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ABSTRACT

Background: Advanced age is a relative contraindication 
for heart transplantation, but no age cutoff has been defined 
for patients receiving mechanical circulatory support.

Methods: Between November 1, 2003 and November 1, 
2012, we implanted the HeartMate II (HMII) left ventricu-
lar assist device (LVAD) in 319 patients. One hundred seven 
patients (89 men, 18 women) were over 60 years old (mean, 
66 ± 4 years; range, 61-78 years) and received the HMII as a 
bridge to transplantation (n = 45) or as destination therapy  
(n = 62). We evaluated their experience by performing a ret-
rospective analysis.

Results: Seventy-two patients had ischemic cardiomyopa-
thy, and 34 had idiopathic cardiomyopathy. Three patients 
(2.8%) already had a HeartMate XVE LVAD; 54 (50.5%) 
were receiving intra-aortic balloon pump support; 52 (48.6%) 
had undergone a previous cardiac procedure; and 9 (8.4%) 
had received renal replacement therapy (RRT) (continuous 
venovenous hemofiltration, hemodialysis, or both) before 
HMII implantation. The median duration of HMII support 
was 313 days (range, 1-3339 days). After device implantation, 
36 patients (33.6%) had gastrointestinal bleeding, 24 (23%) 
required RRT, 18 (17.5%) had ventricular arrhythmias, and 
24 (22.4%) had LVAD-related infections, and 9 (8.4%) had 
right ventricular failure requiring mechanical support, and 28 
(26.2%) had neurologic complications. The actual survival 
rate was 69% at 6 months, 63% at 1 year, and 54% at 2 years. 
Eighty-one patients died; 9 are still receiving HMII support; 
and 17 are alive after heart transplantation.

Conclusions: Older patients can benefit from LVAD ther-
apy, and advanced age should not preclude LVAD implantation. 

INTRODUCTION

Heart transplantation is the gold-standard therapy 
for patients with end-stage heart failure, but its utility is 

limited by a shortage of donor organs, which results in 
increased wait times. Although advanced age is a contrain-
dication for heart transplantation, there appears to be no 
critical age beyond which patients cannot receive mechani-
cal circulatory support (MCS) [Deng 2001; Jurmann 2004; 
Huang 2006; Sandner 2009; Drews 2010; Stepanenko 2010]. 
Because heart transplantation is not typically a feasible option 
for patients with end-stage heart failure who are more than 65 
years old, long-term MCS is increasingly becoming impor-
tant for the care of these older patients, whose outcomes are 
improved after device implantation compared with alternative 
medical therapies [Jurmann 2004; Huang 2006; Drews 2010; 
Stepanenko 2010]. As with any other treatment, the effects 
of age and age-related comorbidities should be determined 
on an individual basis for older patients who have advanced 
heart failure and are referred for left ventricular assist device 
(LVAD) therapy [Jurmann 2004; Huang 2006; Sandner 2009]. 

We report our single-center experience with patients older 
than 60 years who have been supported by the continuous-
flow HeartMate II (HMII) LVAD (Thoratec Corporation, 
Pleasanton, CA, USA) for end-stage heart failure.

MATERIALS AND METHODS

Of the 319 patients with end-stage heart failure who 
underwent implantation of a continuous-flow HMII LVAD 
at our hospital between November 1, 2003 and November 1, 
2012, 107 patients (89 men [83.2%] and 18 women [16.8%]) 
were aged more than 60 years (mean, 66 ± 4 years; range, 
61-78 years). All 107 patients were included in this retrospec-
tive chart-review study. The study was approved by our cen-
ter’s Institutional Review Board, and informed consent for 
LVAD implantation was obtained from all patients.

The specific objective of this analysis was to ascertain 
whether outcomes in patients aged above 60 years were 
acceptable. Specific-outcomes metrics that were evaluated 
included survival, infection, renal failure, gastrointestinal 
bleeding, right-sided heart failure, and stroke. 

Statistical comparisons were 2-sided, and laboratory data 
were subjected to between-subjects analysis. A P value of <.05 
was considered significant. Survival analysis for the patients 
continuing to receive MCS was performed by using the 
Kaplan–Meier method with patients censored for transplan-
tation; log-rank test was performed to compare 5-year sur-
vival between patients greater than 60 years to those 60 and 
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younger. Cox proportional hazards analysis was performed on 
preoperative characteristics to determine independent predic-
tors of mortality. Inclusion criteria for variables in our Cox 
model were as follows: univariate Cox proportional hazards 
analysis was performed on all preoperative variables. Those 
variables with P < .20 in univariate analysis were included in 
our final multivariate model. Variables with variance infla-
tion factor >10 were excluded from our model because of the 
introduction of multicollinearity. All analyses were performed 
with R 3.0.2 (Auckland, New Zealand) or Stata 13 (College 
Station, TX, USA) statistical softwares. Continuous variables 
are presented as the mean value ± standard deviation. Adverse 

Table 1. Demographic and Preimplantation Characteristics*

>60 Years,  
n = 107

≤60 Years,  
n = 212 P

Demographics

Age (years) 66.2 ± 4.4 46.7 ± 10.7 <.001

Body mass index (m2) 27.5 ± 5.5 29.3 ± 7.1 .01

Body surface area (m2) 2.0 ± 0.3 2.1 ± 0.5 .01

Sex .23

Men 89 (83.2%) 164 (77.4%)

Women 18 (16.8%) 48 (22.6%)

Etiology <.001

Ischemic cardiomyopathy 72 (67.3%) 83 (39.2%)

Idiopathic cardiomyopathy 35 (32.7%) 128 (60.4%)

Indication .22

Bridge to transplantation 45 (42.1%) 104 (49.1%)

Destination therapy 62 (57.9%) 107 (50.5%)

Preimplantation Characteristics

Diabetes mellitus 56 (52.3%) 76 (35.8%) .005

Hypertension 73 (68.2%) 110 (51.9%) .005

History of cardiac ar-
rhythmia

66 (61.7%) 124 (58.5%) .58

AICD implantation 14 (13.1%) 44 (20.8%) .09

Previous cardiac surgery 52 (48.6%) 80 (37.7%) .08

Exchange from HM-XVE 2 (1.9%) 34 (16.0%) <.001

HM-XVE support time 
(days)

589.0 ± 165.5 440.4 ± 250.2 .41

Preimplantation support

Intra-aortic balloon pump 54 (50.5%) 84 (39.6%) .07

TandemHeart or Impella 14 (13.1%) 41 (19.3%) .15

Preimplantation hepatic 
dysfunction

13 (12.1%) 37 (17.5%) .22

Preimplantation RRT 9 (8.4%) 18 (8.5%) .96

INTERMACS Profile .23

1 16 (15.0%) 41 (19.3%)

2 47 (43.9%) 65 (30.7%)

3 29 (27.1%) 59 (27.8%)

4 10 (9.3%) 22 (10.4%)

5 0 (0.0%) 3 (1.4%)

6 0 (0.0%) 0 (0.0%)

7 3 (2.8%) 2 (0.9%)

Hemodynamic values

Left ventricular ejection 
fraction (%)

22.0 ± 2.9 21.5 ± 3.3 .16

LVEDD 6.6 ± 1.0 6.6 ± 1.4 .93

Cardiac index (L/min/m2) 2.0 ± 0.6 1.9 ± 0.6 .14

Cardiac output (L/minute) 3.4 ± 1.8 3.1 ± 1.9 .18

Pulmonary capillary wedge 
pressure (mmHg)

24.2 ± 10.9 26.6 ± 10.9 .11

Mean pulmonary artery 
pressure (mmHg)

35.5 ± 11.3 37.2 ± 12.1 .27

Central venous pressure 
(mmHg)

12.3 ± 7.7 12.4 ± 7.3 .94

Laboratory values

White cell count (mm3) 9.2 ± 4.1 9.6 ± 4.7 .42

Platelets (mm3) 197.1 ± 95.5 210.6 ± 91.2 .23

Hemoglobin (g/dL) 11.6 ± 2.0 11.5 ± 2.2 .74

Prothrombin time (sec-
onds)

13.2 ± 4.1 13.9 ± 7.5 .34

International normalized 
ratio

1.2 ± 0.4 1.4 ± 1.0 .06

Partial thromboplastin time 
(seconds)

37.5 ± 15.2 40.8 ± 17.2 .13

Sodium (mEq/L) 135.7 ± 4.5 135.4 ± 4.6 .64

Blood urea nitrogen  
(mg/dL)

35.0 ± 20.2 29.3 ± 18.1 .01

Creatinine (mg/dL) 1.6 ± 0.9 1.4 ± 0.8 .23

Albumin (g/dL) 3.5 ± 0.6 4.5 ± 4.2 .001

Total bilirubin (mg/dL) 1.6 ± 2.3 1.9 ± 2.7 .37

Alanine aminotransferase 
(U/L)

91.1 ± 230.7 78.5 ± 151.6 .61

Aspartate aminotransferase 
(U/L)

73.4 ± 117.7 72.6 ± 180.0 .96

Lactate dehydrogenase 
(U/L)

353.9 ± 263.6 359.5 ± 264.8 .87

*Results are presented as mean + standard deviation, or number of patients 
(%). AICD, automatic implantable cardioverter-defibrillator; HM-XVE, 
HeartMate XVE left ventricular assist device; RRT, renal replacement 
therapy; LVEDD, left ventricular end diastolic diameter.

Table 1. [Continued]

>60 Years,  
n = 107

≤60 Years,  
n = 212 P
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events are presented as percentages of patients who had an 
event and as events per patient-year.

RESULTS

Table 1 shows the preimplantation and demographic char-
acteristics of the 107 patients.

The LVAD was implanted as a bridge to transplantation in 
45 patients and as destination therapy in 62 patients. Before 
device implantation, all patients were in New York Heart 
Association (NYHA) functional class IV or IIIB and were 
receiving maximal medical treatment, including intravenous 
inotropic support. Seventy-two patients (67.3%) had ischemic 
cardiomyopathy, and 35 (32.7%) had idiopathic cardiomyop-
athy. Sixteen (15.0%) patients were Interagency Registry for 
Mechanically Assisted Circulatory Support (INTERMACS) 
profile 1 at the time of implantation; 47 (43.9%) patients were 
INTERMACS profile 2; 29 (27.1%) patients were INTER-
MACS profile 3; 10 (9.3%) patients were INTERMACS pro-
file 4; and 3 (2.8%) were INTERMACS profile 7. Fifty-two 
(48.6%) of the patients had undergone previous cardiac sur-
gery; 54 (50.5%) were being supported by an intra-aortic bal-
loon pump (IABP); and 14 (13.1%) were being supported by 
a TandemHeart (Cardiac Assist Inc., Pittsburgh, PA, USA) or 
an Impella (Abiomed, Danvers, MA, USA) ventricular assist 
device. Two patients (1.9%) had a HeartMate (Abbott Inc., 
Chicago, IL) extended-lead vented electric (XVE) LVAD, and 
the median time before exchange to an HMII LVAD in these 
cases was 494 (range, 472-706) days.

Compared to HMII recipients aged less than or equal to  
60 years, recipients greater than 60 had lower body mass index 
and body surface area (P = .01 for both) were more common 
to have ischemic etiology (P <.001), had a higher incidence of 
diabetes mellitus and hypertension (P = .005 for both), higher 
blood urea nitrogen levels (P = .01), and lower albumin levels 
(P = .001) (Table 1).

Following HMII implantation, 9 patients had a Levitronix 
CentriMag pump (Levitronix, Waltham, MA, USA) placed 
because of right-sided heart failure; 7 of these 9 patients had 

previously undergone a cardiac operation, and 4 had received 
IABP support. Twenty-eight patients had a concomitant pro-
cedure (mitral valvuloplasty, aortic valve replacement, left 
ventricular aneurysm resection, or coronary artery bypass 
grafting); 9 of these patients had previously undergone a 
cardiac procedure. During HMII implantation, 12 of the 13 
patients with hepatic dysfunction had a liver biopsy.

The median duration of support with the HMII LVAD was 
313 days (range, 1-3339 days). Twenty-eight patients under-
went heart transplantation within a median of 473.5 days 
(range, 82-1006 days). One-year survival for heart transplant 
recipients was 75% (21/28). Sixty-six patients died within a 
median of 174 days (range, 1-3073 days). The 6-month sur-
vival rate was 69% (74/107). The 1-year survival rate was 
63% (67/107) (Figure 1). The 2-year survival rate was 54% 
(58/107). All the patients who were discharged home were 
in NYHA functional class I. The most frequent cause of 
death was multiorgan failure resulting from septic complica-
tions and right-sided heart failure. When comparing survival 
between patients aged above and below 60 years at the time 
of implantation, patients older than 60 years had significantly 
worse 5-year survival (P = .005). Cox proportional hazards 
analysis demonstrated that age >60 years was an independent 
predictor of mortality (P = .006, Table 2).

Biochemical and hematologic data were analyzed with 
regard to end-organ function. The white blood cell count 
and the aspartate aminotransferase, alanine aminotransferase, 
serum total bilirubin, and albumin levels gradually returned 
to normal during the 12-month follow-up period (Table 3). 

Compared with the 26 survivors, the 81 patients who died 
had higher creatinine (1.6 ± 1.0 versus 1.3 ± 0.5; P = .04), total 
bilirubin (1.7 ± 2.6 versus 1.1 ± 0.8 mg/dL; P = .048), and 
brain natriuretic peptide (BNP) (1277.9 ± 1297.8 versus 611.5 
± 292.8), and lower albumin (3.7 ± 0.5 versus 3.4 ± 0.6) and left 
ventricular end diastolic diameter (LVEDD) (6.5 ± 0.9 versus 
7.1 ± 1.1) before LVAD implantation. Of the 81 patients who 
died, 9 required a right ventricular assist device (RVAD) sup-
port during HMII implantation, whereas none of the 26 sur-
viving patients required such support (P = .07). Nine patients 
are still receiving HMII support 5 years after implantation.

Figure 1. Kaplan–Meier survival analysis for HeartMate II recipients aged 
older than 60 and younger than 60 years.

Figure 2. Kaplan–Meier survival analysis for patients aged older than 60 
years, stratified by preoperative INTERMACS profile.
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Twenty-five patients (23 men, 2 women) were aged 70 
years or older (range, 70-78 years) at LVAD implantation. 
Twenty-three of these patients died, 1 (4%) is still receiving 
device support, and the other received a heart transplant after 
498 days of LVAD support. The survival rate was 52% at 6 
months (13/25) and 44% at 1 year (11/25). The longest sur-
vival time has been 3073 days. In this group, 8 patients were 
≥75 years old; 7 of them died; and 1, our oldest LVAD recipi-
ent, aged 78 years, continues to receive HMII support.

Adverse Events
These recipients had a total LVAD support time of 178.7 

cumulative patient-years (average of 1.7 years per patient). 
The most common adverse event was gastrointestinal bleed-
ing (35 patients; 32.7%) (Table 4). In 10 of these cases, the 
patients had arteriovenous malformations (AVMs), most of 
which (n = 8) were bleeding from duodenal and jejunal AVMs; 
in the other 25 cases, bleeding was due to gastritis (n = 4), gas-
tric and duodenal ulcers (n = 6), angiodysplasia (n = 5), diver-
ticuolosis (n = 5), or Mallory–Weiss tears (n = 3); 2 patients 
had gastrointestinal bleeding from unknown location and of 
unknown etiology. 

Twenty-four patients (22%) required renal replacement 
therapy (RRT), and 8 (7.5%) of them received RRT before 
HMII implantation. Five patients (4.7%) had chronic stage 
V renal failure, had undergone hemodialysis for more than 
1 year, and continued to receive RRT after LVAD implanta-
tion. Three patients (2.8%) required continuous venovenous 
hemofiltration before LVAD implantation. Of the 14 survi-
vors, 7 required RRT, 2 had chronic stage V renal failure and 
continued to need hemodialysis after LVAD implantation,  
3 recovered renal function with the support of RRT and were 
weaned from it during the 2 to 3 months after LVAD implan-
tation, and 2 still require hemodialysis.

Eighteen patients (17.5%) had ventricular arrhythmias; 14 
of them had a history of arrhythmia, were taking antiarrhyth-
mic agents, and had an automatic implantable cardioverter-
defibrillator before LVAD implantation. 

Twenty-four patients (22.4%) had LVAD-related infec-
tions. Nine other patients (8.4%) required RVAD support 

during HMII implantation, and 7 of these patients had a pre-
vious cardiac procedure. Moreover, an additional 28 (26.2%) 
patients had neurologic complications.

DISCUSSION

In our study, we found that patients aged 60 years or 
older with severe heart failure can benefit from long-term 
continuous-flow LVADs and have a low incidence of adverse 
events. Our series is the longest involving this patient sub-
group and has among the highest survival rates: 69% at 6 
months, 63% at 1 year, and 54% at 2 years. In other studies 
of older LVAD patients, survival has ranged from 19% to 
39% at 1 year [Jurmann 2004; Huang 2006; Sandner 2009; 
Drews 2010; Stepanenko 2010]. 

The shortage of donor organs and the correspond-
ingly long wait times for heart transplantation mean that 
more elderly patients with end-stage heart failure are being 
referred to LVAD centers. However, clinicians may be less 
aggressive in treating these older patients, because they have 
a higher mortality rate. Of those in our study, all were in a 
critical hemodynamic state before LVAD placement. Sixty-
three (59%) were in INTERMACS profile 1 or 2. Also, 52 
patients (48.6%) had undergone previous cardiac surgery, 54 
(50.5%) had been receiving IABP support, and 14 (13.1%) 
had been receiving TandemHeart or Impella support before 
LVAD implantation. Thirteen (12.1%) of the 107 patients 
had preimplantation hepatic dysfunction, and 12 had a liver 
biopsy during the HMII LVAD implantation procedure; in 
each case, pathologic examination revealed centrilobular 
congestion consistent with chronic congestive heart fail-
ure. During the HMII implantation procedure, 27 patients 
required a concomitant cardiac procedure, which is associated 
with increased multimorbidity in these patients [John 2014].

Multiple studies have identified age as an independent 
predictor of post-LVAD survival [Deng 2001; Jurmann 2004; 
Dang 2005; Holman 2009; Joyce 2009; Sandner 2009; Drews 

Table 2. Cox Proportional Hazards Analysis for Independent 
Predictors of Mortality*

Variable Hazard Ratio P 95% Confidence Interval

Age >60 years 1.60 .006 1.15-2.23

Idiopathic etiology 1.11 .56 0.78-1.57

Hypertension 1.16 .37 0.84-1.60

Previous HM-XVE 1.03 .92 0.53-2.02

Previous cardiac surgery 1.38 .06 0.99-1.92

Blood urea nitrogen 1.01 .06 1.00-1.01

Albumin 0.95 .12 0.88-1.02

*Left ventricular ejection fraction and body mass index were removed from 
the model because of their having a variance inflation factor >10. HM-XVE, 
HeartMate XVE left ventricular assist device.

Figure 3. Kaplan–Meier survival analysis for patients aged older than 60 
and older than 70 years.
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2010; Kirklin 2011]. In studying 464 patients 65 years and 
older receiving the Novacor Left Ventricular Assist System 
(World Heart Inc., Oakland, CA, USA) for end-stage heart 
failure, Deng and colleagues found that older age was a sig-
nificant risk factor for death. Another study showed that 
advanced age was an independent predictor of both early 
death and poor survival in 201 bridge-to-transplant patients 
with end-stage heart failure undergoing HeartMate LVAD 
implantation [Dang 2005]. In our study, LVAD recipients 
aged older than 60 years had worse 5-year survival compared 
to their younger counterparts, and age >60 years was an inde-
pendent predictor of mortality. However, further stratifica-
tion of LVAD recipients demonstrated that the sexagenar-
ian LVAD recipients had similar survival compared to their 
younger counterparts, whereas those 70 years and older had 
significantly poorer survival.

In 2004, Jurmann and colleagues reported that permanent 
mechanical circulatory support would likely evolve as a treat-
ment option for selected end-stage heart failure patients aged 
60 years and older and recommended that these patients be 
evaluated on a case-by-case basis [Jurmann 2004]. In 2010, 
researchers at the same center reported their overall experi-
ence; for the patients who received nonpulsatile LVADs, the 
hospital discharge rate was 19% at 1 year [Drews 2010].

The third INTERMACS report states that older age 
(60-70 years) is a risk factor for death in destination-therapy 

patients [Kirklin 2011]. However, the mean age of patients in 
the current study was 66 ± 4 years, the oldest being 78 years. 
In all, our study included 25 patients aged 70 years and older; 
their 6-month survival rate was 52%, and their 1-year survival 
rate was 44%.

Many of the previous studies were performed with first-
generation pulsatile LVADs. These devices have now been 
replaced by newer, smaller, continuous-flow LVADs that 
have a compact design and involve a less-invasive surgical 
procedure, resulting in a faster recovery and shorter hos-
pital stay. Results of recent studies more accurately reflect 
the better outcomes in older patients receiving these newer 
devices [Huang 2006; Kwon 2008; Kohmoto 2009; Sandner 
2009; Drews 2010; Stepanenko 2010]. Kwon and coworkers 
reported that the mortality rate for patients older than 60 
years is comparable to that for younger patients. Although 
Huang and colleagues observed a higher mortality rate after 
LVAD implantation in their older patients, the results did not 
reach statistical significance after being adjusted for various 
baseline differences [Huang 2006; Kwon 2008].

Stepanenko and associates showed that permanent 
LVAD therapy may be successful in highly selected elderly 
patients with terminal heart failure if the LVAD is implanted 
before cardiogenic shock or inotropic dependency ensues  
[Adamson 2011]. These older patients have a height-
ened incidence of comorbidities, including hypertension, 

Table 3. Laboratory Data for 107 Patients during the 1-Year Follow-up Period*

Variable Before LVAD† At 3 Months† P At 6 Months† P At 9 Months† P At 12 Months† P

Hemoglobin (g/dL) 11.4 11.2 .24 11.5 .90 12.15 .27 12 0.17

(10-12.5) (10-12) (10.5-12.4) (10.9-12.8) (11-13)

White blood cells (×109/L) 8.7 6.6 <.001 6.8 <.001 6 <.001 6.4 <.001

(7-11.6) (5.5-8.7) (5.4-8.2) (5-7.7) (4.8-8)

Sodium (mEq/L) 137 140 <.001 140 <.001 139 <.001 140 .0004

(134-139) (137-142) (138-141) (137-141) (138-142)

BUN (mg/dL) 29 22.5 <.001 27 .48 25 .03 21.5 .12

(21-39) (17.7-31) (20-35) (20-32.8) (19-29)

Creatinine (mg/dL) 1.3 1.2 .007 1.3 .93 1.3 .24 1.3 .41

(1-1.6) (1-1.5) (1-1.6) (1-1.6) (1-1.5)

AST (U/L) 49 31 <.001 30 .0003 28 .014 27 .005

(32-79.5) (24-38.5) (24-37) (24-35) (22-33)

ALT (U/L) 27 21.5 .001 30 <.001 28 <.001 27 <.001

(20-51.5) (15-33.3) (24-37) (24-35) (22-33)

Total bilirubin (mg/dL) 1.2 0.6 <.001 0.55 <.001 0.7 <.001 0.7 <.001

(0.7-1.9) (0.4-0.9) (0.4-0.8) (0.4-0.8) (0.5-1)

Albumin (mg/dL) 3.5 3.8 .006 4 <.001 4.2 <.001 4.2 <.001

(3-3.9) (3.3-4.1) (3.6-4.2) (4-4.5) (4-4.4)  

*AST, aspartate aminotransferase; ALT, alanine aminotransferase. P <.05 was considered statistically significant.
†Data are given as median (25th–75th percentile). 
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diabetes mellitus, and a history of cardiac surgery and pre-
implantation circulatory support. 

Adamson and colleagues observed no significant survival 
difference between patients who were ≥70 versus <70 years 
old (1-year survival rate, 75% versus 72%, respectively) 
[Adamson 2011]. Also, the average length of hospital stay was 
similar in both groups: 24 ± 15 versus 23 ± 14 days. These 
researchers believe that LVAD therapy improves the quality 
of life of older patients, their caregivers are more compliant 
with medications and instructions, and the patients do not 
have an increased rate of adverse events. The most frequent 
adverse event was hemorrhage requiring packed red blood 
cells and surgery. 

In our current study, the most common adverse events 
were gastrointestinal bleeding and the need for RRT. Our 
patients had a high risk of postimplantation renal failure, with 
comorbidities such as hypertension (68.2%), diabetes melli-
tus (52.3%), a previous cardiac procedure (48.6%), a previ-
ous LVAD (2.8%), and IABP support (50.5%) before HMII 
LVAD implantation. Nine patients (8.7%) required RVAD 
support during the implantation procedure. It is important 
to note that 8 of 9 patients who required RVAD support died. 
This highlights the significant impact of RV failure on mor-
tality especially in this elderly, high-risk subgroup of patients. 
This has an implication with respect to patient selection in 
patients aged above 60 years—to proceed with reluctance in 
patients who are high risk for post-LVAD RV failure.

Sandner and coworkers found that the glomerular filtra-
tion rate was significantly lower for LVAD patients regard-
less of their age, but 53.3% of their patients ≥60 years old 
required RRT after LVAD implantation [Sandner 2009]. 
Genovese and colleagues found that the development of 
acute renal failure during LVAD support was associated 

with a significantly decreased survival rate—30% at 1 year  
[Genovese 2010]. They report that renal failure is one of the pre-
dictors of 12-month survival. We recently described the gradual 
recovery of renal function with RRT within 2 to 3 months after 
continuous-flow LVAD implantation [Demirozu 2011]. 

In a multi-institutional study of MCS, Holman and asso-
ciates stated the importance of device- and patient-related 
infections as predictors of death [Dang 2005]. These research-
ers reported the following: infections are usually suppressed 
and managed with antimicrobial therapy, so patient deaths are 
then attributed to another cause, such as multiorgan failure 
or neurologic complications; however, as a common adverse 
event, infection is important and must be accurately stated 
as a risk factor for death after MCS therapy. We observed 
LVAD-related infections in 34 (31.8%) of our 107 patients. In 
their ≥60-year-old patients, Huang and colleagues observed a 
23% rate of LVAD-related infections and a 61% rate of neu-
rologic complications [Huang 2006]. Sandner and coworkers 
observed neurologic complications in 26.7% of their patients 
60 years or older [Sandner 2009]. In our study, 27 patients 
(25.2%) had neurologic complications. 

In multiple studies, right-sided heart failure has been iden-
tified as a risk factor for death [Dang 2005; Morgan 2004; 
Ochiai 2002; Schenk 2006]. A longer duration of right-sided 
heart failure requiring inotropic support after LVAD implan-
tation is associated with reduced survival to transplantation 
[Schenk 2006]. Sandner and colleagues reported that 10% of 
their older patients required RVAD support [Sandner 2009]. 
In our study, 9 patients (8.4%) needed RVAD support during 
the LVAD implantation procedure; 7 of these patients had 
undergone previous cardiac surgery, and 4 of them required 
IABP support before LVAD implantation.

In previous studies of LVADs in older patients, the main 
cause of death was multiorgan failure [Jurmann 2004; Morgan 
2004; Huang 2006; Holman 2009; Sandner 2009; Drews 
2010; Stepanenko 2010]. In the present study, causes of death 
included previous secondary end-organ dysfunction, renal 
or hepatic dysfunction, sepsis, and neurologic complications 
related to multiorgan failure.

Joyce and colleagues compared 2 groups of patients—
those aged ≥65 versus <65 years—and found that the younger 
patients were more likely to undergo LVAD implantation 
[Joyce 2009]. When these researchers compared patients 
who received LVADs and those who did not (because of 
therapeutic preference), patient age was a significant deter-
mining factor. Medical therapy was the preferred treatment 
for patients older than 65 years. However, the REMATCH 
(Randomized Evaluation of Mechanical Assistance for the 
Treatment of Congestive Heart Failure) trial showed a sig-
nificant reduction in the risk of death among patients aged 
60 to 69 years in the device group compared with the medi-
cal group [Rose 2001] Therefore, any differences in LVAD 
therapy with regard to patient age are likely the result of 
the clinician’s decision to refer patients for LVAD implan-
tation as a bridge to transplantation or as destination ther-
apy. The adverse effects of advanced age on the survival of 
LVAD patients are not easily modified but can be managed 
by experienced clinicians.

Table 4. Postoperative Adverse Events*

Adverse Event Patients† Events EPPY

GI bleeding 35 (32.7%) 45 0.25

RRT 24 (22.4%) 24 0.12

Ventricular arrhythmia 18 (16.8%) 18 0.09

LVAD-related infection 34 (31.8%) 121 0.68

Pump pocket 9 (8.4%) 19 0.11

Drive-line 11 (10.3%) 22 0.12

Blood stream 30 (28.0%) 75 0.42

RV failure requiring MCS 9 (8.4%) 9 —

Neurologic complications 27 (25.2%) 35 0.2

Hemorrhagic 15 (14.0%) 15 0.08

Ischemic 17 (15.9%) 20 0.11

*EPPY, events per patient-year; GI, gastrointestinal; RRT, renal replacement 
therapy LVAD, left ventricular assist device; RV, right ventricular; MCS, 
mechanical circulatory support.
†Number of patients (%).
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Twenty-eight of our patients underwent heart transplanta-
tion, with a median wait time of 473.5 days after HMII LVAD 
implantation and 75% survival more than 1 year later. Sand-
ner and colleagues reported a 1-year survival rate of 90% for 
their LVAD patients 60 years or older who later underwent 
transplantation [Sandner 2009].

Renal dysfunction is one predictor that may affect survival 
in these older patients, causing hemodynamic instability. For 
this age group, we believe that individual consideration is 
required so that end-organ dysfunction, right ventricular fail-
ure, and inotropic dependency do not interfere with recovery.

The limitations of this study include those related to any 
retrospective analysis: it is not a prospective or random-
ized study. In addition, our data represent our experience 
with a single device. Other researchers have reported their 
experiences with various continuous-flow pumps in patients 
of advanced age [Deng 2001; Jurmann 2004; Huang 2006; 
Sandner 2009; Drews 2010; Stepanenko 2010]. Furthermore, 
the HMII recipients in our study were primarily males who 
have demonstrated significantly better outcomes compared to 
women [Magnussen 2018], which may limit the generalizabil-
ity of our study.

In conclusion, our experience shows that advanced age 
should not preclude patients from receiving LVAD therapy 
and that these patients can benefit from long-term contin-
uous-flow LVAD therapy, which preserves their end-organ 
function while they await heart transplantation.
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