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Abstract

Background—There are an increasing number of elderly patients with end-stage heart failure.
Destination mechanical circulatory support is often the only therapy available for these patients
who are not transplant candidates. The outcomes after continuous flow left ventricular assist
device (CF LVAD) implant in older patients remains unclear. We undertook this multi-
institutional study to quantify short-term and midterm outcomes after CF LVAD implant in the
elderly.

Methods—We retrospectively analyzed all patients in the Interagency Registry for Mechanically
Assisted Circulatory Support (INTERMACS) national registry that underwent implant of a CF
LVAD (June 2006 to April 2012). Patients were divided into 2 cohorts based upon age (<70 years
[n =4,439] and =70 years (n = 590]). Preoperative, intraoperative, and postoperative variables
were analyzed. The primary endpoint, survival, was compared between cohorts.

Results—Patients age 70 and older were more hemodynamically stable pre-VAD implant as
evidenced by INTERMACS profile and inotrope dependence. Perioperative outcomes, including
median bypass time (89 vs 89 minutes) and length of stay (0.657 vs 0.657 months) were similar
between cohorts (p = not significant). Kaplan-Meier analysis revealed a significant difference in 2-
year survival between patients aged 70 years or greater (63%) and less than 70 (71%, p < 0.001).
Multivariable Cox proportional hazard analysis revealed age as an independent predictor of
mortality during follow-up (p < 0.001). Nonetheless, midterm cumulative survival in the older
cohort was still reasonable (63% at 2 years).

Conclusions—Multi-institutional analysis revealed advanced age as a predictor of increased
mortality after CF LVAD implantation. Careful patient selection is critical in the elderly to
optimize long-term outcomes after CF LVVAD implantation.
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Mechanical circulatory support is becoming mainstream therapy for terminal heart failure.
Though initially evaluated as a bridge to transplant strategy to support patients with unstable
heart failure who could not survive on the wait list for a heart transplant, left ventricular
assist devices (LVAD) are increasingly being used for destination therapy [1]. Large, multi-
institutional, prospective, randomized clinical trials have clearly demonstrated markedly
improved survival and quality of life with ventricular assist devices as compared with
optimal medical therapy [2-5]. With an aging population, the incidence of heart failure is
expected to dramatically increase [6]. Furthermore, there will be a very large number of
elderly patients presenting with heart failure either failing medical therapy or temporarily
stabilized medically. Given a severely limited supply of donor hearts, transplant is not a
viable option for the aged population with end-stage heart failure.

Unfortunately, the decision to implant an LVAD in the elderly can be difficult to make.
Often, older patients with heart failure have significant comorbidities that can adversely
affect outcomes. Thus, questions are raised regarding the benefit of LVAD therapy in the
elderly. Most major VAD centers have included destination LVAD therapy in their
treatment algorithm. However, data on outcomes after LVAD implantation in the elderly
patient cohort remain limited. Studies have identified advanced age as a risk factor for poor
outcomes after VAD implant. Yet, most of these studies were not focused on the elderly
population, and those that have are limited by small sample size [4, 7].

A recent single-center, retrospective review from Sharp-Memorial Hospital has
demonstrated equivalent short and midterm outcomes and survival (70% at 2 years) after
LVAD implant in patients greater than 70 years of age when compared with younger
patients [8]. But the single-center nature and small sample size (n = 30 > 70 years old) of the
study limit the generalizability of this study’s excellent results. Through analysis of the
multiinstitutional Interagency Registry for Mechanically Assisted Circulatory Support
(INTERMACS) database, the present study was designed to determine contemporary
clinical outcomes of patients 70 years of age and older after continuous flow LVAD
implantation.

Material and Methods

Study Design

We retrospectively studied all patients in the INTERMACS database who underwent
continuous flow LVAD (CF LVAD) implantation between June 2006 and April 2012. Only
patients who underwent implant of isolated continuous flow LVADs were included in the
study; all biventricular (BI)VAD and total artificial heart implant patients were excluded.
The INTERMACS is a robust national registry of patients receiving mechanical circulatory
support device therapy for heart failure. INTERMACS was created in 2005 through the
collaborate efforts of the National Heart, Lung and Blood Institute, The Centers for
Medicare and Medicaid Services, the Food and Drug Administration, physicians, industry,
and the University of Alabama. At present there are 141 active participating sites. The goal
of INTERMACS is to promote research and improve this innovative surgical therapy by
collecting prospective clinical and laboratory data at defined intervals throughout a patient’s
preoperative and postoperative course. Raw data were provided by the INTERMACS
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committee in a de-identified format according to National Institutes of Health guidelines.
Only data, provided from participating sites, was available for analysis. Completeness of
data is contingent on the reporting of participant sites. The breakdown of patients by decade
of age of LVAD implant is provided in Figure 1. Patients were grouped into 2 cohorts; 70
years or greater (median follow-up: 9.1 months, interquartile range 3.384 to 16.263) and 69
or less (median follow-up 8.4 months, interquartile range 3.614 to 16.362) years of age. The
age of 70 was chosen as the threshold for group stratification because this is the arbitrary
age when most transplant centers will no longer consider a patient eligible for heart
transplant. A total of 5,029 patients were included in the study; 4,439 patients in the younger
cohort (<69 years) and 590 patients in the older cohort (=70 years).

Statistical Analysis

Results

Continuous variables are expressed as the mean + standard deviation or median with
interquartile range (if non-normally distributed), and categoric variables are presented as
proportions. Comorbid diagnoses and perioperative outcome variables adhere to the
definitions of the INTERMACS national registry. Differences between groups were assessed
using the Fisher exact test for categoric variables, the independent Student t test for normally
distributed continuous variables, and the Mann-Whitney U test for non-normally distributed
continuous variables. Survival analyses were performed using Kaplan-Meier survival
analysis with log-rank tests. A Cox proportional hazard multivariable regression model was
generated to determine whether advanced age is an independent predictor of reduced
survival. Variables were included in a stepwise multivariable analysis (threshold for
inclusion, p < 0.05) if the p value is less than 0.05 on univariate analysis. Variables included
in the multivariable analysis were the following: age greater than 70, creatinine greater than
1.7, albumin less than 3.0, VAD as destination therapy, inotrope dependence, etiology of
heart failure, prior cardiac surgery, and smoking. Results are demonstrated as hazard ratios
(HR) and 95% confidence intervals (Cl). All tests were 2-tailed, and a p value less than 0.05
was considered statistically significant. The statistical analysis was performed using SAS for
Windows (SAS Institute, Inc, Cary, NC) and IBM SPSS Statistics for Macintosh, version
19.0 (SPSS, Inc, Armonk, NY).

Patient Demographics and Baseline Risk Profiles

Analysis of preoperative patient demographics and comorbidities revealed several
significant differences between patients 70 or greater years of age and the younger cohort
(Table 1). A larger proportion of patients in the older cohort were male and Caucasian.
Additionally, patients in the elderly cohort tended to be healthier and more
hemodynamically stable at the time of LVAD implant as evidenced by INTERMACS
profile and preoperative inotrope dependency. Elderly patients were more likely to have a
chronic obstructive pulmonary disease, diabetes, and a history of cancer. Interestingly, a
markedly higher percentage of patients 70 or greater had prior cardiac surgery, with over
50% of patients undergoing redo sternotomy at the time of CF LVAD implant. Patients in
the older cohort tended to have worse renal function (Cr = 1.55 vs 1.43, p = <0.001) but had
significantly lower transaminase levels.
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Preoperative Hemodynamics and Operative Data

Interestingly, the older cohort had lower right atrial and pulmonary capillary wedge
pressures, suggesting improved volume optimization (Table 2). This may be due to a larger
proportion of patients undergoing LVAD implant on an elective versus emergent basis. As
expected, a significantly higher proportion of elderly patients underwent LVVAD implant for
destination therapy as opposed to bridge to transplant. Yet, 19% of the older patient group
did receive an LVAD as bridge to transplant or recovery. A significantly larger proportion of
patients in the older cohort underwent concomitant valvular surgery; however, there was no
difference in mean cardiopulmonary bypass time between groups. Moreover, there was no
difference in average length of stay between the 2 age cohorts. As expected, patients 70 or
greater years of age were more likely to be discharged to rehab as opposed to home.

Adverse Events After LVAD Implant

Studying the incidence of adverse events after LVAD implant reveals a significant increase
in stroke (2.3% vs 0.9%, p = 0.01) in the elderly when compared with younger patients
(Table 3). Additionally, the elderly appear to have a significantly increased risk of
gastrointestinal bleeding. Interestingly, there is a much lower incidence of driveline
infection among the elderly when compared with younger patients (5.7% vs 12.6%, p <
0.001). This may be related to the fact that more patients in the younger cohort are more ill
and presumably underwent acute LVAD implant.

Short-Term and Midterm Survival

Analysis of short and midterm survival for all patients undergoing commercially available
continuous flow devices revealed a significantly worse survival at 2 years for patients 70 or
greater years of age when compared with those patients less than 70 (71% vs 63%, p <
0.001; Table 4). This significant decrease in survival appears to carry out to 36 months,
though the number of elderly patients at risk is very limited and therefore generalized
analysis is difficult. There appears to be a decrease in survival for the elderly patients at 30
days, 6 months, and 12 months (Fig 2). However, it should be noted that both the short (93%
at 30 days) and midterm survival (75% at 12 months) are very reasonable for the older
cohort and should not be considered a contraindication for LVAD implant. Cox proportional
hazard multivariable analysis identified several independent risk factors for decreased
survival, including age greater than 70 (HR 1.45), prior cardiac surgery (HR 1.49), inotrope
dependence (1.32), serum albumin less than 3.0 g/dL (HR 1.25), serum creatinine greater
than 1.7 mg/dL (HR 1.34) (Table 5).

Comment

The data from this study are very encouraging for the field of mechanical circulatory
support. This national, multi-institutional experience implies that continuous flow LVAD
implant can be safely performed in the elderly (=70 years of age). The short-term outcomes
presented above (93% 30-day mortality) are very encouraging. Furthermore, 75% 1-year and
63% 2-year survivals for this critically ill cohort suggest that we can make a positive impact
on this patient population with appropriate mechanical circulatory support. Medical therapy
for endstage heart failure remains largely palliative with numerous studies suggesting very
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poor survival (8% to 10% at 2 years) without further intervention [3, 9, 10]. It appears that
survival in the elderly (=70 years of age) is diminished at 30 days, 1 month, 12 months, 1
year, and 2 years after CF LVVAD implant when compared with younger patients (<70 years
of age), but the outcomes remain very respectable. Even more interesting is the fact that the
elderly cohort was “less ill” at the time of LVAD implant as determined by INTERMACS
status when compared with the younger cohort. As the field of mechanical circulatory
support advances, it will be important to continue to optimize outcomes through careful
patient selection in this elderly patient population. A proportion of the increase in mortality
is clearly related to the advanced comorbidities that often accompany this older cohort. This
may further account for the significantly increased risk of stroke and gastrointestinal
bleeding after LVAD implant in the 70 or greater group.

Unlike in younger patients, heart transplant is not an option in the vast majority of centers
for patients older than 70. Therefore, it is critical that only patients who can truly tolerate an
isolated LVAD undergo this procedure. Unfortunately, right ventricular failure remains a
major concern in this subset of patients. As opposed to the younger cohort that can be
converted to biventricular support as a bridge to transplant, right ventricular failure in the
elderly after LVAD implant often means subsequent end-organ damage and a high
likelihood of death. There are several scoring systems that attempt to preoperatively predict
the mortality associated with LVAD implant or the likelihood of right ventricular failure and
the ability to tolerate an isolated LVVAD that can be utilized in trying to decide the
appropriateness for CF LVAD implant in the elderly [4, 11-17]. There have been several
anecdotal reports in the literature utilizing continuous flow devices as a long-term right
(R)VAD [18-20]. Unfortunately, there still is not a widely applicable CF RVAD platform
that is available. In the meantime, it may be possible to utilize temporary right ventricular
support to bridge patients with intermediate risk for right ventricular failure for a short
period of time with a temporary CF RVAD tunneled through the chest wall [21, 22]. This
strategy to unload the right ventricle may allow the ventricle to recover enough to support
the LVAD long term.

Although several scoring systems have been devised to predict the outcomes after LVAD
implant and appropriateness for mechanical circulatory support, these scoring systems are
all focused on younger patients [4, 11-17]. Based upon the present study, it is clear that the
vast majority of patients (88%) in whom CF LVADs are implanted are less than 70 years of
age. The elderly patient population has many issues that are germane only to this group.
Some of these major challenges include cerebrovascular disease, renal insufficiency, chronic
obstructive pulmonary disease, psychosocial support, and potential frailty. These age
specific issues need to be accounted for in a risk score specific to the elderly population with
heart failure.

The concept of frailty has not been very well explored in the surgical literature. With the
advent of transcatheter aortic valve technology, the concept of frailty has become a

cornerstone of patient evaluation. It is believed that patients who are severely debilitated
may not have the reserve to either withstand a surgical intervention or have a good long-
term outcome. Recent data suggest that frailty may adversely impact long-term outcomes
after transcatheter aortic valve replacement [23]. It is difficult to know without statistical
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analyses, but it is likely that frailty would also have an adverse impact on the elderly
undergoing LVAD implant. It is imperative that as a field we clearly delineate those elderly
patients who will be positively impacted by mechanical circulatory support. We should be
able to preoperatively identify those patients who are too frail, have too many comorbidities,
or have inappropriate physiology to benefit from LVAD implant. A risk score specifically
focused on patients greater than 70 years of age will help to select the elderly patients most
suitable for CF LVAD implantation.

As LVAD implant for destination therapy remains a relatively young field, more experience
is needed before we can optimize patient selection and outcomes. Already in the 8 years
since the advent of the HeartMate 11 VAD, we have made significant strides in refining
patient selection and improving clinical outcomes. A recent report by Kirklin and colleagues
[7] demonstrated improving outcomes with modern CF LVADs that are beginning to rival
heart transplant, suggesting significant education and improvements in patient selection,
management, and technique. We can expect that as our experience improves so too will
outcomes after destination therapy LVAD implantation. Even though this study
demonstrates significantly worse outcomes in the elderly after LVAD implant when
compared with the younger and sicker patients, a 63% 2-year survival is still a very good
result, especially when compared with that of medical management. Moreover, even though
multivariable Cox proportional hazard analysis in this study and other studies demonstrates
age to be a risk factor for poor outcome after LVAD implant [4, 7, 14], with appropriate
patient selection we can attain as excellent results as have been reported in other studies [8].

When the INTERMACS data in this study are analyzed, it is noted that nearly 76% of those
patients 70 or greater were inotrope dependent at the time of LVAD implant. Patients who
are inotrope dependent or have a worse INTERMACS status have the highest mortality [24].
We should strive to continue to identify patients prior to progression of heart failure and the
need for inotropic support. This will help to ensure improved outcomes. Hopefully, studies
such as ROADMAP and REVIVE-IT, designed to study the role of early LVAD implant
will shed light on this topic. There have been significant advances made in the field of
mechanical circulatory support. Much optimism exists for the present and future therapeutic
role of LVADs in elderly and young patients alike.

This study is a retrospective review of data from the INTERMACS registry. The data in this
registry are extremely valuable for future patient care but do have limitations. As these data
include outcomes from numerous centers, it is difficult to control for physician and center
experience. Additionally, there are a limited number of patients in the 70 or greater age
group that have remained at risk at 36 months; therefore it is difficult to make a reasonable
long-term conclusion and rather we are limited to midterm data. Moreover, as patients less
than 70 were more likely to undergo LVAD implant as bridge to transplant as opposed to
destination therapy, direct comparability is not as clear as a randomized, multi-center
prospective trial. Finally, because the INTERMACS registry includes only patients who had
FDA-approved devices implanted, there are several patients who underwent implant of
experimental continuous flow devices who were not captured with this dataset. Taking into
account these limitations, we feel that there are valuable data to be gathered from this study
that can be utilized in optimizing outcomes after LVAD surgery.
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Fig. 1.
Age range at time of left ventricular assist device implant.
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Fig. 2.

Kaplan-Meier analysis demonstrating cumulative survival for patients less than 70 and 70 or
greater years of age undergoing continuous flow left ventricular assist device implant.
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Preoperative Demographics and Risk Profiles at the Time of Left Ventricular Assist Device Implant

Table 1

Variable <70 Years 270 Years p Value
Gender (% male) 77.76% 86.78% <0.001
Race (%) <0.001

Caucasian 68.44% 87.63%

Black 24.54% 8.76%

Other 7.02% 3.61%
INTERMACS profile (%) <0.001

1 15.99% 8.31%

2 41.02% 36.95%

3 24.67% 30.34%

4 12.37% 17.63%

5 3.15% 4.24%

6 1.82% 1.86%

7 0.97% 0.68%
Etiology (%) <0.001

Idiopathic 33.31% 20.71%

Ischemic 35.71% 53.48%

Other 30.98% 25.81%
Chronic obstructive Pulmonary disease (%) 13.02% 19.37% <0.001
Diabetes 38.53% 44.69% 0.005
Smoking history (%) 61.75% 64.26% 0.3
Prior cardiac surgery (%) 33.12% 52.54% <0.001
NYHA (%) 0.7

| 0.32% 0%

1] 1.34% 1.51%

11 19.39% 18.71%

\Y% 78.94% 79.77%
Stroke (%) 7.86% 7.19% 0.6
Cancer (%) 8.16% 11.17% 0.02
Inotrope dependent 81.69% 75.59% <0.001
Height (cm) 175+ 11 174 £ 10 05
Weight (kg) 89 + 23 81+18 <0.001
BMI (kg/m?) 292499 26.7+9.1 <0.001
BUN (mg/dL) 25 (IQR = 17-37) 31 (IQR=22-43)  <0.001
Creatinine (mg/dL) 1.3 (IQR=1-1.7) 14(IQR=1.1-1.8) <0.0001
AST (U/L) 31 (IQR=23-47) 30 (IQR=23-43,N) 0.2
ALT (U/L) 30 (IQR = 20-54) 28 (IQR=19-44)  0.002
Total bilirubin (mg/dL) 11(IQR=0.7-1.7) 1(IQR=0.7-1.6) 06
Albumin (g/dL) 34+0.7 3.3+06 0.1
VO, Max (mL/kg/min) 11 (IQR = 9-13) 11 (IQR=8-13) 0.7
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ALT = alanine transaminase; AST = aspartate aminotransferase; BMI = body mass index; BUN = blood urea nitrogen; INTERMACS =
Interagency Registry for Mechanically Assisted Circulatory Support; IQR = interquartile range; NYHA = New York Heart Association; VO2 =

maximum oxygen consumption.
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Table 2
Hemodynamic, Operative, and Perioperative Data

Variable <70 Years 270 Years p value
Preoperative cardiac output (L/min) 4.34+1.45 412+1.42 0.01
Preoperative right atrial pressure (mm Hg) 12.4+7.0 11.0+56 <0.001
Preoperative pulmonary capillary wedge pressure (mm Hg) 244 +88 22677 0.005
Preoperative heart rate (bpm) 89 + 18 82+15 <0.001
Preoperative systolic blood pressure (mm Hg) 102 + 15 106 + 16 <0.001
Preoperative diastolic blood pressure (mm Hg) 64 £12 62 +11 <0.001
LVAD for destination therapy (%) 21.65% 80.85% <0.001
Concomitant surgery (%) 0.002

Valve 21.62% 28.31%

Other 16.75% 15.76%
Cardiopulmonary bypass time (minutes) 89 (IQR = 65-119) 89 (IQR = 62-127) 0.8
Length of stay (months) 0.657 (IQR = 0.46-0.953) 0.657 (IQR =0.46-1.051) 0.4
Discharged to (%) <0.001

Home 81.67% 62.37%

Rehab 15.76% 34.36%

Other 2.57% 3.27%

bpm = beats per minute; IQR = interquartile range; LVAD = left ventricular assist device.
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Short-Term and Midterm Survival After Left Ventricular Assist Device Implant

Survival <70 Years =270 Years pValue
30 Days 95% 93% 0.02

6 Month 87% 80% <0.001
1 Year 81% 75% <0.001
2 Years 71% 63% <0.001
3 Years 59% 54% <0.001
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Cox Proportional Hazards Multivariable Model to Identify Independent Risk Factors for Reduced Survival

Variable Coefficientp HR 95% ClI p-value
Prior cardiac surgery 0.399 149 (1.24-1.80) <0.001
Age >70 years 0.371 145 (1.13-1.85) 0.003
Creatinine >1.7 mg/dL 0.294 134 (1.10-1.63) 0.003
Inotrope dependence 0.277 132 (1.02-1.70) 0.03
Albumin <3.0 g/dL 0.223 125 (1.01-1.54) 0.04

ClI = confidence interval; HR = hazard ratio.
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