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Abstract

OBJECTIVES: Mechanical circulatory support (MCS) is an established therapy for end-stage heart failure. The EUROMACS registry was created
to promote research in patients with MCS and became a committee of the European Association for Cardio-Thoracic Surgery (EACTS) in
2014. Since 1 January 2011, increasing numbers of European centres implanting durable MCS have reported their patient data to
EUROMACS. The aim of this study is to compare, as an example of internal quality control, data from a single centre (Bern) with those from
the EUROMACS database with respect to mortality rates and preoperative patient characteristics and to describe complications in Bern.

METHODS: Patients implanted with MCS between 1 January 2011 and 30 June 2014 in participating centres were included, with extended
follow-up as of 31 December 2014. Patient characteristics, operative and postoperative data, clinically significant adverse events and
routine follow-up data were reported to the registry. The entire EUROMACS cohort (including the Bern data) was compared with patients
from Bern only. Baseline characteristics, operative data and outcomes were compared using standard 95% confidence intervals (CIs) for
means, Wilson’s continuity corrected CIs for categories and Kaplan–Meier estimates with CIs.

RESULTS: Kaplan–Meier estimates show a higher survival rate in the Bern cohort than in the entire EUROMACS cohort at 6 (92%, CI 73–98,
vs 66%, CI 62–69), 12 (85%, CI 57–95, vs 56%, CI 52–60) and 18 months (85%, CI 57–95, vs 51%, CI 47–55) after the index operation, re-
spectively. This difference might be caused by the earlier implantation time in Bern (implantation at INTERMACS levels 3–4) versus that of
the entire EUROMACS cohort (implantation at INTERMACS levels 2–3). The median number of follow-up records per patient was 2 in the
entire EUROMACS cohort and 4 in the Bern (P = 0.001) cohort. During follow-up, neurological dysfunction occurred in 42% of patients, a
bleeding event occurred in 42% of patients, significant infection occurred in 36% of patients and a device malfunction occurred in 31% of
patients within 12 months of implantation in the Bern patients.

CONCLUSIONS: MCS is a valuable therapeutic option with excellent survival rates; nevertheless, it is associated with clinically significant
complication rates. International registries are important tools that allow, as an example, internal quality control of mortality, complication
and morbidity rates from a single centre compared with the EUROMACS database.
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INTRODUCTION

Durable mechanical circulatory support (MCS) is an established
therapy for end-stage heart failure and is used as a bridge to
cardiac transplant (HTx) or, alternatively, as destination therapy,
offering better survival and quality of life than optimal medical
therapy [1–3]. The new generation of continuous-flow left

ventricular assist devices (VADs) offer good survival rates with ac-
ceptable morbidity [4–11]. Long-term MCS is an actively develop-
ing field in modern cardiac surgery and cardiology. International
registries have been established to enhance scientific insights, to
address safety concerns and to implement the standard of care in
patients receiving MCS.
The Interagency Registry for Mechanically Assisted Circulatory

Support (INTERMACS) was created for North America in 2005 by
the Food and Drug Administration (FDA) and the National Heart,
Lung and Blood Institute (NHLB), with mandatory participation of

†Presented at the ISHLT Academy Meeting 2015, Nice, France, 14 April 2015.
‡The first two authors contributed equally to this manuscript.

© The Author 2016. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.

TX
&
M
C
S

European Journal of Cardio-Thoracic Surgery (2016) 1–8 ORIGINAL ARTICLE
doi:10.1093/ejcts/ezw256

 European Journal of Cardio-Thoracic Surgery Advance Access published October 27, 2016



all centres implanting durable MCS in the USA. The 7th annual
report, published in December 2015, summarized implantation
experiences involving more than 15 000 VADs and�300 total artifi-
cial hearts (TAHs) in adult patients between June 2006 and 31
December 2014, making it the largest reported cohort to date [12].

The European Registry for Mechanically Assisted Circulatory
Support (EUROMACS) was established in 2009 as a collaboration
between 15 European members who implant durable MCS. At the
end of August 2015, EUROMACS comprised 190 members from
41 countries. Its international Internet platform (Dendrite Clinical
Systems Ltd) allows data entry for adult and paediatric patients
implanted with durable VADs or TAHs that have been designed for
prolonged MCS of longer than 6 months, irrespective of FDA ap-
proval. Devices without the CE mark are not included.

European centres were encouraged to include all eligible patients
in EUROMACS from 1st January 2011. By 3 December 2015, the
database consisted of more than 1800 cases. EUROMACS became
an official committee of the European Association for Cardio-
Thoracic Surgery (EACTS) in 2014 and thereafter reported a con-
tinuous increase in participating centres and implantations. The first
annual report summarizing the initial 825 device implantations in
741 patients (1 January 2011 to 31 December 2013) was published
in 2015 [13].

MATERIALS ANDMETHODS

EUROMACS registry

In EUROMACS, the anonymized patient baseline, follow-up and
adverse event data are transmitted from participating sites using a
secure, web-based system. All centres agreed that their data be
made available for scientific analyses.

Study population

Data from the entire EUROMACS registry with implantation date
from January 2011 to June 2014 are included in this study,
forming a cohort of 1097 implantations in 988 patients. During
the same period of time, the Bernese centre submitted 36 patients
to the EUROMACS registry. These patients were implanted with
either a left ventricular assist device (LVAD) or biventricular assist
device (BiVAD).

Baseline and follow-up data were collected between 1 January
2011 and 30 June 2014, retrospectively, and since 1 January 2013
prospectively.

We used patients’ charts to collect demographic, operative and
postoperative data. Death or serious adverse events (SAEs), such
as major infection, major bleeding, neurological dysfunction and
device malfunction (including percutaneous leads), were all
reported in the database, which was updated as of 31 December
2014. Reporting of minor incidents (such as unplanned hospitali-
zations, non-cardiac operations, interventions, right ventricular
failure, renal dysfunction, routine follow-up) was encouraged.

Written informed consent was obtained for submission of clin-
ical data to the EUROMACS registry from all Bern patients or their
legal representatives.

Patient selection, timing of implantation, device selection and
optimal medical therapy are left to the discretion of the treating phy-
sicians. In this manuscript, we compare the patient characteristics,
operative data and outcomes of a single centre (Bern) with the entire

EUROMACS registry, and we report the major complications during
the observational period.

Primary and secondary end-points

All-cause mortality was the primary end-point of this study.
Secondary end-points were SAEs. The detailed definitions, de-
scribed below, have been applied.
Major infection was defined as clinically relevant if antibiotic

administration or surgical intervention was required. Wound de-
hiscence without positive blood or wound culture, antibiotics ad-
ministration or vacuum dressing application was excluded.
Any bleeding into a critical organ (cerebral, pericardial), irre-

spective of its magnitude or of bleeding in any other location, that
required transfusion of at least two units of packed red blood cells
or other intervention was considered major.
Loss of function of any vital part of the implanted device’s

mechanical system (pump, controller, cable) posing a threat to the
patient’s health or life, requiring change in management or ex-
change was interpreted as device malfunction.
Neurological dysfunction was defined as any transient or per-

manent neurological deficit in clinical or imaging studies believed
to be caused by a central nervous abnormality (haemorrhagic or
ischaemic stroke, transient ischaemic accident, epileptic event).

Statistical analysis

Consistency checks have been made before data analysis, to
address the fact that registry data could be less homogeneous
than study data or single-centre data. We checked for the chrono-
logical plausibility of the follow-up records, and eliminated or cor-
rected implausible records by queries to on-site data managers.
We consider the number of follow-up records per patient as a
heuristics of the completeness of the captured follow-up; thus, we
calculated the frequency of follow-up records per patient. Kaplan–
Meier estimates of cumulative probabilities were calculated for
the primary (death) and secondary end-points using the entire
EUROMACS registry and the Bern cohort. The Kaplan–Meier
curves include 95% confidence intervals (CIs) as a measure of
certainty because we did not truncate the curves when only one-
third of patients remained to be displayed. The cohorts were com-
pared using Kaplan–Meier estimates, standard 95% confidence
intervals (CIs) for means and Wilson’s continuity corrected CIs for
categories. We compared the number of follow-up records for
patients from Bern with that for the patients from other sites using
the median test with continuity correction. All confidence inter-
vals and P-values were two-sided and all calculations were made
using Stata 12 (College Station, TX, USA).

RESULTS

Baseline characteristics

Detailed baseline characteristics are presented in Tables 1 and 2.
At the time of analysis, the EUROMACS registry included 1097
implantations, of which 36 patients were recruited from Bern. The
mean patient age of both cohorts was 52 years. A trend towards
fewer female patients (17 vs 39%) in the EUROMACS cohort com-
pared with the Bern cohort was observed and corresponded with
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a lower body surface area (BSA), body weight and body mass
index (BMI).

The aetiology of heart failure was comparable in both groups
with idiopathic cardiomyopathy being the leading cause, followed
by ischaemic cardiomyopathy (Table 1).

New York Heart Association functional class and INTERMACS
profile were the parameters used to assess the optimal timing for
implantation. In the EUROMACS cohort, most patients were con-
sidered as level 2 (progressive decline) or level 3 (stable, but ino-
trope dependent) constituting 32 or 29%, respectively. In
comparison, in the Bernese cohort, patients were predominantly
considered as INTERMACS level 3 (stable but inotrope dependent)
19% or level 4 (resting symptoms, ‘frequent flyer’) 47%. The sub-
jective heart failure symptomatology according to the New York

Heart Association classification differed with more patients in the
NYHA Class II in the Bernese cohort compared with the entire
database (Table 2).
Implantation strategies appear to differ between cohorts: VADs

were used as bridge-to-candidacy (46%), bridge-to-transplant
(28%) or destination therapy (18%) in the EUROMACS cohort,
while they were used as bridge-to-transplant (67%), bridge-to-
candidacy (19%) or destination therapy (6%) in the Bernese cohort
(Table 1).
Significant differences in medical therapy prior to VAD implant-

ation were observed. Angiotensin receptor blocker (ARB) use was
less in the EUROMACS cohort (10%) compared with the Bern
cohort (47%), while administration of vasoactive substances (milri-
none, norepinephrine, dobutamine) was more frequent in the

Table 1: Demographic data

EUROMACS (n = 1097) Bern (n = 36)

Mean, n, % CI Mean, n, % CI

Age (years) 52 51–53 52 46–58
Female gender 189 (17%) 7–34 14 (39%) 24–56
Ethnic origin
African American or Black 3 (0%) 0–12
Asian 141 (14%) 6–31 1 (3%) 0–16
Caucasian 810 (83%) 66–93 33 (94%) 80–99
Hawaiian or other pacific islander 1 (0%) 0–12

Weight (kg) 80 79–81 70 63–77
BSA 1.9 1.9–2.0 1.8 1.7–1.9
Body mass index 27.7 26.5–28.9 24.4 22.5–26.2
BNP preoperatively 3531 3002–4060 1778 1185–2370
Primary diagnosis
Idiopathic dilated CM 343 (35%) 20–53 14 (39%) 24–56
Ischaemic CM 354 (36%) 21–54 10 (28%) 15–45
Dilated myopathy: myocarditis 45 (5%) 1–19 2 (6%) 1–20
Congenital heart disease 108 104–112 52 46–58
Dilated myopathy: familial 21 (2%) 0–15 5 (14%) 5–30

Comorbidities
Frequent flyer profile 200 (20%) 9–37 14 (39%) 24–56
Temporary circulatory support 121 (12%) 4–28 3 (8%) 2–24
Haemodialysis 30 (3%) 0–16 2 (6%) 1–20
ICD device in place 592 (58%) 41–74 25 (69%) 52–83
Diabetes mellitus 249 (25%) 13–42 9 (25%) 13–43
Insulin dependent 76 (33%) 19–51 4 (44%) 28–62
Cerebrovascular event 41 (4%) 0–18 2 (6%) 1–20
Symptomatic PAD 66 (7%) 1–21 2 (6%) 1–20
Carotid artery disease 24 (2%) 0–16 1 (3%) 0–16

Medical therapy prior to implant
Aspirin 205 (22%) 11–39 12 (33%) 19–21
ACE inhibitors 390 (40%) 25–58 14 (39%) 24–56
ARB 91 (10%) 3–25 17 (47%) 31–64
β-Blockers 438 (47%) 30–64 26 (72%) 55–85
Aldosterone antagonist 518 (55%) 38–71 22 (61%) 44–76
Phenoprocoumon 60 (6%) 1–21 18 (50%) 33–67

IV inotrope therapy
Dobutamine 463 (47%) 31–64 5 (14%) 5–30
Milrinone 254 (26%) 13–43 1 (3%) 0–16
Levosimendan 94 (10%) 3–25 8 (22%) 11–40
Norepinephrine 207 (21%) 10–38 1 (3%) 0–16

Current device strategy
Bridge to transplant 293 (28%) 15–46 24 (67%) 49–81
Destination therapy 182 (18%) 8–35 2 (6%) 1–20
Bridge to candidacy 475 (46%) 30–63 7 (19%) 9–37
Rescue therapy 64 (6%) 1–21 3 (8%) 2–24
Bridge to recovery 9 (1%) 0–13

BSA: body surface area; BNP: brain natriuretic peptide; CM: cardiomyopathy; ICD: implantable cardioverter defibrillator; PAD: peripheral arterial disease;
ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blockers; IV: intravenous; CI: confidence interval.
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EUROMACS cohort. A trend towards less β-blockade and aldoster-
one antagonist therapy in the EUROMACS cohort was revealed,
but did not reach statistical significance.

Operative and postoperative data

No difference in the use of pulsatile or rotary pump VADs
between cohorts was observed. Of the total, 82 and 81% of
patients were implanted with left VADs in the EUROMACS and
Bernese cohorts, respectively, whereas in the latter no implant-
ation of sole right VAD or a TAH was conducted. The stay in the in-
tensive care unit was significantly shorter in the Bernese versus
EUROMACS cohort, while the overall length of hospital stay was
similar (Table 3).

Survival analysis

Kaplan–Meier estimates demonstrate a higher survival rate in the
Bernese versus EUROMACS cohort at 6 (92%, CI 71–98, vs 59%,
CI 55–62), 12 (84%, CI 56–95, vs 53%, CI 49–57) and 18 months
(84%, CI 56–95, vs 47%, CI 42–52) after the operation, respective-
ly. From 2 years onwards, the CIs no longer overlap; 84% survival
in the Bernese (CI 55–95) versus 44% in the entire cohort (CI 38–
49) at 24 months, and 84% (CI 56–95) vs 31% (CI 22–40) at 30
months (Fig. 1). In the relatively small Bernese cohort, 3 patients
died during follow-up: 2 of intracranial haemorrhage after 111 or
253 days on MCS, and 1 of fulminant right ventricular failure
after 93 days. In the EUROMACS cohort 369 patients died during
follow-up.

Survival analysis according to the INTERMACS
levels

Kaplan–Meier analysis of the EUROMACS cohort, grouped by
INTERMACS level prior to implantation, demonstrated a correl-
ation between INTERMACS level and both early (<30 days) and
long-term survival. INTERMACS levels 1 and 2 patients exhibited
high mortality in the first 6 postoperative months and might stabil-
ize afterwards, but the number of patients at risk is small (Fig. 2).

Follow-up

The median follow-up time in days was 107 [interquartile range
(IQR) 25–402] for EUROMACs and 151 [IQR 71–300] for Bern.
The median of the number of follow-up records per patient was

significantly lower in the EUROMACS cohort (2 [IQR 0–5]) com-
pared with the Bernese cohort (4 [IQR 1–10]; P = 0.001). We thus
decided not to compare complication rates between cohorts, but
to describe the complications seen in Bern in detail.

Complications in Bern

In the Bernese cohort, 67% (CI 45–81) and 58% (CI 34–77) of
patients remained free of neurological dysfunction for the first 6
and 12 months postimplantation, respectively. No additional
neurological events after the first 12 months were recorded,
resulting in a neurological dysfunction event rate of 0.63 per
patient year. Most central nervous thromboembolic events were
transient ischaemic attacks (seven patients; 64%), and stroke

Table 2: Imaging and haemodynamic data

EUROMACS (n = 1097) Bern (n = 36)

Mean, n, % CI Mean, n, % CI

Left ventricular systolic ejection fraction
Very severely reduced (LVEF <19%) 368 (41%) 26–59 13 (45%) 29–62
Severely reduced (LVEF 20–29%) 396 (45%) 28–62 12 (41%) 26–59
Moderately reduced (LVEF 30–39%) 54 (6%) 1–21 3 (10%) 3–26
Mildly reduced (LVEF 40–50%) 15 (2%) 0–15 1 (3%) 0–17

New York Functional Class
Class I 1 (0%) 0–12
Class II 20 (3%) 0–16 7 (21%) 10–38
Class III 287 (42%) 26–60 15 (45%) 29–63
Class IV 350 (51%) 34–68 11 (33%) 19–51

INTERMACS level
1 (cardiogenic shock) 132 (13%) 5–29 2 (6%) 1–20
2 (progressive decline) 334 (32%) 18–50 7 (19%) 9–37
3 (inotrope-dependent) 300 (29%) 16–47 7 (19%) 9–37
4 (resting symptoms) 218 (21%) 10–38 17 (47%) 31–64
5 (exertion intolerant) 35 (3%) 0–17 3 (8%) 2–24

Haemodynamics
Heart rate 89 88–90 79 71–86
Systolic blood pressure 98 97–100 93 86–99
PA systolic BP 50 49–51 51 43–59
PCWP 24 23–25 25 21–28
Pulmonary vascular resistance 308 286–329 243 147–339
Cardiac index 2 2–2 2 2–2
TAPSE 14 14–15 15 13–16

PA: pulmonary artery; BP: blood pressure; PCWP: pulmonary capillary wedge pressure; CI: confidence interval.
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occurred in 4 patients (36%). Intracranial bleeding was present in
2 patients (6%) leading in both cases to death. One ‘psychiatric
episode’, which could not be differentiated from a transient is-
chaemic attack, and one case of peripheral neural damage were
considered as neurological events and resolved without sequelae.

Most infections occurred during the first 30 days following im-
plantation. Of the total, 76% (CI 58–87) of patients and 64% (CI
41–81) of patients were free of infection at 30 days and 2 years of
follow-up, respectively, resulting in 0.63 infection events per
patient year. The site of infection was unknown (seven events in
5 patients) or arose at the pump or cable sites (five events in
4 patients), or in the pulmonary tract (4 patients). Generalized
reactions, such as sepsis or SIRS, were also observed (4 patients).
No pump exchange or explant was performed as a result of infec-
tion in the Bernese cohort during follow-up.

Freedom from bleeding occurred in 82% (CI 64–92), 66% (45–
80) and 58% (34–76) of patients after 30 days, 6 and 12 months,
respectively, with a bleeding event rate of 0.77 per patient year.
Eleven mediastinal bleeding events occurred in 6 patients, all
during hospitalization for the index operation. Ten gastrointestinal
bleeding events occurred in 7 patients during follow-up (in or out

of hospital). Bleeding events of the central nervous system are dis-
cussed separately.
Device malfunction rate accumulated during the entire obser-

vational period with 94% (CI 78–98), 77% (CI 56–89), 70% (CI 44–
85) and 56% (CI 24–79) of patients free of malfunction at 30 days,
6, 12 and 24 months of follow-up, respectively, resulting in 0.72
device malfunction events per patient year. No patient required
pump exchange or explant.
The corresponding Kaplan–Meier estimates are depicted in

Fig. 3.

DISCUSSION

Survival

Primary end-point (death) occurred in 3 patients in the Bernese
cohort over the entire period of follow-up, representing a survival
rate of 92, 85 and 85% for 6, 12 and 24 months, respectively. This
compares favourably with the data in both the 7th INTERMACS
annual report (survival of 80% after 1 year and 70% after 2 years of

Table 3: Operative and postoperative data

EUROMACS (n = 1097) Bern (n = 36)

Mean, n, % CI Mean, n, % CI

Cardiopulmonary bypass time 108 104–112 106 93–119
Device type
LVAD 878 (82%) 65–92 29 (81%) 63–91
BiVAD 120 (11%) 4–27 7 (19%) 9–37
RVAD 61 (6%) 1–20
TAH 15 (1%) 0–14

Type of pump flow
Rotary 938 (95%) 81–99 31 (86%) 70–95
Pulsatile 45 (5%) 1–19 5 (14%) 5–30

ICU/CCU stay 20 18–22 12 4–20
Step-down care stay 20 17–22 4 1–7
Length of stay 40 37–43 41 29–52

LVAD: left ventricular assist device; BiVAD: biventricular assist device; RVAD: right ventricular assist device; TAH: total artificial heart; ICU: intensive care unit;
CCU: cardiac care unit; CI: confidence interval.

Figure 1: Kaplan–Meier survival analysis of the Bernese compared with the
whole EUROMACS cohort. CI: confidence interval.

Figure 2: Kaplan–Meier survival analysis of the whole EUROMACS database
dependent on the INTERMACS status at the time of implantation.
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follow-up) [12] and 1st EUROMACS annual report (survival of
88.7% after 30 days, 68.4% after 1 year, 59.1% after 2 years and
57.3% after 3 years), these being the two largest contemporarily
reported cohorts [13]. Relating to the significant differences be-
tween the Bernese and EUROMACS cohorts, we consider the early
implantation strategy the most plausible cause. For the Bernese
cohort, the decision to implant MCS before the occurrence of ir-
reversible organ damage, which occurs with INTERMACS levels 3
and 4, allowed elective implantation in optimized clinical condi-
tions and haemodynamic status. Clinical status was optimized pri-
marily based on volume status (as reflected by lower natriuretic
peptide levels at the time of implant in the Bernese cohort) and
haemodynamic status (significantly fewer patients were inotrope
dependent and patients trended towards lower pulmonary vascu-
lar resistance in the Bernese cohort). Emergency implantations
in INTERMACS levels 1 and 2 were avoided, due to the known
association of inotrope support prior to implant with adverse
outcome [14]. Significantly more patients in the Bernese cohort
required angiotensin antagonists, and a strong trend for greater
β-blocker and aldosterone antagonist use was observed in this
patient group, which could translate into a favourable neurohor-
monal balance prior to implantation, similar to the influence of
optimal medical therapy in chronic heart failure. Furthermore,
with a small patient population, the Bernese cohort allows tighter

control of follow-up with very accurate documentation of any
adverse events compared with high-volume institutions. Figure 4
shows the timing and frequency of the follow-up visits, with 4.5
follow-up records per patient in the Bernese group, compared with
3.0 per patient in the EUROMACS cohort. Consequently, possible
deleterious complications could be addressed early. Therefore, we
hypothesize that the Bernese strategy, including earlier VAD im-
plantation, results in more events, yet leads to lower mortality.

Gender

We would like to comment on an interesting finding, which could
relate to favourable survival. In the pivotal trials for MCS devices, as
well as in large cohort studies, female gender seems to be under-
represented. Several reasons for this have been proposed, including
differences in aetiology, clinical presentation, disease course and
conservative choice of treatment options in this population.
According to available data, women have equal benefits from VAD
implantation despite worse baseline characteristics [15–17]. As
almost 40% of the patients in the Bernese group are female and are
implanted early according to the above-mentioned strategy, we
anticipated that they would obtain at least the same benefits as
their male counterparts. As our overall survival appears to be

Figure 3: (A) Time to first event analysis of neurological dysfunction of the Bernese cohort. (B) Time to first event analysis of clinically significant bleeding. (C) Time to
first event of clinically significant infection. (D) Time to first event of device malfunction. CI: confidence interval.
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superior to that reported in the large cohort studies, benefits for
survival in women may be even more pronounced.

Complications

In the Bernese cohort, a relatively high initial rate of cerebrovascu-
lar events in the first 3 postoperative months was observed (with
the majority being transient ischaemic attacks or non-disabling
strokes). Stabilization of cerebrovascular events occurs after 6
months, with no further events in the long-term follow-up. The
high initial rate of events may be attributable to the complexity of
management in the early perioperative period. Standard medical
therapy in the Bernese centre consists of low-dose platelet inhibi-
tors and oral anticoagulation with vitamin K antagonists targeted
at an international normalized ratio (INR) of 1.8–2.5, and monitor-
ing of platelet aggregation (Muliplate® Analyser—Cobas; Roche
Diagnostics International Ltd, Rotkreuz, Switzerland).

The recently reported incidence rate of neurological dysfunc-
tion after implantation of a VAD varies between 9.8 to 40% (0.21
thromboembolic strokes per patient year and 0.19 haemorrhagic
strokes per patient year) [18, 19]. In the ReVOLVE trial, neurological
dysfunction accounted for the death of �4.3% of patients after a
mean time of 145 days (with a range of 1–730 days), whereas
stroke (any type) occurred in 8% patients during the observational
period [10]. In the 7th INTERMACS report, neurologic events per
100 patient months were 1.17 for patients implanted during
2008–2011, and 1.71 for patients implanted during 2012–2014
(20.4% patients experienced neurologic events for INTERMACS
levels 4–7 and 18% patients experienced neurological events for
INTERMACS levels 1–3) [12]. In the recently published comparison
of neurological outcomes between recipients of HeartWare and
HeartMate II, complication rates were reported as 19% for 0.44
median years of follow-up and 16% for 0.95 median years of
follow-up, respectively [20]. No direct comparison can be made
between these groups and our patient cohort due to different
definitions of SAEs. Nonetheless, given that most Bernese events
resolved without sequelae, the disproportion in onset of neuro-
logical dysfunction is not pronounced.

During the whole follow-up, only one reoperation for pump ex-
change occurred in the Bernese cohort. Other reported malfunc-
tions could be managed conservatively with exchange of controller,
battery or device cable. This may contribute to survival benefits as
pump exchange due to any cause confers high mortality [21, 22].

Bleeding, especially gastrointestinal bleeding, is the most preva-
lent reason for patient readmission after implantation of MCS [23].
This was also the case in the Bernese cohort, with most of the bleed-
ing events occurring within the first 30 days after the operation and
comprising mainly mediastinal bleeding. In the late postoperative
period, the gastrointestinal tract was the most frequent site of bleed-
ing. Two deaths due to cerebral bleeding in the Bernese cohort oc-
curred after 111 and 253 days on MCS. Although direct comparison
is difficult due to differences in reporting and applied definitions,
these values correspond well with the reported 0.4 bleeding events
per patient year (28% entire population) with a further 0.06 events
per patient year (5%). Similarly findings to the Bernese cohort were
also reported for gastrointestinal bleeding; 14.8% in the ReVOLVE
Trial, 12.7% in the publication of Slaughter et al. and 26% of opera-
tive bleeding in the publication of Pagani et al. The Bernese cohort
results were also in line with the 7th INTERMACS report; 9.41 bleed-
ing events for 100 patient-months (implantations during 2008–
2011) and 7.79 (implantations during 2012–2014) were reported
[10, 12, 24, 25].
Interestingly, the only case of pump thrombosis occurred in the

VAD implanted in the right ventricle on the implantation day,
which resulted in reoperation and pump exchange. This patient
had already been implanted with a left VAD 4 weeks prior, and an
upgrade to BiVAD was needed due to electrical storm. No other
pump thrombosis was reported (in comparison to 6.7% in the
ReVOLVE trial), which may result from the relatively aggressive
antithrombotic regimen which can cause more bleeding events,
but without impact on the overall mortality.
We conclude that international registries provide valuable data,

which may, in turn, lead to new insights, approaches and discus-
sions. In particular, comparison of the single-centre experience
with the entire EUROMACS database generates interesting obser-
vations and reveals differences in the approaches and outcomes
of MCS therapy. As shown with this study, benchmarking of local
versus international data is clearly feasible. In the Bernese centre,
we value the early implantation strategy in relatively stable
patients, which may improve survival rates. However, the rate of
complications after MCS implantation remains considerable.
Statistical tools are being developed in EUROMACS, which will

enable clinicians to produce graphic outcomes of their hospital,
compared with ‘all of Euromacs’ for any chosen parameter.

Strengths and limitations

This is the first manuscript that compares the experience of a
single centre with the entire EUROMACS database.
The most important limitation of this study is that we did not

feel confident to compare the secondary end-points seen in
Bernese patients with the entire EUROMACS cohort, since the
median of the number of follow-up records per patient differs sig-
nificantly between the whole EUROMACS cohort and the Bern
cohort (P = 0.025). Due to the very tight outpatient control in
Bern, with strict reporting of all the events to the database, the
complete dataset was created with no patients lost during follow-
up. Overall, the different implantation timing and patient selection
in Bern compared with the entire EUROMACS cohort indicates
that the clinical strategy used in Bern is appropriate. In addition,
promising alternatives and improved insight concerning the treat-
ment of MCS patients can be gained both from registries, such
as EUROMACS, data alone and through comparison with single
centres.

Figure 4: Bern data timing of the follow-up and events from implantation
onwards.
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The study of a small population is certainly a significant limita-
tion, which may cause selection bias. There was no attempt to
compare morbidity in our group to the general population due to
a hypothesized more lenient follow-up in other centres, which
might have resulted in under-reporting of adverse events.

ACKNOWLEDGEMENTS

The authors especially acknowledge the outstanding work of
the EUROMACS members, which facilitates retrieval of data for
studies such as this and benchmarking of local data with an inter-
national patient population. We express our appreciation to our
co-workers, Dr Longnus and Ms Witsch, for their help on the cor-
rection of this manuscript.

Funding

This work was supported by the K. Huber-Steiner Foundation.

Conflict of interest: none declared.

REFERENCES

[1] Daneshmand MA, Krishnamoorthy A, Samsky MD, Felker GM, Pura JA,
Lokhnygina Y et al. Comparison of 2-year outcomes of extended criteria
cardiac transplantation versus destination left ventricular assist device
therapy using continuous flow. Am J Cardiol 2015;116:573–9.

[2] Schumer EM, Ising MS, Trivedi JR, Slaughter MS, Cheng A. Early outcomes
with marginal donor hearts compared with left ventricular assist device
support in patients with advanced heart failure. Ann Thorac Surg 2015;
100:522–7.

[3] Estep J, Starling R, Horstmanshof D, Milano C, Selzman C. Risk assessment
and comparative effectiveness of left ventricular assist device and medical
management in ambulatory heart failure patients results from the
ROADMAP study. J Am Coll Cardiol 2015;66:1747–61.

[4] Ammirati E, Oliva FG, Colombo T, Russo CF, Cipriani MG, Garascia A et al.
Mid-term survival after continuous-flow left ventricular assist device
versus heart transplantation. Heart Vessels 2016;31:722–33.

[5] McIlvennan CK, Magid KH, Ambardekar AV, Thompson JS, Matlock DD,
Allen LA. Clinical outcomes after continuous-flow left ventricular assist
device: a systematic review. Circ Heart Fail 2014;7:1003–13.

[6] Özalp F, Bhagra S, Bhagra C, Butt T, Ramesh B, Robinson-Smith N et al.
Four-year outcomes with third-generation centrifugal left ventricular
assist devices in an era of restricted transplantation. Eur J Cardiothorac
Surg 2014;46:e35–40.

[7] Takeda K, Takayama H, Kalesan B, Uriel N, Colombo PC, Jorde UP et al.
Long-term outcome of patients on continuous-flow left ventricular assist
device support. J Thorac Cardiovasc Surg 2014;148:1606–14.

[8] Sabashnikov A, Mohite PN, Weymann A, Patil NP, Hedger M, Sáez DG
et al. Outcomes after implantation of 139 full-support continuous-flow left
ventricular assist devices as a bridge to transplantation. Eur J Cardiothorac
Surg 2014;46:e59–66.

[9] Takeda K, Takayama H, Kalesan B, Uriel N, Colombo PC, Jorde UP et al.
Outcome of cardiac transplantation in patients requiring prolonged

continuous-flow left ventricular assist device support. J Heart Lung
Transplant 2015;34:89–99.

[10] Strueber M, Larbalestier R, Jansz P, Zimpfer D, Fiane AE, Tsui S et al. Results
of the post-market Registry to Evaluate the HeartWare Left Ventricular
Assist System (ReVOLVE). J Heart Lung Transplant 2014;33:486–91.

[11] Jorde UP, Kushwaha SS, Tatooles AJ, Naka Y, Bhat G, Long JW et al. Results
of the destination therapy post-food and drug administration approval
study with a continuous flow left ventricular assist device: a prospective
study using the INTERMACS registry (Interagency Registry for Mechanically
Assisted Circulatory Support). J Am Coll Cardiol 2014;63:1751–7.

[12] Kirklin JK, Naftel DC, Pagani FD, Kormos RL, Stevenson LW, Blume ED et al.
Seventh INTERMACS annual report: 15 000 patients and counting. J Heart
Lung Transplant 2015;34:1495–504.

[13] De By TMMH, Mohacsi P, Gummert J, Bushnaq H, Krabatsch T, Gustafsson
F et al. The European Registry for Patients with Mechanical Circulatory
Support (EUROMACS): first annual report; EUROMACS members. Eur J
Cardiothorac Surg 2015;47:770–6; discussion 776-7.

[14] Dell’Aquila AM, Schneider SR, Risso P, Welp H, Glockner DG, Alles S et al.
Is implantation of a left ventricular assist device in patients with critical or
impending cardiogenic shock an absolute contraindication? Looking back
at our past experience trying to identify contraindicative risk factors.
J Card Fail 2015;21:499–518.

[15] Birks EJ, McGee EC, Aaronson KD, Boyce S, Cotts WG, Najjar SS et al. An
examination of survival by sex and race in the HeartWare Ventricular
Assist Device for the Treatment of Advanced Heart Failure (ADVANCE)
Bridge to Transplant (BTT) and continued access protocol trials. J Heart
Lung Transplant 2015;34:815–24.

[16] Weymann A, Patil NP, Sabashnikov A, Mohite PN, García Sáez D, Amrani
M et al. Gender differences in continuous-flow left ventricular assist
device therapy as a bridge to transplantation: a risk-adjusted comparison
using a propensity score-matching analysis. Artif Organs 2015;39:212–9.

[17] Tsiouris A, Morgan JA, Nemeh HW, Hodari A, Brewer RJ, Paone G.
Sex-specific outcomes in patients receiving continuous-flow left ventricu-
lar devices as a bridge to transplantation or destination therapy. ASAIO J
2014;60:199–206.

[18] Whitson BA, Eckman P, Kamdar F, Lacey A, Shumway SJ, Liao KK et al.
Hemolysis, pump thrombus, and neurologic events in continuous-flow left
ventricular assist device recipients. Ann Thorac Surg 2014;97:2097–103.

[19] Bashir J, Legare JF, Freed DH, Cheung A, Rao V, Toma M. Multicentre
Canadian experience with the HeartWare ventricular assist device: con-
cerns about adverse neurological outcomes. Can J Cardiol 2014;30:
1662–7.

[20] Coffin ST, Haglund NA, Davis ME, Xu M, Dunlay SM, Cowger JA et al.
Adverse neurologic events in patients bridged with long-term mechanical
circulatory support: a device-specific comparative analysis. J Heart Lung
Transplant 2015;34:1578–85.

[21] Levin AP, Uriel N, Takayama H, Mody KP, Ota T, Yuzefpolskaya M et al.
Device exchange in HeartMate II recipients: long-term outcomes and risk
of thrombosis recurrence. ASAIO J 2015;61:144–9.

[22] Starling RC, Moazami N, Silvestry SC, Ewald G, Rogers JG, Milano CA et al.
Unexpected abrupt increase in left ventricular assist device thrombosis. N
Engl J Med 2014;370:33–40.

[23] Draper KV, Huang RJ, Gerson LB. GI bleeding in patients with continuous-
flow left ventricular assist devices: a systematic review and meta-analysis.
Gastrointest Endosc 2014;80:435–46.

[24] Slaughter MS, Pagani FD, McGee EC, Birks EJ, Cotts WG, Gregoric I et al.
Use of the HeartWare® ventricular assist system for bridge to transplant:
combined results of the ADVANCE and CAP Trial. J Heart Lung Transplant
2013;32:675–83.

[25] Pagani FD, Miller LW, Russell SD, Aaronson KD, John R, Boyle AJ et al.
Extended mechanical circulatory support with a continuous-flow rotary
left ventricular assist device. J Am Coll Cardiol 2009;54:312–21.

K. Zuk et al. / European Journal of Cardio-Thoracic Surgery8



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


