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SUMMARY

Heart Transplaniation and Ventricular Assit Systems

Takeshi Nakatani, Department of Transplantation, National Cerebral and Cardiovasculayr Center Hospital,
Sutla, Japan

Hiroki Hata, Tomoyuli Fujita, Junjiro Kobayashi, Yoshihivo Murate, Osanu be‘fuc/zz M(m(mal)u Yanase,
Yumiko Hori, Kyoichi Wada, Hatsue Ueda, Shigeki Mivata, Hirvoaki Naito ‘

Since the organ transplantation law was passed, we performed 50 heart transplantation: at National -
Cerebral and Cardiovascular Center. Of those, 2 patients have been doing well ov
years survival rate was 93.4%. During those years, we performed 139 applications o
assist systems (LVAS). Initially, extracorporeal LVASs had been used. Now, 2 implantable
approved by medical insurance as. bndge to transplant in 2011. Now, our 1st option as bri

plantation (BTT) is 1mplantable LVAS.

KEY WORDS

heart transplantation/ventricular assist system/bridge to transplantation

Ye REFE (B6B2E (2A9)) °(

(KBS B OIS
B 0 A0 0 2 38 0F A A 2R A 43 ) heparin @
G T I AR A W R & 2 Atk o0 R ) 1R
BB B ] GHETLER A B s AR
PEIER 1. TR I Y CAHRRERR AN SA R
bETER 2. 1l HI GRS K8y AR

(% B DERER)
B S8 N e, IR U Ml o S A AL AS PN B TR B TR L ok 5
thmmbomodulm- a O)FLIE /\ eIkl
a8 W (bR S G AT 44 FL)

FIER oA RE Vol.o6 No.t (2013-1) o7



HEART’s

Selection
2 P

lRE B FUER DD RIEE

RARMY  SEEMY FEHRmz?
1) EIERSRM L 2 — B, 2) F

O rLaic

DAENIBWTIE, 19974E10 B IO HEIZ B
THBEEIEIT SN, ZOBEEICETS LBBRED
19994F 2 AizfTbh, FlEmEMES A, 6 Aicd
T2, 2B, RO 2l L ITHBIALL
Ji#& (ventricular assist system ; VAS)IZE B 7Y v
VBITH oz, £, HWITBIIERESITH- 7
A3, RAIZHEIML, 20064 1 IX4EFETTE0% 1041 &
Holz(B1). LaL, LEBEAZEERLMEML-
7o, FRHIEERAMLL, BRABNCEBT 5.0 8HE
ERBIT L Pstatus 1T, 0 9 ENIHHEIA T LIS
L5700y IBITH o BIBT TOREIRAE % 18
RTIDOMREA RSN, EERFARIC TS,
b DR % WTEE & $ 5 WIE IR A3 2009 4
IR S, 20104E 7 Ah DTS hiz. ZOiER,
IENER B EIRASHEAT S 5 20104E 6 A £ TO114E
B BT B DIEBAEEIGE 60PN L, sk
IEH20124E 12 £ T 2 % 6 7 A DHATEIE 7951

ISR

CERIZHEmML, FH0FREORIEELEY, &5
12, 10RO /NED S ORMIC L B 0EBHED 1
lfrbhrz(®1). F7z, 20114E 4 A7 51, fER
RIIEFAB A B A T OB O LB~ D 7)) v VfF
FAWRBERINS LI hotz. T, bt
ENZ BT B LEBEORIKIIRELEDIOOHY,
FREICBWTHIRESBOREZIZOWTRNRS.

3 brEICH T BB

20125E DARFR LB B FMEIC L B LY, BARR
WRIEA v N7 — 7 ~OLIEB AR BRI 20124
1031 AR T624%H Y, DIETI4ZD LR
ML 1 PlOLITRHEAER S N, 428 13BINEME
ATV, 235% (9D B 4 BNL OB IER L) 23Rk
Thb. 2B, HFHEPFD63%Idstatus 1TH o 7z.

2012411 A 25 A F TiZhHAENI BV Tid 146 Bl .0
JERBHEATEAT E iz, BAENC B B LIS E
MRk ITIE O Higk T, FoMfTHuE, EIIERER
Wiget v & — 5260, KRIRKE 426, BEKE

)
39| [ seEs (5798
301 [ = 3UE B (3690)

L g

99 2000 Ot 02 03 04 05 06 07

08

09 2010 1 12
(%) X 1

HHEICHT 2 ORBEOHETE

(RSB ENER D LRBE

255t



|

/256"

2610, B FERKE 106, JuMKE 6 4,
WAbREE 5 Bl, EERKRE (ERERE Y ¥ —)
5HTH o7z,

DR R HETT B ORI FI 3758 <, HIEER
&, FEEMIRELOEN68% E &b £ <, B
DWREIL10% Tdh o 72, R, 10RO 1
BlASstatus 2T o 7oAt idstatus 1TH o7z, &
72, D) HI%IFHEIANLLBIZ LB 7Y v VBl
THo7z. Status 1 TORELIMIZFHE4H T, &
1 EDHNTORITHIE 8% ThH o7z, F72, #ibh
ALETY) v P HOHBIEAEIZFEIY876 H Th - 7=,

I 10 D EFFRIL16% & BB LIS S
VIYZAN)—TOREELIYBIFTH A (K 2)YY. 7T
Tk 8 BIT, ZDOMEIZLREAE 2 B, BIE 3
B, BlEREHIRFE, B, BLAarththl
BITH o7z

O BEIEERSRFEtE 2— 061 2RI

20124E 12 A 31 B F Tl 5260 LR = T L 72
2, BHEERTITEYITRT, AT LEESS
DEORELA EREFIAS 3 FlEENTwBY. IR
&flstatus 1T, 90%IE & T/ LAHBIZEE (left ven-
tricular assist system ; LVAS)IZL 57 v VHIT,
F\7zLVASIZ, 87%7%Mk51 B A (Nipro#EEH)
THhotz. Tz, status I TOFHELIEIZFH838 H
THREIZI476 8IS RAL. F/, LVASHBIEARMIX
886 H T, HRITAIREIIC L 5 1703H TH -
7z, TNET 2 BIDEIGE TIRTE L72A%, 1047
Hi3939% 7T, 26IFI3ELLEFEBL, TRICET
LTwa., £72, FF—TI&, 79%23<v—JF NV Th
h, B 9 B2 BV Tprimary graft dysfunction
%86, TABPRPCPSIZ & 5 4iBh % 4 BT o 7248
SO L, BRERERMIECIE R 4EBIIBNT
Dra—F, FELEEROLRP o720,

BAAEETOS0BIZB T, ABn#ERs Loy
NEYHA23%THHHS, I, Bk, B, 8
%, FELLEOHKERET> TV 5.

%8, WEUIERTO 124ERMIC 27 8% AT L, HETIE

A Vol.45 No.3(2013)

1 91.6%
8 -%——_B—A_ﬁi_u,e%

B

0 2 4 6 8 0 12 14
Brak sy

2 bAFEICHT B OEBEOEEFE
(3t 3 & b BB )

%o 2 R THBHIEERL 725, status 1 TORFHEH
B I UTLVASIC X 2 BAMIE, #hEhFH750
B2 5947H~, BIUT762HD 51,028 H~E 3B
WL Twz (X 3).
) BB EARE%ORE

1. BHEFZEHOHEM

HSENC B OB OB L, MEERCE
TARRERICINZ, BAERSRES VBB
HANEEE(UTHAEER) TOHESKREVLETDH
D, TORRZRBLUONBRZEXEGNERET
DB E B ARBEFBAER v T — 7 ~OLIER
MAHEBFICLETH L. INTTORIERE~D
ERFT BB RUE, HERREEHIE S 7219974
25 20074 L TIRA0B)/EFHR TH o7z, 2006411
DOETOLEBEERRSER 0 & 2 Y, JE1T
BIOBED BIFTH D DA ICHRMENDL LS
WY, HEHEHLEMLZ, S0k, 2008~2010
FEETOMEEE~OFBEPHEEILIER 705 %8 %
HETIZHEMLL. 61, MBBHENRESN
FEMIEITEAS30BIRI A & 42 o 7220110 H D 2 4B/
TIXEM 0B ZBZ 5 L) T ho7z. AEREETIE,
FEBEERTLLDE I V—-THTRTIZET
WInENTEZ., LaL, 012 IC3BEHEI 2 &
H5HE2~3BI/BADRFENDLRRLRY, HNER
STONEHEEEE 2o TETWE, 2T, L
RMEMER CHSATMEL, BRGH»S0®




HEARTs
Selection

(B#)
1,200 -

B s (2760

[ exiEs& (251)

1,000

1,016
800 - - 933 :
600 - ‘ o

400 4

200 A

FERY HBNARR

(Status 1)

3 ENRERHBFEME L 7 —ICH T 5 ORBHERR
B# b KUHHBIHARM

FBICE L Tl C o LB ERGRIH#RETIT)
EDPBET RN, L L, BURTIERER CI3E
BIEELIT-oTHBY, NESEETHLE SN #
D, BEEBBOBIMEY, Kk CToRBE
AL, 20124E# 12 3RS0 2 B 2 B 1
BB TET. 22T, DIEBHEEREA506 % B
Z7-MERR T, BHERTORENC X 2 BEEIGHE
XY BABRBES Y DT — 7 ~NOBEGEHEIT
25592, MERBENIFABICHRERZITIZ L
L, INSDERNICHE L T HABREES LR
BHEEZERCTRIELIT) A2 ERET 5 2 L THE
THMREIED SN TS, bHAETD 2 EETH
BISHREHIE 22/ 5120, LHBHEEEEAR
HR, SHICIEIBHEMRERERAERSTORED
VETHY, TOEESHBSINLTNS.

2. PMROIETERE

AR REEDOWIEIC XD, ANRENC BT 2 HFCIE S
REIITZD Lol FOEBICKST, /A
Brs DREICH L, NETOBREHEEIEELNIC
EaahsdZ L BREZEN, EEXHEDLEBIED

HEEIHET BRI B W THREI S 2 S, 208

F, FF—»N18RRMOBAITIE, 18kl (B
DRWFLEERBETHIL o7 INFTIT,
ISR, S DRMIZ LY, 3 FIDLBBHEITTH

nTBYy, 56 1 NT10FKGEDHDORETH o 72,

ARG BREICB 2MEE LT, HNEHAOWHE)
AL GBSO RENZ 2 0WZ &2 5. LAETOL(
B OBAFTIE, FEEMARVO, A
TOIC L 570 v VBRI KRESZ EDTED, /M
BANCHWS Z LT & A/ BARB AL OEAE
Fha, BCRTIE, FAYTHRESINZZExcor/MNEA
N REHGEPHA T LHIAWS TS, BiEDb
MPENZBWTD, Excor/MERASEERIHHEIA O
EOEMEECOMREGRIED ONTEY, BH
DRBIEASEF N T 5.

3. WIS ERDOIEK

1997 E D BEFBAEERERIC BV TIE, BB FF—
REDFEMPSEEENTEY, 72, BEOLEIR
MTIEEEIBBUREOORETTHo7228b DY,
DB B IC BT 2 EIICB VTR, 60K
ZFLlwnweahi., 20k, HEBERIRELED
D, 7z, BEROESRIHECERE IS L TDLFM
FEUBEVREBNICITOAL LS CRY, F0H
BREIMELTE, 20X 2RIITBNT, 60
B EDESTOLREENIK LT OB EE
BINAERELEND L) ko, 22T, BE
BRBESXLEBBHEEZER S TRE2MTDNI, FIh—
B2 ORS~NDEE LREN R EN, CORE
IZDOWTEEFDE O LBBEO I T 5/F%
WTRE ENT. 22T, FF—ESIC60mEKHT
DHEFER L 60U L TOBRBERZ T2V AT AT
BIUGT 22 LT, FEHLENSRARMAEE Lnics]
& Lo h, 20134 2 AA 0 BARBESRBEL Y M7 —
7 TORGNHB SN, IhF T, LVASESZICT
O ECBMINENLD Y, SHOYIEI X
560U ETORMEFH L ED, TOBMEREL, F
FBRASICOVTIEIHERNTAZ L L EoTVA.

4, BEEEY—TFINFT—HEBIMETOME
JEAR AR DU IEI & Y RIEOREIC & 254
WREL o720, 60EBRZEMIBNTE, Wb

IRE AR RER DD RIS

257



258

HIERT HIEH

4 EMERSBRNRE 2 —ICBT 2 FF—DFER

IR DFENEREND I EHE L ol Yk
VE=IIBWTY, BV VY Y NOFEHER
W39 5 34 & o 7228, RAEITBIT S50 L.
LOEDLEEIERICHEMLT5 (K 4). &im
HIZBWTE, MREZME) TitEsE <, EHR
DIFEEN T HEHMORTE L& ET 52 EWER
DMETH 5., Tz, AT4ANvaryFLy vl
EOEAICLY, HAEICETE FF—0fHARE
EFICE ., LrL, AFAANAVFNT Z PARN
ATE LR 1 BB ORIBHENRT LTHLT
HoH0, BENEIKSEDE. £, BRGLED
WIS Uz B — OBIRVLETH 595, BiEE
BRANDEXEDS 2 HORFCH R TR E R B0, X
IBICEB L TWAO0HIRTH 5.

5. HEARFEEI AT DA%

b ETHRAOLEFERELEL TS0, 4
BIATBIC X B 7)) v VFIDSKERS % HDTEDY,
HEEHBETRERHANLVASHRCEENTE .
20114E 4 Bic% Y, DAETHRE SN 2 HOIEH
DY IS AT LV AS S DR RE~D 7Y v & LTRR
Mg s iz, /o, RGARVEEBI A DO ERIGRR
B L UEBEORE L M AT LB EES T #ES
WBWTHREND LT D, 61, 45K 1H
3840 & B A LUl TR BN 3R 58 i) BE 0 B A b o
ATWA, TNHICLD, TERDOMBYRIEATIH
By A TG G i AT O I R ERR ICBR 5 Tz
DL, A AT IR E) 5 T 4 B A TG IRAEAT 1,

Lo Vol.45 No.3(2013)

FE SN BIHRUNDOERIERTHITLSL LD
W olz, T/, BETOEHIZE L THERBR
TORBEHHRIRESNL L)%Y, fHAR
AT LEEEE 2T ) R WA o005 b, EHIT,
CIRBIEDERHFEDSRAME 2ofz bk, 7
Dy VHIE LTORAMEMT 5L RAENS. L
BRI ER & L TORGATHEN A O o #
JBIZOWTIRE Z D HBRRFICE TS,

O phuic

K ORI LT, bAEIIB T H OB
BIUBMALLIEIERBERE LTI ARG
BEHTRY, ZORATHLEML, ZOREILE
FChsb. BERBHEEOYIEIC LY, HTHOEM
EEDITARTOLBBELHITTES L) 2k
7z. & 51T, LIEBREOBEISERDS, 60K ATE
FLWALESEAMPEE LWIERSI N, $72,
FESA A BV BN N T AN O REA~ND 7Y v VL LT
RIBER SN, S561C, DEBEMGREDA LR
AHIVEBN AN T OO AT Z B EG L 2o T 5.

&%, HPETORPOAEIINT 5.0,
BLUHB AT O A AN EREROEMR %
HEDDLUETHAS.

X ®R

1) Nakatani T : Heart transplantation. Cire J 2009 ; 73(Suppl
A) : A55-60

2) FARN, BHEMZ  HSEBHEOIIFA DBECBITS
BICBIEOTIRE &% LIHEBHE. BEFoHWwaH 2011,
237 . 397-403

3) BAODIEBHEIES. IO E &S (20124F).
A 2012 ; 47 © 429432

4) Stehlik J, Edwards LB, Kucheryavaya AY, et al : The
registry of the International Society for Heart and Lung
Transplantation : 29th official adult heart transplant
report-2012, J Heart Lung Transplant 2012 ; 31 : 1052-
1064

5) PARM, & LM, BEMZ, 132 BEOAECSH
T BHBHEREE DIERERE X OB AN OO, iR
MEF 2013 ;5 66 © 63-67

6) Fujita T, Toda K, Yanase M, et al : Risk factors for post-
transplant low output syndrome. Eur J Cardiothorac
Surg 2012 ; 42 : 551-556




J Artif Organs (2013) 16:253-257
DOI 10.1007/s10047-013-0695-3

A heart transplant candidate with severe pulmonary hypertension
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Abstract Fixed pulmonary hypertension (PH) is a con-
traindication for heart transplantation (HTX). Several
studies showed that use of a left ventricular assist device
(LVAD) in patients with fixed PH who were initially
deemed ineligible for HTx effectively decreased pulmon-
ary arterial pressure (PAP), thus permitting HTx. We

recently encountered a candidate for HTx who had severe

PH with extremely high pulmonary vascular resistance
(PVR). A 27-year-old female who had been diagnosed with
dilated-phase hypertrophic cardiomyopathy and who was
approved for HTx at age 25 was referred to our institute
because of severe fatigability with moderate dyspnea even
at rest due to severe bilateral heart failure. Despite con-
tinuous inotrope infusion, the patient’s symptoms were not
relieved. Right heart catheterization (RHC) disclosed a
PAP of 62/40 mmHg with severely reduced cardiac output
(1.8 V/min). A PVR of 15.9 Wood units suggested pro-
gressive worsening of left ventricular function with almost
irreversible remodeling of the pulmonary vasculature, and
the patient was thought to be contraindicated for HTx.
Following 3 weeks of aggressive medical treatment, repeat
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RHC demonstrated PVR lowering to 8.16 Wood units.
This suggested it was likely that PVR could be reversed,
and the patient underwent LVAD implantation. RHC per-
formed after LVAD implantation showed a fall in PVR
from the initial, extremely high measurement of
15.9 Wood units to 3.4 Wood units at 2 months postoper-
atively, and to 2.2 Wood units at 1 year. The patient is
currently awaiting HTx with favorable LVAD support.

Keywords Pulmonary hypertension - Hemodynamics -
Heart transplant candidacy - Ventricular assist devices -
Pulmonary vascular resistance

Introduction

We often encounter patients with advanced heart failure
complicated by secondary pulmonary hypertension (PH)
[1]. In patients with severe left ventricular (LV) dysfunc-
tion, hypoxia causes vasoconstriction of the pulmonary
vasculature, and protracted elevation of pulmonary capil-
lary pressure due to increased LV filling pressure may
result in histological changes in the pulmonary vasculature
[2}. With progression of such pulmonary vascular degen-
eration, called remodeling, secondary PH becomes irre-
versible and this “fixed” PH affects the prognosis of
patients with heart failure [3]. Furthermore, according to
the data of The International Society for Heart and Lung
Transplantation Registries, elevated pre-operative pul-
monary vascular resistance (PVR) is associated with worse
outcomes after heart transplantation (HTx) due to post-
transplant right ventricular (RV) failure {4]. Thus, some
cases with advanced heart failure who demonstrate sec-
ondary PH with high PVR should be excluded as candi-
dates for HTx [5].
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In this report we present a candidate for HTx with the
complication of severe secondary PH. However, initial
right heart catheterization (RHC) disclosed remarkably
severe secondary PH with high PVR (>15 Wood units).
Aggressive medical management together with implanta-
tion of a left ventricular assist device (LVAD), substan-
tially lowered PVR.

Case report

The patient was a 27-year-old female with a diagnosis of
idiopathic cardiomyopathy who had suffered from heart
failure since the age of 3. At the age of 19, she was
admitted to a local university hospital to determine the
underlying cause of her cardiac disease. At that time, LV
ejection fraction was reduced to 40 %, with a hypertrophic
LV and dilated right ventricle (RV). Additionally, RHC
disclosed a pulmonary arterial pressure (PAP) of
60/27 mmHg, with a mean pulmonary capillary wedge
pressure (PCWP) of 21 mmHg. She had been diagnosed
with hypertrophic cardiomyopathy that had transitioned
from the hypertrophic phase to the dilated phase, compli-
cated by secondary PH. After she was discharged from the
local university hospital, her condition gradually deterio-
rated to the point where she felt short of breath even with
mild exercise. At age 25 she was referred to our institute
for assessment of the indications for HTx.

Following a series of medical examinations, she was
diagnosed with advanced heart failure due to dilated phase
hypertrophic cardiomyopathy, and was finally approved
and registered as a candidate for HTx. She returned home,
where over the course of 2 years her condition progres-
sively worsened until she was eventually taken to a local
general hospital. Administration of both dobutamine and
dopamine was begun. She received a diagnosis of con-
gestive heart failure and was referred to our institute for
further treatment, including LVAD implantation as a
bridge to transplantation.

On admission, she complained of severe general fatigue
with dyspnea even at rest. Physical examination revealed
distension of the external jugular vein and enlargement of
the liver, with wet skin and cold extremities that implied
hypervolemia with critically low cardiac output (CO)
despite continuous inotrope infusion. On room air oxygen,
arterial blood gas analysis on admission showed: pH 7.49,
PO, 60.1 mmHg, P,CO, 32.7 mmHg and O, saturation
level of 91.4 %. These findings suggested the need for
mechanical circulatory support 1o stabilize her hemody-
namic state.

Echocardiogram revealed severely reduced contraction
and mild dilation of the LV, with markedly decreased
contraction of the enlarged RV (Fig. la—c). Doppler

€) Springer

images disclosed severe tricuspid regurgitation with an
estimated systolic right ventricular pressure (RVP) of over
60 mmHg (Fig. 1d). Short-axis views of both ventricles
showed interventricular septal deviation to the LV during
both systole and diastole, resembling pulmonary arterial
hypertension (Fig. 1c). The patient had received carvedilol
10 mg a day, enalapril 2.5 mg a day, furosemide 40 mg a
day and spironolactone 50 mg a day as oral medical ther-
apy on admission. Initial RHC, which was performed under
continuous intravenous administration of dobutamine
(7 pg/kg/min) and dopamine (4.2 pg/kg/min), revealed a
mean PAP of 48 mmHg, a mean PCWP of 19 mmHg, and
a CO of 1.82 /min. Her PVR of 15.9 Wood units far
exceeded the exclusion threshold of the Japanese Adult
Heart Transplant Program (Table 1). At the time of her
approval as a candidate for HTx 2 years earlier, secondary
PH with a PVR of 4 Wood units already existed but did not
reach the exclusion threshold. Her PVR was therefore
thought to have progressively increased over the previous
2 years in association with her worsening left-sided heart
failure.

Medical management was continued following the ini-
tial RHC. The patient received enough oxygen to relieve
the pulmonary vasoconstriction that is one of the most
important causes of secondary PH. The continuous drip
infusion of dopamine was gradually discontinued because
dopamine administration in hypoxic states increases LV
filling pressure and its cffects on o-adrenergic receptor-
mediated vasoconstriction may also clevate PVR [6-9].

Three weeks after the initial RHC, the patient’s symp-
toms improved slightly and levels of brain natriuretic
peptide (BNP) decreased from 1118 to 737 pg/ml. A sec-
ond RHC was performed with only dobutamine infusion at
a dosage of 7 pg/kg/min. This second RHC showed a
dramatic decrease in PVR from 15.9 to 8.16 Wood units
(Table 1; Fig. 2). Although the PVR of 8.16 Wood units
was still over the exclusion threshold for HTx, we con-
sidered that the patient’s pulmonary vasculature was still
responsive to treatment based on the dramatic decrease in
PVR over just a 3-week period. Thus, | month after the
second RHC, the patient successfully underwent paracor-
poreal LVAD (NIPRO-TOYOBO) implantation and tri-
cuspid-valve annuloplasty as a bridge to transplantation.
Histopathological findings of myocardial tissue specimens
obtained at the time of LVAD implantation showed severe
hypertrophic change of myocytes with disarray. Severe
interstitial and endomyocardial fibrosis were also observed.
Her postoperative course was almost unremarkable except
for the complication of a small subdural hematoma. Con-
tinuous infusion of a phosphodiesterase type 3 inhibitor
was started intraoperatively, and was gradually replaced by
oral sildenafil. Inotrope administration was discontinued
16 days postoperatively, without the need for a right



J Artf Organs (2013) 16:253-257

[
Ln
n

Summary
LVDd 56 mm

LVDs 47 mm
LVEF 17%
RvVDd 70 mm
RVDs 65 mm
TMF
E/A 52/29
DcT 140 ms
MR mild
TR severe
TRPG

Fig. 1 Parasternal (a, b) and apical (¢) view of echocardiogram -

showed markedly enlarged right ventricle (asterisk) with severely
reduced left ventricular contraction. Parasternal short-axis view
(b) revealed deviation of the interventricular septum to the left
ventricle with an enlarged right ventricle, resembling pulmonary
arterial hypertension. The pressure gradient between the right
ventricle and right atrium, estimated by measuring the peak tricuspid
regurgitant flow velocity, was over 60 mmHg, implying the existence
of severe pulmonary hypertension (d). Brief summary of

60mmHg

echocardiographic measurements are listed on the right side of
echocardiographic images. LVDd left ventricular diastolic dimension,
LVDs left ventricular systolic dimension, LVEF left ventricular
ejection fraction, RVDd right ventricular diastolic dimension, RVDs
right ventricular diastolic dimension, TMF transmitral flow, E/A early
filling velocity/atrial filling velocity, DeT deceleration time, MR
mitral regurgitation, TR tricuspid regurgitation, TRPG tricuspid
regurgitation peak gradient

Table 1 Hemodynamic measurements before and after LVAD implantation

Ist RHC 2nd RHC 3rd RHC (post-LVAD 2M) 4th RHC (post-LVAD tyr)
PCWP (mmHg) 19 24 6 8
PAP (mPAP) (mmHg) 62/40 (48) 54/32 (40) 24/9 (16) ) 27/9 (17)
RAP (mRAP) (mmHg) 16 16 2 4
CO (CD Vmin (I/min/m™) 1.82 (1.34) 1.96 (1.45) 2.93 (2.35) 4.09 (3.08)
PVR (Wood units) 159 8.16 341 22

1st RHC: measurements obtained just after admission. 2nd RHC: measurements obtained 3 weeks after admission. 3rd RHC (post-LVAD 2M):
measurements obtained 2 months after LVAD implantation. 4th RHC (post-LVAD 1yr): measurements obtained | year after LVAD

implantation

PCWP pulmonary capillary wedge pressure, PAP pulmonary arterial pressure, mPAP mean pulmonary arterial pressure, RAP right atrial
pressure, mRAP mean atrial pressure, CO cardiae output, Cf cardiac index, PVR pulmonary vascular resistance
!

ventricular assist device. The patient completely recovered
from her subdural hematoma without any further compli-
cations. Follow-up hemodynamic assessment 2 months
after LVAD implantation revealed a significant decrease in
PAP compared with pre-implant values. Mean PAP
decreased from 48 to 16 mmHg, and trans-pulmonary
gradient (TPG) also decreased from 29 to 10 mmHg. On
the other hand, CO increased from 1.8 to 2.9 I/min, leading
to a decrease in PVR from 15.9 to 3.4 Wood units, making
it possible to put this patient on the waiting list for HTx
(Table I; Fig. 2). One year after LVAD implantation, RHC
showed a further remarkable decrease in PVR to 2.2 Wood
units (Table 1; Fig. 2).

Discussion

Secondary PH with elevated PVR is often seen in patients
with heart failure despite treatment with conventional med-
ical therapies. An elevation of LV filling pressure leads to
proportional and passive pulmonary venous hypertension. In
the early stages of the disease, elevations in PVR are largely
due to dysregulation of pulmonary vascular tone, and PVR is
often responsive (o a variety of pharmacologic interventions
and can recover to almost normal values. In contrast, long-
standing chronic pulmonary venous hypertension in
advanced heart failure leads to pulmonary vascular remod-
eling. PH not readily responsive to pharmacologic testing is
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Fig. 2 Changes in RHC measurements before and after LVAD
implantation. PCWP, PAP, and PVR decreased dramatically after
LVAD implantation, while CO increased. st RHC: performed just
after admission. 2nd RHC: performed 3 weeks after admission. 3rd
RHC: performed 2 months after LVAD implantation. 4th RHC:
performed 1 year after LVAD implantation

generally attributable to structural remodeling and is called
“fixed PH”.

According to American Heart Association guidelines,
fixed PH is defined by the following: mean PAP
>25 mmHg, PVR >2.5 Wood units, and TPG >12 mmHg
after pharmacological tests or administration of inotropes.

It is well-known that PH carries a poor prognosis in
patients with chronic heart failure. Furthermore, patients
who have a PVR exceeding 6-8 Wood units have an
increased risk of postoperative RV failure after HTx [10-
12]. On the contrary, several studies have reported that
LVAD implantation in patients with fixed PH dramatically
decreases PVR to levels permitted by HTx criteria [13-15].
Therefore, careful and accurate evaluations of pulmonary
vascular reversibility are essential for patients with heart
failure complicated by severe secondary PH and high PVR.
If needed, various pharmacological or non-pharmacologi-
cal interventions such as oxygen or nitric oxide inhalation
and catecholamine administration also should be taken into
consideration to check the reversibility of PVR. In the
current case, initial RHC revealed an extraordinarily high
PVR of over 15 Wood units, which far exceeded the
exclusion threshold of the Japanese Adult Heart Transplant

Program. A second RHC performed after 3 weeks of

medical management showed a dramatic decrease in PVR
to 8 Wood units, and we suspected that the patient’s pul-
monary vasculature was still potentially reversible enough
to obtain further decreases in PVR under the powerful
unloading provided by a ventricular assist device.

Of course, the possibility of post-LVAD RV failure was
another important concern in the patient with severe
bilateral heart failure. Several reports on the pre-operative
predictors of post-LVAD RV failure have been published
so far, with the right ventricular stroke work index
(RVSWI) being a reliable option [16, 17]. Additionally,

@ Springer

Matthews et al. [18] analyzed the risk stratification of
preoperative clinical parameters as predictors of post-
LVAD RV failure and suggested a unique integrated sys-
tem termed the RV failure risk score (RVERS). In our
patient, the RVSWI calculated from the results of the
second RHC was 0.38 mmHg I/m?, indicating only a low
possibility of developing post-LVAD RV failure. This was
also suggested by our patient’s score of only 2.5 points on
the RVFRS. Therefore, this patient proceeded to undergo
LVAD implantation with high expectations of a favorable
outcome. As we anticipated, the procedure was successful
and her PVR decreased to 2.2 Wood units 1 year after
LVAD implantation.

The current case demonstrates that careful and correct
evaluation of pulmonary vascular reversibility before HTx
and LVAD implantation is essential for adequate decision-
making in patients with advanced heart failure complicated
by severe secondary PH. Even extremely high PVR,
15 Wood units in this case, may decrease to acceptable
levels with proper medical management and LVAD
implantation.
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