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Abstract
Advanced heart failure has been traditionally treated 
via  either heart transplantation, continuous inotropes, 
consideration for hospice and more recently via  left 
ventricular assist devices (LVAD). Heart transplantation 
has been limited by organ availability and the futility 
of other options has thrust LVAD therapy into the 
mainstream of therapy for end stage heart failure. 
Improvements in technology and survival combined with 
improvements in the quality of life have made LVADs 
a viable option for many patients suffering from heart 
failure. The question of when to implant these devices 
in those patients with advanced, yet still ambulatory 
heart failure remains a controversial topic. We discuss 
the current state of LVAD therapy and the risk vs benefit 
of these devices in the treatment of heart failure. 

Key words: Left ventricular assist device; Mechanical 
circulatory support; Heart failure; Cardiomyopathy; 
Diastolic dysfunction

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Heart failure remains the most common 
diagnosis in patients discharged from the hospital. In 
its most advanced stages, it bears a grim prognosis and 
there are only a limited number of treatments that can 
truly change the course of the disease. Advancements 
in left ventricular assist device technology have enticed 
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clinicians to expand their role in earlier ambulatory, but 
advanced heart failure. Here, we describe the current 
equilibrium between early implantation and risks of the 
current technology. 
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INTRODUCTION
Approximately 5.7 million people in the United States 
have heart failure (HF) and more than half of those 
who develop heart failure die within five years of the 
diagnosis[1]. As the population ages, the incidence of 
HF is expected to concurrently increase highlighting the 
importance of a continuation of need for developing 
more effective therapies. In the current spectrum 
of options, heart transplantation remains the gold 
standard for those with advanced heart failure[2]. The 
limitation of organ availability and unpredictability of 
rapidly advancing multi-system organ deterioration in 
patients with advanced heart failure have contributed 
to the rapid rise of left ventricular assist device (LVAD) 
implantation. 

Since their first inception, there have been marked 
improvements in LVAD technology making them now 
a reliable therapeutic option for patients with advanced 
heart failure. There have been over 15000 mechanical 
circulatory support devices implanted since 2006 in 
the Interagency Registry for Mechanically Assisted 
Circulatory Support (INTERMACS) registry[3]. In addition 
to improvements in technology, better understanding 
of patient selection, peri-operative management 
strategies, and long term management have led to 
reduced complications with improvements in survival 
and quality of life in HF patients[4]. 

Despite tremendous advancements, however, there 
remain important limitations to LVADs. Gastrointestinal 
bleeding, infections, thromboembolic events such 
as stroke, pump thrombosis and right heart failure 
remain barriers to earlier use of this therapy. Even 
with these improved clinical outcomes and significant 
decreases in size of LVADs, many patients and clinicians 
still view them as bulky machines associated with 
significant morbidity, mortality and need for life-long 
hospitalization. Patients with advanced disease who 
have not quite reached “end-stage heart failure” present 
lower surgical risk with less end organ dysfunction, 
better functional capacity, and enhanced capacity to 
rehabilitate from major surgery. Many experts contend 
that these “less sick” ambulatory advanced heart failure 
patients could benefit from earlier LVAD implantation, 
but in clinical practice this has yet to commonly occur. 

(Cite intermacs report and can find other opinion pieces 
about early implantation).

This paper aims to review the current advantages 
and disadvantages of LVAD implantation in patients 
with advanced, ambulatory heart failure and discuss the 
pertinent issues in establishing an equilibrium between 
early surgical and/or device-related risks and benefits of 
quality and/or quantity of life with earlier implantation 
(Figure 1).

QUALITY OF LIFE 
When asked about their decision to pursue optimal 
medical management over LVAD, patients stated 
reasons such as “they didn’t like the idea of a major 
device implantation surgery”, “they are worried about 
the possible complication”, and they don’t think an LVAD 
will improve quality of life and survival[5]. Moreover, 
many patients are never referred for advanced mech-
anical support due to inadequate understanding of LVAD 
outcomes by their medical providers and unavailability 
of the technology locally. However, one-year survival 
with the current pump technology is near 80%, which 
is markedly higher compared to the original data that 
established LVADs as a form of heart failure therapy[3]. 
To parallel the great advancements in LVAD therapy, it 
seems natural that the number of patients offered this 
therapy will continue to increase to the more than 10% 
of the HF population that will progress to advanced 
heart failure. 

Even with tremendous improvements in survival 
and device related adverse events over the past 
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Figure 1 Factors determining timing of left ventricular assist devices 
implantation. Factors for earlier implantation of left ventricular assist devices 
are increased survival and quality of life, avoidance of multi-organ deterioration 
and chronic low cardiac output while factors against earlier implantation are 
device-related events, surgical risks, and rehabilitation from surgery.



decade, considerable debate persists regarding the 
optimal timing of LVAD implantation. The benefits of 
LVAD implantation in inotrope dependent patients and 
those in cardiogenic shock are generally accepted. 
However, for patients with advanced heart failure who 
have not yet progressed to inotrope dependency the 
decision is more challenging. A single effective model 
for risk stratification is currently lacking for this large, 
heterogeneous, group. Traditionally patients have been 
classified according to the New York Heart Association 
(NYHA) functional classification, but this system is 
somewhat subjective and limited by significant inter-
reporter variability[6]. While current FDA approval 
exists for LVAD implantation in NYHA class IIIB and 
class IV patients, the vast majority (81%) of LVADs 
are implanted in those identified as class IV on chronic 
inotropic therapy or in cardiogenic shock[5]. Implantation 
of LVADs has led to improved symptom burden and 
quality of life in those with advanced heart failure. In the 
HeartMate II destination therapy trial, 80% of patients 
who received a continuous flow LVAD went from NYHA 
class III or IV to NYHA class I or II. Furthermore, these 
patients also had a significant increase in a 6-min walk 
distance by 1 year[7]. 

SURVIVAL
As previously stated, the one-year survival with the 
current pump technology is near 80%[5]. The greatest 
risk for mortality following LVAD implantation falls 
during the early post-operative period and reaches a 
low by 3 mo following the procedure[8]. When analyzing 
factors that are related to survival following LVAD 
implantation, the 7th INTERMACS Annual Report found 
that patients with an INTERMACs profile of 2-3, and 
thus less severe disease, have better survival than 
those with an INTERMACS profile 1[5]. However, while 
INTERMACS levels 1-3 have been associated with lower 
survival rates 3 years post-LVAD implantation when 
compared to levels 4-7, no graded mortality risk has 
been demonstrated to help further discriminate the 
potential benefit between levels 4-7, which could be 
associated with the subjectivity of assignment in these 
levels[9]. Per Shah et al[8], other factors that have a great 
impact on LVAD perioperative mortality include age, 
female sex, prior stroke, mechanical ventilation, LVAD 
for destination therapy, hepatic or renal dysfunction, 
right ventricular dysfunction, and prior or concurrent 
cardiac surgery. 

Risk assessments
To better characterize patients’ risk to benefit profiles 
for LVAD implantation, multiple risk assessments 
have been developed. Unfortunately, few consistent 
predictors have been identified across models and 
currently no single model effectively triages potential 
LVAD patients. In general, however, the predictors that 
have been recognized in different models are markers 
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of end-organ dysfunction secondary to heart failure 
or other significant comorbidities, such as age[9,10]. 
Patients that are “sicker”, as reflected by a more acute 
INTERMACS profile, are also known to have worse 
outcomes. Moreover, regardless of INTERMACS profile, 
mortality increases with increasing age at the time of 
implantation[3]. With this in mind, there is support for 
considering LVAD implantation earlier in the disease 
course theoretically leading to lower operative risk and 
fewer post-operative complications.

In continuing to lower the morbidity and mortality 
associated with LVADs the balance of patient risk to 
benefit for LVAD implantation may suggest sooner 
application of this technology.

Adverse events
Though LVAD implantation can result in significant 
improvements in morbidity and mortality, their use is 
associated with complications including infection, stroke, 
pump thrombosis, gastrointestinal bleeding, and right 
ventricular failure. Infection occurs in about 20% of 
patients following implantation and may present as 
sepsis or a driveline infection. Infection additionally may 
predispose to pump thrombosis[11]. Pump thrombosis 
occurs at an annual incidence of 6%-12%, although 
the exact incidence varies based on device type and 
anticoagulation regimen employed. One thing for 
certain; however, is that pump thrombosis is associated 
with an increase in neurologic events as well as a 
higher rate of mortality. Cerebrovascular complications 
occur with an annual incidence of greater than 6%[8]. 
Furthermore, 30% of patients have major bleeding in 
the first month, and then following one month, bleeding 
occurs at a rate of 8%-23% by one year. Overall, 55% 
of patients will be rehospitalized for any cause[11].

Bleeding
Bleeding, in particular gastrointestinal bleeding, is 
associated with significant morbidity after LVAD implanta-
tion. The cause of increased bleeding is multifactorial and 
can be attributed to chronic anticoagulation, acquired 
von Willebrand syndrome, and chronic low pulse 
pressure leading to increased risk for angiodysplasia. 
Therefore, screening patients for angiodysplasia and 
von Willebrand syndrome prior to implantation may 
allow for preemptive treatment of these conditions 
to help avoid complications postoperatively[12]. With 
further understanding of the pathogenesis of bleeding 
post implantation and research on the prevention and 
appropriate management, its hopeful the risk of bleeding 
will decrease to support the earlier implantation of 
LVADs.

Pump thrombosis
As stated before, Pump thrombosis occurs at an 
annual incidence of 6%-12% raising awareness 
that LVAD therapy is not without inherent risks[8]. 
The lack of equipoise in many physicians’ minds of 
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hemodynamic parameters, and biomarkers including 
neutrophil gelatinase-associated lipocalin, blood urea 
nitrogen, aspartate aminotransferase and serum 
creatinine could be of use in predicting pre-operative 
risk of early right heart failure. 

While much has been studied about early right 
heart failure following LVAD implantation, less is known 
about the development of late right ventricular failure, 
which is an important complication to consider when 
arguing to implant LVADs in patients earlier. As there is 
a question of whether late right heart failure is a distinct 
entity, or just undiagnosed early right heart failure, the 
risk factors are not as well established, although there 
is likely significant overlap with the risk factors of early 
right heart failure[17]. Takeda et al[18] found that late 
right heart failure occurred in about 11% of patients at 
a median of 99 d, with significant predictors including 
diabetes mellitus, body mass index greater than 29 
kg/m2, and BUN level greater than 41 mg/dL. These 
patients had significantly worse survival when compared 
to those who did not develop late right heart failure, 
but this could also be attributable to their increased 
incidence of comorbidities. Currently, treatment for 
late right heart failure is directed at the underlying 
causes and management of symptoms, however it is 
thought that optimization of pump speed, which will 
avoid excessive leftward septal shift and decrease 
excessive venous return, may help to avoid this late 
complication[17]. Further research on the effects of more 
frequent imaging and hemodynamic measurements in 
patients with LVADs could help develop appropriate post 
implantation management guidelines to best screen 
for and prevent late right heart failure. Additionally, 
avoiding early and aggressive titration of beta-blockers 
and use of inotropes to support right ventricular function 
and pulmonary vasodilators to decrease right ventricular 
afterload may also help[17]. 

Thus, if these risk factors could be further developed 
and taken into consideration when selecting patients 
for early implantation, the risk of late right heart failure 
could be minimized. With the shift to earlier implantation 
of LVADs, there is a clear need for continued research 
in the screening and management of late right heart 
failure to better care for patients who do receive LVADs 
earlier in their course of heart failure. However, the 
development of bi-ventricular failure in non-transplant 
eligible patients still warrants special consideration. 
Advancements in total artificial heart technology and 
a better understanding of right ventricular failure are 
needed to better care for these patients who do develop 
right ventricular failure. 

Despite these adverse events, The 7th INTERMACS 
Annual Report demonstrated that with the improved 
technology of the continuous-flow pumps, there has 
been a dramatic decrease in the overall adverse event 
rate when pumps implanted between 2012 to 2014 
are compared to pumps implanted between 2008 to 

benefit vs risk of LVAD for NYHA Class III patients 
that were highlighted by pump thrombosis led to 
early termination of the Registry Evaluation of Vital 
Information for VADs in Ambulatory Life (REVIVE-IT) 
trial. The PREVENT (Prevention of Heartmate II Pump 
Thrombosis through Clinical Management) study was 
designed to analyze the impact of clinical practices 
developed to decrease the risk of Heartmate II pump 
thrombosis. The study followed the “PREVENT protocol” 
which were recommendations on LVAD implantation, 
anticoagulation and antiplatelet protocols, and pump 
management. Preliminary results have been positive 
and show that the protocol is associated with lower 
rates of thrombosis without increased incidence in 
bleeding complications[13]. 

Furthermore, in the case that pump exchange must 
occur, the morbidity and mortality of the exchange 
has decreased. Soleimani et al[14] found that off-pump 
minimally invasive exchange of the Heartmate II can be 
safely accomplished with low morbidity and mortality, 
resulting in excellent outcomes. Therefore, will evolving 
clinical guidelines improving the risk of pump thrombosis 
and minimizing the risk of adverse events in addition 
to the decreased morbidity and mortality of pump 
exchange, this supports the shift to earlier implantation 
of LVADs.

Right ventricle failure
In particular, the risk of right heart failure following 
LVAD implantation has been extremely difficult to 
predict. With improved left ventricular decompression, 
pulmonary congestion should decrease resulting in 
decreased afterload for the right ventricle. However, 
increased cardiac output from LVAD support will result in 
increased right ventricle preload. Also, leftward shift of 
the interventricular septum shift and change in motion 
after LVAD implantation may impair the right ventricle 
contractility, leading to right ventricle dysfunction, and 
ultimately right heart failure[15]. Right ventricular failure 
is likewise often the last manifestation of advanced 
heart failure. There are no durable treatment options 
currently available for right ventricular failure emphasi-
zing the need to prevent it in LVAD patients, and identify 
those who may be at increased risk of developing it with 
extended time with an LVAD. 

A study by Santambrogio et al[16] showed that early 
right heart failure will develop in about 25% of patients 
receiving LVAD support. Furthermore, Argiriou et al[15] 
noted that female sex, existence of pre-operative 
circulatory failure, presence of end-organ dysfunction, 
severe right ventricle systolic dysfunction, and presence 
of pulmonary vascular disease are all pre-operative risk 
factors for early right heart failure. However, there are 
limitations to all these risk factor stratification models as 
has been pointed out by Lampert et al[17] that most of 
the risk scores were developed primarily in BTT patients 
with pulsatile devices, and so there is a need for further 
investigation. The report notes that echocardiography, 
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97) reached this endpoint than those on OMM (n = 
103) (39% vs 21%). Furthermore, the LVAD group 
had greater improvements in self-reported quality of 
life and depression. Additionally, the LVAD group had 
77% of patients change in their NYHA classifications to 
class II or I, while the OMM group only had 29% change 
to class II, and none to class I (Figure 3). This greater 
improvement in functional status was also supported 
by the improvements in the 6MWD, as LVAD patients 
had a significant increase while there was no significant 
change in the OMM cohort. The LVAD group also had 
a significantly greater 12-mo as-treated (event-free) 
survival (80% vs 63%). However, since delayed LVAD 
implantation counted as a “failure” in OMM patients, the 
intent-to-treat analysis showed no survival benefit with 
early LVAD implantation[5]. 

There were some adverse findings with early 
LVAD implantation. These patients had more frequent 
adverse events as compared to the OMM patients. LVAD 
patients’ adverse events were primarily due to bleeding 
as opposed to the OMM patients’ adverse events 
that were primarily due to worsening heart failure[5]. 
The ROADMAP results suggest that earlier LVAD 
implantation in select patients may provide significant 
benefit, but there remains no consensus on a singular 
way to identify these patients.

 A significant limitation to the ROADMAP trial that 
prevents generalization of the results is the lack of 
randomization of patients between LVAD and OMM. At 
baseline, patients who elected to have an LVAD were 
sicker than those who elected to continue OMM. The 
LVAD group had more NYHA class IV patients (52% vs 
25%), which is a group that is generally already thought 
to benefit from LVAD implantation. Moreover, the LVAD 
group in ROADMAP consisted of more INTERMACS 
profile 4 patients (65% vs 34%), had less beta-blocker 
use, and a lower predicted Seattle Heart Failure Model 
12-mo survival. Also, the LVAD cohort was much less 
satisfied with their quality of life on average than the 
OMM group[5]. This could lessen the significance of the 
greater improvements in self-reported depression and 
quality of life. Despite these limitations, the LVAD group 

2011[5]. 

CURRENT TRIALS IN TIMING OF LVAD 
IMPLANTATION 
Appropriate identification of patients with the best 
chance to benefit from therapy and lowest risk of 
complications is a perpetual focus of investigation for 
LVAD implantation. For example, Boyle et al[19] found 
that patients on inotropes before LVAD implantation 
trended toward a higher incidence of hemorrhagic stroke 
post-operatively. Boyle et al[19] also found that patients in 
INTERMACS 4-7 had significantly shorter length of stay 
following LVAD implantation and greater survival when 
compared to both INTERMACS 1, and 2/3 patients[20]. 
This suggests that selecting patients earlier on in the 
progression of heart failure, prior to dependence of 
inotropic therapy, would reduce the LVAD implantation 
post-operative risk of complications. Furthermore, 
studies are currently being conducted which directly 
show the benefit in both quality of life and survival with 
earlier LVAD implantation (Table 1, Figure 2).

Risk Assessment and Comparative Effectiveness of Left 
Ventricular Assist Device and Medical Management in 
Ambulatory Heart Failure Patients
The Risk Assessment and Comparative Effectiveness of 
Left Ventricular Assist Device and Medical Management 
in Ambulatory Heart Failure Patients (ROADMAP) Study 
attempted to evaluate the effects of LVAD implantation 
in less sick patients[5]. ROADMAP was a prospective, 
multi-center, nonrandomized observational study that 
evaluated outcomes of LVAD implantation in destination 
therapy patients who are not dependent on inotropic 
support (INTERMACS profiles 4-7). Currently, these 
patients make up roughly 20% of all implantations[5]. 
In ROADMAP, patients and their providers chose to 
continue on optimal medical therapy (OMM) or proceed 
with LVAD implantation. The primary composite end-
point was survival on original therapy with increase 
in 6 min walk distance (6MWD) by at least 75 m. 
Significantly more patients in the LVAD cohort (n = 

  Study Objective Significant findings

  ROADMAP Compare outcomes of HeartMate II implantation in destination 
therapy patients who are not dependent on inotropic support 

with those on optimal medical management

Early LVAD implantation associated with improved quality of 
life and more adverse events. Intent to treat analysis showed no 

survival benefit with early implantation
  REVIVE-IT Compare outcomes of HeartMate II implantation in NYHA 

class III patients not severe enough to qualify for transplant 
or permanent LVAD therapy with those on optimal medical 

management

Study discontinued due to difficulty recruiting from observed 
increase in pump thrombosis (enrolled 0/100 patients (randomized 

study), 0/2500 patients (screening registry)

  MedaMACS Characterize and report on patients with ambulatory advanced 
heart failure who have not receive an LVAD

Patients desire LVADs and LVAD shows survival benefit compared 
to medical management for INTERMACS 4 and 5

Table 1  Studies analyzing the early implantation of left ventricular assist devices

ROADMAP and REVIVE-IT both evaluated the impact of implanting LVADs earlier in the heart failure progression while MedaMACS created a registry 
of patients on optimal medical therapy without LVADs to parallel INTERMACS data, and allow for a comparison of patients with LVADs to patients 
on optimal medical therapy; REVIVE-IT: Registry Evaluation of Vital Information for VADs in Ambulatory Life; NYHA: New York Heart Association; 
MedaMACS: Medical Arm of the Interagency Registry for Mechanically Assisted Circulatory Support; LVAD: Left ventricular assist devices.
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that more than HF mortality influences preference for 
mechanical support[21]. This suggests that patients value 
the improved quality of life made possible by LVADs 
and may be willing to take on the risk of adverse events 
associated with them. Hence an argument can be made 
for LVAD implantation in the ambulatory heart failure 
patient by individualized patient desire. 

In terms of survival, MEDAMACS showed a one-
year survival for patients on medical management of 
78% in INTERMACS level 6/7, 67% in INTERMACS 
level 5, and 39% in INTERMACS level 4[8]. Therefore, 
when compared to the 80% one-year survival after 
LVAD implantation, this data would suggest an increase 
in survival for patients in INTERMACS level 4/5 who 
undergo LVAD implantation and further supports a shift 
towards earlier implantation of LVADs and an expansion 
in their utilization.

REVIVE-IT
The REVIVE–IT study, like the ROADMAP study, also 

still showed much more functional improvement in both 
the 6 min walk test and NYHA classification.

Medical Arm of the Mechanically Associated Circulatory 
Support
The Medical Arm of the Mechanically Associated 
Circulatory Support (MedaMACS) project is an ongoing 
cross-sectional, observational study following patients 
with ambulatory advanced heart failure (INTERMACS 
profile 4-7) that aims to characterize and report on 
the medical outcomes of those patients who have 
not yet received an LVAD (include citation). In the 
MedaMACS screening pilot study, a majority (56%) of 
patients reported they would “definitely” or “probably” 
want an LVAD given the alternative was their current 
symptomatic state. Interestingly, 93% of these patients 
were at a low or intermediate implant risk based 
on the HeartMate II Risk Score. Furthermore, many 
patients were willing to consider LVAD surgery despite 
expectation of a long survival with OMM suggesting 

NYHA class Ⅲ NYHA 
class ⅢB

NYHA class Ⅳ
(ambulatory)

NYHA class Ⅳ
(on inotropes)

7            6           5           4           3           2            1

FDA approval: Class ⅢB/Ⅳ

CMS coverage: Class Ⅳ

REVIVE-IT ROADMAP

MedaMACS
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Figure 2  New York Heart Association classes considered for left ventricular assist devices implantation. Currently, FDA approval for LVAD implantation exists 
for NYHA Class IIIB and IV, which encompasses all of the INERMACS profile levels. ROADMAP is evaluating LVAD implantation in patients of NYHA class III and 
class IV (ambulatory), which has limited adoption in most clinical practices. MedaMACS looked at the same patient population as ROADMAP however focused on 
those patients without LVADs. REVIVE-IT was evaluating implantation in patients in NYHA class III, which is not currently FDA approved. LVAD: Left ventricular assist 
devices; FDA: Food and Drug Administration; MedaMACS: Medical Arm of the Interagency Registry for Mechanically Assisted Circulatory Support; NYHA: New York 
Heart Association. 

Figure 3  Comparison of baseline and 12-mo after enrollment from the ROADMAP study comparing left ventricular assist device implantation with optimal 
medical management. OMM: Optimal medical management; LVAD: Left ventricular assist device; I-IV: New York Heart Association classification[5] (Reprinted with 
permission from J Am Coll Cardiol). 
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of LVADs we can better identify what to expect with 
extended time on LVAD support. Additionally, with 
continued research on incidence, management and 
prevention of adverse events, we can better select 
patients for early implantation and be more prepared 
in the case that adverse events occur. As we continue 
to learn from trials such as the ROADMAP trial and the 
MedaMACS registry, we hope to clarify the delicate 
balance between implantation of devices in patients who 
are too sick to benefit from the therapy and those who 
are too well to undergo the morbidity of the procedure. 
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