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ABSTRACT

Background. The use of left ventricular assist devices (LVAD) is an accepted therapy
for patients with refractory heart failure. The HeartMate II is a small (350 g), implantable,
axial-flow pump (nonpulsatile flow), which is designed to support the left ventricle for
extended periods of time. Here we have reported our initial single-center clinical
experience with this device as a bridge to heart transplantation.
Materials and Methods. Between March 2002 and December 2008, 18 transplantable
adult patients were supported on long-term HeartMate II LVAS at our institution. The
cohort included 15 men with an overall mean age of 52 � 8.4 years (range, 31–64 years).
Primary indications for implantation were ischemic cardiomyopathy (CMP; n � 13) and
idiopathic CMP (n � 5). All heart failure patients were New York Heart Association
(NYHA) functional class IV. None of them had undergone prior open heart surgery.
Implantation was performed via cannulation of the left ventricular apex and ascending
aorta, and in each case was an elective procedure.
Results. Mean support time was 217 � 212.3 days (range, 1–665 days). Early (30-day)
mortality was 27.7% (n � 5) due to multiple organ failure and sepsis as main causes of
death. Bleeding requiring reoperation occurred in 6 cases (33.3%). Cerebral hemorrhage
occurred in 1 case. There were 2 driveline infections and no device failure. Twelve subjects
(66.6%) were successfully discharged home. Overall, 9 patients (50%) underwent trans-
plantation and 3 are awaiting a suitable organ (2 were discharged home and 1 is in hospital).
At latest follow-up, the survival rate after heart transplantation was 66.6% (n � 6).
Conclusions. Long-term HeartMate II LVAS can successfully bridge patients to heart
transplantation. Good mid- and long-term results may support the use of this device even

for a permanent solution in nontransplantable subjects.
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EFT VENTRICULAR ASSIST DEVICE (LVAD)
support is an accepted treatment for patients with

nd-stage heart failure.1–3 The increased applicability and
xcellent results with LVADs have revolutionized the avail-
ble treatment options. Success with LVADs as bridge-to-
ransplant (BTT) therapy has led to their successful use as
n alternative to transplantation, ie, as a permanent sup-
ort.3 Until recently, most patients who have undergone
VAD implantation as BTT therapy have been supported
y first-generation devices to provide pulsatile blood flow at
hysiologic rates, mimicking normal blood circulation. Tre-
endous success has been achieved with these devices, but

heir use is associated with significant comorbidity, which is
elated to several factors: the need for an extensive surgical

issection, a large pump, and a large-diameter percutane- a
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us lead. Even more important, their long-term durability
as limited.
Second-generation continuous-flow LVADs were first

nvestigated to reduce the size of the devices and to
liminate the need for external venting, which was required
ith long-term pulsatile LVADs. The Hemopump, an

mplantable axial-flow LVAD was based on the principle of
n Archimedes screw.4 The HeartMate II pump (already
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pproved by the US Food and Drug Administration for
TT use) incorporates axial flow and rotary pump technol-
gy.5,6 The simple design provides greater long-term me-
hanical reliability, with only a single moving part: the
nternal rotor. Further, as a result of the small size of the
ump, the risk of pump-pocket infections has been drasti-
ally reduced. Here in we have reported our experience
ith the device.

ATERIALS AND METHODS

etween March 2002 and December 2008, we enrolled 18 patients
ith severe heart failure. There were 15 men and 3 women of
verall mean age of 52 � 8.4 years (range, 31–64 years), and mean
ody surface area (BSA) of 1.76 � 0.18 m2 (range, 1.54–1.96 m2).
he indication for use was BTT in all subjects. The diagnosis was

schemic cardiomyopathy (CMP) in 13 and idiopathic CMP in 5
atients. At the time of preoperative evaluation, all 18 subjects
ere New York Heart Association (NYHA) functional class IV
nd receiving optimal medical management in the hospital. Nine
atients were being supported by an intra-aortic balloon pump
Datascope) and 1 by a Jostra RotaFlow (Maquet Cardiopulmo-
ary AG, Hirrlingen, Germany) extracorporeal membrane oxygen-
tion (ECMO) system before receiving the LVAD.

The HeartMate II was placed in 1 subject after age HeartMate
VE device failed. Implantation via cannulation of the left ven-

ricular apex and ascending aorta was performed traditionally.
atients received routine, postimplantation medical support. We
dopted the anticoagulation protocol proposed by Thoratec Inc.5

nce subjects were stabilized and became ambulatory, proper
utrition, rehabilitation, and education became the focus of care.
fter discharge from the hospital, patients returned to our heart

ailure clinic for monthly routine follow-up at a decreasing fre-
uency, depending on their needs. Serial echocardiographic studies
ere performed at regular intervals for inpatients and outpatients

o evaluate the adequacy of ventricular unloading.

evice

he HeartMate II consists of an internal axial-flow blood pump
ith a percutaneous lead that connects the pump to an external
ortable system driver and power source. The impeller spins on
lood-lubricated bearings powered by an electromagnetic motor.
he approximate weight of the pump is 350 g and its approximate

ize is 7.0 cm in length and 4.0 cm in maximal diameter. The pump
perates in a range of 6000 to 15,000 rpm and is capable of
enerating up to 10 L/min of flow at an approximate pressure of
00 mm Hg.

tatistical Analysis

ll results are expressed as mean values � standard deviations. All
nalyses were performed using SPSS for Windows Release 11.5
SPSS Inc, Chicago, Ill, United States).

ESULTS

he average duration of support was 217 � 212.3 days
range, 1–665 days). All subjects survived the operation. Of
he 18 implanted patients, 13 (72.2%) survived without
ignificant complications in the early postoperative period

ith 12 (66.6%) discharged from the hospital in NYHA s
unctional class I. Overall the surviving HeartMate II
ecipients were discharged at a mean of 38 days (range,
5–110 days) after implantation.
Nine subjects (50%) underwent heart transplantation. At

atest follow-up their survival rate after heart transplanta-
ion was 66.6% (n � 6): 2 died of early primary graft failure
nsuccessfully treated with peripheral ECMO support and
of sudden unknown causes at 8 months posttransplanta-

ion. During the first year posttransplantation there were 3
pisodes of acute rejection greater than International Soci-
ty for Heart and Lung Transplantation (ISHLT) grade 3A.
ll episodes were treated successfully with medications.
VAD support is ongoing in 3 patients who were dis-
harged home and are awaiting a suitable organ. One
ubject was recently readmitted to the hospital due to fever
nd suspicion of infection.

None of the patients died while receiving the support
evice; 5 died during the early postoperative period (30-day
ortality) due to a combination of right-sided heart failure

nd multiple system heart failure, leading to sepsis. Retho-
acotomy for bleeding occurred in 6 subjects (33.3%), 1 of
hom required factor VII administration without diffuse

ntravascular clotting. Thrombus generation in the non-
oronary sinus occurred in 1 individual with extremely poor
yocardial contractility associated with lack of aortic valve

pening in the early postoperative period; it was treated
uccessfully with high intravenous doses of heparin for a
ew days. Heparin-induced thrombocytopenia occurred in 1
ubject who consequently received intravenously bivalirudin
nfusion in the early postoperative time as anticoagulation

anagement. None of the devices removed at the time of
ransplantation showed a thrombus.

In the early postoperative period, 1 patient developed
entricular arrhythmias and ventricular fibrillation, possibly
enerated by contact of the intraventricular cannula with
he endocardium due to a left ventricle chamber of insuf-
cient volume. This subject needed electric cardioversion for
esuscitation. Cerebral hemorrhage occurred in 1 patient. Two
ubjects underwent RVAD Levitronix CentriMag (Levitronix
LC, Waltham, Mass, United States) placement intraopera-

ively due to preoperative laboratory, hemodynamic, and
chocardiographic signs of moderate right ventricular dys-
unction considered not to be ideal for LVAD placement.
oth subjects were successfully weaned from RVAD, which
as removed through a right lateral mini-thoracotomy without

eopening the sternum. Superficial driveline infection oc-
urred in 2 individuals (11.1%), both of whom were success-
ully treated with aggressive daily local wound care. The
eartMate XVE to HeartMate II pump-exchange patient was

ischarged and underwent transplantation and is doing well.
Hemodynamic function improved from preoperative lev-

ls in all subjects during HeartMate II support. By 48 hours
fter device implantation, the average cardiac index had
ncreased significantly from 1.8 � 0.26 to 3.5 � 0.9 L/min/

2, and the pulmonary wedge pressure had decreased
ignificantly from 23.7 � 10 to 17.4 � 5.2 mm Hg. Inotropic

upport was reduced after implantation: all subjects were
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eaned within the first week. Serial echocardiographic
tudies showed improvement in left ventricular dimensions.
n the 12 patients who were discharged, hemoglobin, he-
atocrit, and end-organ function had reached normal levels

y the time of discharge and remain normal in all current
utpatients. The technical performance of the HeartMate
I has been excellent, and patients have been satisfied with
his small and quiet pump. Before discharge, all subjects
ere trained in the care and use of their equipment and
atteries. They participated in a physical rehabilitation
rogram that comprised graduated ambulation within the
ospital and treadmill exercise under observation. There
ere no life-threatening arrhythmias during rehabilitation.
o device malfunction or system problem was seen in the
utpatient setting.

ISCUSSION

ecently, several single- and multicenter studies have
hown improved outcomes with the newer continuous-flow
evices.5,6 Frazier and coworkers5 reported an 80% 1-year
urvival rate in a series of 43 patients on the HeartMate
I, both as BTT and as permanent support, with marke-
ly improved functional status and quality of life. The
eartMate II BTT multicenter study noted an actuarial

urvival rate of 89% at 1 month and 75% at 6 months
fter implantation. The incidence of adverse events may be
ifferent according to individual management practices among
enters, eg, anticoagulation strategy. Our data were consis-
ent with literature results. We had a positive experience
ith the HeartMate II, leading to the possibility to dis-
harge several patients home, thus recovering a good social
ife, which we had not achieved with the paracorporeal

evices. Discharging subjects home is an important thera-

fl
J

eutic option both for the individuals and to optimize
ealth-care resources, considering the long time on heart
ransplant waiting lists.

In conclusion, the low rates of postoperative mortality
nd of adverse events have proved the HeartMate II to be

successful device for BTT therapy. In addition, the
avorably low thrombogenicity and low thromboembolic
isk associated with the HeartMate II eventually make it
deal as a permanent support, particularly in nontransplant-
ble patients.

CKNOWLEDGMENT

he authors are grateful to Mr Carlo Contento and all the
ardio-Perfusion Team for the enormous contribution in the

echnical and clinical management of VAD patients.

EFERENCES

1. Feller ED, Sorensen EN, Haddad M, et al: Clinical outcomes
re similar in pulsatile and nonpulsatile left ventricular assist device
ecipients. Ann Thorac Surg 83:1082, 2007

2. Morgan JA, John R, Rao V, et al: Bridging to transplant with
he HeartMate left ventricular assist device: the Columbia Presby-
erian 12-year experience. J Thorac Cardiovasc Surg 127:1309, 2004

3. Rose EA, Gelijns AC, Moskowitz AJ, et al: Long-term
echanical left ventricular assistance for end-stage heart failure.
Engl J Med 345:1435, 2001
4. Wampler RK, Moise JC, Frazier OH, et al: In vivo evaluation

f a peripheral vascular access axial flow blood pump. Trans Am
oc Artif Intern Organs 34:450, 1988
5. Frazier OH, Gemmato C, Myers TJ, et al: Initial clinical

xperience with the HeartMate II axial-flow left ventricular assist
evice. Tex Heart Inst J 34:275, 2007
6. Miller LW, Pagani FD, Russel SD, et al: Use of a continuous-
ow device in patients awaiting heart transplantation. N Engl
Med 357:885, 2007


	Long-Term Mechanical Support With the HeartMate II LVAS
	MATERIALS AND METHODS
	Device
	Statistical Analysis

	RESULTS
	DISCUSSION
	ACKNOWLEDGMENT
	REFERENCES


