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Background: The increasing prevalence of chronic heart failure has stimulated the ongoing development of left
ventricular assist devices (LVADs) for both bridge-to-transplant (BTT) and destination therapy (DT).
The aim of this prospective, multicenter clinical trial was to determine the efficacy and safety of a
third-generation LVAD, the VentrAssist, in a BTT cohort.

Patients (n = 33) with end-stage chronic heart failure who required circulatory support as BTT
therapy were implanted with a VentrAssist device. The primary outcome was survival until
transplant or transplant eligibility with the device in situ at trial end-point (Day 154 after implant).
The secondary outcomes were pump flow index and end-organ function. Safety, patient functional
status and resource use were also assessed.

At trial end-point, the success rate was 82% (39.4% transplanted, 42.4% transplant-eligible). The
LVAD pump flow index (median =2.7 liters/min/m® was sufficient to maintain an adequate
circulation and significantly improve end-organ function. Of the 77 protocol-defined serious adverse
events, most occurred within 30 days of implantation. No patients died as a direct result of pump
failure or malfunction. After implantation, patient functional status improved, with 70% of patients
achieving hospital discharge, and resource use was reduced.

This trial demonstrated a favorable efficacy and safety profile for use of the VentrAssist LVAD in BTT
patients. J Heart Lung Transplant 2008;27:579 - 88. Copyright © 2008 by the International Society
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Chronic heart failure (CHF) is a major public health
problem associated with considerable morbidity, mortal-
ity and resource use.'” As the population ages, the
number of elderly patients with CHF is expected to
double to 70 million within 25 years.* Although heart
transplantation (HTX) remains the optimal treatment for
eligible patients, the shortage of donor hearts limits this
option.*> The prevalence of CHF and the shortage of
donor hearts have fueled the development of left ventric-
ular assist devices (LVADs), particularly for bridge-to-
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transplant (BTT) purposes.®”® Nearly 80% of LVADs have
been implanted as BTTs” and earlier fears of increased
panel-reactive antibodies or post-BTT morbidity or mortal-
ity are no longer considered significant.'®

The VentrAssist is a novel, third-generation, continu-
ous-flow LVAD designed to overcome earlier LVAD
limitations such as size, noise, reliability and mechanical
complexity.>!' The first implant of the VentrAssist
occurred in 2003,'" with an updated implant report
published in 2006."> We now present the first full
report from a prospective, international trial of the
VentrAssist LVAD as BTT.

METHODS
Study Design and Sponsorship

This prospective, longitudinal, single-arm, multicenter
clinical trial was designed to determine the efficacy and
safety of the VentrAssist LVAD in BTT patients. The trial
was approved by the ethics committees of the seven
participating centers and performed according to the
principles of the Declaration of Helsinki. The trial began in
September 2004 and ended in August 2006, with final
follow-up on May 31, 2007. The sponsor (Ventracor, Ltd.)
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Table 1. Inclusion and Exclusion Criteria for Trial Participation
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Inclusion criteria

Exclusion criteria

Transplant-eligible (according to institutional policy or
likely to become transplant-eligible after LVAD
implant)

Requirement for circulatory support until transplant

Cardiogenic shock, acute myocardial infarction or cardiac arrest within 48 hours
of enrollment

Primary right-sided heart failure confirmed by echocardiogram with central venous

pressure greater than 15 mm Hg and pulmonary artery systolic pressure greater
than 60 mm Hg

Negative pregnancy test

Willing and able to give informed consent

Availability of strong social and physical support
Able to attend the hospital for all protocol procedures

Hypertrophic obstructive cardiomyopathy or restrictive cardiomyopathy
A mechanical prosthetic valve

Greater than mild aortic regurgitation

Recurrent ventricular tachycardia or ventricular fibrillation

Pulmonary hypertension

Severe tricuspid regurgitation

Intracardiac clot/thrombus unlikely to be removed at surgery

Chronic renal or liver failure

Severe chronic obstructive pulmonary disease

Stroke within 90 days before enroliment or a history of cerebral vascular disease with
significant extra cranial stenosis

Evidence of significant untreated aortic aneurysm

Active bleeding

Ongoing substance abuse

Active methicillin-resistant Staphylococcus aureus infection or sepsis

Cardiotomy within 6 weeks of enroliment

Major organ transplant surgery

Cardiomyoplasty/left ventricular reconstruction

Body mass index >35 kg/m?

Weight >120 kg

Body surface area <<1.4 m?

did not impose any limitations on data collection, analysis,
interpretation or any resulting publications.

Patients

Patients with end-stage CHF requiring circulatory support
were recruited from the seven centers. Patient eligibility
was determined according to protocol-defined criteria
(Table 1) and enrollment was sequential and competitive.

Device, Implant Procedure and Post-operative
Management

The VentrAssist device, implant procedure and post-oper-
ative management have been described previously.>'*'3
Briefly, the pump (Figure 1) was implanted via a sternal
incision in the posterior rectus sheath or in a pre-perito-
neal position. The inflow cannula was connected to the
left ventricular apex and the outflow cannula to the
ascending aorta. The position of the implanted compo-
nents and the external controller and battery pack are
shown in Figure 2.

Patients received standard post-operative care. A mini-
mal recommended anti-coagulation protocol was used:
Unfractionated heparin was initiated 6 to 12 hours after
surgery, when chest tube drainage was <50 ml/h, and
was continued to maintain an activated partial thrombo-
plastin time of 50 to 60 seconds. Warfarin replaced

heparin when the patient became stable, intravenous lines
had been removed, and gastrointestinal function had
returned. Warfarin was adjusted to achieve an interna-
tional normalized ratio INR) of 2.0 to 2.5. Acetylsalicylic
acid (100 to 160 mg/day) was initiated 24 hours after

surgery.

Outcome Measures

Efficacy. The trial primary outcome was survival until HTx
or transplant-eligibility at post-operative day (POD) 154.

Figure 1. The VentrAssist blood pump.
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Figure 2. The VentrAssist system in situ.

This end-point was selected because this was the median
time from listing to transplant at three centers (The Alfred
Hospital, St. Vincent’s Hospital and Papworth Hospital).
Success in the trial was defined as: (a) being transplant-
eligible with the device in situ; or (b) being transplanted at
or before POD 154. Survival and safety data were collected
up until May 31, 2007 from all enrolled patients.
Secondary outcome measures included pump flow
index, based on pre- and post-implant hemodynamics, and
end-organ perfusion, based on measurements of renal
(serum creatinine) and hepatic (total bilirubin) function.

Safety. Safety was assessed based on the incidence and
severity of adverse events. Serious adverse events
(SAEs) were classified as protocol-defined if they were
known to be associated with the presence of an LVAD.
Non-protocol-defined SAEs were coded using terminol-
ogy from the Medical Dictionary for Regulatory Activ-
ities (MedDRA—registered trademark of the Interna-
tional Federation of Pharmaceutical Manufacturers and
Associations).

All SAEs were reported to the relevant ethics com-

mittee and regulatory authority. An independent Data
Safety Monitoring Board provided appropriate oversight
of safety and a Morbidity and Mortality Committee
adjudicated whether SAEs were device-related.

Patient functional status. Patient functional status was
assessed based on quality-of-life measurements using
the New York Heart Association (NYHA) class system14
and the Rosser Utility Index.'> This index is derived
from questions based on distress (pain, feeling, anger,
sleep), and disability (general mobility, self-care, usual
activities, social/personal relationships).

Resource use. Resource use was assessed based on med-
ication use and hospital re-admissions, quantified as days
spent in an intensive care unit ICU) or a non-ICU facility.

Statistical Analyses

The a priori hypothesis was that the VentrAssist would
provide adequate circulatory support for patients await-
ing transplantation. This hypothesis would be sup-
ported if the lower boundary of the 95% confidence
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interval for the proportion of successes was at least 65%
that of the implanted patients. The sample size required
was 30 patients. A 10% allowance (3 patients) was made
for withdrawals. Based on the charts of Mehta and
Cain,'® at least 27 of 33 patients had to achieve trial
success in order to obtain a =65% success rate (95%
confidence limits: 65% to 93%).

RESULTS
Patient Disposition and Demographics

Of the 43 patients screened, 33 were enrolled and
implanted with a VentrAssist (Figure 3). Reasons for
patient exclusion were: septicemia (1), right heart
failure (1), death (1), inflammatory bowel disease (1)
and wanted an approved device (1), and 5 were ex-
cluded for unknown reasons. The 33 enrolled patients
were predominantly white males, had a mean age of 52
years, and had severe end-stage CHF, as typified by a
low cardiac index, low left ventricular ejection fraction
and high pulmonary capillary wedge pressure (Table 2).
All patients were in New York Heart Association
(NYHA) Class IV.

As of May 31, 2007, the device support time was 197
* 173 (mean * SD) days and the median support time
was 142 days (range 4 to 646). Total support time
across all patients was 6,499 days (17.8 years).

Efficacy. At trial end-point, 39.4% (13 of 33) of patients
had been successfully bridged to transplant and 42.4%
(14 of 33) of patients remained transplant-eligible (Fig-
ure 4). Thus, the success rate was 82% (95% confidence
interval: 65% to 93%). This rate was maintained during
follow-up; at Day 365, the success rate was 82%, with
60.6% (20 of 33) of patients transplanted and 21.2% (7
of 33) remaining transplant-eligible. Among patients
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Table 2. Baseline Demographic and Clinical Characteristics of the
Enrolled Patients (n = 33)

Characteristic

Data (mean *+ SD)

Age (years) 52 +£15.2
Male gender (%) 82
Ethnicity white (%) 9
Primary diagnosis
Idiopathic/non-ischemic cardiomyopathy (%) 64
Ischemic cardiomyopathy (%) 36
Height (cm) 1745 =122
Weight (kg) 78.9 +18.7
Body surface area (m?) 1.95 = 0.29
Body mass index (kg/m?) 257 + 4.8
Pulmonary arterial pressure

Systolic (mm Hg) 47 = 14.2

Diastolic (mm Hg) 24 +8.19
Pulmonary capillary wedge pressure (mm Hg) 23 6.9
Central venous pressure (mm Hg) 13 +5.8
Cardiac index (liters/min/m?) 1.96 = 0.7
Left ventricular ejection fraction (%) 16.5 = 6.5
Intra-aortic balloon pump and/or extracorporeal

membrane oxygenation treatment (%) 36

At least one inotrope agent (%) 64
Previous sternotomy (%) 15
New York Heart Association Class IV (%) 100

awaiting transplant, 5 died during the trial and 2 died
>1 year after implantation (Figure 4). Causes of death
for those who failed to reach transplantation were:
cerebral hemorrhage (1); sepsis (1); ischemic bowel
(1); multiple-organ failure (1); and “elective treatment
withdrawal due to poor prognosis” (1). As of May 31,
2007, 2 of the 22 transplanted patients had died. After
282 days on VentrAssist support, 1 patient was trans-
planted but died 30 days afterwards from an ischemic

Screened
N =43

Enrolled
n=233

Implanted
n=33

[ I I ]

Waiting for transplant Transplanted Explanted Dead
n=3 n=22 n=1 n=7
Median time: 528 days Median time: 132 days (on day 4 after Median time: 148 days
(min; max: 448; 646 days) (min; max: 32; 486 days) implant) (min; max: 10; 398 days)
Alive Dead
n=20 n=2
(post-transplant
days 39,158)

Figure 3. Disposition of patients during the trial and outcomes as of May 31, 2007.
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Figure 4. Competing, mutually exclusive outcomes occurring during the 12 months after patients (n = 33) were implanted with a VentrAssist

device.

bowel. After 56 days on VentrAssist support, the other
patient was transplanted, but died 158 days afterwards
from fungal sepsis (not present at HTx).

Immediately after implantation, the mean pump
flow index was 2.7 liters/min/m? (minimum 2.0
liters/min/m?, maximum 3.5 liters/min/m?; SD = 0.4;
n = 24), an improvement over the baseline cardiac
index (mean 1.96 liters/min/m?; SD = 0.7; n = 33).
The pump flow index continued to improve, reach-
ing a mean value of 2.9 liters/min/m?* (2.2 to 4.2
liters/min/m?; SD 0.5; n = 30) at 30 days after
implantation and 3.0 liters/min/m? (2.1 to 3.9 liters/
min/m?; SD 0.5; n = 14) at trial end. The VentrAssist
provided adequate circulatory support to restore
end-organ function, as confirmed by improvements in
plasma creatinine and bilirubin (Table 3).

Safety. The major types of device-related SAEs included
infections, non-neurologic thromboembolic events,
neurologic events and hemorrhage (Table 4).

At the trial end-point, there were 122 device-related
and non-device-related SAEs; of these, 77 were proto-
col-defined SAEs (Table 4). Some patients had the same
SAE more than once. As expected, the highest inci-
dence of SAEs occurred during the first 30 days after
implant (68% of protocol-defined SAEs, 51% of non-
protocol-defined SAEs). As of May 31, 2007, 5 patients
(15%) remained free from protocol-defined, device-
related SAEs.

Of the device-related SAEs, only 6 were attributable
to a system malfunction. No SAE was due to cata-
strophic pump failure. There were 2 SAEs related to
outflow cannula leakage that occurred during implan-
tation and were corrected immediately by the sur-
geon. A third SAE occurred in a patient with sarcoid
heart disease who had early post-operative bleeding
and right heart failure, the latter mandating urgent
implantation of a right ventricular assist device
(RVAD). After RVAD implantation, the VentrAssist
initially failed to restart, but did so after removing a

Table 3. Indicators of End-organ Function at Baseline, 30 Days After VentrAssist Implantation and Within 7 Days Before Heart

Transplantation

Baseline mean
[SD] (n)

Post-implant mean

Indicator [SD] (n)

Pre-transplant® mean p-value® [95% p-value® [95%
[SD] (n) confidence limits] confidence limits]

Creatinine (wmol/liter)
Billirubin (wmol/liter)

0.125 [0.054] (n = 33)
34.14 [26.65] (n = 29)

0.097 [0.039] (n = 30)
19.60 [16.56] (1 = 30)

0.106 [0.026] (7 = 25) 0.01 [0.006, 0.044] 0.18 [—0.005, 0.026]
1413 [9.31] (n = 24) 0.02[2.09, 24.76]  0.01 [7.47, 38.43]

aData from 22 patients just before transplant and from last data point for 3 ongoing patients.

®Comparison between baseline and post-implant values.
“Comparison between baseline and pre-transplant values.
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Table 4. Protocol-defined and Non—protocol-defined Serious Adverse Events Occurring During VentrAssist Support

>30 days and =154 days Throughout duration of VentrAssist

=30 days after implant after implant support
No. of Linearized rate No. of Linearized rate No. of  No. of Linearized rate
Serious adverse event (SAE) SAEs (rate/patient-month) SAEs (rate/patient-month) SAEs patients (rate/patient-month)
Protocol-defined SAEs
Arrhythmia
Atrial fibrillation 1 0.03 0 0.00 1 3% 0.00
Ventricular tachycardia/fibrillation 3 0.10 4 0.05 15 18% 0.07
Cardiac tamponade 15 0.49 0 0.00 15 30% 0.07
Hemolysis 1 0.03 0 0.00 1 3% 0.00
Hemorrhage 8 0.26 1 0.01 9 24% 0.04
Hepatic dysfunction 1 0.03 0 0.00 1 3% 0.00
Infection
Local
Drive-line 1 0.03 5 0.06 11 18% 0.05
Pump pocket 1 0.03 3 0.04 6 15% 0.03
Other infection 0 0.00 1 0.01 2 6% 0.01
Systemic (sepsis) 2 0.07 6 0.07 16 30% 0.07
Neurologic event
Transient 0 0.00 0 0.00 0 0% 0.00
Stroke 5 0.16 1 0.01 9 24% 0.04
Psychiatric disease 0 0.00 0 0.00 2 3% 0.01
Renal dysfunction 2 0.07 1 0.01 3 9% 0.01
Right heart failure 4 0.13 0 0.00 4 12% 0.02
System-related malfunction 4 0.13 2 0.02 6 15% 0.03
Thrombosis and/or embolism 4 0.13 1 0.01 8 15% 0.04
Non-protocol-defined SAEs
Blood and lymphatic system
disorders 3 0.10 3 0.04 9 21% 0.04
Cardiac disorders 2 0.07 2 0.02 4 6% 0.02
Gastrointestinal disorders 2 0.07 1 0.01 4 12% 0.02
General disorders and
administration site conditions 3 0.10 2 0.02 8 24% 0.04
Investigations 0 0.00 1 0.01 1 3% 0.00
Metabolism and nutrition disorders 0 0.00 1 0.01 1 3% 0.00
Nervous system disorders 0 0.00 3 0.04 4 9% 0.02
Psychiatric disorders 1 0.03 0 0.00 4 6% 0.02
Respiratory, thoracic and
mediastinal disorders 1 0.03 2 0.02 5 12% 0.02
Surgical and medical procedures 0 0.00 1 0.01 2 6% 0.01
Vascular disorders 6 0.20 1 0.01 7 15% 0.03
Other 5 0.16 5 0.06 10 21% 0.05
Total 75 2.44 47 0.57 168 NA 0.79

NA, not applicable.

surgical extension lead. Given the complex clinical
scenario the decision was made to explant the Ven-
trAssist and replace it with a Thoratec LVAD, result-
ing in successful biventricular VAD support. Post-
operative examination of the VentrAssist pump
revealed a fibrinous clot, hypothesized to have
formed as a result of the low-flow state during right
heart failure. The patient was successfully bridged to
transplant after 46 days. The fourth and fifth SAEs
occurred when the VentrAssist alarm system was

activated despite the absence of any underlying
condition. A change in software corrected this prob-
lem. The sixth SAE occurred when the percutaneous
power lead was accidentally transected on the day of
implant; however, the pump was successfully
replaced.

Another SAE occurred when a patient with an ongo-
ing hypercoagulable state (despite Reteplase therapy)
had the VentrAssist electively replaced with a second
VentrAssist 10 days after implant.
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Table 5. Quality of Life® at Baseline, 30 Days After Implant and at Trial End-point (Day 154)

Baseline mean
[SD] (n)

After implant mean

p-value® [95%
confidence limits]

Trial end-point mean

[SD] (n) [SD] (n)

Utility-based Quality of Life—Heart
Questionnaire score

0.251 [0.918] (1 = 23)

0.693 [0.591] (n = 23)

0.884 [0.279] (n = 25) 0.01 [—0.830-0.162]

@Based on the Rosser Utility Index.
®Comparison between baseline and trial end-point values.

Of the 6 neurologic events, 2 patients had a
hemorrhagic event and 4 patients had an embolic
event. The hemorrhagic events resulted in 2 deaths: 1
from the event itself and the other 35 days after the
event. The embolic events resulted in no clinical
sequelae for 2 patients, minor motor deficit in 1
patient, and some sensory deficit in another patient.
Of these 4 patients, 3 were transplanted (32, 52 and
325 days after implant, respectively) and 1 patient is
ongoing. Non-central nervous system thromboem-
bolic events were all resolved without long-term
sequelae.

Observed instances of (early) RV failure were seen
patients with marginal RV function at implant and,
except in the 1 case of (irreversible) sarcoid disease,
RV function was successfully managed medically.

Patient functional status. VentrAssist implantation im-
proved patients’ quality of life. Significant increases
occurred in the Utility-based Quality of Life Heart
Questionnaire score (Table 5) and, by POD 154, 81% of
the trial’s successful patients achieved NYHA Class I or
II status.

Resource use. Use of cardiac medication, particularly
inotropes and diuretics, was reduced after VentrAssist
implantation (Table 6). Only anti-arrhythmic and cal-
cium channel blocker use increased during the trial.
The increase in anti-arrhythmic agents was in the
setting of both atrial and ventricular arrhythmias: the
former being present before implant, the cause of the
latter events is unknown.

Most (70%) patients implanted with the VentrAssist
could be discharged from hospital (Table 7 and Figure
4). However, 74% of patients discharged required re-
admission. Causes of re-admissions included infections
(drive-line, pocket, sepsis), wound-related complica-
tions (discomfort, breakdown, collection), low INR,
nausea/vomiting, lethargy, syncope, arrhythmias, dehy-
dration, splenic infarct, peripheral edema and shortness
of breath. The mean duration of hospital stay during
re-admission was 9 days (Table 7). No patients required
re-admission to an ICU (Figure 5).

DISCUSSION

This trial has demonstrated the efficacy and safety of
the VentrAssist LVAD in providing adequate circula-

tory support to BTT patients. A year after VentrAssist
implantation in 33 BTT patients, >80% of patients
achieved a successful outcome, having been either
transplanted or remaining transplant-eligible. Implan-
tation resulted in improved end-organ function, en-
hanced quality of life and reduced medication use.
The incidence of SAEs was acceptable and similar to
rates for other LVADs.”'718

The success rate of the VentrAssist matched or
surpassed success rates reported for other LVADs. At
this time, there is only one other publication on the use
of a third-generation LVAD (DuraHeart) as a BTT.'” The
DuraHeart maintained circulatory support for 84 to 202
days before transplant.'® In a recent trial of the second-
generation HeartMate II device,'® 100 of 133 (75%) BTT
patients were supported to transplant or remained
transplant-eligible at 180 days, a success rate compara-
ble to that of this trial. At the end of our follow-up, the
VentrAssist remained implanted in 3 patients at 448,
528 and 646 days after implantation, surpassing the
longest support time in the HeartMate II trial (600
days).'® In 70 patients implanted with first- or second-
generation LVADs, 52% survived (either transplanted or
awaiting transplant) for 1 year.'” Similarly, a success
rate of 50% was reported in the survey by the Interna-
tional Society for Heart and Lung Transplantation.’

Table 6. Cardiac Medications Taken by Patients at Baseline and at
Trial end-point (Day 154)

Patients (%)

Baseline Trial end-point

Medication (n=33) (n=33)
Angiotensin-converting enzyme inhibitor/
angiotensin receptor blocker 52% 39%
Anti-arrhythmic 39% 42%
Beta-blocker 33% 27%
Calcium channel blocker 0% 6%
Digoxin 45% 30%
Diuretic 82% 33%
Inotrope 64% 12%
One intravenous inotropic agent 30% 3%
Two intravenous inotropic agents 18% 3%
Three or more intravenous inotropic
agents 15% 6%
Vasodilator/nitrate 0% 0%
Vasopressor 12% 0%
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Table 7. Duration of Hospital Stays for Patients Discharged After Implant (n = 23) and for Patients Re-admitted After Initial Discharge

(n = 17; 35 Re-admissions)

Time period Mean + SD Median (min, max) Total patient-days
Days in the trial 106 = 54.2 142 (4, 154) 3,513
From implant to initial discharge
Time spent in the hospital (days) 1,551
In intensive care unit 20 = 27.4 11 (1, 154)
Not in intensive care unit 27 = 25.5 20 (0, 126)
Time to initial discharge (days) 43 +£22.8 42 (14,109)
After initial discharge
Time spent out of the hospital (days) 50 = 449 48 (0, 135) 1,648
Re-admission duration (days) 9+94 5(1, 32)

Therefore, the VentrAssist appears to perform well as a
BTT, compared with earlier generation LVAD designs,
and may be particularly suitable for patients requiring
prolonged circulatory support. Despite the poor clini-
cal status of our patients, these favorable results suggest
that even better results might be obtained if the Ven-
trAssist was used in earlier stages of advanced heart
failure.

As reported for other LVADs, the most
prevalent SAEs in this trial included infectious, hemor-
rhagic, thromboembolic, neurologic and cardiovascular
events. Except for arrhythmias and infections, most
SAEs occurred within the first month, which is consis-
tent with other reports.”'”"'® However, the overall rate
of SAEs during this early period (2.44 per patient-
month) was lower than that reported by Sharples et al'”
(3.47 per patient-month) and Miller et al'® (2.54 per
patient-month). The rates of most individual protocol-
defined SAEs were also lower in our study, especially
for hemorrhage and respiratory and renal dysfunction.
There was a relatively high incidence of early tampon-
ade, although no tamponade events occurred after POD
30. All of these tamponades occurred in the first half of
the trial and none of the reported tamponades were
device-related. This probably reflects an early learning
curve with the device and the intensity of anti-coagula-
tion.

Notably, our results were favorable even in centers
with limited VAD experience. The “learning curve”
associated with this device was encouraging with pa-
tients and hospital staff, confirming that the VentrAssist
was “user-friendly.”

In terms of reliability, the use of any LVAD is not
without risk. However, such risk is generally accept-
able, given that patients are unlikely to survive without
LVAD support. Device or system malfunction was rare
in this trial and system design and software were
changed as a direct consequence of some of these
events. There were no instances of catastrophic device
failure, reinforcing the robust and reliable design of the
VentrAssist for out-of-hospital care.

9,17,18,20,21

The VentrAssist improved patients’ quality of life and
functional status. Although infrequently reported, qual-
ity of life is generally increased after LVAD implanta-
tion.>'®2° Similar to our findings, Sharples et al'” and
Miller et al'® reported that LVAD implantation in BTT
patients shifted patients from NYHA Class IV to Class I
or II.

Implantation with the VentrAssist device reduced
medication use and the burden on hospital resources.
For our patients, the duration of the initial hospital stay
after implantation was similar to that reported for other
LVADs.'7"'® A greater percentage of our patients (70%)
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were discharged, compared to those implanted with
first- and second-generation LVADs (66%),” and our
results were comparable to those from the HeartMate IT
trial (75%).'® Despite the intermittent need for further
hospitalization, most of our patients spent lengthy
periods at home, providing benefits in terms of medical
costs and quality of life.

Although LVADs have been used successfully as BTT,
ultimately, refinements in design and patient manage-
ment may enable their wider use as destination therapy
(DT) for transplant-ineligible patients. In the Random-
ized Evaluation of Mechanical Assistance for the Treat-
ment of Congestive Heart Failure (REMATCH) trial,*°
129 transplant-ineligible patients were randomized to
receive either LVAD (first-generation) implantation or
optimal medical treatment. Significantly, the LVAD
1-year survival rate (52%) was higher than that of the
medical treatment group (25%). Similar survival rates
have been reported in BTT patients implanted with
these early devices.”'” We reported the first successful
use of the VentrAssist as DT in an elderly, transplant-
ineligible man,'? and further trials for this indication are
underway.'?

We studied a diverse patient group, with the age,
body size and clinical needs of our patients varying
widely. Nevertheless, favorable results were obtained in
the extremes of both younger, smaller patients and
older, larger patients.

As with other LVAD trials (apart from the REMATCH
trial*®), ours was not a randomized trial with a medically
treated, control group. Other study limitations include
relatively small numbers and limited elapsed time for
follow-up of patients. To address these issues, a new
European study, “BRACE” (Better Results and Clinical
Effectiveness), was initiated immediately after this trial’s
last enrollment. This study will be the first in Europe to
report long-term (2-year) follow-up on LVAD patients
without a specific intention to treat (BTT, DT or
recovery) being specified at implant.

In conclusion, this prospective, longitudinal, multi-
center, international clinical trial of the VentrAssist
LVAD in 33 BTT patients has demonstrated the device’s
favorable efficacy and safety profile. VentrAssist implan-
tation enhanced patient functional status, facilitated
hospital discharge, and reduced medication use. Nota-
bly, favorable outcomes were achieved at centers with
limited LVAD experience. These results indicate that
the VentrAssist may offer advantages over devices cur-
rently approved for BTT, particularly for longer-term
circulatory support.

The authors acknowledge the co-investigators
(listed alphabetically): P. Alison, D. Andrews, M. Best,
L. Dembo, J. Dunning, O. Geiran, C. Hayward, M.
Horton, P. Jansz, G. Javorsky, D. Jenkins, A. Keogh, A.
Keren, K. Lam, S. Large, P. MacDonald, S. McGuin-

Esmore et al 587

ness, P. Nand, G. O’Driscoll, F. Rosenfeldt, R. Salam-
onsen, S. Simonsen, S. Smith, C. Wasywich, M. Wil-
son and all the study coordinators for their
contribution to the trial. The authors acknowledge
the independent writing assistance provided by Pro-
Scribe Communications. ProScribe’s services were
funded by Ventracor, Ltd., and complied with Good
Publication Practice.

REFERENCES

1. Redfield MM. Heart failure—an epidemic of uncertain propor-
tions. N Engl J Med 2002;347:1442-4.

2. Yusuf S, Pitt B. A lifetime of prevention: the case of heart failure.
Circulation 2002;106:2997-8.

3. Clegg AJ, Scott DA, Loveman E, et al. The clinical and cost-
effectiveness of left ventricular assist devices for end-stage heart
failure: a systematic review and economic evaluation. Health
Technol Assess 2005;9:1-148.

4. Miller LW, Lietz K. Candidate selection for long-term left ventric-
ular assist device therapy for refractory heart failure. J Heart Lung
Transplant 2006;25:756 - 64.

5. Esmore D, Rosenfeldt FL. Mechanical circulatory support for the failing
heart: past, present and future. Heart Lung Circ 2005;14:163-06.

6. Wilhelm M]J, Hammel D, Schmid C, et al. Long-term support of 9
patients with the DeBakey VAD for more than 200 days. ] Thorac
Cardiovasc Surg 2005;130:1122-9.

7. Bruschi G, Ribera E, Lanfranconi M, et al. Bridge to transplanta-
tion with the MicroMed DeBakey ventricular assist device axial
pump: a single centre report. J Cardiovasc Med (Hagerstown)
2006;7:114-8.

8. Kirklin JK, Holman WL. Mechanical circulatory support therapy
as a bridge to transplant or recovery (new advances). Curr Opin
Cardiol 2006;21:120-6.

9. Deng MC, Edwards LB, Hertz MI, et al. Mechanical circulatory
support device database of the International Society for Heart and
Lung Transplantation: third annual report—2005. J Heart Lung
Transplant 2005;24:1182-7.

10. Radovancevic B, Golino A, Vrtovec B, et al. Is bridging to
transplantation with a left ventricular assist device a risk factor for
transplant coronary artery disease? J Heart Lung Transplant
2005;24:703-7.

11. Goldstein DJ. Worldwide experience with the MicroMed De-
Bakey ventricular assist device as a bridge to transplantation.
Circulation 2003;108(suppl 1):1I-272-7.

12. Esmore DS, Kaye D, Salamonsen R, et al. First clinical implant
of the VentrAssist left ventricular assist system as destination
therapy for end-stage heart failure. J Heart Lung Transplant
2005;24:1150 - 4.

13. Esmore D, Spratt P, Larbalestier R, et al. VentrAssist left ventric-
ular assist device: clinical trial results and clinical development
plan update. Eur J Cardiothoracic Surg 2007;32:735-44.

14. Gudex C, Kind P. The QALY toolkit. University of York Centre for
Health Economics: Discussion Paper #38. York, UK: University of
York; 1988:1-42.

15. Martin AJ, Glasziou PP, Simes RJ. A cardiovascular extension of
the Health Measurement Questionnaire. J Epidemiol Commun
Health 1999;53:548-57.

16. Mehta CR, Cain KC. Charts for the early stopping of pilot studies.
J Clin Oncol 1984;2:676 - 82.

17. Sharples LD, Cafferty F, Demitis N, et al. Evaluation of the
clinical effectiveness of the Ventricular Assist Device Program
in the United Kingdom (EVAD UK). J Heart Lung Transplant
2007;26:9-15.



588 Esmore et al

18.

19.

Miller LW, Pagani FD, Russell SD, et al. Use of a continuous-flow
device in patients awaiting heart transplantation. N Engl J Med
2007;357:885-96.

Nishinaka T, Schima H, Roethy W, et al. The DuraHeart VAD,
a magnetically levitated centrifugal pump: the University
of Vienna bridge-to-transplant experience. Circ J 20006;70:
1421-5.

20.

21.

The Journal of Heart and Lung Transplantation
June 2008

Rose EA, Gelijns AC, Moskowitz AJ, et al. Long-term use of a left
ventricular assist device for end-stage heart failure. N Engl J] Med
2001;345:1435-43.

Pae WE, Connell JM, Adelowo A, et al. Does total implantability
reduce infection with the use of a left ventricular assist device?
The LionHeart experience in Europe. J Heart Lung Transplant
2007;26:219-29.



	A Prospective, Multicenter Trial of the VentrAssist Left Ventricular Assist Device for Bridge to Transplant: Safety and Efficacy
	METHODS
	Study Design and Sponsorship
	Patients
	Device, Implant Procedure and Post-operative Management
	Outcome Measures
	Efficacy
	Safety
	Patient functional status
	Resource use

	Statistical Analyses

	RESULTS
	Patient Disposition and Demographics
	Efficacy
	Safety
	Patient functional status
	Resource use


	DISCUSSION
	REFERENCES


