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n 1988, Wampler et aldescribed a new catheter-of the Hemopump inside the left ventricle, hemody-
mounted transvalvular left ventricular assist deviceamic measurements were repeated during Hemopump
intended for surgical placement via the femoral artergperation with maximum pump speed. After these
In animal experiments, this pump (Hemopump, 21Fneasurements, coronary angioplasty was performed
in outer diameter) had been shown to unload the leftith the Hemopump on maximum pump speed. Dur-
ventricle, leading to myocardial protection and hemang angioplasty, aortic pressures were continuously
dynamic stabilization in both cardiogenic shock antheasured using the guiding catheter. Coronary angio-
regional myocardial ischem#a® Clinical trials have plasty was considered successful if the residual steno-
demonstrated significant hemodynamic improvemesis was<50 % in all views. The Hemopump was
in patients with cardiogenic shotkand in patients removed immediately after coronary angioplasty in all
undergoing high-risk coronary angioplastiRecently, patients, except 2. Sheath removal (manual compres-
a new Hemopump system (Medtronic Inc., Minneagsion and use of a compressor) was delayed for some
olis, Minnesota) (14Fr in outer diameter, flow rates diours until the activated clotting time was200 sec-
1.5t0 2.2 L/min) has been developed for percutaneoosds.
insertioni%.11 The focus of the present study is to All data are expressed as the meanSD. To
describe the procedural results and short-term faissess statistical significance, the chi-square test was
low-up obtained during a multicenter investigation ofised. Differences were considered statistically signif-
the 14Fr Hemopump in patients undergoing high-riskant if the p value was<0.05.
coronary angioplasty. There were 22 men and 10 women (mean age-67
cee 10 years, range 30 to 81). Thirty patients had had prior
Patients were enrolled into this multicenter registrgnyocardial infarction. Previous coronary artery by-
from May 1993 to December 1995. Selection criteripass graft surgery had been performed in 13 patients.
were in accordance with those suggested for use Tfie mean ejection fraction was 26 11% (ejection
percutaneous cardiopulmonary bypass support in geaction was<25% in 21 patients). All patients had
tients undergoing high-risk coronary angiopla&ty. functional class Ill or IV angina pectoris, 31 patients
All patients gave written informed consent to undergbad 2- or 3-vessel coronary artery disease, and 2
the procedure. The design of the pump and the insgratients had undergone left main coronary angio-
tion technique have previously been describe@ihe plasty. Mean duration of Hemopump support was
inflow cannula is positioned across the aortic valve.1 = 1.0 hours (range 1.5 to 6.0).
with the inlet residing in the left ventricle and the Hemopump support on maximum pump speed led
pump outlet positioned above the aortic valve. Durintp a decrease in mean pulmonary artery wedge pres-
Hemopump operation, the left ventricle is activelpure from 15+ 6 mm Hg to 13+ 6 mm Hg (p<
decompressed and blood is delivered to the ascendih@01). Cardiac index. (2.2 0.3 L/min/kg before and
aorta (Figure 1). 2.3 £ 0.4 L/min/kg during Hemopump use;$ NS),
Following placement of both the sheath fomean aortic pressure (2t 13 mm Hg and 92+ 12
Hemopump introduction and the contralateral femorahm Hg; NS), and systolic aortic pressure (12424
artery sheath for angioplasty, patients received 5,060m Hg and 119+ 25 mm Hg; p= NS) did not
to 15,000 U of heparin. Routine premedications corhange during support.
sisted of nitrates and aspirin orally. Two patients re- Balloon inflation during support led to an increase
ceived catecholamines intravenously. Before place mean pulmonary artery wedge pressure from+13
ment of the Hemopump, measurements of aortic pré&-mm Hg to 17+ 7 mm Hg (p < 0.001) and a
sures, pulmonary artery pressures, pulmonary artafgcrease in mean aortic pressure from=2922 mm
wedge pressures, and of cardiac output (thermodildg to 81+ 13 mm Hg (p<<0.001). Fourteen patients
tion technique) were performed. Following placemerf4%) developed significant hypotension during bal-
loon inflation (defined as a decrease in mean aortic
From the Department of Cardiology, Georg-AugustUniversity, Géttin- pressure of=10 mm Hg during supported angio-
gen, Germany; Depariment of Cardiclogy and Surgical Research, plasty). . ) .
Henri Mondor Hospital, Creteil, France; Cardiology Center, Hospifal In a subgroup of 16 patients, balloon inflations
Cantonal Universitaire de Geneve, Ceneva, Switzerland; Insfitut Car- - were performed both with and without Hemopump
diovasculaire POﬂS’SUd, Paris, FI’OHCG; and the Division OFCO[C“O'Ogy, Support In these patlents' a decrease |n mean pulmo_
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FIGURE 1. A, schematic diagram showing Hemopump inflow cannula in the left ventricle and body of flow rotary pump with lateral
outflow 3 to 4 cm above the aortic valve. B, left coronary angiography during percutaneous transluminal coronary angioplasty (56-

ear-old patient): Hemopump inflow cannula within the left ventricle and pump body with lateral outflow in the ascending aorta (60°
Lﬁ anterior oblique position).

HG. 52y, & Three patients experienced peripro-
B, B cedural cardiac arrest. In these patients,
‘ ' mean aortic pressures were maintained
MAAAMAAMMAANANAMAMAMAA AN MY at 45 to 50 mm Hg with Hemopump
. pimnE | support during cardiac arrest and ven-
ECG JWW\M/LW\AMM&u-Mmf\ﬁuf\ﬁwmmwwmwwu& tricular fibrillation was corrected by
electrical cardioversion (Figure 2).

W I A AAA
"”WJ'*A“ M VNI ”‘“\““ﬁ” “"'“ WM me W‘j\ Multivessel coronary angioplasty
was performed in 13 of the 32 patients.
Po Ppg " T Successful balloon dilation was achieved
ki o , in 46 of 50 vessels in which it was at-

tempted. Stent implantation was per-
formed in 6 patients and rotablation in 2
patients. Symptomatic improvement oc-
curred in all of the 28 patients surviving
hospitalization.
Limb ischemia, which was defined
— - e — as leg pain, livid colored leg, coolness,
| e el & = or no palpable peripheral pulses of the
FIGURE 2. Original registration of electrocardiography (ECG; leads I to Ill), pulmo- limb |ps_|IateraI to the Hemopump, oc-
nary pressure (Py), and aortic pressure (P,.) in a 52-year-old man with curred in 5 patients (16%). Ischemia
Hemopump support during ventricular fibrillation. resolved in all these patients after re-
moval of the sheath. Two other patients
developed femoral artery occlusion fol-
cating Hemopump-related left ventricular unloadingpwing removal of the sheath, necessitating surgical
during ischemia. Simultaneously assistance led to agpair. One of these patients died after surgery.
increase in mean aortic pressure from726 mm Hg A decrease in the hemoglobin value o2 g%
(without) to 84 = 10 mm Hg (with Hemopump) occurred in a total of 8 patients (25%); 4 patients
during balloon inflation (p= NS). required blood transfusion. In a subgroup of 9 pa-
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tients, hemolysis parameters were analyzed befqueocedure-related problems limiting the beneficial ef-
Hemopump support, immediately after assistandects. First, introduction sheath-related leg ischemia
(mean operation time was 26 1.1 hours), and 24 occurred in 16% of patients. In 2 patients, removal of
hours after the start of Hemopump operation. Plasmire sheath was followed by femoral artery occlusion.
free hemoglobin rose from 4.8 2.8 mg/dl to 30.0+= This complication was associated with the periopera-
21.7 mg/dl (normal range 0 to 10;0.001). Simul- tive death of 1 patient. Second, in the present study we
taneously, there was a decrease in haptoglobin levédsind a mortality rate of 12.5%, which is higher than
from 1.3+ 0.9 g/L t0 0.7+ 0.5 g/L (normal range: 0.5 that reported in other studies with supported high-risk
to 2.0; p= NS), and an increase in lactate dehydrazoronary angioplast{2-150n the one hand, this may
genase from 163 35 U/L to 301=* 103 U/L (normal pe due to the unfavorable condition of these critically
range 90 to 200) (p<0.001) immediately after assis-j|| patients, however, on the other hand, it may reflect
tance. Platelet counts showed a significant but mitle high risk of the procedure per se. In 2 patients,
decrease after Hemopump support (25405 before, poth of whom died within a few hours after removal of
and 232+ 92 X 10°/L after 24 hours; normal rangethe pump, death was probably due to postinterven-
150 to 350; p<<0.001) in these patients. ional closure of the angioplasty vessel. This appears
The overall hospital mortality rate was 12.5% (4 0%0 be a central problem when using circulatory support

32 patients). Two patients died of cardiogenic shockring coronary angioplasty of critical lesions in gen-
following reocclusion of the angioplasty vessel 1 an

! ' €ral, and therefore, closure of the angioplasty vessel is
3 hours after removal of the pump. One patient d'eﬁ{)t specifically related to the Hemopump.
after surgery for vascular repair after femoral occlu-
sion and one 80-year old patient died 3 days after

: . Our preliminary experience suggests that the
coronary angioplasty because of periprocedural ; )
stroke. Based on autopsy, ischemic stroke very Iikej%j':r percutaneous Hemopump device may be use

was related to both a preexisting high-grade steno for selected patients undergoing high-risk cor-
onary angioplasty, because it unloads the left ven-

of the supplying left middle cerebral artery and Pr%icle and maintains cardiac output with mean aor-

longed cerebral hypoperfusion during the angioplas]) . X
maneuvers (balloon inflation had resulted in markeif Pressures of nearly 50 mm Hg during cardiac

hemodynamic compromise with a decrease in systofie'€St: Because of the significant procedure-related

aortic pressure from 130 to 65 mm Hg in this patient{! o_rb'g'ty rate, hovyeveiz, its application Sho‘}fld be

There was no histologic evidence of embolic materia]Mt€d to patients in whom prior attempts of cor-

Thus, procedure-related embolization of atheromato8&7y angioplasty have led to immediate and se-

or thrombotic material from the aorta or from the/€r€ hemodynamic compromise and to critically ill

pump has been assessed to be unlikely. patients in whom cq(eful risk stratlflca_tlon indi-
Patients were followed for 12 to 36 months aftefated a high probability of hemodynamic collapse

discharge. An additional interventional procedure duld case of vessel closure

ing subsequent hospitalization was required in 6 pa-

tients (1 required surgical repair for femoral artery

stenosis 4 weeks after Hemopump, 4 patients under-

went angioplasty, and 1 underwent bypass surgery)wampler RK, Moise JC, Frazier OH, Olsen DB. In vivo evaluation of a

One patient died 10 days after coronary artery bypagf‘ggggflag'sg?;gﬂggfjggss aial flow blood pumigans Am Soc Artf Intern

grafting (8 month after Hemopump support). Threg merhige ME, Smalling Rw, Cassidy DB, Barrett R, Wise G, Short J, Wampler

other patients died 2 and 14 months after discharg@!(. Effect of the Hemopump left ventricular assist device on regional myocardial
perfusion and function: Reduction of ischemia during coronary occluian.
X . cijlation 1989;80(suppl):111-158—I11-166.
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supported coronary angioplasty demonstrate the befyecardial supportand piiotection during regional my.oce.lrdial ischemia using the
eficial effects of the percutaneous Hemopump duriTSReTE S5 vt Cardovse Sumseioder ooz |
balloon inflation. First, in the subgroup of 16 patientsrotective effects of the hemopump left ventricular assist device in experimental
in whom balloon inflation was performed both Withcardiogﬁ,nic ?Vcid%ur J gargg)th;ractftiigli)92i:1&t‘>:209—2é4.F i b A 3

; ; malling , Cassidy DB, Barrett R, Lachterman B, Felli P, Amirian J.
and without Hemopump Support, a decrease in me_ roved regional myocardial blood flow, left ventricular unloading, and infarct
pulmonary artery wedge pressure was observed durga@age using an axial-flow, transvalvular left ventricular assist device: a com-
supported angi0p|asty1 indicating Hemopump_re|at@gi_son_ vaitht_intraao(;ti%ballioct)n ctl)ggtzeg%ullslagizonllagg reperfusion alone in a

: : : nine infarction modelCirculation ;85! — .
Ieft, VentrIC_UIar u_nloadlng. Secon_d, in each of the . Schrader T, Hering JP, Uhlig P, Scholz KH, Tebbe U, Kreuzer H, Hellige G.
patients with periprocedural cardiac arrest, mean a@ffciency of the left ventricle assist device Hemopump in cardiac fibrillation.
tic pressures of about 50 mm Hg were observed durng Anafsthé§9§68153ﬁo—H53E- AV, Smalling RW. Nicklas M. Pl
: il ot : : o7~ Wampler RK, Frazier OH, Lansing AM, Smalling RW, Nicklas JM, Phillips

ventricular flb_nllafuon Wlt_h Hemopump support. ThISSJ, Guyton RA, Golding LA. Treatment of cardiogenic shock with the He-
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pldadS,EY'relg’i:ed vessel closure tm _hlghirlskfpadnents. thé.micular assistance in cardiogenic shock secondary to acute myocardial infarc-
addiuon, the pump was easy 1o Insert, sare auring .J Am Coll Cardiol1994;23:637-644.
procedure, and its use was not associated with mafor o B e e in high sk soronary angiopisancet
rhythm instability. N 1990:335:436 440, prmpIng IS Y angiopiEy

On the other hand, there were some significamd. scholz KH, Figulla HR, Schweda F, Smalling RW, Hellige G, Kreuzer H,
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itric oxide is a major component of the endothe- cee

lium-derived relaxation factor and is synthesized Nine patients (8 men, 1 woman, mean age*5®
from the amino acid.-arginine by nitric oxide syn- years) with chronic stable angina, coronary artery
thase enzymeslts synthesis can be specifically andlisease, and a positive treadmill exercise test result
competitively antagonized by arginine analogs, sug0.1 mV ST-segment depression) between 5 and 7
as N°-monomethyl-arginine (LNMMA), which in- METs using the modified Bruce protocol, and 6 pa-
hibit the enzymatic pathway in a process that can bients (4 men, 2 women, mean age54.1 years) with
reversed by increased availability efarginine?=* atypical chest pain, risk factors for atherosclerosis,
Inhibition of nitric oxide Synthesis Wlth LNMMA h_as and “normal” coronary arteriograms were studied.
been shown to cause a decrease in the basal diameigése “normal” coronary arteries had a smooth angio-
of the distal segments of angiographically normal angkaphic outline in multiple projections with no irreg-
diseased epicardial coronary arteries and coronary Sigrity or stenosis. Patients were excluded from the
noses; it also contributes to the vasomotor tone gjdy if they had diabetes mellitus, recent myocardial
coronary resistance vesset8.It has been also shownintaretion (<6 months), left ventricular hypertrophy
that infusion ofL-arginine into the brachial artery echocardiography), left ventricular dysfunction
augments endothelium-dependent forearm vasodilgse; ventricular ejection fractiorc50%), or valvular
tion and reverses the defective endothelium-dependgia, + disease. Antianginal medication was discontin-

vasodilation associated with an elevated plasma IOWéd 24 hours before the study. The patients were

e oWed 0 Use subingua ivoglycer as necessary
9 P y aut no study was performed within 3 hours of its

flow response to acetylcholine in patients with norm P :
coronary arteries and hypercholesterolediaen- Administration. The protocol was approved by the

hances nitric oxide generation, and inhibits Iesioﬁﬁﬁzﬁrfgoihégscgﬁsrgnmt'ttee and each patient gave
formation after balloon angioplasty.In hypercholes- Following the di .t' .

terolemic animals -arginine administration prevents ' 2"oWing € diaghostic coronary angiogram, an

xanthoma development and inhibits atheroscler@Ptimal radiographic projection was selected and kept

sis15-17In the present study, we examined the effecfPNStant for subsequent angiograms. Two electrocar-
of changing the substrate levels for nitric oxide syrfilographic leads were monitored continuously
thase on coronary artery tone in patients with “nothroughout the study. The following sequence of in-

mal” angiograms and in patients with coronary arte,gacoronary infusions was administered in both
disease. roups: 0.9% saline (2 ml/min) for 2 minutes, 5.6 and

27.8 pmol/min of substance P in saline for 5 minutes

each, 8 and 1@mol/min of LNMMA in saline for 5
From the Cardiology Units, Hippokration Hospital, Athens University mmUteS.eaCh! and 50mol/min L-arginine .fOI’ 8 min-
Medical School, Athens, Greece; and Hammersmith Hospital, Impe-  UteS, using a syringe pump. Finally, an intracoronary
rial College School of Medicine, London, United Kingdom. Dr. Tov-  pholus dose of nitroglycerin (25@g in 2 ml of saline)
soulis's address is: Cardiology Unit, Hammersmith Flospitol, Du Cane \yag administered. Femoral arterial pressure and heart
Road, Llondon W12, ONN, United Kingdom. Manuscript received .
March 6, 1998; revised manuscript received and accepted June 2, _rate were re_corded d_urlng the last 30 seconds o_f each
1998. infusion period. Angiography was performed with a
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