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Abstract Objectives The aim of this studywas to analyze our 10-year experience with the HVAD
in a real-world scenario in a high-volume German heart center.
Methods We retrospectively analyzed outcomes of adults (�18 years) with terminal
heart failure (HF), who underwent HVAD implantation for durable LVAD therapy in our
center between October 2009 and March 2020. Primary and secondary end points
were all-cause death after implantation and LVAD-associated complications, respec-
tively. We focused the distinct analyses on risk profiles at the time of implantation and
implant strategies, i.e., bridge-to-transplant (BTT) or destination therapy (DT).
Results A total of 510 patients were included, with 229 and 281 individuals in
Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS) level
1 (45%) and 2 to 4, respectively. Median follow-up was 26 months (IQR: 5–54 months).
Overall survival at 1, 3, and 5 years after HVAD implantation was 66% (95% CI; 61.7–
70%), 49.4% (95% CI; 44.9–53.8%), and 37.4% (95% CI; 32.8–42%), not censored for
LVAD exchange, LVAD explantation, or heart transplantation. INTERMACS level 1 and
peri-operative temporary right heart assistance were independent risk factors for
survival. Survival was best in BTT patients undergoing heart transplantation at any time
during follow-up. The INTERMACS level at time of HVAD implantation did not affect
survival after heart transplantation. Freedom from the combined end point of any
device-associated severe complication and death was 44.5% (95% CI; 40–48.8%) at 1-
year after implantation.
Conclusion The HVAD is a reliable pump for durable mechanical circulatory support
even in high-risk patients. Still, heart transplantation outperforms durable MCS therapy
for a superior long-term survival.
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Introduction

Left ventricular assist devices (LVADs) have become a treat-
ment option in advanced heart failure (HF) with improving
outcomes during the last two decades.1,2 The success of the
modern LVADs is attributed to tremendous technical advan-
ces addressing size, biocompatibility, durability, and effec-
tiveness.2 Modern third and fourth-generation LVADs are
relatively small intrapericardially implantable, continuous-
flow (CF) centrifugal pumps.3–5

The Heartware ventricular assist device (HVAD) (Med-
tronic, United States) has been the first relevant CF centrifu-
gal pump LVAD. It has been CE mark and FDA approved in
2008 and 2012 for the bridge-to-transplant (BTT) indication,
respectively.2,3 The published results after HVAD implanta-
tion show relatively good survival rates of up to >80% at
1 year. Such data are derived from clinical trials with certain
inclusion and exclusion criteria and may thus not reflect a
“real-world” scenario.3,5–9

This study was meant to report the “real-world” long-
term clinical experience and outcome with the HVAD in a
high-volume German heart center.

Materials and Methods

Patients and Study Design
All patients who received a HVAD as their first durable
mechanical circulatory support (MCS) device were eligible
for this retrospective analysis. Excluded were patients 218
years, adultswith transposition of the great arteries, patients
undergoing isolated RVAD implantation, or concomitant
biventricular assist device implantation (►Fig. 1). This sin-
gle-center study (reference no. 2020–627) was approved by

the institutional ethics committee of the Ruhr-University
Bochum in Bad Oeynhausen, Germany. We performed a
retrospective analysis of our prospectively maintained insti-
tutional MCS database. The severity of HF and adverse events
were classified according to the Interagency Registry for
Mechanically Assisted Circulatory Support (INTERMACS)
definitions.6,9 Routine laboratory and surgical data were
collected from the hospitals electronic patient database as
indicated. Clinical follow-upwas closed in April 2020. Cardi-
ac surgery, anti-coagulation management and anti-infective
therapy were performed in a routine fashion.10 Eligibility for
heart transplantation has been evaluated and discussed
routinely in a multi-disciplinary transplant board in all
transplant candidates. High urgency (HU) status listing
requestswere applied to and in accordancewith the business
rules of the Eurotransplant foundation criteria for patients
on durable MCS (Box B criteria, see below).

End Points
The primary end point was defined as death after HVAD
implantation due to all causes. Analyzing the MCS-related
complications during follow-up, secondary end points were
pump infection, cerebrovascular accident (ischemic insult
and bleeding; CVA), pump thrombosis, right heart failure
(RHF), device malfunction, ventricular tachycardia (VT), and
gastrointestinal bleeding (GIB). Patients undergoing HVAD
explantation, HVAD exchange, or heart transplantation were
censored at the time of intervention. Based on the EURO-
MACS registry protocol, we summarized individual causes of
death as indicated. We delineated 10 dominant causes of
death designated as sepsis, multiorgan failure (MOF), CVA,
cardiopulmonary failure, GIB, lung disease, RHF, device
malfunction, unknown cause and others.2,11

Fig. 1 Patient selection. INTERMACS, Interagency Registry for Mechanically Assisted Circulatory Support; TGA, transposition of the great
arteries; VAD, ventricular assist device.
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Statistical Analysis
Results are expressed as mean� standard deviation (SD) or
as median þ25th-75th percentile interquartile range for
continuous variables, and frequency and percentage for
categorical variables, as indicated. Univariate comparisons
were performed with Student’s paired or unpaired t-test for
continuous normally distributed data. The Mann-Whitney U
test was used for comparisons of non-parametric continuous
data and Fisher’s exact test for categorical data. Data for
survival and freedom from adverse events were analyzed
using the Kaplan-Meier method; comparisons between
groups were made using the log-rank test. The predictors
for peri-procedural and long-term mortality was evaluated
bymultivariate Cox regression analysis, and the results were
expressed as hazard ratios (HRs) with 95% confidence inter-
vals (CIs). Age at HVAD implantation, bodymass index (BMI),
body surface area, diabetes mellitus, peripheral artery dis-
ease, prior cardiac surgery, the temporary RVAD use, CVA,
prior cardiac arrest, laboratory values at implantation, prior
temporaryMCS use, as well as INTERMACS level 1 versus 2 to
4were chosen as candidate covariates. These covariates were
included via stepwise regression analysis using a probability
for stepwise entry of 0.05. Differences were considered
statistically significant at values of probability of less than
0.05. All statistical analyses were performed using the R
software.

Results

Baseline Demographics and Echocardiographic
Characteristics
A total of 607 HVADs were implanted into 548 patients
during the study period and 510 patients were included in
the analyses, because they received implantation of an HVAD
as a primary LVAD; 38 patients were excluded
(►Fig. 1). ►Table 1 depicts baseline characteristics of the
final study population. Patient mean age was 54.6�12.1
years and 82.7% were males. At the time of HVAD implanta-
tion, a large proportion of patients (n¼229) was in INTER-
MACS level 1, while fewer patientswere in INTERMACS levels
2, 3 and 4, i.e., n¼150, n¼115, and n¼16, respectively. The
latter three groups were collectively considered for the
subsequent analyses. No patient was implanted in INTER-
MACS levels greater than level 4. Common comorbidities and
pre-implant HF treatments are outlined in ►Table 1. The
most common etiology of HF was ischemic cardiomyopathy
(ICM; n¼266, 52%) (►Table 1). The implantation strategy
was BTT in 427 patients (84%) and destination therapy (DT)
in 83 cases (16%). Baseline characteristics differed only
slightly between INTERMCS level 1-patients and INTERMACS
levels 2 to 4 patients and between BTT and DT patients
(►Table 1).

Peri-procedural Characteristics
INTERMACS level 1-patients and BTT-patients were preop-
eratively more frequently supported by temporary MCS-
devices when compared with INTERMACS level 2 to 4-
patients and DT patients, respectively (►Table 2). Additional

procedures are listed in ►Table 2. Additional procedures
were more frequently performed in INTERMACS level 2 to 4
patients when compared with INTERMACS level 1 patients.
Need for pre-surgical mechanical ventilation and post-surgi-
cal ventilation times, as well as ICU stays was more frequent
and longer in patients implanted in INTERMACS level 1when
comparedwith patients in INTERMACS levels 2 to 4. Hospital
stays were comparable. Temporary RVADs were more fre-
quently used in INTERMACS level 1 patients when compared
with INTERMACS levels 2 to 4 patients (40.6 vs. 20.6%, p
�0.001), while the time interval of temporary RVAD support
was comparable [median 17 days (IQR; 12–33 days) in
INTERMACS level 1 vs. 23 days (IQR; 3–35 days) in INTER-
MACS levels 2–4, p¼0.485] (►Table 2).

Survival after HVAD Implantation
The median follow-up in this study was 26 months (IQR; 5–
54 months). The 3-months overall survival rate after HVAD
implantationwas significantlyworse in the INTERMACS level
1 group when compared with INTERMACS levels 2 to 4
patients (75.3 vs. 87.8%, p<0.001). There was no 3-months
survival difference comparing BTT and DT patients
(►Table 2). Overall survival rates at 1, 3, and 5 years after
HVAD implantationwere 66% (95% CI; 61.7–70%), 49.4% (95%
CI; 44.9–53.8%), and 37.4% (95% CI; 32.8–42%), not censored
for LVAD exchange, LVAD explantation, or heart transplanta-
tion (►Fig. 2A). Overall median survival was 35months (95%
CI; 26–43 months). Survival was best in BTT patients under-
going heart transplantation at any time during follow-up
(►Fig. 2B), i.e., 1-, 3- and 5-year survival in BTT HVAD
patients undergoing heart transplantation at any time dur-
ing follow-up was 92.8% (95% CI; 86.7–96.2%), 83.1% (95% CI;
75.3–88.6%), and 77.6% (95% CI; 69.0–84.1%), respectively.
There was no significant survival difference in BTT HVAD
patients undergoing heart transplantation at any time dur-
ing follow-up when comparing INTERMACS level 1 and
INTERMACS levels 2 to 4 patients (p>0.05;►Fig. 2B). Impor-
tantly, only a minority of BTT-HVAD patients (30%) could be
transplanted. HVAD patients not undergoing heart trans-
plantation during follow-up, i.e., BTT (n¼301) and all DT
patients (n¼83), had a strikingly poorer prognosis
(►Fig. 2B), i.e., 1-, 3- and 5-year survival rates of 56.8%
(95% CI; 51.6–61.6%), 37.2% (95% CI; 32.2–42.3%), and
20.7% (95% CI; 16.0–25.9%), respectively. There was no
significant survival difference in these HVAD patients not
undergoing heart transplantation during follow-up when
comparing INTERMACS level 1 and INTERMACS levels 2 to
4 patients (p >0.05; ►Fig. 2B).

The most common causes of death were MOF and sepsis,
followed by cerebrovascular accidents (►Table 3). Multivari-
ate analyses revealed that age at implantation, [HR 1.053
(95% CI; 1.028–1.079), p <0.001], BMI [HR 1.045 (95% CI;
1.002–1.090), p¼0.042], need for temporary RVAD support
[HR 3.110 (95% CI; 1.978–4.890), p <0.001], and INTERMACS
level 1, [HR 2.114, (95% CI; 1.300–3.437), p¼0.0025] at the
time of HVAD implantation remained as independent pre-
dictors of 3-months mortality. Age at implantation [HR 1.05
(95% CI; 1.03–1.06), p <0.001], need for temporary RVAD
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support [HR 2.22 (95% CI; 1.66–2.98), p<0.001], and INTER-
MACS level 1 [HR 1.55, (95% CI; 1.16–2.07), p<0.001] at the
time of HVAD implantation remained as independent pre-
dictors of long-term mortality.

Time Course of LVAD Complications
During follow-up, themost common complications on HVAD
support included pump infection, VT, GIB, embolic stroke,
ICB, right HF, and pump thrombosis (►Fig. 3). Device mal-
function occurred very seldom. Freedom from any device-
associated severe complication and death was 44.5% (95% CI;
40–48.8%) at 1-year after implantation. Freedom frommajor
complications with ongoing HVAD support did not generally
differ between INTERMACS level 1-patients and INTERMACS
levels 2 to 4 patients, except for ischemic stroke, which
occurred more frequently in INTERMACS level-1 patients
(►Fig. 3). Pump infections (p <0.05) and pump thromboses
(p <0.05) occurred less frequently in DT patients when
compared with BTT patients (►Fig. 4). The fractions of
INTERMACS level 1 patients were 49% and 23% in BTT and
DT patients, respectively. All other incidences of major
complications did not differ significantly between BTT and
DT patients. During follow-up, 58 patients developed new or
recurrent RHF that required intensified medical therapy or
urgent heart transplantation. Peri-operative need for tem-
porary RVAD support was a strong and independent risk
factor for reoccurrence of RHF [HR 2.632, (95% CI; 1.554–
4.459), p <0.001].

Outcome after Heart Transplantation
Only 126 BTT HVAD patients underwent heart transplanta-
tion during follow-up. One, 3 and 5-year survival after heart
transplantation of HVAD patients was 79.4% (95% CI; 71.0–
85.6%), 73.1% (95% CI; 63.8–80.3%), and 68.9% (95% CI; 58.9–
77.0%), respectively. According to Kaplan-Meier analysis, the
survival rate after HTx was not significantly different be-
tween patients implanted with the HVAD in INTERMACS
level 1 (n¼54) or INTERMACS levels 2 to 4 (n¼72)
(p¼0.62; ►Fig. 5A). Of those 126 patients, 104 patients
(82.5%) required urgent HTx (HU status) because of life-
threatening LVAD-associated complications and were thus
prioritized on the waiting list, while the minority of 22
patients (17. 5%) were transplanted in regular “T” status.
Survival of HVAD patients after HTx did not significantly
differ between HU and T-status patients (p¼0.57;►Fig. 5B).

The reasons for HU-status listing in the 104 patients were
n¼35 for pump infection, n¼16 for cerebrovascular acci-
dents (ischemic insults and/or bleeding), n¼12 repeated
pump thrombosis, n¼17 RHF, n¼2 device malfunction,
n¼9 therapy-refractory ventricular arrhythmia, n¼7 GIB
and n¼6 others.

Discussion

Several studies have been published demonstrating favor-
able outcomes in durable MCS therapy, using the intraper-
icardially implantable HVAD.3,12–16 Large registry data on
patient outcome after centrifugal flow pump implantation isTa
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at hand,6,7,17 but do not distinctively analyze the clinical
outcome after HVAD implantation. Registry and post-market
trial data have to be interpreted with care. They may not
necessarily represent a “real-world” scenario, also consider-
ing center-specific differences in patient selection and im-
plant strategies. Center size, experience, and the presence or
absence of a transplant program come into play, particularly
in high-risk patients.8,11

The latest INTERMACS registry report attests overall
survival rates after sole LVAD implantation of 84% after
1 year.6 The EUROMACS data show a lower 1-year survival
of only 69%.7 The Northern American experience may
differ from the European because of deviant heart trans-
plantation policies and donor organ volumes. The EURO-
MACS data and our current report are well in line with a
recently published smaller-sized German single-center
experience with the HVAD, in which the 1-year overall
survival after HVAD implantation was 69.7%.18 The authors
discussed that the relatively poorer outcome may owe to
the fact that they implanted a relatively high number of
high-risk patient. Our current findings underline this latter
notion, showing a significantly higher mortality rate in
INTERMACS level 1 patients. Our patient cohort recruited
nearly half of high-risk patients. Further indicating that
our “real-world” patient collective has been at particular
high risk, the rate of concomitantly implanted temporary
RVADs of nearly 30% is comparably high.19 The relatively
high number of temporary RVAD implants may very well
be discussed, but there is no established and generally
accepted clear-cut marker for the prediction of post-LVAD
implant RV performance and the indication for RVAD
implantation.11,20,21 We might be relatively liberal in
using mechanical RV support, but we could show that
concomitant implantation of a temporary RVAD is a nega-
tive predictor for survival after HVAD implantation. We
conclude that our patient collective has been at particu-
larly high risk. Eventually, many of our HVAD patients were
already way down the road of HF at the time of implanta-
tion, presenting with biventricular failure. Of note, peri-
operative RHF is an accepted indicator for a negative
outcome after LVAD implantation.22

Considering the inferior survival of INTERMACS level 1
patients after HVAD implantation, it may be discussed
whether more restrictive patient selection in general may
help to improve outcomes. Such considerations have to be
balanced to the otherwise fatal course of these patients not
undergoing durable MCS implantation. We feel that early
patient referral represents the only reasonable measure to
improve outcomes. HF patients need to be repetitively
evaluated early on during the course of HF by a multi-
disciplinary team, consisting of HF-dedicated cardiac sur-
geons, cardiologists, VAD-coordinators, psychologists, etc.11

Interventional measures, e.g., the MitraClip, may be consid-
ered, however, not as an alternative but rather as a palliative
bridge to durable MCS therapy, buying time, and life quali-
ty.2,23,24 In fact, survival per se is only one end point after
durableMCS implantation. Early implantation of any durable
MCS device has to be carefully evaluated also in view ofTa
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device-related complications, which may dramatically limit
life quality.

The latest INTERMACS report documents that combined
major event of first infection, bleeding, device malfunc-
tion, stroke or death occurs in approximately 70% of all
implanted LVAD patients within the first year.6 Despite the
high risk, the rates of major complications were compara-
bly low in our study groups.1–4 They were in general not
relevantly different between 1 year surviving high-risk
and INTERMACS levels 2 to 4 patients, except for CBA. This
reflects the higher risk in INTERMACS level 1 patients.18

Likewise, BTT patients consisted of 49% INTERMACS level 1
patients and showed more frequently pump infections and
pump thromboses when compared with DT patients. Gen-
erally, the incidence of adverse events after HVAD implan-
tation is highest early post implant with lower long-term
rates.25 Several studies on the outcome after HVAD im-
plantation pointed out that vigorous patient surveillance
is key to reduce complication rates.20,26,27 However, inter-
preting data on complication rates across different studies
is difficult because of differently censored data and
definitions.

The ENDURANCE trial showed a lower rate of pump
replacements owing to pump thromboses in the HVAD
cohort when compared with control individuals treated
with the former standard of care LVAD, the Heartmate II.4

Incidences of pump thromboses may be reduced, e.g., by
intensified blood pressure control (our unpublished data),
but it remains a dramatic complication in HVAD patients and
the treatment is risky. As in the MOMENTUM 3 trial, we had
no event of pump thrombosis in our patients implantedwith
the Heartmate 3, the latest commercially available CF cen-
trifugal pump LVAD.5 In this matter, we found a grand
advantage of the Heartmate 3 over the HVAD in a short-
term matched pair analysis.10 Short-term survival did not
differ between the two devices. It remains elusive whether
preferring the more recent device for durable MCS therapy is
justified long-term.

We feel that the major finding of our present study is to
demonstrate that heart transplantation represents the most
powerful means to warrant long-term survival, indepen-
dent of the risk at HVAD implantation. The International
Society for Heart and Lung Transplantation (ISHLT) registry
demonstrates a median survival after heart transplantation

Fig. 2 Survival after HVAD implantation. (A) Kaplan-Meier overall survival estimate and 95% confidence interval in the entire study cohort
censored for all-causes of death. (B) Kaplan-Meier survival estimates in transplanted (blue and red curves) and non-transplanted (green and black
curves) HVAD patients of Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS) level 1 (blue and green curves) and
levels 2–4 (red and black curves).

Table 3 Causes of the death in the study cohort

3 months 1 year 3 years 5 years

Multiorgan failure 44 (45.3%) 67 (39.0%) 87 (34.8%) 93 (30.5%)

Sepsis 29 (29.9%) 47 (27.3%) 57 (22.8%) 65 (21.3%)

Cerebrovascular accident 12 (12.4%) 29 (16.9%) 48 (19.2%) 59 (19.3%)

Others 12 (12.4%) 29 (16.9%) 58 (23.3%) 88 (28.9%)

All 97 (100%) 172 (100%) 250 (100%) 305 (100%)

Note: n represents the number of patients (%).
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Fig. 3 Freedom from the first ventricular assist device (VAD)-associated complications differentiated between Interagency Registry for
Mechanically Assisted Circulatory Support (INTERMACS) level 1 (black curves) and levels 2–4 (red curves) at the time of HVAD
implantation. (A) Kaplan-Meier estimate for freedom from a cerebrovascular accident (CVA). (B) Kaplan-Meier estimate for freedom from
a pump thrombosis. (C) Kaplan-Meier estimate for freedom from a right heart failure. (D) Cumulative incidences of VAD-associated
complications. GI, gastro-intestinal; VT/VF, ventricular tachycardia or ventricular fibrillation with implanted cardioverter
defibrillator shock.

Fig. 4 Freedom from the first ventricular assist device (VAD)-associated complications differentiated between the bridge-to-transplant
(BTT; black curves) and destination therapy (DT; red curves) implant strategies at the time of HVAD implantation. (A) Kaplan-Meier
estimate for freedom from a cerebrovascular accident (CVA). (B) Kaplan-Meier estimate for freedom from a pump thrombosis.
(C) Kaplan-Meier estimate for freedom from a right heart failure. (D) Cumulative incidences of VAD-associated complications. VT/VF,
ventricular tachycardia or ventricular fibrillation with implanted cardioverter defibrillator shock; GI, gastrointestinal.
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of approximately 11 years, clearly outperforming durable
MCS therapy.28 The dramatic organ shortage in Germany
forces physicians to use the alternative of durable MCS,
while this is rather an exception in countries with large
donor organ pools, e.g., Spain.29 The indication for durable
MCS implantation has to be particularly discussed in
patients with contraindications against subsequent heart
transplantation. Complication rates and their impact on life
quality should be predominantly evaluated in these patients
rather than survival per se. Of note, durable MCS may be
implanted as a bridge-to-candidacy, but the chances to
receive a heart transplant remains fairly low, at least in
the current German situation. Our retrospective study
design does not allow to reliably differentially analyze the
bridge-to-candidacy and DT indication for HVAD implanta-
tion in our patient cohort.

In conclusion, this report on long-term “real-world” ex-
perience with the HVAD expands on previous findings dem-
onstrating that this pump is reliable for the treatment of
terminal HF patients, even in high-risk patients. The BTT
indication appears to be vital for long-term survival. The
indication for durable MCS implantation must be evaluated
balancing the chances of receiving a heart transplant and life
quality with ongoing LVAD support.
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