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Advanced Heart Failure Recommendations Class® Level®

Patients being considered for long-term MCS must
have good compliance, appropriate capacity for

414—416

Persistent sym ptO ms Heart transplantation is recommended for
despite maximal therapy Severe and persistent symptoms of patients with advanced HF, refactory to med-

cal/device therapy and who do not have absolute

heart failure (NYHA 11l or V) contraindications.

[ong-term MCS should be considered In patients
with advanced HFrEF despite optimal medical and
device therapy, not eligible for heart transplantation
or other surgical options, and without severe right

ventricular dysfunction, to reduce the risk of death
378,396,397,401,402.404417

Severe cardiac dysfunction

and improve symptoms.
Long-term MCS should be considered in patients
with advanced HFrEF refractory to optimal med-

Episodes of pu|monary or ical and device therapy as a bridge to cardiac lla

. . .. transplantation in order to improve symptoms,
sySte mic con geSt lonre q uirin g reduce the risk of HF hospitalization and the risk

high-dose i.v. diuretics of premature death,3%8~400:402:404

Renal replacement therapy should be considered

in patients with refractory volume overload and lla C
end-stage kidney failure.

Continuous inotropes and/or vasopressors may

Severe impairment of exercise
capacity

be considered in patients with low cardiac out-
put and evidence of organ hypoperfusion as
bridge to MCS or heart transplantation.*®*3%°
Ultrafiltration may be considered in refractory
volume overload unresponsive to diuretic C
taatmand s
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Advanced
Heart Failure

Pulmonary Hypertension
(Group 2 PH)

»

* PASP 250 mm Hg
* TPG=2150rPVR=23

A\ 4

Vasodilator challenge

A4

If fails to achieve acceptable

hemodynamics > irreversible
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Indications
Advanced HF*"®
No other therapeutic option, except for LVAD as BTT
Contraindications
Active infection®

Severe peripheral arterial or cerebrovascular disease

Pharmacologic irreversible pulmonary hypertension (LVAD should be
considered to reverse elevated pulmonary vascular resistance with subse-
quent re-evaluation to establish candidacy)

Listing Criteria for Heart Transplantation: International Society for
Heart and Lung Transplantation Guidelines for the Care of
rdiac Transplant Candi —2)

Pulmonary artery hypertension and elevated PVR should be considered as a relative contraindication to cardiac transplantation when the
PVR is >5 Wood units or the PVRI is >6 or the TPG exceeds 16 to 20 mm Hg
e FA cXLE 1 U d Uie preced dl Id

increased
o |f the PVR can be reduced to <2.5 with a vasodilator but the systolic blood pressure falls <85 mm Hg, the patient remains at high risk
of right heart failure and mortality after cardiac transplantation

Malignancy with poor prognosis (a collaboration with oncology specialists
should occur to stratify each patient as regards their risk of tumour pro-
gression or recurrence which increases with the use of
immunosuppression)

Irreversible liver dysfunction (cirrhosis) or irreversible renal dysfunction
(e.g. creatinine clearance <30 mL/min/1.73 m?). Combined heart-liver or
heart-kidney transplant may be considered

Systemic disease with multiorgan involvement

Other serious comorbidity with poor prognosis

Pre-transplant BMI >35 kg/m? (weight loss is recommended to achieve a
BMI <35 kg/m?)

Current alcohol or drug abuse

Psychological instability that jeopardizes proper follow-up and intensive
therapeutic regime after heart transplantation

Insufficient social supports to achieve compliant care in the outpatient
setting
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AlM

To evaluate the outcomes of the LVAD use as bridge-to-transplant (BTT)
in patients with Group 2 PH.
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PROSPERO : CRD42023472951

Inclusion criteria

e Population :

» Patient with advanced heart failure and
Pulmonary Hypertension (group 2 PH)

» Patient with LVAD as BTT

e Intervention : LVAD implantation as a bridge-to- l
transplant

e Control : did not undergo LVAD implantation

Identification of Studies

» Duplicate Records Remove
Records Identified from (N=373)

PubMed, Embase, and
Cochrane Library ( N=1312)

c
.2
e

©
2
=
)

c

(]
S

Records excluded for not
Records Screened (N=939) — meeting inclusion criteria

* Provide any outcomes of primary outcomes o (N= 605)
.E l
o . [ . m
o EXxclusion criteria o
(V2]
Reports Assessed for Eligibility Report Excluded : (N=298)
e Experimental animal models / basic science (N=335) Case Irepor’t/fserles (n=35)
. . * Proportion of group 2 PH is
e Review/Meta-analysis l not mentioned (n=23)
e Secondary research papers *  Non specified Group 2 PH
e Case report and case series ° Studies Included in Systematic (n=157)
. . 3 Review and Meta-Analysis *  Overlapping cohort (n=5)
® Duplicate population E (N=33) «  No any endpoint (n=78)

Systematic review, Meta-analysis, Proportional meta-analysis




Meta-analysis Proportional
PH Reversal LVAD as BTT in PH
LVAD as BTT —_—
PUImonary Short-term mortality Transplanted
hypertension .
No LVAD Mortality on
waiting HTx
o < Short-term
mortality post HTx
| Long-term survival
Successful transplant
post HTx
" Mortality awaiting HTx
Mortality awaiting HTx .
LVAD use Baseline PVR
Mortality post HTx
No PH Post LVAD PVR
Survival post HTx
: Mean support
RV Failure post HTx time

& Systematic review, Meta-analysis, Proportional meta-analysis
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Nair 2010
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Anegawa 2023
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Han 2018

John 2010

Zolty 2008

Saidi 2012
Atluri 2011
Gupta 2014
Kettner 2011
Al-Sarie 2016
Zimpfer 2006
Bhashyam 2008
Dorazilova 2012
Houston 2015
Doss 2015

study design

retrospective
retrospective
retrospective
retrospective
retrospective

retrospective

retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective

retrospective

retrospective

retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective

total population

33
1016
24
1040
8446

19

54
29
145
127
58
227
63
416
65

177

78

89
23
10
83
50
12
16
49
35
11
25
35
15
65
66
49

LVAD no LVAD LVAD No LVAD
11 22 4.3 4.3

393
10
798
2179

7

22
17
56
79
44
45
47
202

107

42
50

10
53
50
12
16
49
35
11
25
35
15
12
16
49

PH

623
14
242
6286

12

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA

NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

53
6.5
3.7
NA

5.9

4.4
5.1
3.61
5.4
4.82
7.13
5
4
6.55

NA

3.8

4.36
NA
4.8

3
3.6
7.6
34
NA
3.7
6.1
4.5
5.1
3.2
6.3
5.1
3.7

PVR Baseline

5.9
6.4
3.8
NA

6.2

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA

NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Total PH patients
transplanted with
LVAD
11
235

798
2179

22

19
79
36
30
38
122

60

33
22

17
32
12
16
38
24

25
24

NA
NA

Type of LVAD use

HeartMate
HeartMate Il,HeartWare
HeartWare
HeartMate Il,HeartWare
HeartMate Il,HeartWare

HeartMate Ill, EXCOR, HeartWare

HeartMate Il, Novacor
HeartWare
NA
HeartMate Il, Novacor, HVYAD
HeartMate, Novacor
HeartMate Il,HeartWare
HeartMate
HeartMate Il
HeartMate I, HeartMate Il

HeartMate I, HeartMate lll, HYAD

HeartMate I, HeartMate lll, HYAD

HeartMate Il, HVAD, DuraHeart
Novacor, HeartMate
INCOR
HVAD. HMII
HeartMate Il
HeartMate Il
NA
NA
NA
NA
NA
Novacor, DuraHeart, DeBakey
NA
HeartMate Il
HeartMate Il
HeartMate Il, HeartWare
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PH WITH LVAD VS NO LVAD

PH reversal 1.7 1.55-1.85 <0.00001
Short-term mortality post HTx —————— 0.55 0.32-0.93 0.03 0
Survival Post HTx ¢ 1.11 1.05-1.17 0.0001 35

,- Forest plot Risk Ratio with fixed effect models of outcomes PH patients with

LVAD vs No LVAD.
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Outcomes Bridging PH patients with LVAD

( A) Study Events Total proportion Proportion 95%-Cl Weight

Etz 2007 5 10

0.50 [0.19;0.81] 0.5%

Han 2018 17 35 — 0.49 [0.31:0.66] 1.7%

John 2010 32 50 —— 0.64 [0.49:0.77] 2.6%

Nair 2010 36 44 —— 0.82 [0.67;0.92] 3.6%

Ruan 2022 33 42 s 0.79 [0.63:0.90] 3.0%

Kutty 2013 9 17 —_— 0.53 [0.28:0.77] 0.8% . T .

Zolty 2008 12 12 . 1.00 [0.74;1.00] 4.2% PH patlents brldglng with LVAD
Saidi 2012 16 16 | —a 1.00 [0.79;1.00)  7.2% 0

Uriel 2019 122 202 - | 0.60 [0.53; 0.67] 10.2%

Atluri 2011 38 49 —tle— 0.78 [0.63;0.88] 3.4% had 73% transplant success rate
Mikus 2011 19 5 —e— ; 0.34 [0.22;0.48] 3.0% .

Gupta 2014 23 35 ——— 0.66 [0.48;0.81] 1.9% [proport|0n 0.73;95% Cl1 0.71 -
Kettner 2011 711 o 0.64 [0.31:0.89] 0.6% 5

Al-Kindi 2016 235 303 : 0.60 [0.55: 0.65] 19.7% . _ ) ]
Al-Sarie 2016 25 25 . —a 1.00 [0.86: 1.00] 16.6% 075, p < 001, 1< =93%

Smedira 1996 38 47 —.— 0.81 [0.67,0.91] 3.7%

Zimpfer 2006 24 35 —_— 0.69 [0.51;0.83] 2.0%

Tremblay 2021 60 107 —-— 0.56 [0.46:0.66] 5.2%

Anegawa 2023 22 50 —_— 0.44 [0.30:0.59] 2.4%

Bhashyam 2008 9 15 — 0.60 [0.32:0.84] 0.8%

Dorazilova 2012 7 12 s 0.58 [0.28:0.85] 0.6%

Kawaguchi 1989 38 48 e 0.79 [0.650.90] 3.5%

Tsukashita 2015 30 45 —— 0.67 [0.51:0.80] 2.4%

Kumarasinghe 2018 4 10 : 0.40 [0.12;0.74]  0.5%

Common effect model 861 1366 . 0.73 [0.71; 0.75] 100.0%

Heterogeneity: 1% = 93%, 1° = 0.0299, p< 0.01' I I I !
0.2 04 0.6 0.8 1
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Forest plot proportion (%) with fixed effect models of outcomes bridging PH patients
SmiES  with LVAD. (A) Transplant success rate.
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Outcomes Bridging PH patients with LVAD

(B) Study Events Total proportion Proportion 95%-Cl Weight
Nair 2010 6 4 —=— 0.14 [0.05; 0.27] 10.3%
Alba 2010 6 22 — 0.27 [0.11;0.50] 3.1%
Uriel 2019 53 202 ; —— 0.26 [0.20; 0.33] 28.8%
Kutty 2013 3 17 — 0.18 [0.04;0.43] 3.2%
Mikus 2011 19 56 | —— 0.34 [0.22;0.48] 6.9%
Gupta 2014 7 35 —l— 0.20 [0.08;0.37] 6.0% 1 1 1 1
Zimpfer 2006 11 35 —— 0.31 [0.17;0.49] 4.5% PH patlents brldglng Wlth LVAD

Anegawa 2023 2 50 E— 0.04 [0.00;0.14] 35.9% 1

Kumarasinghe 2018 3 10 : 0.30 [0.07:0.65] 1.3% had 17% mortahty rate on
Common effect model 110 471 ‘ 0.17 [0.14; 0.20] 100.0% H H

Heterogeneity: /* = 82%, t* = 0.0085,p <0.01 ' T T T 1T 1 wa lt | ng HTX

0.1 02 03 04 05 06

[proportion 0.17; 95% CI 0.14 —

Study Events Total proportion Proportion 95%-Cl Weight 0.20’. p < 0.01’ |2 — 82%] and 5%

Etz 2007

15— 0.20 [0.01:0.72] 0.1% .

Alba 2010 4 22— 0.18 (0.05:040] 05% post transplant mortality (30-
Nair 2010 11 —=*—~— 0.09 [0.00;0.41]  0.5%
Ando 2019 37 884 0.04 [0.03:0.06] 81.3% : . )
Kutty 2014 19— 0.1 [0.00:0.48]  0.3% dayS) [pFODOI’tIOH 0.05; 95% ClI
Liden 2009 4 1 | 0.36 [0.11:0.69] 0.2% 5 o
Uriel 2019 8 122 e 0.07 [0.03:0.13] 7.3% — _— = ]
Mikus 2011 2 19 ——— 0.1 [0.01;0.33] 0.7% 0.04 006' P 011' I 36%
Tsukashita 2015 6 30 I——— 0.20 [0.08:0.39] 0.7%
Moayedifar 2017 3 79 = 0.04 [0.01:0.11] 8.0%
Torre-Amione 2010 1 9 — 0.11 [0.00;0.48] 0.3%
Common effect model 68 1201 ¢ 0.05 [0.04; 0.06] 100.0%
Heterogeneity: /° = 36%, ©* = 0.0010,p =011 ' T T T T T

/* 0.1 0.2 0.3 0.4 0.5 0.6 0.7

‘ %@ @ [ 2 Forest plot proportion (%) with fixed effect models of outcomes bridging PH patients
Az Sl Siills with LVAD. (B) Mortality awaiting HTx. (C) 30-days Mortality Post HTx.




Outcomes Bridging PH patients with LVAD

(p)N Study Events Total proportion Proportion 95%-Cl Weight
Etz 2007 4 5 : 0.80 [0.28;0.99] 0.2%
Han 2018 15 17 ———— 0.88 [0.64;0.99] 1.1%
Nair 2010 24 36 —_— 0.67 [0.49;0.81] 1.0%
Uriel 2019 112 122  —- 0.92 [0.85;0.96] 10.5% i idoi i
Alba 2010 20 22 —r—— 0.91 [0.71;0.99] 1.7% PH patlents b”dgmg with
Kutty 2013 8 9 0.89 [0.52;1.00] 0.6% 0
Liden 2009 7 1M 0.64 [0.31;0.89] 0.3% LVAD had 79% pOSt

Ando 2019 651 884 = 0.74 [0.71:0.77] 29.5% .

Mikus 2011 17 19 0.89 [0.67:0.99] 1.3% transplant survival rate
Ando 2019 651 884 B 0.74 [0.71;0.77] 29.5% : . QCO
Liden 2009 711 : 0.64 [0.31:0.89] 0.3% [proportion 0.79; 95% ClI
Smedira 1996 35 38 e 0.92 [0.79;0.98] 3.4% : 7 _
Zimpfer 2006 2 24 . 0.92 [0.73:0.99] 2.0% 0.77-0.80;, p<0.01, Ic=
Gallagher 1991 4 4 ' 1.00 [0.40:1.00]  0.4% 0

Smedira 1996 35 38 ——e— 0.92 [0.79;0.98] 3.4% 83%]

Torre-Amione 74 9 : 0.78 [0.40;0.97] 0.3%

Al-Kindi 2016 164 235 —— ! 0.70 [0.63;0.76] 7.2%

Tsukashita 2015 24 30 — 0.80 [0.61;0.92] 1.2%

Dorazilova 2012 7 7 1.00 [0.59:1.00] 0.9%

Mayoadifer 2017 70 79 —— 0.89 [0.79;0.95] 5.1%

Common effect model 1884 2484 * 0.79 [0.77; 0.80] 100.0%

Heterogeneity: /% = 83%, t*=0.0072,p <001 ' " T T 1T 1T

0.3 04 05 06 0.7 0.8 09 1

Forest plot proportion (%) with fixed effect models of outcomes bridging PH patients
with LVAD. (D) Post transplant survival rate.




Outcomes Bridging PH patients with LVAD

(E) Study Total Mean  SD Mean Mean 95%-Cl Weight (F) Study Total Mean  SD Mean Mean 95%-Cl Weight
Etz 2007 10 4.80 1.8000 . 4.80 [3.80;6.06] 1.1% Etz 2007 10 2.20 0.8000 e 2.20 [1.76;2.76] 1.2%
Doss 2015 49 3.54 23800 —e— ! 3.54 [2.93;4.27) 1.7% Doss 2015 49 226 1.2600 —— 226 [1.93;2.64] 2.5%
John 2010 50 3.60 1.9000 —e— : 3.60 [3.11;4.17]  2.9% John 2010 50 2.10 0.8000 —a 210 [1.89;2.33] 5.5%
Kutty 2013 17 5.10 1.5400 —a— 5.10 [4.42;5.89] 3.0% Kutty 2013 17 1.70 0.4000 —®&— | 1.70 [1.52;1.90] 4.9%
Zolty 2008 12 7.60 0.7000 : - 7.60 [7.21;8.01] 22.8% Zolty 2008 12 2.20 0.2000 o 2.20 [2.09;2.32] 23.2%
Saidi 2012 16 3.40 2.6000 —+—— ! 3.40 [2.34;4.95] 0.4% Saidi 2012 16 2.00 1.4000 , 2.00 [1.42;2.82] 0.5%
Mikus 2011 27 3.50 1.5000 —e— ; 3.50 [2.98;4.11] 2.4% Mikus 2011 27 1.50 0.7000 —=— ! 1.50 [1.26;1.79] 2.0%
TR T G amwe  Bamies i

upta B X — B .98, 4. 3% upta . : ——— o .86; 2. 2%
S T seEn S SR
akuda : ;| R:H ! 4 214:3; 5% akuda f . - - . .32, 1. A%
Al-Sarie 2016 25 4.50 0.7000 -/ 4.50 [4.23;4.78] 16.7% Al-Sarie 2016 25 2.50 0.3000 R | 2.50 [2.39;2.62] 27.8:&
Zimpfer 2006 35 5.10 2.8000 — 510 [4.25;6.12) 1.9% Zimpfer 2006 35 2.00 0.8000 e 2.00 [175;228]  3.5%
e B mime el o fmad 2 S Simiw T lmbuse
negawa X d il i .98; 4. A% ! . . | . 4%
Exsaz: Eomaw = smEm i ke b ki . | im el X
hashyam 1 g ? —_—— ' ; 52; 4. 1.1% =20 0. i : 29 1. 270
; ! . Moayedifar 2018 75 2.00 0.9000 —a— 2.00 [1.81;2.21] 5.9%
Moayedifar 2018 75 4.30 1.8000 it 4.30 [3.91;4.73] 6.9% K:;ﬁa's iar']f sl I8 Cn oo : e }2 06_408} o
Kumarasinghe 2018 10 6.50 1.8000 | ——e—— 650 [5.47;7.72] 2.1% g 90 1. T e v 06; 4. D%
Common effect model 507 . 5.19 [5.06; 5.32] 100.0% ?3_’“3" ":f‘:c‘ '“I"d"' 507 s 223 [f-gf i-ggl 100.0%
Prediction interval : [2.71; 8.02] et s 2 —e— AN [1.47; 3.06]
geneity: /“ = 87%, v = 0.0286, p < 0.01

Heterogeneity: /2 = 96%, 1* = 0.0626, p < 0.01 I I T T T

LVAD can reduce PVR from 5.19 WU [mean 5.19; 95% CI 5.06 — 5.32; p < 0.01, 12 = 96%]

to 2.23 WU [mean 2.23; 95% Cl 2.17 — 2.28; p < 0.01, 12 = 87%)].

Forest plot mean with fixed effect models of outcomes bridging PH patients with LVAD.
(E) Baseline PVR. (F) Post LVAD implantation PVR

Ho Chi Minh city, Vietnam



Outcomes Bridging PH patients with LVAD

(e} Study Total Mean SD Mean Mean 95%-Cl Weight
Etz 2007 10 182.00 118.0000 —m—— 182.00 [121.77; 272.01) 2.7%
John 2010 50 259.00 180.0000 | —— 259.00 [213.62; 314.02] 11.8%
Frutos 2019 7 234.00 50.0000 t =l 234.00 [199.74; 274.13] 17.4%
Al-Sarie 2016 25 310.00 260.0000 e 310.00 [223.14;430.67] 4.0%
Zimpfer 2006 35 210.00 83.0000 -l 210.00 [184.23; 239.38] 25.5%
Doss 2015 49 113.00 43.0000 : 113.00 [101.58; 125.70] 38.5%
Common effect model 176 * 174.84 [163.66; 186.80] [100.0%
Prediction interval [ 73.33; 579.39]

Heterogeneity: 12 = 96%, t° = 0.1167, p < 0.01 J J I ' |
100 200 300 400 500

Mean support time 174.84 days

[mean 174.84; 95% Cl 163.66 — 186.80; p < 0.01, 12 = 96%]

Forest plot mean with fixed effect models of outcomes bridging PH patients with LVAD.
(G) Mean support time

Ho Chi Minh city, Vietnam



OUTCOMES BRIDGING WITH LVAD IN PH VS NO PH
I T M TR I

Transplanted 1.09 099-1.2 0.09
Mortality awaiting HTx * 091 0.71-1.15 0.43 0
30-days mortality post HTx O 169 099-2.89 0.06 14
Survival post HTx < 1.02  095-1.10 0.37 )
RV Failure post HTx > 1.03 075-141 085 0
0 1 2 3 4 5
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[ _
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KEY FINDINGS

Using LVAD as bridge-to-transplant can normalize PVR

LVAD give benefit on hemodynamic : Increase CO, overall reduction on TPG
(marked by PVR reduction)

Patients with non-reversible PH & not elegible to transplant >
converted to transplant candidate

The prognosis and survival post transplant are comparable with those
normal PVR at baseline supported with LVAD

Incidence of RV failure post HTx not significantly increase compare to those
with normal PVR at baseline and supported with LVAD




Normalization PVR using LVAD

Wood units
.

PVR before and
during support,
p<0.01

Before implantation

During treatment

RHC before and
during MCS
therapy

186
o 14 £
3.6 %1
o] W
PAm | PCWP  TPG =~ CO  PWR
[mmHg] [mmHg] [mmHg] [/min] [wu]

W Before MCS

O0n MCS

qmprove RV
function
L\funloading « Lower PVR

e Restoration CO ® Improve right-sided
afterload

e LV pressure |,

{ co
f cvp
f PCW * PCWP
* RAP
Liver
congestion

ATCSA2023
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Survival Post Transplant

24 p=0.262 1,0-
i 11;
e
2 %ﬁL
= X - - - - - -
<
E ~ 0,8_ m
z O. 7 BQ -
= T
Zz _ z
e < | = High PVR g * Gray curve: with pulmonary
% S | = Intermediate PVR » 06 hypertension + LVAD
Low PVR ' * Black curve: without
(\! n o
o 36 61 45 29 18 1 7 High PVR pulmonary hyperten5|on.
798 590 414 304 200 113 49 Intermediate PVR
3227 2382 1695 1158 787 451 181 Low PVR
Q
= I T T T 1 T 1 0,4_
0 1 2 3 4 S 6 T T T T T
0 12 24 36 48
Years after Transplant o time (months)
Kaplan-Meier curves showing no significant
differences between the PVR in LVAD groups Kaplan-Meier curve displaying long-term post-
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CONCLUSION

LVAD as BTT

Fixed and Non-fixed PH
undergo LVAD implantation
(n=4511)

Double arm forest plot of outcomes PH
with LVAD vs No LVAD
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C15.06-5.32; p< o . "
0.99-2.89 0.06 14 0.01] 17% mortality on waiting HTx
[proportion —0.17; 95% C1 0.14 —
1.15-14 <0.00001 87 0.20; p<0.01]
0.75-1.41 0.85 0 PVR 2.23 WU
[mean 2.23; 95% Cl1 2.17 — 2.28; p <
0.01]

73%
transplant
success rate

Proportion =0.73
95% Cl 0.71-0.75; p< 0.01

5% short-term
mortality post
HTx

Proportion =0.05
95% Cl 0.04 - 0.06; p = 0.11

79% post HTx
survival rate

Proportion =0.79
95% Cl1 0.77 — 0.80; p < 0.01

Pre-transplant LVAD bridges patients with PH, especially non-reversible PH to eligible transplant candidate by normalize PVR.

The prognosis and survival post heart transplant are comparable with those normal PVR at baseline and supported with LVAD.
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