Ty I —F2l— g TOEE, LVAD IEE
BEORMERDOER. 7 & LEE AW A
HEWMFEDOEEZFEET D & L b, BHEA.
B T+ 51 ko T, EBOABBRE OLE
REZELBEETOERLEOEAICOWNT, BEG
BEreRblLT,

D. E¥
BRI R E R C b B AL 2
b BRELDREBRE LTI AN, DIEBHE
IZFTTOT Y » DEF L U TRIAL BB
AL LRIBEZIT - C& iz, SEIOMEHTRE 30
Bl 6 B LRBA SN TR, HHTID
IRERE 2 I S — LT BER S RE LT,
IRETH, BRASRICHE 2 GERATICEZ O
BEREZFIL. HugEEamEle, HEAR. B
DR PIxt LT, MBI A T ORISR S0
TOHEHELITV., BEKISHSMER TS
BEIEHLCNB I L REETHD LREL
T&7e, LLAaRb, BEEDSOERKR
LVAD ZFEISFICE LT, BEEpmbi oLl
BLTHEREL THY ., WA @A TLRY
VE—HNKEZHTERELEOFRER, .
BEEWMICE I B ¥ —R T vy 7, Bz, B
R & ERR TR OAEBEML TS, A
CEBOFRICHED B L EERBE O TR
0. X DMIARE RS L~ OB T E
TOELRDHZOLVADBRIZL o T, w1
FRERBBRBD D, fo T, KA HIRE
Iz Z OBREICET 280 E Kk & HiFoER
Y., &5, Bx RIBERBROLE R HEE
THZ LW, ZOEBOIBERMEROMESLIZNA
ThdLEZLND,

7z, LFEO LVAD BEHR Z v 7 D& Z 2
T B0 FBO—oL LT, EEEE, B

VO, ZOFEKEE AT LB E & — L D@EE
HELBE, S50, HEMHAZHEELERA
Y7 I7DELRLBLLVERRMME THDE Z &
DA LTz,

SEE, RUTHREEL LT F—ExdL -
JeHEE H XA B A T ORAHE = — X % SRR 27
£3 7 98AL 20 BO_AMIchE->T, #it
RECTER LB, ZOZAMICBIT55EE
DERRITHEBHZ L Z<ORELH/ LI,
WEELREOEGRBELHFTIFLREN,
Z DX 57 LVAD 1EHRICBE T 5 Ak & Bl R
W, BREBZMGET D L T, EEREOH
FOWT, BB UVBBHEER~OBITHIL
ICEWEECERTES L0125 b 0L HifF
SnB, SHICE. 4%, ATOREEER L
FEFR T X 2 & 5 B A DUBEERREES
AIRERFERR B S D Z & T, XV EEFAD
BEXT HIRRNPFTREC 25 & Bbiud,

E. #EiR . |
JRSRERR BN BT D EEHETE D b L DA A
 LVAS RYWEERRDOILFED 212, FiiA
BRESX ORI, BE OEERIZERTET S
EFHEL LT, Fith—EoLEr -+
B A T UBE MR ORE. Th b ORI
THEFHRABTHSORBICL S, EEIRR
CHEED LR LEEROEON ERLEEEL
b7,

F. ISR

1. BXRK

1) Akiyama, M. Motoyoshi, N. Kawamoto, S.
Saito, T. Yamazaki, K. Saiki, Y.
Conversion from long—term AB-5000 to
EVAHEART using a combined left thoracotomy

17



and sternotomy approach

J Artif Organs, 2014; 17:193-196

DRI E4R, WE B, AT TAR, %R
AE EFE A BE, KE =R BFA E£R
Nipro VAD #Bh# DR4HILIZ%f L DuraHeart o
BeOIER 21T o 72 1 B, F54H 20141 49:194

2, 2Rk

1) BRUTESE, EER. Rl JIKEEH. %
KEET, BMIEAES, MATE—ER. WEE.

TIES MBI BT B A LT A O
IR DORGE. 55 158 [l H ATE R FEAHAL
& (R TR 26468 7H)

2) FrEWAER, AKILIEAR, A, AEA A —ER,

AL, AL, MHE—F, TIEH A
72 LVAD 355 TRl L7 D iESMEEED 1
Bl % 158 B B AGRRESEATILS S (R
R 2646 H 7 H)

3) i . KILESR. JIIAGE, BAES &
DR FREA BTEI A L0 (HVAD) 0
¥ 55 94 [ B ANAR S SRS (B
TR 2649 H 13 H)

&) KIS, KGE, ME B JIAGE,

B KRR, MATE—ER, BRI, R (&
Yo, TN 8 HOAZEE A TORIRE OB
W HOA LS TR R B BIAR OB L 4.
% 62 H B AL SR EHES (e T

2649 H 26—28 H)

5) FEWAES, W, EAEM. EERE.
FEEUEEN, O, BOLIEE, FERRE—ER, JII
AEE, WAL, KEER Ukl B
IAHTIREE N Lg% B @ QOL.

% 33 [ A A LSS (KIE Tk 26 4

10 A 12 A)

6) JIIARE, TKILES, BIFEL. MILBEE,
PREEEES, SoRE . FEEORER, REIEIL
EE B, BRI, BERE, B2 B
BR—ER, AFEZ, A Fx DRBEAS
BHOBUR L RE—EIHEE R VIR~ —UF
Nl vxy b %67 Bl H AR R AR
£ (M FR2649 A 30 ~10 A3 AH)
7) JTERER, BKILIESE, FEE B, RS,
LE B, RBRREER. JIARSRE. BEE.
WAER RHARHBA LRSS BE OA D
FELZORE. 20 B A ARBRARAE A O
WrEaEiEs (RLIE  ERK 2642 10 B 17 H)
8) FKILIESE, Tl BA, A RER, JIAMed,
WAMETL FASTHE A O (VAD) BRI
BV B AN T OB EE G- SV T D
a8 169 Bl B ABRBEASIIL S
it FRi26412 A6 H)

G. HMINMEEOHE - BRRR
1. RFrmE
L

2. RAFRER
mL

3. T
2L

18



k23

2N



~J Artif Organs
DOI 10.1007/s10047-014-0758-0

Artificial Heart (Clinical)

| Léft coronary artery occlusion caused by a large thrombus
on the left coronary cusp in a patlent Wlth a contmuous-ﬂow

ventrlcular ass1st device

Seiko Nakajima + Osamu Seguchi - Yoshihiro Murata + Tomoyuki Fujita -
Hiroki Hata - Takafumi Yamane + Michinari Hieda + Takuya Watanabe *
Takuma Sato - Haruki Sunami - Masanobu Yanase * Junjiro Kobayashi -

Takeshi Nakatani

Received: 27 November 2013/ Accepted: 23 January 2014
. © The Japanese Society for Artificial Organs 2014

Abstract Despite continual improvements in ventricular
assist device (VAD) therapy, various clinical issues are
emerging. Importantly, various types of thromboembolic
complications have been reported to date. Recently, we
. encountered a rare continuous-flow VAD-related throm-
boembolic event that resulted in acute myocardial infarc-
tion. A 26-year-old female who just underwent HeartMate
II® VAD implantation suddenly developed widespread
anterolateral myocardial infarction on postoperative day
16. Echocardiography and. aortography revealed a large
thrombus on the left coronary cusp of the aortic valve that
almost completely occluded the left coronary ostium, After
VAD implantation, her aortic valve did not open, even at
relatively low pump speeds; this was thought to be one of
the causes for thrombus formation. Continuous suction of
blood from the left ventricle and non-pulsatile flow into the
ascending aorta resulted in a continuously closed aortic
valve and stagnation of blood in the coronary cusp. Fur-
thermore, both small body size (body surface
area <1.3 m*) and postoperative right ventricular failure
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may have exacerbated blood stagnation and thrombus
formation in this patient. We should have adjusted the
anticoagulation and antiplatelet therapy protocols based o
the patient’s condition. She underwent off-pump coronary

artery bypass surgery and remained in clinically stable

condition afterwards.

Keywords Ventricular assist device - Myocardial
infarction - Thrombus - Off-pump coronary artery bypass
surgery '

Introduction

A ventricular assist device (VAD) is an alternative for
patients with advanced heart failure who are candidates for
heart transplantation. Recently, several types of implantable
continuous-flow VADs have become available. The Heart-
Mate II® (Thoratec Corporation; Pleasanton, CA, USA),
currently the most widely used VAD worldwide, was
approved for health insurance coverage in Japan in April
2013. Since the introduction of such implantable continu-
ous-flow VADs, the incidence of VAD-related complica-
tions has decreased [1-4]. However, many patients still
experience ‘adverse events such as driveline infection,
hemorrhage, and thromboembolism. Stroke is the most
common thromboembolic event; however, myocardial

infarction is uncommon. According to the most recent report

by the Interagency Registry for Mechanically Assisted Cir-
culatory Support (INTERMACS), 0.07 % of patients on
continuous-flow LVAD support have a new myocardial
infarction in the first 12 months after implantation [5].

In this report, we present a rare case.of an impressively
large thrombus on the left coronary cusp (LCC) resulting in

- left coronary artery (LCA) occlusion and myocardial
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Fig. 1 Anteroposterior chest
X-ray showing the inflow
cannula connected to the left
ventricular apex, the outflow
cannula anastomosed to the
ascending aorta, as well as the
blood pump and the driveline
(a). Twelve-lead .
electrocardiogram at baseline
and at the onset of myocardial
infarction (M), which shows a
heart rate of 131 beats per min,
sinus rhythm, and ST-segment
elevations in leads I, aVL, and
V3-Ve (b)

Baseline

aVR

avlL

aVF

infarction early after the implantation of a HeartMate H®,

continuous-flow VAD. :

Case report

The patient was a 26-year-old woman with a body surface

area (BSA) of 1.23 m* who was admitted to our hospital with
‘advanced heart failure. Transthoracic echocardiography

A Springer

revealed severe left ventricular (LV) dysfunction withan LV
ejection fraction of 17 % and mild LV dilatation (LV dia-
stolic and systolic dimensions, 51 and 47 mm, respectively).
Right ventricular (RV) contractility was mildly decreased.
Coronary artery stenosis was ruled out by coronary angi-
ography, and endomyocardial biopsy showed moderate
myocardial replacement fibrosis with hypertrophic changes
in the cardiomyocytes. Therefore, we made a diagnosis of
dilated cardiomyopathy.
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Despite continuous infusion of catecholamines and
intra-aortic balloon -pump support for 1 month, the

patient’s cardiac function did not recover, so she was -
~ registered as a candidate for heart transplantation, Subse-

quently, the HeartMate I® continuous-flow VAD was
implanted as a bridge to transplant (Fig. 1a).

After VAD implantation,
revealed a decrease in LV dimensions (LV diastolic and
systolic dimensions, 30 and 22 mm, respectively) and
moderately reduced RV contractility. The aortic valve did

‘not open, even at pump speeds of 8,600 rpm or lower, so

the pump speed was kept at 8,600 rpm for this patient. Her
- central venous pressure was 15 mmHg or higher, implying
the presence of postoperative RV failure. She required
catecholamine infusion for more than 2- weeks. The LVAD
parameters were as follows: pump speed, 8,600 rpm; pulse
index, 4.5-5.5; and pump power, 4.5-5.5 W. Occasxonally,
-the estimated pump flow rate was not dlsplayed because it
was <3.0 L/min, On postoperative day 1, we began war-
farin without heparin bridge therapy and single antiplatelet
therapy with 100 mg of aspirin a'day. We maintained the
international normalized ratio (INR) in the range of
1.5-2.0.

On postoperative day 16, she suddenly complained of
severe chest discomfort with cold sweats at rest. ST-seg-
ment elevation in leads I, aVL, and V,—V¢ were docu-
mented in the 12-lead electrocardiogram (ECG), implying

- widespread anterolateral ischemia (Fig. 1b). Echocardiog-

raphy revealed an akinetic area in the anterolateral wall and
a hyperechoic lesion filling the LCC. In retrospect, this
hyperechoic lesion was present on the echocardiogram
from the previous day, but it was smaller in size.

Since thromboembolism of the LCA was suspected,
emergent catheterization was performed with the possibil-
ity of percutaneous coronary intervention (PCI). Before
positioning a coronary catheter into the LCA, a low dose of
contrast medium was injected into the LCC to confirm the

-presence of thrombus. As expected, a large thrombus
(85 x 120 mm) was detected on the LCC, which was
" almost completely occluding the LCA (Fig. 2a). Although

coronary revascularization seemed necessary for mitigating
myocardial injury and preventing ventricular arrhythmias,

PCI could not be performed for fear of systemic embolism

~induced by the coronary catheter. Therefore, the patient -
underwent off-pump coronary artery bypass surgery (with.

the VAD on) with a left internal thoracic artery to left
anterior descending artery graft. We identified a mobile
thrombus that occupied the LCC and partially extended to
the noncoronary cusp (NCC) during intraoperative trans-
esophageal echocardiography (Fig. 2b). Plasma creatine
kinase MB isoenzyme (CK-MB) levels peaked at 351 TU/L
23 h after the onset of symptoms. A hypercoagulability
workup was performed, which was negative for collagen

- the patient
routine echocardiography

diseases, congenital deficiencies of anticoagulants,‘ and
cancer, ‘The thrombus on the LCC decreased in size after
continuous infusion of low molecular weight heparin.

- We maintained the INR in the range of 2.0-2.5. LV
anterolateral motion recovered to preoperative levels and
remained in clinically stable condi-
tion 3 months after bypass surgery.

Discussion

In this case, a large thrombus generated on the LCC led to
the development of anterolateral myocardial infarction. In
patients. with severely reduced LV contractility with
implanted continuous-flow VADs, continuous suction of
blood from the LV and non-pulsatile flow into the
ascending aorta lead to fewer openings of the aortic valve
and stagnation of blood on the coronary cusp, which can
result in thrombus formation [6]. In our patient, there were:
no anatomical abnormalities in the aortic valve and the
aortic root. Furthermore, the angle and the position of the
outflow graft were also acceptable, so it is more likely that
the combination of BSA less than 1.3 Vm2 and postoperative
RV failure might have exacerbated blood stagnation near
the coronary cusp. Due to her small body size, a relatively
higher volume of blood was suctioned from the LV even at
low pump speeds, potentially worsening RV function
through septal shift towards the LV with RV deformation.
Persistent RV failure might contribute to stagnant blood
flow around the coronary cusp through insufficient LV
preload, followed by reduced pump flow to the ascending
aorta. There have been few reports of LVAD implantation
in patients with a small body size, and a limited number of
pumps are available for such patients. Therefore, closer
attention should be paid to device selecuon and pump
speed settings in small patients. -

The anticoagulation protocol after HeartMate II®
implantation is currently in evolution. At the beginning of
the clinical use, HeartMate II® recipients were bridged

with heparin until anticoagulation with warfarin reached ‘

therapeutic levels (INR 2.0-3.0). However, several clinical
trials demonstrated that patients are at low risk of throm-
boembolism, whereas postoperative bleeding was the most
frequent adverse event [1-4]. Furthermore, there have been
many reports of acquired von Willebrand disease occurring
after HeartMate II® implantation [7]. These findings
changed the clinical management of patients with Heart-
Mate 1I® devices. At the time of implantation for this
patient, the recommended INR range was 1.5-2.5 without a
heparin bridge therapy [4, 8]. We maintained INR in the
range -of 1.5-2.0 during the early postoperative period
based on the study by John et al. [3]. However, in retro-
spect we speculate that the patient’s anticoagulation

’ @_ Springer
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Fig. 2 Aortography showing a thrombus (85 x 120 mm) on the left
coronary cusp (white arrow) and obstruction of the left main trunk
(left) in the frontal view and (right) in the left anterior oblique/caudal
view (a). Transesophageal echocardiography during bypass surgery

regimen may have contributed to thrombus formation, and
that we should have adjusted her anticoagulation and
antiplatelet therapy based on her condition.

-The strategy for treating thrombi on the coronary cusp in
patients with VADs remains controversial. It is assumed
that surgical removal of the thrombus with the aid of car-
diopulmonary bypass would be highly invasive and only
palliative if the precise etiology of thrombus formation is
unknown. Demirozu et al. have reported a series of four
HeartMate II®‘ recipients with thrombus formation on the
NCC. One patient underwent thrombectomy to relieve
heart failure originating. from thrombus-induced aortic

@_ Springer
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showing a thrombus on the aortic valve that occupied the left
coronary cusp and partially extended to the noncoronary cusp in the
short-axis view (lefr) and in the long-axis view (righ?) (b)

insufficiency, while the others received only additional
anticoagulant therapy [9]. :

We have encountered a similar case after EVAHEART®
(Sun Medical, Nagano, Japan) implantation‘[lO]. To date,

~thrombus formation on the coronary cusp seems to be a

complication mainly observed in patients with continuous-
flow pumps. It has not been reported in patients with pul-
satile-flow pumps. Therefore, we believe this may be an
emerging - clinical issue in the era of continuous-flow
VADs. Further investigation is needed to determine the

" mechanisms contributing to this complication and to

establish both preventive and therapeutic strategies.
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A‘bstract

OBJECTIVES: Aortic insufficiency (Al) often developé during left ventricular assist device (LVAD) support and is related to a poor prognosis.
As LVAD implantation and the support duration increase, the risk of acquired aortic valve lesions may mcrease We investigated the patho-
logical changes in the aortic valve and its function after long-term LVAD support.

METHODS: Thirty-five hearts removed at heart transplantation were investigated. Thirty-one patients were supported by extracorporeal
pulsatile devices, and 4 were supported by implantable devxces We compared the histological changes in the aortic valve with the echo-
cardiogram results.

RESULTS: The mean duration of LVAD support was 961 days. Before device implantation, all patients had a normal aortic valve opening,
and only 5 had trivial Al. After LVAD support, trivial Al was observed in 18 patients, mild Al in 4 and mild-to-moderate Al in 2. Pathological
examination revealed that the aortic valve had become thinner in all patients, ranging from 120 to 1400 um. The aortic wall had also
become thinner in most patients, ranging from 830 to 2220 um. Left ventricular wall thickness was ranging from 4 to 13 mm, and aortic

annular diameter was ranging from 17 to 27 mm. Partial aortic valve fusion was seen in 17 (48.6%) recipients, and curling with leaflet short-

ening was detected in 22 (62.9%) patients. Dense collagen accumulation in the spongiosa layer was also present.-All aortic valves of the
. patients with mild and mild-to-moderate Al showed a scarce or no opening before explantation. Conversely, the Al grade of patients
whose aortic valve frequently opened remained none or trivial. There was no close correlation between these pathological findings and
the development of Al independently. ‘

CONCLUSIONS: Degenerative aortic valve changes were recognized after long-term LVAD support. There was also an increasing preva-
lence of mild and mild-to-moderate Al, which may have been associated with continuous aortic valve closure. An optimal strategy to
prevent Al development should be determined, and careful periodic echocardiographic follow-up is essential.

Keywords: Left ventricular assist device + Aortic insufficiency « Heart transplantation « Aortic commissural fusion

INTRODUCTION

Left ventricular assist device (LVAD) support has provided improved
survival and a better quality of life for patients with end-stage heart
failure [1, 2], It is applied not only as a bridge to transplantation, but
also as destination therapy (DT). The use of DT significantly increased
in the USA after the REMATCH ftrial indicated that long-term mech-
anical support such as DT was effective, and the American Heart

Association recommended the use of DT for patients with advanced

heart failure (Class 1) [3-5). In Japan, on the other hand, implantable
LVADs were introduced only a few years ago, and they have been
applied only to heart transplantation candidates; that is, the use of
DT involving implantable, non-pulsatile LVADs is not yet officially
allowed, and the majority of patients with end-stage heart failure

have undergone extracorporeal pulsatile LVAD installation. However, |

because the donor shortage is very serious in Japan, Ibng-term
support is mandatory for patients with LVADs.

The long-term effects of LVADs on native cardiac function, es-
pecially on native aortic valve function, are still unclear. The de-
velopment of native aortic insufficiency (Al) during long-term
LVAD support has been reported, and de novo Al developing
during prolonged LVAD support is reportedly related to a poor
prognosis [6, 7]. The mechanism. of Al progression is not clear;
however, some data have been reported. Anatomical and physio-
logical alterations in the heart and great vessels have been

observed after long-term LVAD support. Some reports described

aortic valve commissural fusion in patients with the pulsatile

HeartMate (Thoratec, Pleasanton, CA, USA) [8-12], and some -

demonstrated fusion of the native aortic valve and bioprosthesis

in patlents with the HeartMate Il (Thoratec), a non-pulsatile LVAD

[13-15].

The clinical implication of acquired commissural fusnon is not
well described or understood [16]. We here describe the patho-
logical analysis results of the native aortic valve and their correlation

© The Author 2013, Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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~ with the clinical status in bridge-to-transplantation patients treated
with an LVAD.

MATERIALS AND METHODS

- The study was approved by the institutional review board and
informed consent was obtained from each patients. From March
2006 to March 2013, a total of 38 patients underwent heart trans-

plantations at our institute, 35 of whom had undergone LVAD im- :
plantation as a -bridge to transplantation. Indication and operative

procedure of LVAD implantation were previously described [17].
Prior to LVAD implantation, all patients. were in New York Heart

Association Class IV receiving iv. inotropes. Twenty-five (71%)

patients were supported by an intra-aortic balloon pumping system.
At the time of LVAD implantation, 13 (37%) underwent tricuspid
annuloplasty and 1 (3%) underwent coronary artery bypass grafting
concomitantly. No patient needed bi-VAD support. After LVAD im-

_ plantation, all 35 patients were stable, although 5 (14%) required ino-
trope support at 1 month after the operation. During support, the
“pump flow was typically adjusted as low as possible unless symptom
of low output syndrome or right heart failure did not appear.

These 35 hearts removed at transplantation were ‘investigated
for evidence of aortic valve pathology. Clinical and echocardio-
graphic data were collected retrospectively. Thirty-one patients
were supported with an extracorporeal - pulsatile device
(Nipro-Toyobo LVAD; Nipro, Osaka, Japan), 1 was supported with
an implantable pulsatile device (Novacor; World Heart, Oakland,
CA, USA) and 3 were supported with an implantable non-pulsatile
device [HeartMate 11, Jarvik 2000 (Jarvik Heart, New York, NY,
USA) and EVAHEART (Sun Medical, Nagano, Japan); 1 each].

Echocardiography was periodically performed before and after
LVAD implantation, and each patient was analysed in terms of
cardiac function and native aortic valve function. All studies
were analysed by the cardiologists at the National Cerebral
Cardiovascular Center using-standard criteria to assess the degree of
Al, which was graded on a scale of 1-4. The number of aortic valve
openings per native heart rate was calculated to determine the fre-
quency of the native aortic valve opening. Detailed gross patho-
logical analysis of the aortic valve was performed after explantation
at the time of transplantation. The extent and length of commissural
fusion was recorded. Microscopic analysis was also performed with
haematoxylin and eosin and Masson's trichrome staining. The thick-
ness of the aortic cusp, aortic wall and left ventricular wall was mea-

- sured. The perimeter of the aortic valve annulus was also measured,
and then the annular diameter was calculated..

Data are expressed as mean ¢ standard deviation. We compared
continuous variables using a t-test. ¥2 analysis was used to assess
group differences involving discrete variables. The correlations
among aortic valve thickness, duration of LVAD support, cardiac
function, commissural fusion and Al grade were assessed using
Pearson's correlation test. The relationship between late Al and
other parameters was examined using logistic regression analysis.
Statistical significance was considered at P < 0.05.

RESULTS

Patient characteristics are summarized in Table 1. The patients
were relatively young with small body surface areas. Twenty-eight

of the 35 patients were male, and most suffered from idiopathic
non-ischaemic cardiomyopathy. The mean time on LVAD support

was 961 +307 (range, 416-1697) days. No patient underwent
aortic valve surgery at LVAD implantation or during LVAD support.

Echocardiographic data obtained before LVAD implantation and
just before heart transplantation are summarized in Table 2. Before
device implantation, all patients had a normal aortic valve opening,

- and only 5 had trivial Al. After slightly <3 years of LVAD support, 18

patients developed trivial Al, 4 developed mild Al and 2 developed
mild-to-moderate Al. The Al was predominantly observed from the
centre throughout both systole and diastole. Trivial Al observed
before LVAD implantation remained trivial in 3 patients and

~ improved to an absence of Al in 1 patient before transplantation.

Thus, all patients with mild and mild-to-moderate Al (n=6) were

Table 1: Baseline characteristics of the 35 patients

"Variables Mean £ SD or n (%)
Age, years 343+125
Sex, female 7(20.0)
BSA, m? 163£0.18
Duration of LVAD support, days 961 +307
Aetiology of heart failure

DCM 25(71.4)
dHCM 6(17.1)
ICM 2(5.7)
PMCM 2(5.7)
Device

Nipro-Toyobo 31(88.6)
Novacor 1(2.9)
HeartMate Il : 1(2.9)
Jarvik 2000 1(2.9)
EVAHEART 1(2.9)

BSA: body surface area; LVAD: left ventricular assist device; DCM:
dilated cardiomyopathy; dHCM: dilated phase of hypertrophic
cardiomyopathy; ICM: ischaemic cardiomyopathy; PMCM:
post-myocarditis cardiomyopathy; SD: standard deviation.

Table 2: Summary of pre-LVAD implantation and
- pre-transplantation echocardiographic data -

Pre-LVAD implantation  Pre-transplantation

LVDd, mm 741114 64.1+159
LVDs, mm 678127 58.8+16.9
FS, % . 8552 9.6+5.6
Aortic insufficiency ' :
None 30(85.7) - 11(31.4)
Trivial 5(14.3) 18 (51.4)
Mild 0 4(11.4)
Mild-to-moderate 0 2(5.7)
Aortic valve opening -
Every heartbeat 35 (100) 8(22.9)
Sometimes 0 11(31.4)
Seldom 0 5(14.3)
0 11(31.4)

No opening

Data are presented as mean = SD or n (%).

LVAD: left ventricular assist device; LVDd: left ventricular diastolic
" -dimension; LVDs: left ventricular systolic dimension; FS: fractional

shortening; SD: standard deviation, ) :
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Figure 1: Representative gross appearance of the native aortic valve after long-term left ventricular assist device support, (A) Partial aortic valve commissural fusion

(arrow). (B) Curling and shortening of the aortic valve cusp (arrows).

~ Table 3:" Summary of histological analysis

Variables Mean * 5D (range)
orn (%)
Commissural fusion 17 (48.6)

3 commissures 1(2.9)

1 commissure 16 (45.7)
Curling and shortening of aortic valve 22(62.9)

cusp :
Thickness of aortic valve cusp, pm
Thickness of aortic wall, um
Thickness of left ventricular wall, mm
Diameter of aortic annulus, mm

680 + 320 (120-1400)
1400 + 390 (830-2220)
7.7 £2.1 (4-13)

209+ 2.9(17-27)

SD: standard deviation.

determined to have so-called ‘de novo’ Al. In terms of the type of
LVAD, all 3 patients with implantable continuous-flow LVADs devel-
oped de novo Al during the study period: 2 (HeartMate Il and Jarvik
2000) with trivial Al and 1 (EVAHEART) with mild Al. In terms of the
aortic valve opening, a normal opening was observed in only 8
patients. The aortic valve sometimes opened in 11 patients, seldom
opened in 5 and was continuously closed in 11. All aortic valves of
patients with late mild or mild-to-moderate Al (n = 6) rarely showed
an opening or showed no opening. Conversely, the Al grade of
patients whose aortic valve frequently opened remained none or
trivial (n=19).
" On gross pathological examination, 16 (45.7%) of 35 patients
had one commissural fusion (Fig. 1A), and 1 (2.9%) had three com-
missural fusions. All examined aortic valves were tricuspid, and
there was no predilection for fusion of specific cusps (between
right and left.coronary cusps, 3; between right and non-coronary
cusps, 5; and between left and non-coronary cusps, 8). The fusion
distance was within 5 mm in all cases of fusion, and there was no
fresh thrombotic or post-inflammatery fusion. Leaflet curling and
shortening (Fig. 1B) were seen in 22 (62.9%) patients (Table 3).
Histological examination revealed that the aortic valve leaflet
had become thinner in all patients (Fig. 2A), ranging from 120 to
1400 ym compared with the normal value of 1500-2000 pm. The
aortic wall had also -become thinner in most patients, ranging
from 830 to 2220 um. The left ventricular wall- thickness was
thinner in the majority of cases, ranging from 4 to 13 mm. The

aortic annular diameter was ranging from 17 to 27 mm (Table 3).
Microscopically, dense collagen accumulation in the spongiosa
layer (Fig. 2B) was observed in some patients. Microthrombi on
the left ventricular side of fused leaflets were recognized in 1
patient. There was no significant sign of inflammation on the leaf-
lets (Fig. 2C).

Statistically, there was no close correlation between aortic valve
thickness, aortic annulus dimension, or aortic wall thickness and
LVAD support duration, Al grade, or cardiac function. Closed or less
frequently opening aortic valve was a significant predictor of late
mild or mild-to-moderate Al. However, no other parameters such
as female sex, age over 50 years, LVAD support duration over 1200
days, commissural fusion, cusp thickness <500 pm,. aortic annular
dilatation >25 mm and aortic walf thickness <1200 pm were proved
to be no significant predictor of mild or mild-to-moderate Al after
long-term LVAD support by logistic regression analysis. Additionally,
there was no close: correlation between commissural fusion
and sex, age, LVAD support duration, cusp thickness, aortic valve
opening or types of LVAD.

'DISCUSSION

It is well known that native Al develops or progresses during LVAD
support [6, 18]. This may be caused by dramatically altered
haemodynamics after LVAD implantation. LVADs decrease the
load on the ventricle and reduce ventricular wall stress, which
encourages reverse remodelling and results in a reduced ventricu-
lar cavity size. The pressure load'is shifted to the aortic valve and
aortic root. The pressure. difference between the aortic root and
left ventricle thus increases. Consequently, the aortic valve leaflets
are subjected to a constant high transvalvular pressure, which
tends to induce deterioration and remodelling (including collagen
proliferation) of the aortic valve and less frequent opening of
the native aortic valve, and the aortic root tends to dilate [19, 20].
it is no wonder that constant high pressure on the aortic valve
and-remodelling of the aortic root and valve contribute to Al
progression. :

Other potential risk factors of Al development after LVAD im-
plantation are reduced left ventricular function, continuous-flow
LVAD and preoperative mitral regurgitation [6, 7, 21]. Each factor
means low antegrade blood flow through the aortic valve, which
can result in poor opening of the valve and development of Al.
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Figure 2: Microscopic appearance of the native aortic valve leaflet after
long-term left ventricular assist device support. (A} Thinning of the cusp due to
collagen depletion (Masson's trichrome stain). (B) Fused commissure showing
proliferation of collagen fibres and a microthrombus (Masson's trichrome
stain). (C) No inflammatory reactlon was observed in the aortic valve (haema-
toxylln and eosin stain).

Another possible factor of Al progression is commissural fuéion.
It has attracted attention as one of the remodelling responses.

Aortic valve. fusion was first reported in association with pulsatile
‘implantable LVADs and vented-electric (VE) and implantable-
pneumatic (IP) HeartMates [8-10, 12, 16]. Connelly et al. and
Letsou et al. from the Texas Heart Institute reported that commis-

* sural fusion was found in 17 of 33 hearts supported by VE and IP

HeartMates, and it was more common in _patients with VE than IP
HeartMates [8, 16]. They commented that such fusion could ne-
cessitate an increased level of LVAD support. They also mentioned
strategies to minimize the occurrence of commissural fusion, in-
cluding careful control of blood pressure, periodic decreases in
the LVAD pump rate and discontinuation of left ventricular assist-
ance for short periods of time; the HeartMate IP originally
required venting every 24 h [16].

The exact mechanism of aortic valve commissural fusion is still
unclear, but is hypothesized to result from prolonged leaflet coap-
tation due to poor or no antegrade flow through the valve [8, 13].
Such fusion was also reported in patients with severe chronic
heart failure [8], and we indeed observed commissural fusion in
patients with heart failure without LVAD support. Conceivable
mechanisms include morphological remodelling of valvular endo-
thelial cells during altered shear stresses or an absolutely static en-
vironment that promotes local fibrosis {13, 22]. Another possible
mechanism may be local inflammatory changes, including throm-
bus formation [4, 23]. However, no cases of cellular inflammatory
infiltration or thrombus were recogmzed on ‘the aortic valve
leaflet in our study.

Recently, as implantable LVADs with continuous flow have
become more common, aortic commissural fusion has been
reported with the use of non-pulsatile LVADs. Mudd et al. [13]
demonstrated a higher prevalence of aortic commissural fusion
in patients with the HeartMate Il than with pulsatile LVADs and
an increasing prevalence: of mild-to-moderate Al during LVAD
support, suggesting a correlation between the two. However,
there are also some studies in the literature reporting Al without
commissural fusion or no Al with commissural fusion .in LVAD
patients [9, 11, 16, 21]. In our study, there was no correlation
between commissural fusion and late Al. It is still unclear
whether commissural fusion is responSIble for the development
of Al.

Few reports have demonstrated the detailed hlstologxcal
changes in the aortic valve with or without commissural fusion

- after long-term LVAD support. In this study, we analysed the

pathological changes in the aortic valve and root after prolonged
LVAD support and their correlation with the clinical course as
assessed by echocardiography. After ~3 years of LVAD support,
some degenerative changes, including shortening and thinning of
the aortic leaflets and commissural fusion, and aortic root remod-
elling were certainly observed in the majority of patients.
Although there was no close correlation between these patho-
logical findings and the development of Al independently, such
degenerative changes might multiply contribute to the progres-
sion of Al. We also found that less frequent aortic valve opening
was the predictor of mild or mild-to-moderate Al after long-term
LVAD support.

Given the improved mechanical durability and feasibility, more
patients may be able to receive mechanical support for a longer
period. More patients may develop aortic valve lesions during
long-term support. Because progression of Al can lead to poor
haemodynamics, an optimal strategy to prevent Al development
has to be determined. Taking account of potential factors of Al de-
velopment mentioned above, it is important to keep the native
aortic valve (sometimes) open. We recommend adjusting the
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~ pump flow as low as possible unless symptoms of low output syn-
~ drome do not appear. Appropriate anticoagulation therapy is also
essential, and periodic close echocardiographic examination is
mandatory. Moreover, we believe that mild or more Al at the time
of LVAD implantation or symptomatic Al during LVAD support
should be actively treated surgically {24, 25].

This study has several limitations. First, most of the LVADs en-
rolled in this study were the extracorporeal pulsatile Nipro-Toyobo
VAD, which is the characteristic VAD -of Japan, because implantable
non-pulsatile VADs became commonly available only a few years

ago in Japan. It is still the most commonly implanted VAD in Japan, -

but is rarely used .in other countries. Moreover, due to the vastly
unequal size of samples, a valid comparison between pulsatile and
non-pulsatile devices as well as the comparison of influence of
outflow graft size and flow rate was not possible. Secondly, the dur-
ation of LVAD support was relatively long in this study, although it
was almost average in Japan. We did not analyse the short-term
heart support, and thus could not discuss when and how the de-
generative changes in the aortic valve began.

In conclusion, some degenerative changes in the aortic valve
were observed after long-term LVAD support. There was also an in-
creasing prevalence of mild and mild-to-moderate Al, which may
have been associated with continuous aortic valve closure. An
optimal strategy to prevent Al development should be determined
and careful periodic echocardiographic follow-up is essential.

Conflict of interest: none declared.
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Abstract' Ventn'cular assist devices (VADs) have long
been used as bridge to transplant therapy (BTT). Nipro-
Toyobo paracorporeal pulsatile-flow VAD (nt-VAD) was
the only device available until April 2011, when implant-
able continuous-flow VADs (cf-VADs) became available.
Although cf-VADs are central to BTT, nt-VAD remains a
necessary option. We aimed to clarify the role of nt-VAD
in an era of increasing cf-VAD use. We retrospectively
reviewed patients who underwent VAD implantation at the
National Cerebral and Cardiovascular Center from May
2011 to March 2013. Characteristics were compared
between the nt-VAD and cf-VAD groups. Twenty-nine
patients (mean age 37.7 & 11.1 years, 23 males) under-
went VAD implantation. Fifteen patients initially received
nt-VADs, although 4 were converted to cf-VADs. Of these
15 patients, 3 were too small for ¢f-VADs and 2 needed
bilateral ventricular support. The remaining 10 patients
received nt-VADs (7 patients at INTERMACS level 1 and
3 at level 2). The nt-VAD group patients had significantly
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more preoperative mechanical circulatory support and were
in a more critical condition before VAD implantation than
the c¢f-VAD group. The 2-year survival rate was not sig- '
nificantly different. Despite the critical conditions of nt-

- VAD npatients, their overall survival is not statistically

inferior to that of cf-VAD patients. nt-VAD is a good
option as a BTC for the patlent with urgent and critical
condition.

Keywords Ventricular assist device - Bridge to
transplant candidacy - Implantable continuous-flow
ventricular assist device - Paracorporeal pulsatile-
flow ventricular assist device

Introduction
The ventricular assist device (VAD) is an alternative

therapy for the -patient with advanced heart failure who
does not respond to conventional pharmacological and

. non-pharmacological treatments, whereas VAD was basi-

cally allowed to use only for patients deemed eligible for
candidates-of heart transplant in Japan [1-3]. Until April
2011, Nipro-Toyobo-paracorporeal pulsatile-flow ventric-
ular assist device (nt-VAD, Nipro, Osaka, Japan) has been
long used as only device for bridge to transplant therapy
(BTT) in Japan and almost 90 % of the candidates for heart
transplant received VAD. Therefore, over 90 % of heart
transplant candidate had to wait at least for a couple of
years with nt-VAD under hospitalization before receiving
heart transplant so far [4]. On the other hand, 2 implantable
continuous-flow ventricular assist device [cf-VAD, EVA-
HEART (Sun Medical, Nagano, Japan) and DuraHeart
(Terumo Heart, Ann Arbor, MI, USA)] which has been
long awaited was approved for health insurance coverage
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from April 2011 and it has become & céntral player in BTT

since then [5]. cf-VAD has beén expected to bririg in more
safe and fulfilling lives for heart transplant candidates at
their home. With these circumstances, demands for nt-
VAD, a former central player of BTT in Japan, has reduced
and its role in clinical practice has changed. '
This study aimed to clarify renewed roles of nt-VAD in
the era of cf-VAD and to review the underlying problems of
current VAD therapy by analyzing the 2-year experience of
VAD usage in National Cerebral and Cardiovascular Center.

Methods
Patient population

We retrospectively analyzed 29 consecutive patients with

~advanced heart failure who received VADs from May 2011

to March 2013 at the National Cerebral and Cardiovascular

Center. Although cf-VAD was approved for health insur- '

. ance’ coverage in April 2011 in Japan, our institute only
employed it from May 2011, after 1 month preparation. All
patients received VAD implantation for BTT or bridge to
transplant candidacy (BTC) after approval for transplant
candidates by institutional committee. Patients’ character-
istics were compared between nt-VAD group and cf-VAD
group. VAD implantation was performed as previously
reported [6]. Administration of heart failure medications
such as angiotensin-converting enzyme inhibitors and (-
adrenergic blockades after device implantation was
encouraged same as patients with heart failure without
mechanical supports. All subjects enrolled in this research
have given their informed consent. Data collection, ana-
lysis, and reporting were approved by the National Cere-
-bral and Cardiovascular Center Institutional Review Board.

Clinical parameters

We retrospectively obtained baseline clinical parameters
from patients’ medical records, including demographics,
blood examinations, and echocardiographic parameters
[left ventricular diastolic dimension (LVDd), left ventric-
ular systolic dimension (LVDs), ejection fraction (EF), left

atrial dimension (LAD), interventricular septal thickness -

(IVST), posterior wall thickness (PWT)]. Severity of each
patient was stratified based on The Interagency Registry for
Mechanically Assisted Circulatory Support (INTER-
MACS) patient profile [7]. '

Clinical events
VAD-related cerebrovascular events included transient

ischemic attack (TIA) and clinical strokes (ischemic’ or

hemorrhagic) including subarachnoid hemorrhage. A TIA
. was defined as an episode of neurological disorder (las-

ting < 24 h) resulting from focal cerebral ischemia and not
associated with evidence of cerebral infarction on imaging.
Clinical strokes were defined as acute neurological disorder
that lasted more than 24 h with evidence of infarction or
hemorrhage on computed tomography. Event of VAD-
related infection included infection caused by drive-line of

cf-VAD or inflow and outflow cannulas of nt-VAD requiring

hospitalization for receiving intravenous antibiotics. Drive-
line and cannula infection was defined as the presence of
purulent discharge from exit-site of drive-line and cannula.

Administration of oral antibiotics at outpatient clinic was not

considered an event of VAD-related infection.
Statistical analysis

Statistical analysis was performed using JMP software
(version 9, SAS institute Inc. USA). Continuous variables
with normal distribution are expressed as mean = standard
deviation (SD). The Chi square test was used for categor-
ical variables, and analysis of variance (ANOVA) test was
used for continuous variables. A values of P < 0.05 was
considered significant. Kaplan—-Meier analysis was used to
evaluate - overall survival and event-free survival for
device-related cerebrovascular disease and infection of nt-
VAD and cf-VAD group. ‘

Results -
Preoperative patient characteristics

The preoperative characteristics of both nt-VAD and cf-
VAD group are listed in Table 1. A total of 29 patients
underwent VAD implantation from May 2011 to March
2013 at our institute. Of these, 14 patients (48.2 %) initially
received cf-VAD, while 15 patients (51.8 %) initially
received nt-VAD. Comparison between the 2 groups
revealed that female sex, patients with small BSA, and
patients with critical conditions including more severe
INTERMACS levels requiring more temporary mechanical
circulatory support prior to VAD implantation were found
in nt-VAD group. Lower rate of B-adrenergic blockades
and angiotensin-converting enzyme inhibitors administra-
tion were also demonstrated. There were no differences in
the baseline data of blood examinations and echocardio-
graphic findings.

Clinical course

The clinical course of enrolled patient is summarized in

Fig. 1. The cf-VAD group consist of 12 EVAHEARTS and .

9 springer
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Table 1 Baseline characteristics of the patients according to the
" types of ventricular assist device implanted

cf-VAD nt-VAD P value
(n=14) (n = 15)
Age at VAD 424 & 74 35.1+£99 0.05
implantation, years
Male sex, n (%) 14 (100) 9 (60) ) 0.01
BSA at the time of 1.73 £ 0.08 1.56 £ 0.18 0.02
VAD surgery, m* :
Duration of heart . 2892 4 1404 2283 £ 2175 0.3
failure, day
Etiology, n (%) :
DCM 11 (78.7) 10 (66.8) -
d-HCM 1(7.1) 2 (13.4) -~
ICM - 1(7.1) 1 (6.6) -
PPCM 00 1 (6.6) -
Others 1.1 1 (6.6) -
INTERMACS patient profile, n (%) )
Level 1 0O 9 (60) -
" Level 2 3(214) 6 (40) -
. Level 3 11 (78.6) 0 (0) -
Pre-VAD MCS, n (%)
ECMO 0 () 6 (40) 0.01
IABP 3214 13 (86.6) 0.001
Intravenous inotropic agents, pg/kg/min
(DOA, pg/kg/ 5.04 + 1.04 739 + 263 0.04
min + DOB,
pg/kg/min)
Medication, 1 (%)
B-blocker 14 (100) 9 (60) 0.01
ACE inhibitor 13(76.9) 7 (46.6) ] 0.01
~ or Ang-II antagonist .
Aldosterone 13 (76.9) 6 (40)- 0.05
antagonist

Laboratory examinations : )
6321.4 4 1144.8 7586.7 4= 2079.1 . 0.21.

WBC, /uL

Hb, mg/dL 12312 114+ 16 0.14

T-Bil, mg/dL 1.29 £ 0.43 2.07 &+ 1.18 0.08
" Cre, mg/dL 117 £ 0.34 1.01 & 0.36 0.51

Na, mEq/L 1364 & 2.6 1352+ 52 0.53

CRP 149 £ 1.38 525 & 5.02 0.08

BNP, pg/dL 812.6 £ 4582 9339+ 4942 0.1

Echocardiographic parameters . v
71.7 £ 9.7 0.77

LVEDD, mm 74.6 £ 7.7

LVESD, mm 674 £9.9 65.8 £ 10.5 0.95

LVEF, % 16.5 £ 69 168 £74 . 0.76
AR, grade 14 )

1 1 1 0.87

@_ Springer.

Table 1 continued

" cf-VAD nt-VAD P value
(n = 14) (n = 15)
2-4 0 0o . -

¢f-VAD implantable continuous-flow ventricular assist device, nt-VAD
Nipro-Toyobo paracorporeal pulsatile-flow ventricular assist device, VAD
ventricular assist device, BSA body surface area, DCM dilated cardio-
myopathy, - d-HCM dilated-phase hypertrophic cardiomyopathy, ICM
ischemic cardiomyopathy, PPCM peripartum cardiomyopathy, INTER-
MACS the interagency Registry for Mechanical Assisted Circulatory
Support, Pre VAD MCS mechanical circulatory support prior to VAD
implantation, ECMO extracorporeal membrane oxygenation, JABP intra-
aortic balloon pump, DOA dopamine, DOB dobutamine, ACE angiotensin
converting ‘enzyme, Ang-II angiotensin II, WBC white blood cell, Hb
hemoglobin, T-Bil total bilirubin, Cre creatinine, Na sodium, CRP
C-reactive protein, BNP brain natriuretic peptide, LVEDD left ventricular -
end-diastolic dimension, LVESD left ventricular systolic dimension, LVEF -
left ventricular ejection fraction, AR aortic regurgitation

| Enrolled patients: 29 J

| |

cf-VAD: 14 nt-VAD: 15
EVAHEART: 12, DuraHeart: 2 BiVAD: 2

converted to cf-VAD
EVAHEART: 2, DuraHeart: 2

nt-VAD: 11

VAD removal: 3
25, 104 and 136
POD

Death: 1
64 POD

Cerebrovascular

disease

Death: 2
16 and 42 POD
Both died of sepsis

Alive: 17
Status 1: 14, Status 3: 1

Alive: 6
Status 1: 5, Status 3: 1

Fig. 1 Clinical course of all study patients. This flowchart shows the
clinical course of patients who initially received nt-VAD or cf-VAD

2 DuraHearts. In the nt-VAD group, 2 patients needed
biventricular support and 4 were converted to cf-VADs. In
the 2 cases needing biventricular support, both nt-VAD and

» extracb:poreal membrane oxygenation (ECMO) were used

for right ventricular support, respectively. In the 4 con-
version cases, 2 EVAHEARTSs and 2 DureHearts were
used. One patient receiving cf-VAD and 2 patients
receiving nt-VAD died due to cerebrovascular disease and
sepsis, respectively. Furthermore, 3 patients implanted with
nt-VAD were weaned from VAD because of recovery of
native cardiac function, while no patient with cf-VAD
demonstrated sufficient recovery of native cardiac function
enough to be weaned from VAD. By the end of the study
period, 17 of original patients were supported by cf-VAD
and 6 were supported by nt-VAD. The overall survival
curves of both cf-VAD and nt-VAD were shown in Fig. 2.

--Whereas, the c¢f-VAD and nt-VAD group demonstrated
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Fig. 2 Kaplan-Meier curves
for overall survival and freedom

Overall survival

Event-free for VAD-related CVD

comparatively favorable 2-year survival rates of 92.8 and
86.6 %, respectively; there was no statistically significant
difference in survival between them. The event-free curves
for VAD-related complications such as VAD-related

infection and VAD-related cerebrovascular disease are -

displayed in Fig. 2. There were no statistically significant

* differences between the patient who initially received cf-
VAD and nt-VAD in terms of either VAD-related infection
or VAD-related cerebrovascular disease.

" Individual demographics of the patient receiving
nt-VADs

. The individual demographics for -patients who initially
received nt-VADs are shown in Table 2. nt-VADs were
implanted in 3 patients (1 male and 2 females) because of
their less body surface area (BSA; lower than 1.4 m?) and
in 2 patients because of severe heart failure requiring a
biventricular assist device (BiVAD). One case requiring
BiVAD was diagnosed as peripartum cardiomyopathy and
was weaned from VAD when native cardiac function was
recovered, whereas the other BiVAD case had a diagnosis
of d-HCM with hypoplastic right ventricle and died due to
sepsis. BTC was the main indication for nt-VAD implan-
tation in 10 patients (7 patients were INTERMACS level 1

-while 3 patients were INTERMACS levels 2). Preopera-

tively, of 7 INTERMACS level 1 patients, 4 were sup-

ported by both ECMO and the intra-aortic balloon pump

from device-related L 100
complications. There were no 80 - R e EE L L EEP T L -
" significant differences between s e 80 1 T
patients who initially received = 604 [ RPN N
cf-VAD or nt-VAD in terms of g s 007 e e
overall survival, VAD-related E 40 - 3‘;’ 40 -
infection, or VAD-related 2 , 2
cerebrovascular disease (CVD) 20 4 — cf-VAD € 50 H—— £VAD
(P =05, P =04, and , - = nt-VAD P=0.5 ~ - == nt-VAD P=04
P = 0.1, respectively) : 7 0 . - : T 0 ; . ; .
0 5 10 15 20 25 ’ 0 5 100 15 20 25
Month ' Month
Event-free for VAD-related infection
100
€ g4
8 -
£ 60 - |
8 :
<40 - e
: e
> 20 cf-VAD ]
= ---aevaD | P=01
0 i I ! ¥ I
0 5 10 15 20 25
Month

(IABP) and 3 were supported with IABP alone. Two
patients with INTERMACS level 2 were also supported
with IABP before surgery. Among the 10 BTC patients, 4
were converted to cf-VAD and of these 4 patients, case 1 -
who had been converted to cf-VAD 108 days after nt-VAD
implantation suffered from VAD pocket infection requiring
repetitive lavage of infected pocket with long-term
‘administration of antibiotics after conversion. Remaining 3
patients .were converted within 15 days after nt-VAD
implantation and they had uneventful postoperative out-
come. In total, 5 patients were now on nt-VAD support for
BTT and 1 patient who had complicated by repetitive
cerebrovascular disease following nt-VAD implantation
still on nt-VAD support for BTC. ’

Discussion

" VAD therapy is currently the most established therapy for
advanced heart failure that is unresponsive to conventional
treatments, and its use is increasing annually. For a long
time, nt-VAD was the only consistently used device
approved for use in BTT in Japan. However, in April 2011,
the EVAHEART and DuraHeart cf-VADs were introduced
and approved for health insurance coverage for BTT [8-
10], with the expectation that patients would have an
improved quality of life in their homes and that nt-VAD
would be used in fewer cases. However, after analyzing the .

Al Springer
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Table 2 Patient demographics for the Nipro-Toyobb ventricular assist device

" ECMO

Patient Sex Age (y. BSA Etiology pre VAD INTERMACS  Reason for nt- Conversion or weaning  Duration of nt-VAD VAD-related Current status
number 0) (m?) MCS profile VAD of VAD (days) complications '
Case 1 M 28 1.63 DCM 1IABP 1 BTC Conversion to cf-VAD 108 Pocket and drive-line  BTT at
infection outpatient
Case 2 M 16 1.6 DCM IABP 1 BTC Conversion to cf-VAD 15 Drive-line infection BTT at
) outpatient
Case 3 M 26 1.87 DCM IABP, 1 BTC Conversion to cf-VAD 15 CVD and drive-line BTT at
ECMO ) infection outpatient
Case 4 M 55 1.73 ICM IABP 1 BTC Conversion to cf-VAD 7 CVD ~BTT at
outpatient
Case 5 "M 43 1.85 DCM None 2 BTC Weaned from VAD 136 Stable at
_ outpatient
Case 6 M 33 1.69 DCM TIABP 2 BTC Weaned from VAD 104 Stable
Case 7 F 22 1.41 d-HCM IABP, 1 BTC 16 Death (sepsis)
' ECMO :
Case 8 F 21 1.44 DCM IABP, 1 BTC 262 Cannula infection BTT with
ECMO nt-VAD
Case 9 M 38 1.83 DCM IABP 2 BTC 226 CVD and cannula BTT with
) infection nt-VAD
Case 10 M 37 1.67 DCM IABP, 1 BTC 206 CVD and cannula BTT with
ECMO infection nt-VAD
Case 11 F 27 1.31 d-HCM  None 2 BSA < 1.4 m? 625 CVD BTT with
nt-VAD
Case 12 M 26 1.34 DCM IABP 2 BSA < 1.4 m? 470 Cannula infection BTT with
nt-VAD
Case 13 F 57 1.33 DCM IABP 3 BSA < 1.4 m® 115 CVD BTC with |
nt-VAD
Case 14 F 31 1.33 PPCM  IABP, 1 BiVAD Weaned from VAD 25 Stable at
. ECMO outpatient
Case 15 F 49 14 Others IABP, 1 BiVAD 42 Death (sepsis)

BSA body surface area, pre VAD MCS mechanical cifculatory support prior to VAD implantation, INTERMACS the interagency Registry for Mechanical Assisted Circulatory Support, DCM
dilated cardiomyopathy, JABP intra-aortic balloon pump, BTC bridge to candidacy, ¢f-VAD implantable continuous-flow ventricular assist device, BT bridge to transplant, ECMO extra-
corporeal cardiopulmonary membrane oxygenation, CVD cerebrovascular disease, ICM ischemic cardiomyopathy, d-HCM dilated-phase hypertrophic cardiomyopathy, nt-VAD Nipro-Toyobo

extracorporeal pulsatile-flow ventricular assist device, PPCM peripartum cardiomyopathy, BiVAD biventricular assist device

o0z
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2-year experience of VAD therapy in the National Cerebral
and Cardiovascular Center, we found that since the intro-
duction of cf-VAD, nt-VADs were still initially implanted
in 15 (51.7 %) of the 29 patients studied. The indications
- for nt-VAD implantation were the necessity of bilateral
ventricular support (2 cases), less BSA for cf~-VAD (3
cases), and BTC (10 cases) in patients at lower INTER-
MACS patient profiles (levels 1 and 2).

The INTERMACS annual report recently revealed that
VAD implantation was associated with a poor prognosis in

patients at INTERMACS levels 1 and 2. As a result, the

proportion of patients at INTERMACS level 1 undergoing
VAD implantation gradually decreased from 44.2 % in the
first annual report to 19.7 % in the fifth annual report [7, 11—
14]. In response to these reports, use of nt-VADs has
become a reasonable strategy for INTERMACS level 1
patients as BTC in order to avoid use of expensive
implantable devices in high-risk patients and to allow more
time to assess their transplant candidacy. Our study further
disclosed that there were no statistically significant differ-
ence between nt-VAD and c¢f-VAD in terms of their overall
survival and VAD-related complications such as drive-line
or cannula infection, and cerebrovascular disease despite
much sicker patients were included for nt-VAD patients.
Furthermore, there was always the possibility of these nt-
"~ VAD patients converting to cf-VAD later if they stabilized
and were deemed eligible for heart transplant. In our patient
series, 4 cases of nt-VAD were converted to cf-VAD, and
all continue to be well in outpatient clinic reviews.

Of course, there still remain several problems in oper-
ating nt-VAD for BTC device. First, not all the patients can
afford to be converted from nt-VAD to cf-VAD. Contin-
uous infection associated with both surgical procedure of
nt-VAD implantation and nt-VAD itself (e.g., cannulas
infection) are potential obstacles to VAD conversion.
Indeed, nt-VAD has been reported to be an independent
risk factor for VAD-related infection over time; therefore,
conversion of nt-VAD to cf~VAD always carries a risk of
post-conversion infection such as pump pocket infection
[15]. In fact, case 1 of our series, who had been converted
to ¢f-VAD over 3 months after initial nt-VAD implanta-
tion, developed pocket infection from the cannula exit-site
infection of nt-VAD. Furthermore, case 8, 9 and 10 could
" not be converted to cf-VAD because of clinically evident
cannula exit-site infection of nt-VAD. Yoshioka et al. [16]
also reported their experience of 8 conversions from nt-
VAD to DureHeart in which 3 cases were complicated by

pocket infection. Considering that the incidence of device- -

related infection is known to increase over time, VAD
conversion was performed as soon as possible after the
patients’ condition stabilized and their suitability for
transplant was determined [15]. In fact, Case 2, 3 and 4
received VAD conversion within 15 days after nt-VAD

implantation, and they did not develop pocket infections.
The second problem is that use of nt-VADs for BTC may
force patients with critical conditions to undergo a second
invasive surgical procedure in a relatively short period of
time when they undergo VAD conversion. The third
problem is that if candidacy for transplant is not approved,
since nt-VAD has been shown to be ‘a durable device,
patients receiving nt-VADs have to be hospitalized for the
rest of their lives with nt-VAD support and no hope for
heart transplant. In fact, our case.13 who had repeated
cerebrovascular events after nt-VAD implantation still
could not apply for the transplant waiting list due to
residual neurological defects.

. Toresolve these issues, we propose the followings. Both
approval of destination therapy (DT) for health insurance
coverage and introduction of other easy-to-use and short-

- term devices that can be implanted by low-invasive pro-

cedures may be helpful. However, DT is currently under
consideration in Japan and it should be considered care-
fully in terms of both ethical perspective and its cost
effectiveness. Short-term VADs have beeri used as BTC so
far [17, 18]. John et al. [19] reported their experience with
the Levitronix CentriMag circulatory support system as
bridge to decision in patient with refractory acute cardio-

genic shock with multi-system organ failure. In this study, -

12 critical patients were enrolled for analysis, of whom 8
were successfully bridged to implantable VAD (HeartMate
XVE); 5 were successfully bridged to heart transplant and
only 1 died before heart transplant despite extreme critical
conditions of the patient (1-month survival of 75 % and
I-year survival of 62.5 %). Therefore, temporary devices
such as the Levitronix CentriMag circulatory support sys-
tem may play a role in BTC. However, since there is no big
difference in terms of invasiveness between nt-VAD and
Levitronix CentriMag circulatory support system, devel-
opment and introduction of less-invasive, short-term VADs
are essential for improvement of current VAD therapy.

In addition, it would be useful to encourage close com-
munication with primary care physicians and general cardi-
ologists of other facility with no VAD programs about the
importance of VAD therapy for advance heart failure patients
before they deteriorate to lower INTERMACS level.

Conclusion

At present, cf-VADs are the first-line mechanical circula-
tory device for patients with advanced heart failure who
meet the indications for both heart transplant and VAD
implantation. However, not all patients are suitable for cf-
VAD, and a prominent reason for nt-VAD implantation is
use as BTC in critically ill INTERMACS level 1 or 2
patients. In our case series, nt-VAD could be subsequently
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converted to cf-VAD and there were o s1gn1ﬁcant differ-

ences in overall survival or the development of VAD- 3
related compl1cat10ns ‘Therefore, nt-VAD . is potentially a
L good option for BTC in critically ill patlents even in the era

of ¢f-VAD. However,” VAD therapy is stﬂl in transition,

and we are currently seekmg better ways to use VADs in -
advanced heart failure patlents Other new VADS are

scheduled to be available in the near future, and they will
further impact the current role of the nt-VAD.
Study limitations

This study had several hmltatlons First, this study was 4
) retrospectwe study in a single center with a relatively small

. sample size. Second, device strategy of VAD differs

somewhat by each institution. Nevertheles's, our device

strategy in this study basically 'stands on current health .
insurance regulation so that we believe that our report can -
be a general appllcable reference for ccurrent device

strategy
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