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A bs tr ac t

Background

Patients with advanced heart failure have improved survival rates and quality of life 
when treated with implanted pulsatile-flow left ventricular assist devices as com-
pared with medical therapy. New continuous-flow devices are smaller and may be 
more durable than the pulsatile-flow devices.

Methods

In this randomized trial, we enrolled patients with advanced heart failure who were 
ineligible for transplantation, in a 2:1 ratio, to undergo implantation of a continuous-
flow device (134 patients) or the currently approved pulsatile-flow device (66 patients). 
The primary composite end point was, at 2 years, survival free from disabling stroke 
and reoperation to repair or replace the device. Secondary end points included sur-
vival, frequency of adverse events, the quality of life, and functional capacity.

Results

Preoperative characteristics were similar in the two treatment groups, with a me-
dian age of 64 years (range, 26 to 81), a mean left ventricular ejection fraction of 
17%, and nearly 80% of patients receiving intravenous inotropic agents. The primary 
composite end point was achieved in more patients with continuous-flow devices 
than with pulsatile-flow devices (62 of 134 [46%] vs. 7 of 66 [11%]; P<0.001; hazard 
ratio, 0.38; 95% confidence interval, 0.27 to 0.54; P<0.001), and patients with con-
tinuous-flow devices had superior actuarial survival rates at 2 years (58% vs. 24%, 
P = 0.008). Adverse events and device replacements were less frequent in patients 
with the continuous-flow device. The quality of life and functional capacity im-
proved significantly in both groups.

Conclusions

Treatment with a continuous-flow left ventricular assist device in patients with ad-
vanced heart failure significantly improved the probability of survival free from stroke 
and device failure at 2 years as compared with a pulsatile device. Both devices sig-
nificantly improved the quality of life and functional capacity. (ClinicalTrials.gov 
number, NCT00121485.)
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Medical and electrical therapies 
for systolic heart failure have improved 
outcomes and altered the natural history 

of the disease.1-9 However, heart failure common-
ly progresses and becomes refractory to current 
treatments. Continuous intravenous inotropic sup-
port may improve clinical status in the short term 
but results in a survival rate at 1 year of only 10 
to 30%.10,11 Cardiac transplantation is available 
for only a minority of patients, because of a lack 
of suitable donor hearts. The paucity of effective 
therapies for advanced heart failure led to the eval-
uation of mechanical circulatory-support devices 
as permanent therapy.

To date, only two completed trials, one ran-
domized12 and one nonrandomized,13 have eval-
uated patients with advanced heart failure who 
were ineligible for transplantation and compared 
optimal medical therapy with the use of a pulsa-
tile left ventricular assist device. The survival sta-
tus, functional capacity, and quality of life were 
superior in the patients treated with the pulsatile 
left ventricular assist devices. However, the 2-year 
survival rate among patients with a left ventricular 
assist device in the Randomized Evaluation of Me-
chanical Assistance for the Treatment of Conges-
tive Heart Failure (REMATCH) trial (ClinicalTrials.
gov number, NCT00000607) was only 23%, as 
compared with 8% among patients receiving med-
ical therapy.12 Despite these substantial improve-
ments in outcomes, broader application of left 
ventricular assist devices for advanced heart fail-
ure has been limited by the large size of the pump 
and drive line, clinically significant adverse events, 
and limited device durability.

Newer designs of left ventricular assist devices, 
involving rotary-pump technology to provide blood 
flow with reduced pulsatility, have undergone 
clinical investigation. These continuous-flow left 
ventricular assist devices have improved the he-
modynamics, end-organ function, quality of life, 
and functional capacity of patients awaiting trans-
plantation.14,15 They are also smaller, quieter, and 
more durable than pulsatile-f low devices, mak-
ing them potentially better suited for long-term 
support.

This study reports the results of a randomized 
trial comparing outcomes in patients with ad-
vanced heart failure who were ineligible for trans-
plantation and received either a pulsatile-f low 
left ventricular assist device or a continuous-flow 
left ventricular assist device.

Me thods

Study Organization

The study was conducted at 38 centers in the Unit-
ed States. Data were collected by study coordina-
tors at participating centers, analyzed by the spon-
sor (Thoratec, Pleasanton, CA), and audited by the 
sponsor. The authors vouch for the complete-
ness and accuracy of the data and analyses. An 
independent data and safety monitoring board 
monitored the study and reviewed the protocol 
compliance and outcome data. An independent 
clinical events committee adjudicated the causes 
of death and adverse events. The protocol was 
approved by each participating center’s institu-
tional review board.

Study Patients

Patients with advanced heart failure who were in-
eligible for heart transplantation and whose heart 
failure was refractory to optimal medical manage-
ment were considered for study enrollment. De-
tailed inclusion and exclusion criteria are listed 
in the Supplementary Appendix (available with the 
full text of this article at NEJM.org). Enrolled pa-
tients met the following criteria: a left ventricular 
ejection fraction of less than 25%; a peak oxygen 
consumption of less than 14 ml per kilogram of 
body weight per minute, or less than 50% of the 
predicted value; and New York Heart Association 
(NYHA) class IIIB or IV symptoms for at least 45 
of the 60 days before enrollment or dependence on 
an intraaortic balloon pump for a period of 7 days 
or inotropes for a period of at least 14 days before 
enrollment. Exclusion criteria included irrevers-
ible, severe renal, pulmonary, or hepatic dysfunc-
tion or active infection. All patients or an autho-
rized representative provided written informed 
consent.

Study Design

Patients were randomly assigned, in a 2:1 ratio, 
to receive either a continuous-flow left ventricu-
lar assist device or a pulsatile-flow left ventricular 
assist device. Randomization was stratified ac-
cording to study center and with the use of per-
muted blocks to maintain the 2:1 ratio over time. 
Baseline data — including demographic charac-
teristics, concomitant use of medications, health 
history, responses on the Minnesota Living with 
Heart Failure and Kansas City Cardiomyopathy 
questionnaires, and clinical laboratory values — 
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were collected for all patients. After implantation 
of the left ventricular assist device, device perfor-
mance, laboratory results, and medication use were 
initially recorded at daily to weekly intervals and 
after hospital discharge were recorded monthly. 
Quality-of-life assessments and the 6-minute 
walk tests were completed at baseline, 1 month, 
3 months, 6 months, and then every 6 months 
until study completion at 24 months. Adverse 
events were recorded throughout the study, with 
the use of standardized definitions (see the Sup-
plementary Appendix). All causes of death were 
determined by means of autopsy or through ex-
amination of medical records, with final adjudi-
cation by the clinical events committee.

Left Ventricular Assist Devices

The two left ventricular assist devices used in this 
study were the pulsatile-flow HeartMate XVE and 
the continuous-flow HeartMate II (both from 
Thoratec). These implanted pumps draw blood 
from the apex of the left ventricle and deliver it to 
the ascending aorta. Both are electrically driven by 
means of a percutaneous lead that connects the 
pump to an external system controller and power 
source (Fig. 1, and the animation16 available with 
the full text of this article at NEJM.org). The con-
tinuous-flow left ventricular assist device has a 
volume of 63 ml and a weight of 390 g, as com-
pared with 450 ml and 1250 g for the pulsatile-
flow left ventricular assist device. Both devices 
are capable of a flow rate up to 10 liters per min-
ute at a mean pressure of 100 mm Hg. Antithrom-
botic management included aspirin for all pa-
tients and warfarin (with a targeted international 
normalized ratio of 2.0 to 3.0) only for those with 
the continuous-flow device.

Statistical Analysis

The primary end point was a composite of survival 
at 2 years, free of disabling stroke (stroke with a 
Rankin score >3) or reoperation to replace the de-
vice. The percentage of patients in whom the pri-
mary composite end point was reached was com-
pared between the two treatment groups with 
the use of Fisher’s exact test. Cox proportional-
hazards analyses, with the data stratified on the 
basis of the treatment assignment, were used to 
calculate hazards ratios and 95% confidence in-
tervals for the primary end point and component 
events. Analysis of the primary composite end 
point was conducted on the basis of the inten-

tion-to-treat principle. Patients who had under-
gone randomization but not implantation of a 
device were considered to have had treatment fail-
ure, as were patients who had device failure re-
quiring either device explantation or urgent heart 
transplantation.

Secondary study end points included actuarial 
survival, frequency of adverse events, functional 
status, and the quality of life. The secondary end 
points were evaluated with the use of an as-treated 
analysis of all data until use of the treatment de-
vice was discontinued. Data on the categorical 
variables were compared with the use of Fisher’s 
exact test. Longitudinal changes in functional 
status and quality of life were analyzed by means 
of linear mixed-effects modeling. Adverse-event 
rates and relative risks were compared between 
the two treatment groups with the use of Poisson 
regression. Actuarial-survival analysis was per-
formed by means of the Kaplan–Meier method 
and the results were compared between the two 
groups with the use of log-rank analysis. P values 
of less than 0.05 were considered to indicate sta-
tistical significance. All reported P values are two-
sided and were not adjusted for multiple testing.

A total of two interim analyses were conduct-
ed, one each after 27% and 67% of the patients had 
reached the 2-year time point. The false positive 
rate was limited to 5% by means of the O’Brien–
Fleming spending function.

R esult s

Study Patients

A total of 200 patients were randomly assigned to 
undergo implantation of a continuous-flow left 
ventricular assist device (134 patients) or a pulsa-
tile-flow left ventricular assist device (66 patients) 
between March 2005 and May 2007. The baseline 
characteristics of each of the two treatment groups 
were similar, except more women were in the 
continuous-flow device group (Table 1). Resyn-
chronization therapy had failed in more than 60% 
of patients, nearly 80% were receiving intravenous 
inotropic agents, and over 20% had an intraaor-
tic balloon pump at the time of enrollment. There 
was no significant difference between the two 
groups in the destination therapy risk score.17

Clinical Course

Five patients randomly assigned to receive a pul-
satile-flow left ventricular assist device and three 

An animation 
showing left  
ventricular  
assist devices  
is available
at NEJM.org 
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patients randomly assigned to receive a contin-
uous-flow device did not undergo implantation 
with a device; however, these patients were count-
ed as having treatment failure (see the flow chart 
in the Supplementary Appendix). Three patients 
who had a small body size and who had been 
randomly assigned to the pulsatile-flow device 
group received the smaller continuous-flow de-
vice instead, because of difficulty with anatomical 
fitting. One patient randomly assigned to the 

continuous-flow device group received a pulsatile-
flow left ventricular assist device instead, because 
the patient’s health insurance would only cover 
the pulsatile-flow device.

The remaining patients, whose data were in-
cluded in the as-treated analyses, consisted of 133 
who underwent implantation of a continuous-flow 
left ventricular assist device and 59 who under-
went implantation of a pulsatile-flow left ventricu-
lar assist device. The median duration of support 

Pulsatile-flow
LVAD

Actuator
bearing

Pusher
plate

Pump
housing

Motor

Blood
flow

One-way inflow
valve (open)

One-way outflow
valve (closed)

Flexible
diaphragm

11/10/09

AUTHOR PLEASE NOTE:
Figure has been redrawn and type has been reset

Please check carefully

Author

Fig #
Title

ME

DE
Artist

Issue date

COLOR  FIGURE

Draft4

LVAD
1

Curfman
TV

12/3/09

Slaughter

Continuous-
flow LVAD Rotor Inlet stator and

blood-flow
straightener

Blood
flow

From left
ventricleTo aorta

B  Continuous-Flow LVAD

A Pulsatile-Flow LVAD

Left
ventricle

Skin
entry
site

External
system

controller

External
battery
pack

Aorta

Percutaneous
lead

Percutaneous
lead

Percutaneous
lead

Motor Pump
housing

Outlet stator
and diffuser

Blood-
pumping
chamber

Figure 1. Pulsatile-Flow (Panel A) and Continuous-Flow (Panel B) Left Ventricular Assist Devices (LVADs).

Copyright © 2009 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by JESUS RUEDA on April 19, 2010 . 



Advanced Heart Failure Treated with Continuous-Flow Left Ventricular Assist

n engl j med 361;23 nejm.org december 3, 2009 2245

was 1.7 years (range, 0.0 to 3.7) and 0.6 years 
(range, 0.0 to 2.1) for the continuous-flow left ven-
tricular assist device and the pulsatile-flow device, 
respectively, with a cumulative follow-up of 211 
and 41 patient-years, respectively. Cardiac trans-
plantation was performed in 17 patients randomly 
assigned to the continuous-flow left ventricular 
assist device and 9 patients randomly assigned to 

the pulsatile-flow left ventricular assist device, af-
ter contraindications to transplantation resolved 
while the device was providing support.

The mean (±SD) cardiac index increased from 
2.0±0.6 liters per minute per square meter of body-
surface area preoperatively to 2.9±0.7 liters per 
minute per square meter by 24 hours after implan-
tation of the continuous-flow left ventricular as-

Table 1. Baseline Characteristics of the Study Patients, According to Treatment Group.*

Characteristic
Continuous-Flow 
LVAD (N = 134)

Pulsatile-Flow 
LVAD (N = 66) P Value

Age — yr 0.81

Mean 62±12 63±12

Median (range) 64 (26–79) 65 (29–81)

Male sex — no. (%) 108 (81) 61 (92) 0.04

Body-surface area — m2 2.0±0.3 2.1±0.3 0.54

Ischemic cause of heart failure — no. (%) 88 (66) 45 (68) 0.75

Left ventricular ejection fraction — % 17.0±5.5 16.8±5.4 0.81

Arterial blood pressure — mm Hg

Systolic 104±14 104±18 0.93

Diastolic 61±13 61±12 0.94

Pulmonary-capillary wedge pressure — mm Hg 24±8 24±9 0.82

Cardiac index — liters/min/m2 of body-surface area 2.0±0.6 2.1±0.6 0.36

Pulmonary vascular resistance — dyn•sec•cm−5 264±128 264±152 0.98

Central venous pressure — mm Hg 13±6 13±8 0.67

Serum sodium — mmol/liter 134.7±4.3 133.9±6.0 0.31

Serum creatinine — mg/dl 1.6±0.6 1.8±0.7 0.08

History of stroke — no. (%) 21 (16) 11 (17) 0.84

Concomitant medication or intervention — no. (%)

Intravenous inotropic agent 103 (77) 55 (83) 0.36

Diuretic 123 (92) 57 (86) 0.32

ACE inhibitor 43 (32) 22 (33) 0.87

Angiotensin II–receptor antagonist 12 (9) 3 (5) 0.39

Beta-blocker 71 (53) 38 (58) 0.55

Biventricular pacemaker 85 (63) 39 (59) 0.64

ICD 111 (83) 52 (79) 0.56

IABP 30 (22) 15 (23) 1.00

Mechanical ventilation 9 (7) 6 (9) 0.57

Destination therapy risk score†

Mean 10.4±5.4 9.9±4.7 0.78

Score denoting high or very high risk — no. (%)  24 (18) 5 (8) 0.06

* Plus–minus values are means ±SD. Additional data on baseline characteristics are given in the Supplementary Appendix. 
To convert values for creatinine to micromoles per liter, multiply by 88.4. ACE denotes angiotensin-converting enzyme, 
IABP intraaortic balloon pump, ICD implantable cardioverter–defibrillator, and LVAD left ventricular assist device.

† The destination therapy risk score was calculated according to the methods of Lietz et al.17 Possible scores range from 
0 to 31, with higher scores indicating an increased risk of death at 90 days.
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sist device (P<0.001) and from 2.1±0.6 to 2.9±0.7 
liters per minute per square meter after implan-
tation of the pulsatile-flow left ventricular assist 
device (P<0.001). At the same time points, the 
pulmonary-capillary wedge pressure decreased 
from 24±8 to 17±7 mm Hg (P<0.001) with the 
continuous-flow left ventricular assist device and 
from 24±9 to 16±6 mm Hg (P<0.001) with the 
pulsatile-flow left ventricular assist device.

A total of 114 of the 133 patients (86%) with 
the continuous-flow left ventricular assist device 
and 45 of the 59 (76%) with the pulsatile-flow left 
ventricular assist device were discharged from 
the hospital with the device in place. The medi-
an length of stay after surgery was 27 days in the 
continuous-flow device group and 28 days in the 
pulsatile-flow device group. The percentage of 
total time spent out of the hospital after device 
implantation was 88% with the continuous-flow 
left ventricular assist device, as compared with 
74% with the pulsatile-flow device (P = 0.02).

Primary End Point

All 200 patients were followed for at least 2 years 
or until death, transplantation, or device explan-
tation. The primary composite end point was 
achieved in more patients assigned to receive a 
continuous-flow left ventricular assist device than 
in those assigned to receive a pulsatile-flow left 
ventricular assist device (46% vs. 11%; hazard ra-
tio, 0.38; 95% confidence interval [CI], 0.27 to 0.54; 
P<0.001) (Table 2). Failure to reach the primary 
end point was influenced by reoperation to repair 

or replace the left ventricular assist device and 
death within 2 years after device implantation, 
the rates of which were reduced with the contin-
uous-flow device.

Of the 59 patients who underwent implanta-
tion with a pulsatile-flow left ventricular assist 
device, 20 required 21 pump replacements (3 re-
placed with another pulsatile-flow device and 18 
with a continuous-flow device) — and an addi-
tional 1 patient required urgent transplantation 
and 3 additional patients required device explan-
tation — owing to bearing wear, valve malfunc-
tion, or infection. In the 133 patients who under-
went implantation with a continuous-flow left 
ventricular assist device, 12 required 13 pump 
replacements with a continuous-flow device ow-
ing to breakage of the percutaneous lead (in 10 of 
the 13 replacements), pump thrombosis (in 2), 
or outflow elbow disconnection (in 1). One addi-
tional patient required device explantation because 
of a broken lead.

Actuarial Survival

On the basis of the as-treated analysis, the Ka-
plan–Meier estimate of actuarial survival was sig-
nificantly better for patients who had a continu-
ous-flow left ventricular assist device as compared 
with those with a pulsatile-flow left ventricular 
assist device (relative risk, 0.54; 95% CI, 0.34 to 
0.86; P = 0.008) (Fig. 2). Estimates of the 1- and 
2-year survival rates were 68% (95% CI, 60 to 76) 
and 58% (95% CI, 49 to 67), respectively, with the 
continuous-flow device and 55% (95% CI, 42 to 69) 

Table 2. Primary End Point and Hazard Ratios, According to Treatment Group.*

End Point
Continuous-Flow 
LVAD (N = 134)

Pulsatile-Flow 
LVAD (N = 66)

Hazard Ratio 
(95% CI) P Value

no. (% [95% CI])

Survival free from disabling stroke and reoperation 
to repair or replace LVAD at 2 yr (primary 
composite end point)

62 (46 [38–55]) 7 (11 [3–18]) <0.001

First event that prevented patient from reaching  
the primary end point

Disabling stroke† 15 (11 [6–17]) 8 (12 [4–20]) 0.78 (0.33–1.82) 0.56

Reoperation to repair or replace pump‡ 13 (10 [5–15]) 24 (36 [25–48]) 0.18 (0.09–0.37) <0.001

Death within 2 yr after implantation 44 (33 [25–41]) 27 (41 [29–53]) 0.59 (0.35–0.99) 0.048

Any 72 (54 [45–62]) 59 (89 [82–97]) 0.38 (0.27–0.54) <0.001

* Hazard ratios were calculated with the use of Cox regression, and the P value for the primary end point with the use of 
Fisher’s exact test. CI denotes confidence interval, and LVAD left ventricular assist device.

† Disabling stroke was defined as stroke with a Rankin score of more than 3.
‡ Reoperation to repair or replace pump included urgent heart transplantation or device explantation.
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and 24% (95% CI, 1 to 46%) with the pulsatile-
flow device. Eighteen of the pulsatile-flow left ven-
tricular assist devices were replaced with a con-
tinuous-flow device during the follow-up period, 
leaving only two patients with a pulsatile-f low 
device (which had been replaced) at 2 years.

Functional Status and Quality of Life

Early and sustained improvements in functional 
capacity were seen in both groups. A total of 80% 
of patients with a continuous-flow left ventricular 
assist device had NYHA functional class I or II 
symptoms at 24 months, with a doubling of the 
mean distance on the 6-minute walk test (vs. the 
distance at baseline) (Table 3). Similar trends were 
seen with quality-of-life metrics. As compared with 
the baseline scores, scores on the Minnesota Liv-
ing with Heart Failure questionnaire and the 
Kansas City Cardiomyopathy questionnaires im-
proved by over 30 points in both groups at each 
time point (except the 24-month point in the sin-
gle patient tested who had a pulsatile-flow device) 
(P<0.001).

Adverse Events

The adverse-event data are shown in Figure 3 (with 
details in the Supplementary Appendix). As com-
pared with patients with a pulsatile-flow left ven-
tricular device, there were significant reductions 
in the rates of major adverse events among pa-
tients with a continuous-flow left ventricular as-
sist device — including device-related infection 
(relating to the percutaneous lead, pump, or pump 
pocket), non–device-related infection, right heart 
failure, respiratory failure, renal failure, and car-
diac arrhythmia. The incidence of stroke did not 
differ significantly between the continuous-flow 
group (which had 0.13 events per patient-year 
[stroke in 17% of patients]) and the pulsatile-flow 
group (which had 0.22 events per patient-year 
[stroke in 14% of patients]). There was a 38% rela-
tive reduction in the rate of rehospitalization 
among patients with a continuous-flow left ven-
tricular assist device as compared with those with 
a pulsatile-flow device.

The leading causes of death among the pa-
tients with a continuous-flow left ventricular as-
sist device were hemorrhagic stroke (in 9% who 
underwent device implantation), right heart fail-
ure (in 5%), sepsis (in 4%), external power inter-
ruption (in 4%), respiratory failure (in 3%), car-
diac arrest (in 3%), and bleeding (in 3%). Among 
the patients with a pulsatile-flow left ventricular 

assist device, the leading causes of death were 
hemorrhagic stroke (in 10% who underwent de-
vice implantation), right heart failure (in 8%), 
multisystem organ failure (in 7%), and ischemic 
stroke (in 5%).

Discussion

Our study shows that implantation of a continu-
ous-flow left ventricular assist device, as com-
pared with a pulsatile-flow device, significantly 
improved the probability of survival free of stroke 
and reoperation for device repair or replacement 
at 2 years in patients with advanced heart failure 
in whom current therapy had failed and who were 
ineligible for transplantation. In addition, the ac-
tuarial survival over a 2-year period of support by 
a left ventricular assist device was significantly 
better with the continuous-flow device than with 
the pulsatile-flow device in a population of pa-
tients whose 2-year survival rate while receiving 
medical therapy has been shown to be approxi-
mately 10%.12,13 The continuous-flow left ventric-
ular assist device was also associated with signifi-
cant reductions in the frequency of adverse events 
and the rate of repeat hospitalization, as well as 
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According to Treatment Group.

The data shown are for the 192 patients who received a left ventricular as-
sist device (LVAD). Of the 59 patients who had a pulsatile-flow LVAD, 20 
had the device replaced during the study period, with 18 (31%) receiving a 
continuous-flow LVAD instead of another pulsatile-flow LVAD. By 2 years, 
only 2 patients had a pulsatile-flow LVAD, both of whom had replacement 
devices.
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with an improved quality of life and functional 
capacity. The survival rate at 2 years among our 
patients with a pulsatile-flow left ventricular assist 
device was similar to that among patients with a 
left ventricular assist device in the REMATCH 
trial,12 whereas the survival rate among our pa-
tients with a continuous-flow device was more than 
twice the rate among the REMATCH patients.

Device durability is an important limitation to 
use of the currently approved pulsatile-flow left 
ventricular assist device as long-term therapy, be-
cause valve or bearing failures occurred routinely 
by 18 months. The need for pump replacement 
in the continuous-flow left ventricular assist de-
vice occurred at a rate of 6 events per 100 patient-
years, almost one eighth the incidence seen with 
the pulsatile-flow device, and was mainly required 
because of damage to the percutaneous lead. There 
were no primary-pump or bearing failures in pa-
tients with a continuous-flow left ventricular as-
sist device, with 62 patients having functioning 
devices for at least 2 years (and 1 patient with 

ongoing device support at 4 years). Redesign of 
the percutaneous lead and development of mod-
ular components may further reduce the infre-
quent need for replacement of the continuous-
flow device.

Concerns persist that left ventricular assist de-
vices may predispose patients to an undue burden 
of thromboembolic and infectious events. The rate 
of ischemic stroke among patients with a contin-
uous-flow left ventricular assist device (6 events 
per 100 patient-years) is similar to that among 
patients with advanced heart failure who do not 
have device support and have other cardiovascu-
lar conditions such as atrial fibrillation.18,19 In our 
study, the rate of bleeding events associated with 
either type of left ventricular assist device were al-
most 10 times the rate of thromboembolic events. 
This finding was also noted in the HeartMate II 
bridge to transplant trial20 and has led many cen-
ters to reduce the targeted international normal-
ized ratio to 1.5 to 2.5 for the continuous-flow left 
ventricular assist device. The smaller pump and 
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percutaneous lead in the continuous-flow left ven-
tricular assist device also requires less surgical 
dissection for implantation, which reduces the 
potential for infection, as compared with the 
pulsatile-flow device. Patients with a continuous-
flow left ventricular assist device had a rate of 
device-related infection nearly 50% of that among 
patients with a pulsatile-flow device, which con-
tributed to their reduced need for rehospital-
ization.

A critical therapeutic goal in treating patients 
with advanced heart failure is to enhance their 
quality of life and functional capabilities. There 
are few data from medical-therapy trials involv-
ing this population of patients that highlight ex-
ercise or quality-of-life benefits.1,8,9 A retrospec-
tive analysis of patients with NYHA class IV 
symptoms who were treated with cardiac-resyn-
chronization therapy showed an increase of 45 m 
in the 6-minute-walk distance, a 25-point im-
provement in the Minnesota Living with Heart 
Failure score, and improvement in symptoms cor-
responding to a reduction by at least one NYHA 
functional class in 78% of the patients.21 The exer-
cise and quality-of-life benefits with a continu-
ous-flow left ventricular assist device in our trial 
consist of a doubling of the 6-minute-walk dis-
tance, an average improvement of 35 points in the 
quality-of-life scores, and an increase in the num-
ber of patients whose symptoms showed improve-
ment, to NYHA functional class I or II. Patients 
in both groups in our study had significant early 
and sustained improvements in the 6-minute-
walk distance and the functional class, suggest-
ing that the exercise benefits are related to the 
reduction of cardiac filling pressures and improve-
ment in cardiac output rather than being related 
to the characteristics of either pulsatile or continu-
ous flow. The patient-reported symptom burden 
and heart-failure–related quality-of-life scores re-
flected similar improvements in the two groups 
over the duration of the study, with a trend to-
ward greater improvement with the continuous-
flow left ventricular assist device as compared with 
the pulsatile-flow device.

This study was a randomized, controlled clini-

cal trial, but it was not possible to ensure that the 
patients and investigators were unaware of the 
treatment assignments. Thus, there is potential for 
bias, particularly regarding patient-reported out-
comes such as functional abilities and the qual-
ity of life. Several sites had limited experience with 
the continuous-flow device before the study began, 
and several enrolled a small number of patients. 
Previous studies have shown a link between the 
volume of implantations with a left ventricular 
assist device and outcomes.22 In addition, most 
participating centers had more experience with 
the pulsatile-flow left ventricular assist device 
used in this trial than with the particular con-
tinuous-flow device, potentially biasing the analy-
sis against the study device. Finally, the trial was 
performed in a select patient population, and ap-
plicability to the broader population of patients 
with heart failure, including those with less he-
modynamic and functional compromise than our 
patients, would be speculative.

In conclusion, this study shows improvements 
in the rate of survival, quality of life, functional 
capacity of patients, and device durability with the 
continuous-flow left ventricular assist device 
(HeartMate II) as compared with the pulsatile-flow 
left ventricular assist device (HeartMate XVE). Re-
ductions in the frequencies of adverse events re-
lated to device characteristics and strategies of care 
for patients favorably affected the rate of rehospi-
talization. Our results support the use of continu-
ous-flow, permanent left ventricular assist device 
therapy in selected patients as a means to provide 
long-term hemodynamic support that is linked to 
improvements in longevity and the quality of life.
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