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ABSTRACT

Introduction. A left ventricular assist device (LVAD) is essential for treating patients with
advanced heart failure. However, LVAD-related infection is a significant cause of mortality and
morbidity, with bloodstream infection (BSI) especially associated with high mortality. We
investigated the incidence of infectious complications in patients who received an LVAD
and evaluated the effects of early and appropriate intervention for LVAD-related infection.

Method. We retrospectively reviewed 27 consecutive patients who underwent continuous-
flow LVAD (CF-LVAD; n = 16) or pulsatile-flow LVAD (PF-LVAD; n = 11) implantation
‘at the National Cerebral and Cardiovascular Center between April 2011 and March 2013.
Incidences of LVAD-related infections, such as drive-line infection in patients with CF-
LVAD, cannula infection in patients with PF-LVAD, and BSI in patients with both types,
were examined (follow-up period, 342 = 229 days). The mandatory -antibiotic prophylaxis
protocol at our institution includes teicoplanin (400 mg) 2 days before LVAD implantation
and doripenem (1000 mg) within 1 hour of skin incision. In addition, the driveline exit sites
undergo sterile cleansing with diluted hydrogen peroxide and placement of an antimicrobial
occlusive dressing for wound care, with dressing changes performed 2-3 times per day.

Results. More than 90% of all patients suffered frord z& drive-line infection within 12
months after LVAD implantation. However, BSI developed in only 12.5% of CF-LVAD
and 10% of PF-LVAD patients within 12 months (log-rank test; P = 875).

Conclusions. LVAD-related infections, such as drive-line and cannula infections, were
common, whereas the incidence of BSI was low in our LVAD-implanted patients. Our
results highlight the importance of early and appropriate intervention including antibiotics
" and wound care for device-related infections for reducing the incidence of potentially fatal BSIL.

LEFT ventricular assist device (LVAD) has become an

essential* therapeutic option for management of
advanced heart failure. However, several important clinical
issues remain to be resolved. LVAD-related infection can be a
.serious clinical issue for LVAD patients, with bloodstream
infection (BSI) showing the highest incidence of mortality
[1,2]. Findings from the REMATCH (Randomized Evaluation

addition to drive-line surface characteristics, patieht comor-

bidities, nature of the infecting micro-organism (virulence and

ability to form biofilm), and perioperative and postoperative

care (eg, administration of appropriate antibiotics and wound
care) play important roles [5].

of Mechanical Assistance for the Treatment of Congestive
Heart Failure) trial revealed that BSI was the leading cause of
death in LVAD patients and accounted for 41% of all deaths
[3]. Also, in the HeartMate. II bridge-to-transplant study, BSI
affected 20% of patients with a continuous-flow" device and
accounted for 20% of deaths occurring within 6 months [4].
The etiology of device-related infection is multi-factorial. In

© 2014 by Elsevier Inc. All rights reserved.
360 Park Avenue South, New York, NY 10010-1710

Transplantation Proceedings, 46, 907-910 (2014)

From the Departments of Transplantation (M.H., O.8., M.Y,,
Y.M., T.S, H.S, S.N,, TW,, Y.H.,, KW,, T.N.), Pulmonology and
Infection Control (M.S.), and Cardiovascular Surgery (H.H., T.F,,
J.K.), National Cerebral and Cardiovascular Center, Osaka, Japan.

Address reprint requests to Michinari Hieda, MD, Department
of Transplantation, National Cerebral and Cardiovascular Center,
5-7-1 Fujishiro-dai, Suita, Osaka 565-8565, Japan. E-mail:
hieda_michinari_0119@yahoo.co.jp

. - 0041-1345/14/$-see front matter
http://dx.dol.org/10.1016/].transproceed.2013.11.106

907



908

A device-related infection is a common complication that
can affect heart transplantation and is also a major cause of
death. In the present study, we investigated the incidence of
infectious complications in patients who received a
continuous-flow implantable LVAD (CF-LVAD) or pulsatile-
flow extra-corporeal LVAD (PF-L.VAD) as a bridge to heart
transplantation. In addition, we evaluated the effects of early
and appropriate intervention, including antibiotics and wound
care, on LVAD-related infection. '

METHODS
- Study Design

We retrospectively reviewed 27 consecutive patients who received
implantation of a PF-LVAD (n = 11) or CF-LVAD (n = 16) at the
National Cerebral and Cardiovascular Center between April 2011
and March 2013. Variables examined included demographics (age
and gender) and the etiology of heart failure, whereas the incidences
of BSI and drive-line infection were also investigated -(follow-up
period, 342 & 229 days), with organisms obtained from bloodstream
samples used to assess drive-line infections in more detail. The study
protocol was approved by the Ethics Committee of our institution.

Outcome Definitions .

The criteria used for infection were clinical infection accompanied
by pain, fever, drainage, and/or leukocytosis treated using antimi-
crobial agents. A positive culture from the infected site, organ, or
blood was required unless strong clinical evidence indicated the
need:for treatment despite negative culture findings.

We referred to the criteria of the American College of Chest
Physicians and Society of Critical Care Medicine (ACCP/SCCM) for:
treating BSIs, which state that the following 2 or more conditions be

found: (1) temperature > 38°Cor < 36°C, (2) heart rate > 90 beats/ -

min, (3) respiratory rate > 20 breaths/min or PaCO, < 32 mm Hg,
and (4) white blood cell count 12,000 cells/mm®, 4000 cells/mm?, or
10% immature bands resulting from a confirmed infectious process

{6]. In addition, using the Hospital Infection Control Practices .

Advisory Committee (HICPAC) surgical site infection criteria tem-
plate, drive-line (and LVAD pocket) infections were defined as
either: (1) purulent drainage from the drive-line exit site (or device
pocket), (2) organisms isolated from an aseptically obtained culture
of fluid or tissue from the drive-line exit site (or device pocket), or (3)
abscess or other evidence of infection involving the drive-line tract
(or device pocket) found on direct examination, during reoperation,
or in a histopathologic or radiological examination [7].

Statistical Analysis

Baseline clinical characteristics were assessed using Wilcoxon test for
continuous variables, with a chi-square test used for categorical vari-
ables. Kaplan-Meier estimates of freedom from infectious complica-
tions were performed for first analyzing bloodstream and drive-line
infections in the overall cohort by device type, Then those results were
compared using a log-rank test. For all analyses, P <.05 was consid-
ered to indicate statistical significance. Analyses were conducted using
JMP software, version 10 (SAS Institute Inc., Cary, North Carolina,
Umted States).

Culture Protocol and Wound Care‘

The mandatory antibiotic prophylaxis protocol at our institution

includes teicoplanin (400 mg) 2 days before LVAD implantation
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Study Design

April 2011 to March 2013
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Fig 1. Study design.

and doripenem (1000 mg) within 1 hour of skin incision. Antibiotic
drugs are redosed based on their pharmacokinetic properties in the
operation room. Doripenem (1000 mg, 3 times daily) is adminis-
tered until extubation after sterna closure, whereas teicoplanin (400
mg, once daily) and micafungin (150 mg, once daily) are adminis-
tered until healing of the wound. Furthermore, routine cultures are
performed within 1 week from the day of LVAD implantation, with
additional cultures done where there is clinical suspicion of infec-
tion, pain in the exit site, acute neutropenia or leukocytosis, or
temperature <36°C or >38°C.

Naturally, we consider that careful sterile management of the exit
site is important. The drive-line exit sites receive sterile cleansing
with diluted hydrogen peroxide and placement of an antimicrobial
occlusive dressing for wound care, with dressing changes performed
2-3 times per day. All LVAD-related infections are treated with
adequate systemic antibiotics including teicoplanin, vancomycin and
linezolid -as soon as possible and for the proper dosing periods.
Early de-escalation of antimicrobials, based on Gram staining of an
exit site sample and blood culture results, is performed. Antibiotics
are dosed according to renal function when appropriate.

RESULTS
Infectious Outcomes

Sixteen patients received a CF-LVAD and 11 a PE-LVAD
during the study period (Fig 1). The follow-up period for
the present patients was 342 + 229 days. Baseline clinical
characteristics were similar between. the groups (Table 1).
Infectious event-free days stratified by device type were -
reviewed for BSI and drive-line-related infection (Fig 2).
Although nearly all patients in both groups suffered from an

Table 1. Baseline Characteristics of Patients Stratified by LVAD

Type

PF-LVAD (n = 11) CF-LVAD (n = 16) P

Age (y) 346 + 9.6 37.5 £ 11.9° 51
Gender Male: 7 (63.6%) Male: 16 (100%) .0188

. DCM C 6 (54.5%) 9 (56.3%) 93

dHCM _ 2 (18.2%) 1 (6.3%) .35

ICM ' 1(8.1%) 3(18.8%) - 51

2nd CM 1(9.1%) 3 (18.8%) 51

PPCM 1(8.1%) < 0(0%) 23

Follow-up (d) 277 + 182 387 + 228 .23

Note: Comparisons between 2 groups were done using Wilcoxon test or a
chi-square test, with P < .05 considered to be significant.

Abbreviations: DCM, dilated cardiomyopathy, dHCM, dilated-phase hyper- -
trophic cardiomyopathy; ICM, ischemic cardiomyopathy; 2nd CM, secondary
cardiomyopathy; PPCM, peripartum cardiomyopathy.
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exit site infection within 12 months after LVAD implanta-
tion, BSI developed in only 12.5% of the CF-LVAD and
10% of the PF-LVAD cases within 12 months (log-rank test;
P = .875). Overall, a total of 5 (18.5%) patients developed
BSL Furthermore, 2 (40%) had sepsis develop to severe
sepsis, although none of those cases was fatal,

Cultured: Organisms

Bacterial profiles were generated from the results of ex-
-aminations of both blood cultures and cultures of discharge
obtained from the drive-line-or cannula exit sites (Table 2).
Bacterial organisms cultured from blood samples were

~ found to be methicillin-resistant Staphylococcus aureus

Table 2. Organisms Detected From Sites of Drive-line Infection

PF-LVAD CF-LVAD .
n % n %
GPC GPC
MRSA 14 4.3 MRSA 48 11.9
MSSA 43 13.1 MSSA 39 . 9.7
8 anginosus 0 0.0 S anginosus 5 1.2
8 capitis 36 11.0 S capitis 10 25
S caprae 1 0.3 " S caprae 5 1.2
S epidermidis 19 5.8 S epidermidis 45 111
S haemolyticus 0 0.0 S haemolyticus 4 1.0
S lagunensis 32 9.8 S lagunensis 26 6.4
S schleiferi 8 2.4 S schieiferi.- o 0.0
o-Streptococcus .4 1.2 o-Streptococcus 9 2.2
Staphylococcus species 3 0.9 - Staphylococcus species 14 3.5
GPR GPR ‘
Corynebacterium 32 9.8 .Corynebacterium 28 6.9
GNR GNR ’
P aeruginosa 37 11.3 P aeruginosa 0 0.0
K pheumonia 23: 7.0 K pneumaonia 39 9.7
K oxytoca 11 3.4 K oxytoca -0 0.0
E coli 28 8.6 E coli 38 9.4
Enterobacter aerogenes 0 0.0 Enterobacter aerogenes 16 4.0
Enterobacter cloacae 8 24 Stenotrophomonas maltophilia -7 1.7
Enterococcus faecalis 8 2.4 Enterococcus faecalis 22 54
Morganélla morganii 0 . 0.0 Morganella morganii- 18 45
Citrobacter freundii 0 0.0 Citrobacter freundii 18 4.5
C koseri (ESBL) 11 3.4 C koseri (ESBL) 0 0.0
'P fluorescens o 0.0 P fluorescens 4 1.0
Serratia marcescens 9 2.8 Serratia marcescens 9 2.2
- Fungi Fungi
Fungi 0 0.0 Fungi . 0 0.0

Abbreviations: GPC, gram positive cocci; MSSA, methicillin-sensitive Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus; GPR, gram
positive rod; GNR, gram negative rod; ESBL, extended spectrum beta lactamase.
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(MRSA; n = 1), Pseudomonas aeruginosa (n = 1),

" Staphylococcus bovis (n = 1), and Staphylococcus epidermidis
(n = 2). More than 60% of the BSI and drive-line~related
infections were due to Gram-positive cocci (GPC_), such as
Staphylococcus species. In contrast, gram-negative rods such
as Pseudomonas, Escherichia, and Klebsiella species were
rarely isolated from blood and exit site samples.

" DISCUSSION

We reviewed device-related infectious complications that
- occurred in 27 LVAD patients treated at our institute. Qur
results showed.that exit site infections developed as early as
30 days postoperatively and more than 90% of all patients
suffered from an infection within 12 months after LVAD
implantation. However, despite the high frequency of exit
site infections, only a small percentage of these patients
developed BSI (CF-LVAD 12.5% and PF-LVAD 10% at 12
months postoperatively). In addition, drive-line and cannula
exit site culture profiles disclosed that most of the bacterial
organisms were GPC, such as Staphylococcus species, which
are resident flora of the skin. These results suggest that exit

site infections in patients with an LVAD are nearly inevi- '
table, because the source of infection in our cases was -

mainly GPC from resident flora that cannot be completely

eradicated. Exit site infections are thought to gradually

progress over time, resulting in BSI, which is related to high
mortality in patients with an LVAD. However, we found
that the rate of BSI incidence in our patients wassignifi-
cantly lower as compared with that of exit site infection
- within 12 months after surgery, indicating that not all exit
site infections worsen to become BSI and can often be
treated by various clinical means. At our institution, anti-
biotic prophylaxis including teicoplanin (400 mg) before
LVAD implantation and doripenem (1000 mg) within 1
hour of skin incision is mandatory. Furthermore, doripenem
(1000 mg, 3 times daily) is administered until extubation
after sterna closure, and teicoplanin (400 mg, once daily)
and micafungin (150 mg, once daily) until healing of the
wound. Our strategy is not only prevention of infection
during the perioperative period, but also strict wound site
control including - surveillance cultures, wound care, and
proper use of antibiotics. -Our LVAD care team, which
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consists of surgeons, cardiologists, advanced practice nurses,
dieticians, and pharmacists, make great effort in regard to
exit site wound care from a'variety of perspectives, which
may contribute to lowering the development of systemic BSI
from localized exit site infections.

In conclusion, LVAD-related infections including drive-line
infection are common in LVAD-implanted patients, with
GPC, especially staphylococci species, the representative
pathogens and the drive-line exit site the major gate of entry.
Our findings highlight the importance of early and appropriate
intervention including antibiotics and wound care for device-
related infections to decrease possibly fatal BSI cases.

Limitations

Our study had some limitations, including its retrospective
nature, which may also be associated with data collection
bias, the single-center analysis, which may have influenced
outcomes, and the nonrandomized small sample size.
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BACKGROUND: The EVAHEART left ventricular assist device was approved in 2010 by the Japanese
Pharmaceuticals and Medical Devices Agency (PMDA) for bridge to heart transplantation (BTT).
However, its effectiveness has not been evaluated since approval. In this study we evaluated the
EVAHEART device in a commercial setting in Japan.

METHODS: Ninety-six consecutive patients enrolled in the Japanese Registry for Mechanically Assisted
Circulatory Support (J-MACS), who were listed for transplant or likely to be listed and who received an
EVAHEART device, were enrolled from 2011 to 2013 at 14 Japanese centers, Patients’ survival rates,
adverse events and quality-of-life data were obtained from the J-MACS Registry.

RESULTS: Patients’ median age was 43 years (85% male). The Interagency Registry for Mechanically
Assisted Circulatory Support profiles revealed 12 patients in Level 1, 45 in Level 2, 37 in Level 3 and 1in
Level 4. The mean support duration was 384.7 days, with a cumulative duration of 101.2 years. The
Kaplan-Meier survival rate during support was 93.4% at 6 months, 87.4% at 1 year and 87.4% at 2 years.
Seventy-seven patients (80.2%) currently remain on support, 7 received a transplant and 10 died during
support. Major adverse events included drive-line infection (14.6%) and neurologic events such as
ischemic stroke (17.7%), hemorrhage (13.5%), transient ischemic attack (3.1%), pump thrombosis (1%)
and hemolysis (1%). There was no gastrointestinal (GI) bleeding or right heart failure requiring right
ventricular assist device (RVAD). There was no pump exchange due to mechanical failure.
CONCLUSIONS: The EVAHEART device provides safe, reliable and long-term circulatory support with
improved survival in commercial settings of BTT in Japan, where the transplant waiting period is much
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longer. Incidences of GI bleeding, hemolysis, right ventricular failure, device thrombosis and mechanical
failure were extremely rare in patients on EVAHEART devices.
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© 2014 International Society for Heart and Lung Transplantation. All rights reserved.

Left ventricular assist device (LVAD) utilization is an
indispensable treatment that provides a bridge to trans-
plantation as well as a final therapy when hearts are not
available due to donor shortage.'™ Continuous-flow LVADs
are the predominant devices used for advanced heart failure
patients awaiting transplantation and also for patients not
eligible for transplant and refractory to medical management. L2

In Japan, donor shortage is a critical problem in the
treatment of severe end-stage heart failure. Donor organs are
scarce due to social and ethical reasons, although legislation
allowing for organ transplantation in Japan was passed in
1997.* The EVAHEART LVAS (Figure 1), an implantable,
continuous-flow LVAD, was developed by Sun Medical
Technology Research Corporation (Nagano, Japan), and the
EVAHEART LVAS study was the first clinical trial for an
implantable, continuous-flow LVAD in Japan.>*

After completion of a prospective, multicenter clinical
trial, the EVAHEART LVAS system was approved by the
Japanese Pharmaceutical and Medical Device Agency
(PMDA) for bridge-to-transplant (BTT) indications in April
2010. Post-approval studies were required by the PMDA to
monitor the device in a commercial setting for safety, and
also to compare its performance with other available devices
for the same indication. We report here primary and
secondary end-points from BTT post-approval study
patients who completed at least 6 months of follow-up.

Methods

Device description

The EVAHEART LVAS blood pump is made of pure titanium and
weighs 420 g (Figure 1). A 40-mm-diameter impeller is directly
driven by a sensorless, brushless, direct current motor. The pump
draws the blood from the left ventricle through the apical inflow
cannula and propels it into the ascending aorta via the outflow
vascular graft. The hydrodynamically levitated bearing rotates in a
non-contact manner, allowing an unlimited bearing lifespan.
To achieve relatively high flow as well as flow pulsatility, large-
diameter inflow and outflow conduits (16-mm inner diameter) were
chosen, along with wide cross-sectional areas of the entire flow
pathway within the pump.>’

The EVAHEART has very flat-slope pressure—flow setting.
At lower pressure areas, pump flow reaches a higher flow rate of 15
to 20 liters/min. This pressure-flow characteristic enables it to
provide a significant flow difference between systole and diastole,
resulting in highly pulsed flow circulatory support with a pulse
pressure of 15 to 30 mm Hg (Figure 2). The EVAHEART LVAS
was designed for low shear rates (<1500 N/m?) and has a wide
clearance between the housing and impeller to provide pulsatile,
high-flow circulatory support.

The normal operating speed of the pump is 1,800 to 2,400 rpm,
providing a maximum flow rate of 10 to 15 liters/min. The pump is
connected to the external controls by a drive-line and exits through
the patient’s abdominal wall. The controller operates the pump,

regulates power, monitors system performance, and displays alarm
notifications, speed and power. A pair of rechargeable lithium-ion
batteries can provide power for at least 12 hours.

Patients

This study was a prospective evaluation of the first EVAHEART
patients consecutively enrolled after the PMDA had approved the
device and was listed in the Japanese Registry for Mechanically
Assisted Circulatory Support (J-MACS; accessed at: hitp:/www.
pmda.go.jplenglish/service/j-macs.html). All patients who were iden-
tified in the J-MACS Registry as BTT before implant (listed for
transplant or BTT), and likely to be eligible for transplant, were
enyolled in the study. Patients who received the EVAHEART from
March 2011 through May 2013 at 14 Japanese centers were enrolled.

The data from the self-reporting centers were adjudicated by an
unbiased party. All patients were followed for at least 6 months after
implant or until an outcome occurred, The primary end-point was
survival while waiting for transplantation. Secondary end-points
included adverse events and functional status as determined by the
6-minute walk test at baseline and at 3, 6 and 12 months after implant.

Anti-coagulation was individualized among the different
centets. The recommended international normalized ratio (INR)
range was 2.5 to 3.5, and aspirin (at least 100 mg/day) was started
during patients’ transition from heparin. Platelet functional assays
were performed at some centers, using various methods.

This was a registry-based study using the J-MACS database. Self-
reporting was provided by each center according to the specified
J-MACS definitions, and time-points were used that facilitated
a PMDA-stipulated post-market outcomes analysis. Information
regarding JAMACS variables, definitions, reporting time-points and
data analysis is available at the -MACS website. This report represents
the first post-market approval study using the J-MACS Registry.

The studies were conducted in compliance with PMDA
regulations for good clinical practice, and were approved by each
site’s institutional review board. All patients or their authorized
representatives provided informed consent.

Statistical analysis

Descriptive statistics were used to evaluate baseline demographics,
incidence rates and changes from baseline. Continuous data are
expressed as mean * standard deviation. Survival is reported
descriptively through Kaplan-Meier analyses, with follow-up
censored at the time of heart transplantation, device explant for
recovery, and withdrawal of consent, or for patients lost to follow-up.
All adverse events meeting the J-MACS definition were
evaluated with respect to classification and device-relatedness.
Adverse events are reported as percentage of patients with events,
and as event rate in events per patient-year, calculated as the
number of events divided by the cumulative support durations for
all patients. All statistical comparisons were 2-sided, and the level
of significance was set at p < 0.05. All biochemical and
hemodynamic data are presented as mean * standard deviation
(SD) or as median and range when appropriate. Discrete variables
are presented as percentages. Adverse events are presented as both
percentage of all patients and as events per patient-year.
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Figure 1 EVAHEART LVAS. (A) The pump and controller. (B) A cross-section of the EVAHEART LVAS. The device has a wide flow
pathway and hydrodynamic journal bearing, which rotates without any contact to enable an unlimited bearing life.

Results age of 41.9 = 11.7 years and a mean body surface area of
1.7 = 0.2 m? Heart failure due to ischemic heart disease
Baseline characteristics was present in 6.3% of patients. Thirteen patients (13.5%)

had an extracorporeal device pre-operatively, and had
Between March 2011 and May 2013, 96 patients (88.5% undergone a conversion procedure to an EVAHEART
men) were enrolled at 14 centers throughout Japan. Baseline device. The earlier extracorporeal devices included 10 Nipro
demographics are presented in Table 1. Patients had a mean paracorporeal pneumatic pumps (Nipro, Osaka, Japan),
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Figure 2 (A) Pressure-flow curves of EVAHEART LVAS. At low pressure, the pump flow reaches a high flow rate of 15 to 20 liters/min.
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Table 1  Baseline Characteristics (N = 96)

Age (years)
Male gender (%)
Body surface area (m?)
Ischemic cause of heart failure (%)
Conversion from extracorporeal device
Left ventricular ejection fraction (%)
Inotrope-dependent
Pulmonary artery pressure (mm Hg)
Systolic
Diastolic
Arterial blood pressure (mm Hg)
Systolic
Diastolic
Mean
Cardiac index (liters/min/m?)
Creatinine (mg/dl)
Total bilirubin (mg/dL)
Brain natriuretic peptide (pg/ml)
New York Heart Association class (%)
I
I
1
v
NA
INTERMACS (%)
1
2
3
4~7
Not available
Central venous pressure (mm Hg)
Tricuspid regurgitation
Moderate (%)Moderate
Severe (%)
RV dysfunction (more than moderately
impaired) (%)

419 = 11.7
85.5
1.7 0.2
6.3
13 (13.5%)
17.2 * 8.4
82 (85%)

45.4 *+ 149
242 £ 8.1

86.4 = 12.1
56.9 £ 9.9
66.9 = 9.6
2.0 £ 05
1.2 = 0.5
1.4 £ 1.0
863 * 753.2

33

8
17
67

1

12

45

37

1

1
9.63 * 5.61

21
9
64

2AlL 3 patients underwent LVAD conversion from the extracorporeal

device.

1 AB5000 pump (Abiomed, Danvers, MA) and 2 temporary
left ventricular assist device (LVAD)-utilizing Gyro pumps
(Medtronic, Minneapolis, MN). Among these 13 patients,
2 were New York Heart Association (NYHA) Class I,
2 were Class IIT and 9 were Class IV. Five patients had an
INTERMACS Profile 1, 2 had Profile 2 and 6 had Profile 3.

The mean left ventricular ejection fraction was 17.2 =
8.4%, and the mean cardiac index was 2.0 = 0.5 liters/min/m>.
NYHA Functional Class IV was recorded for 69.8% of the
patients. An INTERMACS classification of 4 to 7 was
reported for 1% of the patients, whereas 38.5% were
INTERMACS 3, 46.9% INTERMACS 2 and 12.5%
INTERMACS 1.

Mean central venous pressure was 9.63 * 5.61 mm Hg,
and 30% of the patients had moderate or severe tricuspid
regurgitation. Moderate or severe right ventricular dysfunc-
tion was observed in 64% of the patients. Eighty-two
patients were inotrope-dependent, and 21 required balloon
pump support pre-operatively.

Support duration

The average support duration for the EVAHEART was
384.7 (median 372) days. The cumulative follow-up duration
was 101.2 patient-years of support.

Survival rate, transplantation rate and cause of
death

Patients were monitored for at least 180 days or until
transplant or death. Kaplan—-Meier survival analysis for BTT
patients revealed that survival at 6 months, 1 year and 2 years
was 93.4%, 874% and 87.4%, respectively (Figure 3).
Seventy-seven patients (80.2%) currently remain on the
EVAHEART device, 10 patients (10.4%) died during support,
and only 7 patients (7.3%) were transplanted (Figure 4). The
causes of death of the 10 patients were neurologic events

80% I
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60% F
50%
40% 1
30% -
20% T

Probability of Survival

10% lag

100% ‘M
8% | DB m Dt

Remaining at Risk
78
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1 year 87.4%

2 years 87.4%

8
v

L] 1 1 1 1 ) 1
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Figure 3 Survival analysis of the EVAHEART LVAS as bridge to transplant (BTT).
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(4 patients), multisystem organ failure (4 patients), infection
(1 patient) and device thrombosis (1 patient).

Seventy-four patients were discharged home after a mean
of 108.2 days of hospitalization.

Cardiac index

The average cardiac index at baseline (n = 76) was 2.0 =
0.5 liters/min/m?. Average cardiac index according to the
Swan—-Ganz catheter was measured post-operatively at
1 week in 10 patients (2.7 £ 0.7 liters/min/m?), 1 month
in 28 patients (2.6 * 0.6 liters/min/m?) and 3 months in
8 patients (2.8 =+ 0.5 liters/min/m?). There was a significant
improvement in cardiac index at every time-point up to
3 months post-operatively, as compared with before
implantation (Figure 5).

Cardiac index(L/min/m)

Competing end-point. Only 7.3% of patients were transplanted, and 80.2% of patients remained on the EVAHEART device at 1 year.

Brain natriuretic peptide

Brain natriuretic peptide (BNP) values measured at baseline
and post-operatively at 1 week, 1 month, 3 months, 6 months
and 12 months were 863 *+ 753, 584 & 671, 442 * 484,
281 = 332, 239 + 207 and 258 + 175 pg/ml, respectively.
This value decreased significantly compared with pre-
implant at every time-point after implant (Figure 6).

Six-minute walk test

Six-minute walk test (6MWT) was assessed in all patients at
baseline (pre-implant) and at 3, 6 and 12 months after implant.
The percentages of all patients able to complete the 6MWT at
these time-points were 6%, 47%, 50% and 25%, respectively.
The percentages of all patients unable to complete the 6MWT

meanctstd. error** : p<0.01 (t-test)

3.5

3

2.5

2

15

1

Pre-implant 1Week
n=76 n=10

Figure 5
pre-implant status.

1Month
n=28 n=8

3Months

Cardiac indices. There was a significant improvement at every time-point up to 3 months post-operatively as compared with
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BNP meanztstd. error** : p<0.01 (t-test)
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Figure 6

at these time-points were 76%, 7%, 5% and 2%, respectively,
and thus a value of 0 was imputed for them. Overall, the
6MWT results improved significantly after implant from 21
meters pre-implant to 358 meters at 3 months, to 375 meters at
6 months and to 408 meters at 12 months (Figure 7).

Quality-of-life assessment (Euro-QOL)

Fifty percent of patients completed paired EQ-5D Visual
Analog Scale (VAS) quality-of-life measurements. Paired
data were obtained from 52 patients who were available for
follow-up at 6 months (i.e., those who did not receive a
transplant or device explant for recovery, were alive, or had
attended the 6-month post-implant assessment). The score
was significantly improved from 42.6 at pre-implant to 73.6
at 6 months (Figure 8).

Adverse events

Adverse event rates compared favorably with historic rates
of LVADs for BTT (Table 2). Follow-up time ranged from
.6 months to just over 26 months for patients alive on the
original device. Drive-line exit-site infections occurred in 14
patients (14.6%), at an event rate of 0.28 event per patient-
year (EPPY), and sepsis occurred in 1 patient (1.0%), at
0.01 EPPY,

Bleeding requiring reoperation occurred in 3 patients
(3.1%) at a rate of 0.05 EPPY. Gastrointestinal bleeding did
not occur. Cardiac arrhythmias were seen in 3 patients
(3.1%). Ventricular tachycardia was more common in the
peri-operative period (0 to 90 days).

Right heart failure occurred in 2 patients (2.1%), both
treated with inotropic therapy. RVAD use was not required
in any of the patients. Ischemic cerebrovascular accident
(ICVA) events occurred in 17.7% of patients, a rate of 0.37
EPPY. Hemorrhagic CVA (HCVA) events occurred in
13.5% of patients for a rate of 0.21 EPPY, with 25% of
these events being fatal. With respect to timing of events,
after 90 days, ICVA and HCVA rates were reduced to 0.16
EPPY and 0.19 EPPY, respectively.

1Month

3Months 6Months 12Months
n=73 n=55 n=35

BNP values at pre-implant and 1 week and 1, 3, 6 and 12 months after EVAHEART LVAS implantation.

Three patients (3.1%) underwent aortic valve surgery for
severe aortic insufficiency.

No device exchanges occurred during the entire support
period. Both infectious device thrombosis and hemolysis
occurred in 1 patient (0.01 EPPY), who died after a
hemorrhagic stroke. The patient had not been on anti-
coagulation therapy for more than 7 days.

Discussion

This study was the first clinical study with continuous-flow
LVAD therapy in Japan, where the socio-medical situation
is different from that in Western countries. This Japanese
BTT trial was unlike other BTT studies in the USA in a
number of ways, including patient background profiles,
duration of support, number of transplants and availability
of other implantable devices. Thus, a direct comparison of
the results between this study and others is very difficult and
may be inappropriate. Nevertheless, our findings support the
findings from the EVAHEART BTT clinical trial regarding
the safety and efficacy of the EVAHEART LVAS in
patients with end-stage heart failure requiring an LVAD for
BTT. Overall survival remains high, at 93.4% at 6 months,
87.4% at 1 year and 87.4% at 2 years, despite much lower
transplant rates compared with other BTT trials.*'" The
survival rates seem better than those for other commercially
available VADs for BTT. The functional and quality-of-life
improvements are similar to other reports of BTT trials.'"»'?

The EVAHEART LVAS improved patients’ prognosis
and quality of life, with excellent pump performance and
reliability. As the waiting period for heart transplantation in
Japan is usually longer than 2 years, the support duration of
patients tended to be longer, almost comparable to that of
destination therapy. In this study, the average support duration
was 384.7 days, and cumulative support duration reached
101.2 patient-years. The average support duration of the
7 patients who reached heart transplant was 516 days.
However, there were no critical mechanical problems
requiring pump exchange. This is the longest support duration
observed so far in a BTT study and equivalent to destination
therapy trials. The results of this study suggest that the
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Figure 7
patients unable to complete the assessment.

EVAHEART LVAS is a durable and reliable continuous-flow
LVAD, suitable for long-term mechanical circulatory support.

The EVAHEART LVAS blood pump has a unique,
hydrodynamically levitated bearing and mechanical seal
design, which enables long-term support without mechan-
ical wear of the pump. Moreover, its design is relatively
simple and straightforward and can be maintained over long
periods. The majority of patients with this device can be
discharged to their homes.

Adverse event rates were low and were similar to those
published " with the currently approved device.''* The
baseline characteristics, especially younger average age, the
high incidence of non-ischemic cardiomyopathy, and the
small number of patients with previous cardiac surgery, of
the patients in this Japanese study were different from those
in other published studies.''"'> However, bleeding and
infection rates were lower compared with other BTT
published data. Specifically, sepsis and pocket infection
" rates were very low, occurring at rates of 0.02 EPPY,
respectively (Table 2). The incidence of cardiac arrhythmias
was similar.

EuroQOL(VAS)

6Months 12Months
© n=43 n=26

Results of the SMWT at pre-implant and 3, 6 and 12 months after EVAHEART LVAS implantation. A value of 0 was given to

Bleeding requiring transfusion or reoperation was very
infrequent compared with published rates, occurring at an
overall rate of only 0.05 EPPY. None of the 14 centers at
which this procedure is performed routinely leave the chest
open after surgery. Patients’ baseline characteristic differ-
ences may explain the lower rate of bleeding requiring
reoperation.

Gastrointestinal bleeding was not observed. Hemolysis
was noted in only 1 patient (0.01 EPPY) who had infectious
device thrombosis and hemorrhagic stroke. This patient had
not been on anti-coagulation therapy for more than 7 days.

The “pulsatility” characteristic of the EVAHEART may
be a putative mechanism for reducing the incidence of
gastrointestinal (GI) bleeding and preventing arterio-venous
malformation in the GI tract. In this system, the flow rate
change during the cardiac cycle (Figure 9) becomes more
prominent, and the pulsatile pressure is amplified from the
left ventricle to the aorta, unlike typical axial-flow pumps.
Another explanation may be the lower share rate (<1,500
N/m? and wider clearance between the impeller and
housing, which causes less “trauma” to blood components,

mean=std. error** : p<0.01 (t-test)
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Quality of life with EQ-5D scores at pre-implant and 3, 6 and 12 months after EVAHEART LVAS implantation.
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Table 2 Summary of Adverse Events

Overall (PY = 84.7) (N = 96)

0-90 days (PY = 22.1)

>90 days (PY = 67.25)

Patients

Events Eventrate Patients Events Event rate Patients Events Event rate
Events affected [% ()] (n) (EPPY) affected [% (n)] (n) (EPPY) affected [% (n)] (n) (EPPY)
Bleeding
Requiring 3.1 (3) 4 0.05 3.1 (3) 4 0.18 0.0 (0) 0 0.00
reoperation
Gastrointestinal 0.0 (0) 0 0.00 0.0 (0) 0 0.00 0.0 (0) 0 0.00
Infection
Drive-line exit  14.6 (14) 24 0.28 4.2 (4) 4 0.18 13.5 (13) 20 0.32
site
Sepsis 1.0 (1) 1 0.01 1.0 (1) 1 0.05 0.0 (0) 0 0.00
Pump pocket 2.1 (2) 2 0.02 1.0 (1) 1 0.05 1.0 (1) 1 0.02
Neurologic events
Ischemic stroke  17.7 (17) 31 0.37 12.5 (12) 21 0.95 9.4 (9) 10 0.16
Hemorrhage 13.5 (13) 18 0.21 4.2 (4) 6 0.27 11.5 (11) 12 0.19
Transient 3.1 (3) 3 0.04 1.0 (1) 1 0.05 2.1(2) 4 0.06
ischemic attack
Right heart failure
RVAD 0.0 (0) 0 0.00 0.0 (0) 0 0.00 0.0 (0) 0 0.00
Inotrope therapy 2.1 (2) 2 0.02 2.1 (2) 2 0.09 0.0 (0) 0 0.00
Device exchange 0.0 (0) 0 0.00 0.0 (0) 0 0.00 0.0 (0) 0 0.00
Pump thrombus 1.0 (1) 1 0.01 0.0 (0) 0 0.00 1.0 (1) 1 0.02
Hemolysis 1.0 (1) 1 0.01 0.0 (0) 0 0.00 1.0 (1) 1 0.02
AI required for 3.1 (3) 3 0.04 0.0 (0) 0 0.00 3.1(3) 3 0.05
surgery
Arrhythmia
Ventricular 3.1 (3) 6 0.07 3.1(3) 3 0.14 1.0 (1) 3 0.05
Supraventricular 0.0 (0) 0 0.00 0.0 (0) 0 0.00 0.0 (0) 0 0.00
Renal dysfunction 1.0 (1) 1 0.01 1.0 (1) 1 0.05 0.0 (0) 0 0.00
Hepatic 0.0 (0) 0 0.00 0.0 (0) 0 0.00 0.0 (0) 0 0.00
dysfunction
Respiratory 2.1 (2) 2 0.02 2.1(2) 2 0.09 0.0 (0) 0 0.00
dysfunction

Al, aortic insufficiency.

including von Willebrand factor. Our data suggest that the
large molecule multimers of von Willebrand factor were

well preserved in patients with the EVAHEART.'" The

LV-AO
Pressure
Difference
mmH;
(mmHg) 100
diastole ™ EVAHEART 2000 rpm
Axial Flow Pump
39000 rpm
systole M
N
G 5 10 15 120
Pump flow (L/min)
EVAHEART highly pulsed fiow
" Axial flow pump
Less pulsed flow
Figure 9 Comparison of pressure—flow curves between the

EVAHEART device and a typical axial-flow pump. Pump flow
pulsatility during the cardiac cycle is more significant in the
EVAHEART than in the axial-flow pump. The high peak flow
during systole maintains a higher mean pump flow rate.

increased physiologic pulsatile flow and reduced trauma to
blood components produced by the EVAHEART device
may reduce the number of GI bleeding events.

RYV failure requiring RVAD replacement was not observed
in this study, despite the pre-operative cardiac function of
these patients being similar to levels observed in previous
series.”™' ! These lower incidences of RV failure, hemolysis
and GI bleeding may be associated with the high-pulsed-flow
and low-shear-rate design of the EVAHEART LVAS.

In this study, CVA was the major adverse event, and
25% of these cases resulted in death. Ischemic and
hemorrhagic stroke was observed at rates of 0.37 and 0.21
EPPY, respectively, with incidence reduced to 0.16 and 0.19
EPPY, respectively, after 90 days. Pumps explanted at the
time of autopsy or transplant were all free from thrombus,
although some wedge thrombus formation around the inflow
cannula was observed (Figure 10). Based on this finding, it
is supposed that the strokes could be related to wedge
thrombus formation.'®> Once a wedge thrombus is formed,
portions of the thrombus can detach and cause strokes.'®!’

Management practices and device design should be
improved to reduce adverse events such as bleeding, stroke
and infection.'” Extensive medical treatment, including better
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Figure 10
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Detailed autopsy study of 4 patients (clinical trial) who died after cerebrovascular events. Although there was no thrombus in

any part of the pumps, a wedge thrombus was observed around the inflow cannula in 3 patients.

INR control, various anti-platelet medications, and intensive
volume management and echocardiographic monitoring of the
distance between the ventricular septum and inflow cannula,
had some effect on reducing neurologic events, especially those
occurring more than 90 days after implantation. Nevertheless,
we believe that a more fundamental solution may be the
introduction of “a new textured surface inflow cannula.” The
textured surface modification to the inflow cannula can be
expected to suppress such thromboembolic complications.'®
Clinical application of the new cannula design began in
September 2013. One patient underwent EVAHEART im-
plantation with the new textured cannula and had no neurologic
event activity in the subsequent 3 months. Detailed information
regarding the impact of the inflow cannula redesign will be
reported as the number of cases accumulates.

Limitations

This study has several limitations. First, this was not a
randomized trial, and therefore all patients had an
EVAHEART LVAS. Another limitation is that the adverse
event rates can only be compared with historic rates reported
in the literature. The control data from the INTERMACS
data set were limited by the availability of reported adverse
event rates. However, the reference data sets from other
controlled studies using different devices for BTT support
the hypothesis that the EVAHEART LVAS is at least as
safe as other commercially available LVAD:s.

In conclusion, the ongoing data from the J-MACS
Registry of the EVAHEART LVAS BTT study continue to

support overall improvements in survival, quality of life,
safety and reliability of the EVAHEART LVAS in BTT
patients with end-stage heart failure in Japan. Rates of
bleeding, infection, device exchange and hemolysis were -
very low, and there was no RV failure requiring RVAD
implantation. The survival rate was excellent among patients
who eventually required cardiac transplantation. Ongoing
patient management strategies and the introduction of
textured surface inflow cannulas are expected to decrease
the incidence of strokes and improve patient outcomes in this
population. Importantly, this investigation represents the first
use of the J-MACS Registty to conduct a post-market
approval study with an LVAD, and an initial demonstration
of prospective outcomes with standardized definitions.
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