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Abstract

]

Current trend of surgical management for end-stage heart disease

Seogjae Lee

Department of Thoracic and cardiovascular surgery, Jeju National University School of Medicine, Jeju, Korea

The prevalence of heart failure is increasing, and the prognosis of end—-stage heart failure remains dismal. The gold-standard
therapy in end-stage heart failure remains cardiac transplantation at the present time, but there is a great excess of eligible
candidates compared with the number of donor organs. Advances in mechanical suppor, the developmen! of the left ventricular
assist device (LVAD), and the total artificial heart has reduced mortality and morbidity in patients awaiting transplantation, and
LVADs are now approved as an sirategy for destination therapy. Miniaturization, increased device durability, and complete
implantability may render LVADs an option in earlier stages of heart failure, as a bridge to myocardial recovery or even as a
viable afternative to transplantation. Alternalive strategies under investigation are cell therapy and xenc—transplantation. in the
present article, current and potential future therapeulic options in end-stage hear lailure are reviewed. (J Med Ufe Sci

2010:7:77-87)
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Figure 1. Kaplan—Meier survival for all cardiac transplants
(1/1982-6/2006)
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TABLE 1, Leading causes of death post cardiac
transplantation

Up to 30 days Proportion of all deaths

Up to 30 days

Graft failure A0%
Multi—organ failure 14%
Infection 13%

31 days to 1 year

Infectiona 33%
Graft failure 18%
Acute rejection 12%
5 years

Cardiac allograft vasculopathy 30%
Malignancy 22%
Infection 10%
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(1} ABO blood group matching

(2) Age : male { 45 years, female { 50 years

{3) Negative cardiac history

{4) No Q wave on EKG

(5) No cardiac trauma

(6) Pressure support of { 10 ug/kg/min of dopamine or
equivalent

(7Y CVP < 12 torr

(8) No prolonged period of cardiac arrest or hypotension

{9) No evidence of sepsis

TABLE 2. Cardiac transplantation-indications and
contraindications

Absolute indications
Hemodynamic compromise secondary to HF
-Refractory cardiogenic shock
~Dependence on 1V inotropic support for adequate organ
perfusion
~Peak VO2 10 ml/kg/min
Severely limiting non-revascularizable ischemic heart disease
affecting daily living
Recurrent symptomatic VT refractory to therapy

Relative indications

Peak VO2 11-14 mL/kg/min with significant limitation of
functional capacity

Recurrent unsiable angina refraclory to current therapy

Recurrently labile fluid balance/renal function in chronic heart
failure despite full patient

compliance with therapy

Insufficient indications
Presence of the following without other indications for
transplantation:
—Impaired LV systolic function
~Previous history of class III-IV heart failure
-Peak VO2 15 mL/kg/min

Contraindications
Age
Coexistent systemic illness
Irreversible pulmonary hypertension
Parenchymal lung disease
Acute pulmenary embolus
Severe peripheral vascular disease
Irreversible renal and hepatic dysfunction
Diabetes with severe end organ damage
Severe ohesity
Severe osteoporosis
Active infection
Psychosocial issues
Drug addiction, including nicotine

Current trend of surgical management for end—stage heari disease

(10) Size matching (854 7|1&22 20%W 7} 7H3F o]4H4
olxgt 9ol Wekd SOBTAE AMRS 4 AUTH

(11) Cytotoxic antibody screening: Recipient 2] PRAZ} 20%
o4} aF4e] AL donor-recipient cross maichingol MRS}

(12) Cardiac FEcho : AAr2&n} HAR= whzA] AlX]Elo]ot
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Figure 2. A Shumway technique B: Bi~caval technique
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Figure 3. Survival pgst cardiac transplantation for adult
recipients by incidence of rejection at one year (ISHLT
data 2007).
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TABLE 3. Risk factors for development of CAV after 5
years for transplants

Relativ 95%
Variable P value Cenfidence
e risk
interval
Diagnosis: congenital vs 52 177 00434 1.02-3.10
cardiomyopathy
Diagnosis: coronary artery 1703 123 0.0289 1.02-148
disease vs
cardiomyopathy
Other surgical procedures 282 066 0027 0456-095
{excluding cardiac '
reoperation) before fransplant
discharge
Transplant. year: 2000 vs 472 050 0084 00.30-084
2001/02

Recipient history of diabetes 505 1.24
before transplant

0.0691 0.98-1.57

Recipient age {inverse linear) .0052
Doner age (linear) <0.0001
Donor age by donor gender £0.0001
interaction

Transplant center volume 087
(linear)
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3. (Eh4a BX2|(Left Ventricular Assist Devices,
LVAD)
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Pleasanton, CAX= 1994¥1 FDAS} 21& o} AMgEo] fich
(Fig. 51, o] 712t AdRzr|e] 40| SFEo] AR
7142l A4 dFAr2H9] JHe4E FEEA Boh The
Randomized Evaluation of Mechanical Assistance in
Treatment of Chronic Heart Failure (REMATCH)E <§7
A3 AHnp wy) A48 gxe xmel glo] Wi Agdw
A4 Bxr|Z ko] A& Ajolrt 48%0) o2 § 1 AEA
o] ¢]&Elo] 20024 Heartmate-XVEL FHAREM FoHA)
Heh 2 3 2e®l adal pump ¥8 Heartmate-11% S
19 FDARKE $HAgE AL WcHFig. 6)
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Figure 5. The original LVAD design—the Heartmate XVE.
All currently implanted LVAD devices have an inflow
cannula that drains the left ventricular apex. and blood
entering the body of the pump is expelled through an
outflow conduit. usually fashioned of Dacron. which is
anastomosed in an end-to-side fashion to the ascending
aorta, For the Heartmate XVE. the main body of the pump
is implanted within in the abdomen, but smaller pumps
such as the Heartmate [I may have the pump body within
the thorax., or even in the left ventricular apex itsell as
for the Jarvik 2000. Current devices approved or under
evaluation in the USA have an external power supply and
controller

connecting o the pump via a driveline. which usually exits
through the abdomen. For the HeartmateXVE, an
additional pneumatic line exists that houses a changeable
air filter and also permits external hand pumping in case
of device failure,

HeartMato
SNAP-VE LVAD

System  Alr Vent with
GController  Vent Filtor
ingserted

3wy AlRtAN ddRzr]zl 433 22 g4 %Rl g
1966 Texas® DeBakey LEol &Jai4gen o Abg-g
B27i= U5 BCM-Rice pump2 FREgct 2L A7l H&
9] Kantrowitz IH2 g4 d5Y #HE o &%
Kantrowitz-Cardiovad& 7H¥3te] 19718 R 444282 stA
geifig.?). olF A%E rles ddez Y Hzridl
Axio—symmetrical and Pierce-Donachy LVADs7} 7i4=]glx
{Fig. 8). o] 29 u}gt02 Heartmate(Thoratec)7} 7HLE]

Figure 6. Current FDA-approved LVAD devices in use,
Heartmate XVE and the Heartmate Il. {A) The Heartmate
Il device (right) is very much smaller than its predecessor.
the Heartmate XVE (left). (B} lts smaller size enables it to
be placed in an intra—abdominal or entirely intra-thoracic
position, (C) It connects exiernally to a controller and
battery pack or external conscle, as for the XVE,

Figure 7. Cardiovad Counter—Pulsalion with the balloon
which attached to outer wall of Descending thoracic aorta.
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continuous flow assist devicesy=— 1988 7idro] A|ZtEe] o]
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FobiA Eigirhs, Hst Aud HE719] Lionheart device
(Arrow Tncye= A2 FEHES ARE Part glo] TEe 913
= Yr|Her BY 4 e Aoz HriEy 3§34
ZAARZ Foloin),

2) A s AIE 0 BEY| g

A n)= Yol sAEoFH AL AE FY B2y BE B2
A5t EcHTable, 4. Fig. 9). HNH=Z7]9] AlMgo] Bl A7|5F
WA Fo] 9l d7 AfEe] WEEGEY|, ATAE R4

Figure 8, Pierce—Donachy LVADs

Figure 3 LVADs under FDA evaluation, the Jarvik 2000
and Ventrassist devices, {A) The Jarvik 2000 is 1 of the
smallest implantable devices available, the pump itself
shown in the figure being implanted enfirely within the
left ventricular apex (B). (C) The Ventrassist is a third—
generation centrifugal pump with a hydrodynamic bearing
system, and therefore, a single moving part, which is
expected to greatly increase the longevity of the device.
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4. 212 MEHTotal artificial heart)
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Figure 10, Total artificial heart devices currently under
evaluation. {(A) The SynCardia Cardiowest is a direct
descendent of the original Jarvik—7 TAH (B) The AbioCor
(Abiomed) is a similar design that is completely

irmplantable (C).

TABLE 4. LVADs currently under evaluation in clinical trials

2242 2 (Destination therapy)2 F9o] EQEE B2 H4
A4 Bz7]e] #Hgo| Hx) gh= BAEAE F-8HLl7t
Hof 152 449 AE kol=d 7ol 2oz Az o)
&k 7ol 2837 HE M1ed] WA g 235k A A
370 YA g@4 34 59 s oie Y 5
Zojrt, WA CirculiteAtY] Synergy device?t A71%|e]3lchFig,
11).

Uy| ARHERte) oty X', & 44 gHRas WEke
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Device name Manufacturer Device type Approval status
FDA approved in US as DT
First generation and BTT
C )
Heartmate XVE Thoratec, {pulsatile) European CE mark approved
for all indications
FDA approved in US as BTT
Second generation Under evaluation in Heartmate II DT trial
Heartmate i Thoratec, CA esial ﬂog i with 2:1 randomization against
W Heartmate XVE
European CE mark approved
for all indications
Under evaluation in US as BTT
. . Second generation,
Jarvik 2000 Jarvike Heart. NY axial flow Buropean CE mark approved
for all indications
Under evaluation in US as BTT
Third ti
VentrAssist Ventrac'or, Sydney, Thir . generation, European CE mark approved
Australia centrifug o
for all indications
Approved for use in Australia
. . . C
Berlin Heart, Third generation, Eumpean, E n?ark approved
Incor Germany. EU centrifusal for all indications
. B Not: yet under evaluation in US
BVAD HeartWare, Sydney Third generation, Under evalvation in Europe for
Australia centrifugal CE mark
) . ‘Buropean CE mark approved
Third , L
DuraHeart Terumo Heart, MI Cenmfiel;fratlon for all indications
& Not vet under evaluation in US
Under evaluation in Europe for
Synergy Circulite, DE Micro—pump CE mark

Not yet under evaluation in US

BTT: Bridge to Transplantation Therapy

DT: Destination Therapy
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Figure 11. Miniaturized devices. (A) The Synergy (Circulite)
device delivers up to 3 L per minute of blood flow but is
no larger than a AA size baitery. (B) The device is
implanted as shown. drawing blood from the left atrium
and expelling it into the subclavian artery,
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