the
ECG) led to a marked decrease in AoP (60/42 mm Hg) and an
increase in PCWP (25 mm Hg). Start of Hemopump€!, support
led to an abrupt decrease in PCWP ("HP on"; note technical

3-vessel disease with 807o stenosis of the left main cor-

onary artery, 907o stenosis of the mid-LAD, and com-
plete occlusion distally. ln addition, there was 80Vo com-
plex stenosis of the proximal LCX and proximal
occlusion of the right coronary artery. The small distal
part of the right coronary artery was supplied by a patent
vein graft. The vein graft to a posterolateral branch ofthe
LCX showed a 90Vo stenosis and the vein bypass graft to
the LAD similarly showed a significant stenosis. Ven-
triculography revealed a left ventricular ejection fraction
of 2070. Because of the severely reduced left ventricular
function, the patient was selected for Hemopump@ sup-
ported angioplasty. Stenoses of the ileofemoral system
had been excluded by direct arterial angiography.

After wntten informed consent. the 14 Fr. Hemo-
pump@ was inserted via the introducer system and
guided into the left ventricle. Hemodynamic response to
assistance prior to balloon inflation demonstrated an in-
crease in CO from 4.72Ilmin (4.6415.3514.4814.40) to
5.52 l/min (5.9515.5015.10) with assistance. The left
ventricular end diastolic pressure decreased from 13 to
10 mm Hg and the PCWP decreased from 12 to 10 mm
Hs.

txpon
interference of Hemopump@ operation with ECG registration in
lead ll). C: ECG and pressure recordings 120 sec after start of
balloon inflation: Continued Hemopumpo support led to a fur-
ther decrease in PCWP (10 mm Hg) and hemodynamic stabili-
zation with an increase in AoP (87/61 mm Hg) during balloon
inflation.

Dilation of the graft to the posterolateral branch of the
LCX and the 90Vo stenosis of the native LAD were com-
pleted. While assisted with the Hemopump@, the first
dilation of the vein graft (4.0 mm balloon) was 187 sec
duration and was not accompanied by significant hemo-
dynamic changes. The second balloon inflation was per-
formed without Hemopump@ support and resulted in a
mild decrease in AoP (95/60 to 80/60 mm Hg) and an
increase in PCWP from l0 to 14 mm Hg after 170 sec of
occlusion. Initiation of Hemopump@ support increased
the AoP to 100/70 and decreased the PCWP to 10 mm
Hg allowing prolonged balloon inflation (300 sec). After
successful PTCA of the LCX graft stenosis (Fig. 8), the
907o stenosis of the native LAD was successfully dilated
with one inflation. With the Hemopump@ assist. there
was no hemodynamic compromise during inflation.

The total time of the Hemopump@ operation was I l0
min. No limb ischemia occurred. Plasma free hemoglo-
bin increased from 6.5 to 24.5 mg/dl and the LDH ac-
tivity increased from 182to290 U/l. Platelets decreased
slightly from 209.10e/l to l92.rcetl immediately after
completion of the procedure and were 182'l0"ll 24 hr
later.

1 s1 s1 s
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Fig. 7. Patient 1: Percutaneous Hemopump@ supported angioplasty. A: Before PTCA of a 90%
proximal stenosis of the dominant LCX. B: After successful PTCA.
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Fig, 8. Patient 2: Percutaneous Hemopump@ supported angioplasty. A: Before PTCA of a
stenosed aortocoronary vein bypass graft to a posterolateral branch of the LCX. B: After suc-
cessful PTCA.
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After removal of the sheath, neither vascular damage
nor significant hematoma was observed. The hemoglo-
bin was 11.0 g/dl before Hemopump@ insertion and
10.4 g/dl after 24 hr. Following PTCA the patient was
free of symptoms and was discharged on the 5th day.

DISCUSSION

According to our preliminary experience, this new
percutaneous left ventricular assist device is safe, easy to
insert, and effective. In both chronic animal studies and
in our first short-terrn use in man, no thromboembolic
events or thrombodeposition on the blood contacting sur-
faces of the pump were observed. Percutaneous place-
ment using the l6 Fr. introducer sheath is simple and can
be rapidly performed within a few minutes. In the first
patient, however, transient ischemic symptoms of the leg
occurred 40 min after insertion of the sheath. This epi-
sode of leg ischemia did not cause significant probiems
during the short period of assistance. However, it does
suggest that peripheral ischemia may limit the utility of
the device in some patients during prolonged assistance.
Further experience will be needed to fully address this
concern.

The introducer sheath also allows easy withdrawal of
the pump. In our two patients, the sheaths could be easily
removed and a compressor applied to the groin after the
ACT had decreased to below 200 sec. In accordance with
our previous experience using 18 Fr. arterial sheaths in
PCPS patients, this procedure was uneventful in both
patients.

The levels of plasma free hemoglobin observed in our
patients indicate only a mild to moderate hemolysis.
These levels of hemolysis probably would not result in
any patient injury even after several days of assistance.
According to previous clinical experience with the 2l Fr.
device, plasma levels of free hemoglobin were highest
during the initial period of assistance. This may be sec-
ondary to early attrition of senescent cells. Typically, the
level of plasma free hemoglobin decreased and stabilized
toward normal during the first 24 hr [8]. However, to
clearly define the extent and clinical significance of he-
molysis, further experience is needed.

During in vivo and in vitro testing, flow rates of the
percutaneous Hemopump@ have been determined from
| .5 -2 .2 l/min [9] . Of course, this level of support cannot
be considered to be sufficient to provide complete circu-
latory support during cardiac :urest or severe cardiogenic
shock. However, as demonstrated in earlier animal ex-
periments using the 2l Fr. Hemopump@ in cardiogenic
shock [l0], even flow rates of less than 1.5 l/min result
in clinically significant left ventricular unloading, ffiyo-
cardial protection, and reduction of lactate levels in the
coronarv sinus.

During experimental regional myocardial ischemia,
the larger 21 Fr. Hemopump@ had been shown to unload
the left ventricle and to improve regional I I I ] and global
myocardial blood flow [2] and myocardial metabolism
[12]. In our recent animal experiments performed in
adult sheep weighing 6l-97 kg, we found clear evidence
of myocardial protection using the 14 Fr. Hemopump@
during acute regional myocardial ischemia induced by
balloon catheter occlusion of the proximal LAD [9]. In
accordance with these experimental results, we observed
beneficial hemodynamic effects using the l4 Fr. Hemo-
pump@ during coronary angioplasty in man. First, He-
mopump@ support during balloon inflation in both pa-
tients resulted in left ventricular unloading evidenced by
a decrease in the PCWP during ischemia. Second, during
PTCA, the Hemopump@ increased the AoP and contrib-
uted to hemodynamic stabilization allowing prolonged
balloon inflation even in these high risk patients.

Our preliminary results with the 14 Fr. Hemopump@
during assisted high risk angioplasty suggest that it may
be a safe and effective powerful alternative to other de-
vices used for supported angioplasty such as IABP [3]
and PCPS [4]. In addition to prophylactic support during
high risk angioplasty, the percutaneous Hemopump@
may be useful in the treatment of acute myocardial in-
farction, cardiogenic shock, and patients with end stage
heart failure awaiting cardiac transplantation. Human tri-
als are in the planning that will clearly define the clinical
utility of the 14 Fr. Hemopump@ during interventional
procedures and in the management of acute myocardial
infarction.

NOTE ADDED IN PROOF

Since the submission of this article percutaneous
Hemopump@-supported angioplasty has been performed
in 6 additional high risk patients (3 male, 3 female; age
57 to 80 years). In all these patients, we found hemody-
namic response similar to those described above for the
first two patients. PTCA was successful in all patients.
There was one death secondary to stroke.

The seventh patient, a 57-yr-old man with evolving
cardiogenic shock and known occlusion of 2 out of 3
vein bypass grafts and occlusion of all native vessels,
underwent PTCA of a high grade proximal stenosis of
the vein graft to the right coronary artery. The patient,
who needed short time cardiocompression one hour be-
fore angioplasty, developed ventricular fibrillation im-
mediately after the fourth balloon inflation dunng He-
mopump support. The patient stayed conscious with
a mean aortic pressure of nearly 50 mm Hg during
ventricular fibrillation. After intravenous sedation, de-
fibrillation was performed 70 seconds after onset of
ventricular fibrillation and stable sinus rhythm was



established. Angioplasty could be successfully per-
formed with 2 additional balloon inflations. The patient
was discharged.

The latest patient, an S0-yr-old woman with 3-vessel
disease, severe unstable angina pectoris, and recurrent
pulmonary edema, died three days after PTCA of a high
grade proximal stenosis of the LAD because of peripro-
cedural ischemic stroke. Autopsy revealed atheromatous
and exulcerating plaques in the aortic arch and in the
descending aorta. No mural thrombi could be detected in
the left ventricie and there were no signs of embolization
in the kidneys and other peripheral organs. Autopsy of
the cerebrum revealed a large ischemic zone in the area
supplied by the left a. cerebri media. This vessel showed
a high grade atherosclerotic stenosis, and histological
examination revealed neither occluding thrombi, nor em-
bolic material of other origin. In this patient, despite
HP-support. balloon inflation had resulted in marked he-
modynamic compromise (decrease in systolic aortic
pressure from 130 to 65 mm Hg, for approximately 5
minutes). Thus. ischemic stroke very likely was related
to both severe and prolonged cerebral hypoperfusion and
a preexisting high-grade stenosis of the supplying artery,
and procedure-related embolization of atheromatous ma-
terial from the aorta seems to be unlikely.

In the other patients, no vascular, hemorrhagic, or
embolic complications were observed.
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