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BACKGROUND



Advanced Heart Failure 

Persistent symptoms 
despite maximal therapy Severe and persistent symptoms of 

heart failure (NYHA III or IV)

Severe cardiac dysfunction 

Episodes of pulmonary or 
systemic congestion requiring 
high-dose i.v. diuretics 

Severe impairment of exercise 
capacity 



Advanced 
Heart Failure 

Pulmonary Hypertension 
(Group 2 PH)

• PASP ≥ 50 mm Hg 
• TPG ≥ 15 or PVR ≥ 3

Vasodilator challenge

If fails to achieve acceptable 
hemodynamics à irreversible



AIM
To evaluate the outcomes of the LVAD use as bridge-to-transplant (BTT) 

in patients with Group 2 PH. 



METHODS



• Population :
Ø Patient with advanced heart failure and 

Pulmonary Hypertension (group 2 PH)
ØPatient with LVAD as BTT 
• Intervention : LVAD implantation as a bridge-to-

transplant 
• Control : did not undergo LVAD implantation
• Provide any outcomes of primary outcomes 

Inclusion criteria

• Experimental animal models / basic science
• Review/Meta-analysis
• Secondary research papers
• Case report and case series
• Duplicate population

Exclusion criteria

Identification of Studies

Records Identified  from 
PubMed, Embase, and  

Cochrane Library ( N=1312)

Records Screened (N=939)

Reports Assessed for Eligibility 
(N=335)

Studies Included in Systematic 
Review and Meta-Analysis 

(N=33)
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Duplicate Records Remove 
(N= 373)

Records excluded for not 
meeting inclusion criteria 

(N= 605)

Report Excluded : (N=298)
• Case report / series (n=35)
• Proportion of group 2 PH is 

not mentioned (n=23)
• Non specified Group 2 PH 

(n=157)
• Overlapping cohort (n=5)
• No any endpoint (n=78)

PROSPERO : CRD42023472951



Meta-analysis

LVAD use
PH

No PH

Pulmonary 
hypertension

LVAD as BTT

No LVAD

PH Reversal 

Short-term mortality

Survival Post-transplant

Successful transplant

Mortality awaiting HTx

Mortality post HTx

Survival post HTx

RV Failure post HTx

Transplanted 

Mortality on 
waiting HTx

Short-term 
mortality post HTx

Long-term survival 
post HTx

Baseline PVR 

Post LVAD PVR 

Mean support 
time

Proportional

LVAD as BTT in PH



RESULTS AND DISCUSSION 

RISK OF BIAS ASSESMENT



Author
Selection Comparability Outcome 

Score 
1 2 3 4 1 2 1 2 3

Liden 2009 * * * * * - * * * 8
Al-Kindi 2016 * * * * * - * * * 8
Kumarasinghe 2018 * * * * * * * * * 9
Ando 2019 * * * * * - * * * 8
Schummer 2017 * * * * * - - * 6
Frutos 2020 * * * * * - * * * 8
Alba 2010 * * * * * - - - * 6
Kutty 2013 * * * * * * - - * 7
Mikus 2011 * * * * * * * * * 9
Moayedifar 2018 * * * * * * * * * 9
Nair 2010 * * * * * - * * * 8
Tsukashita 2015 * * * * * - * * * 8
Smedira 1996 * * * * - - * * * 8
Uriel 2019 * * * * - - * * * 7
Grupper 2022 * * * * - - - - * 5
Tremblay 2021 * * * * - - - - * 5
Ruan 2022 * * * * - - - - * 5
Anegawa 2023 * * * * - * - - * 6
Torre-Amione 2010 * * * * - - * * * 7
Etz 2007 * * * * - * * * * 8
Han 2018 * * * * - - * * * 7
John 2010 * * * * * - - - * 6
Zolty 2008 * * * * - - - - * 5
Saidi 2012 * * * * * - - - * 6
Atluri 2011 * * * * - - - - * 5
Gupta 2014 * * * * - * - - * 6
Kettner 2011 * * * * - * - - * 6
Al-Sarie 2016 * * * * - * - - * 6
Zimpfer 2006 * * * * * * * * * 9
Bhashyam 2008 * * * * - * - - * 6
Dorazilova 2012 * * * * - * * * * 8
Houston 2015 * * * * - * - - * 6
Doss 2015 * * * * - * - - * 6



RESULTS AND DISCUSSION 

CHARACTERISTICS OF STUDY



authors study design total population 
PH PVR Baseline Total PH patients  

transplanted with 
LVAD

Type of LVAD use
LVAD no LVAD LVAD No LVAD

Liden 2009 retrospective 33 11 22 4.3 4.3 11 HeartMate
Al-Kindi 2016 retrospective 1016 393 623 5.3 5.9 235 HeartMate II,HeartWare 
Kumarasinghe 2018 retrospective 24 10 14 6.5 6.4 4 HeartWare
Ando 2019 retrospective 1040 798 242 3.7 3.8 798 HeartMate II,HeartWare 
Schummer 2017 retrospective 8446 2179 6286 NA NA 2179 HeartMate II,HeartWare 
Frutos 2020 retrospective 19 7 12 5.9 6.2 6 HeartMate III, EXCOR, HeartWare
Alba 2010 retrospective 54 22 NA 4.4 NA 22 HeartMate II, Novacor
Kutty 2013 retrospective 29 17 NA 5.1 NA 9 HeartWare
Mikus 2011 retrospective 145 56 NA 3.61 NA 19 NA
Moayedifar 2018 retrospective 127 79 NA 5.4 NA 79 HeartMate II, Novacor, HVAD
Nair 2010 retrospective 58 44 NA 4.82 NA 36 HeartMate, Novacor
Tsukashita 2015 retrospective 227 45 NA 7.13 NA 30 HeartMate II,HeartWare 
Smedira 1996 retrospective 63 47 NA 5 NA 38 HeartMate
Uriel 2019 retrospective 416 202 NA 4 NA 122 HeartMate II
Grupper 2022 retrospective 65 5 NA 6.55 NA 4 HeartMate II, HeartMate III
Tremblay 2021 retrospective 177 107 NA NA NA 60 HeartMate II, HeartMate III, HVAD

Ruan 2022 retrospective 78 42 NA 3.8 NA 33 HeartMate II, HeartMate III, HVAD
Anegawa 2023 retrospective 89 50 NA 4.36 NA 22 HeartMate II, HVAD, DuraHeart 
Torre-Amione 2010 retrospective 23 9 NA NA NA 9 Novacor, HeartMate
Etz 2007 retrospective 10 10 NA 4.8 NA 5 INCOR
Han 2018 retrospective 83 53 NA 3 NA 17 HVAD. HMII
John 2010 retrospective 50 50 NA 3.6 NA 32 HeartMate II
Zolty 2008 retrospective 12 12 NA 7.6 NA 12 HeartMate II
Saidi 2012 retrospective 16 16 NA 3.4 NA 16 NA
Atluri 2011 retrospective 49 49 NA NA NA 38 NA
Gupta 2014 retrospective 35 35 NA 3.7 NA 24 NA
Kettner 2011 retrospective 11 11 NA 6.1 NA 7 NA
Al-Sarie 2016 retrospective 25 25 NA 4.5 NA 25 NA
Zimpfer 2006 retrospective 35 35 NA 5.1 NA 24 Novacor, DuraHeart, DeBakey
Bhashyam 2008 retrospective 15 15 NA 3.2 NA 9 NA
Dorazilova 2012 retrospective 65 12 NA 6.3 NA 7 HeartMate II
Houston 2015 retrospective 66 16 NA 5.1 NA NA HeartMate II
Doss 2015 retrospective 49 49 NA 3.7 NA NA HeartMate II, HeartWare



RESULTS AND DISCUSSION 

OUTCOMES OF THE STUDY



PH WITH LVAD VS NO LVAD

RR 95% CI P-Value I2 (%)

1.7 1.55 – 1.85 <0.00001 91

0.55 0.32 – 0.93 0.03 0

1.11 1.05 – 1.17 0.0001 35

0 1 2 3 4

PH reversal

Short-term mortality post HTx

Survival Post HTx

Forest Plot 

Forest plot Risk Ratio with fixed effect models of outcomes PH patients with 
LVAD vs No LVAD.



Outcomes Bridging PH patients with LVAD

Forest plot proportion (%) with fixed effect models of outcomes bridging PH patients 
with LVAD. (A) Transplant success rate.

PH patients bridging with LVAD 
had 73% transplant success rate 
[proportion 0.73; 95% CI 0.71 – 

0.75; p < 0.01, I2 = 93%]

(A)



Forest plot proportion (%) with fixed effect models of outcomes bridging PH patients 
with LVAD. (B) Mortality awaiting HTx. (C) 30-days Mortality Post HTx.

(B)

(C)

PH patients bridging with LVAD 
had 17% mortality rate on 

waiting HTx
[proportion 0.17; 95% CI 0.14 – 
0.20; p < 0.01, I2 = 82%] and 5% 
post transplant mortality (30-
days) [proportion 0.05; 95% CI 
0.04 – 0.06; p = 0.11, I2 = 36%] 

Outcomes Bridging PH patients with LVAD



Outcomes Bridging PH patients with LVAD
(D)

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

PH patients bridging with 
LVAD had 79% post 

transplant survival rate
[proportion 0.79; 95% CI 
0.77 – 0.80; p < 0.01, I2 = 

83%]



Outcomes Bridging PH patients with LVAD
(E) (F)

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

LVAD can reduce PVR from 5.19 WU [mean 5.19; 95% CI 5.06 – 5.32; p < 0.01, I2 = 96%] 
to 2.23 WU [mean 2.23; 95% CI 2.17 – 2.28; p < 0.01, I2 = 87%]. 



Outcomes Bridging PH patients with LVAD

(G)

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

Mean support time 174.84 days 
[mean 174.84; 95% CI 163.66 – 186.80; p < 0.01, I2 = 96%]



OUTCOMES BRIDGING WITH LVAD IN PH VS NO PH

Double arm forest plot of outcomes LVAD in PH vs No PH RR 95% CI P-Value I2 (%)

1.09 0.99 – 1.2 0.09 58

0.91 0.71 – 1.15 0.43 0

1.69 0.99 – 2.89 0.06 14

1.02 0.95 – 1.10 0.37 8

1.03 0.75 – 1.41 0.85 0

Forest plot Risk Ratio with fixed effect models of outcomes LVAD in PH vs No PH

0 1 2 3 4 5

Transplanted

Mortality awaiting HTx

30-days mortality post HTx

Survival post HTx

RV Failure post HTx



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 à
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

Eur J Cardio-thoracic Surg 2009; 35: 1029–1035 
Polish J Cardio-Thoracic Surg 2018; 15: 23. 1 

Springer Japan: Tokyo, 2014, pp 113–129

LV unloading
• Restoration CO 
• LV pressure ↓

Improve RV 
function
• Lower PVR
• Improve right-sided 

afterload

PVR before and 
during support, 

p < 0.01 

RHC before and 
during MCS 

therapy



Survival Post Transplant 

Kaplan-Meier curves showing no significant 
differences between the PVR in LVAD groups 

P=0.262
Kaplan-Meier curve displaying long-term post-

transplant survival. Log-rank ( p =0.124) 

• Gray curve: with pulmonary 
hypertension + LVAD

• Black curve: without 
pulmonary hypertension.

Ann Thorac Surg 2020; 110: 158–164.
Eur J Cardio-thoracic Surg 2007; 31: 698–702.



CONCLUSION



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 RR 95% CI P-Value I2 

(%)

1.7 1.55 – 1.85 <0.00001 91

0.55 0.32 – 0.93 0.03 0

1.11 1.05 – 1.17 0.0001 35

0 1 2 3 4

PH reversal

Short-term mortality post HTx

Survival Post HTx

Double arm forest plot of outcomes LVAD in PH vs No PH RR 95% CI P-Value I2 

(%)

1.09 0.99 – 1.2 0.09 58

0.91 0.71 – 1.15 0.43 0

1.69 0.99 – 2.89 0.06 14

1.27 1.15 – 1.4 <0.00001 87

1.03 0.75 – 1.41 0.85 0

0 1 2 3 4 5

Transplanted

Mortality awaiting HTx

Mortality Post HTx

Survival Post HTx

RV Failure post HTx

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.

Group 2 PH LVAD as BTT Transplanted

73% 
transplant 

success rate 

5% short-term 
mortality post 

HTx

79% post HTx
survival rate 

Proportion =0.73 
95% CI 0.71 – 0.75; p < 0.01

Proportion =0.05 
95% CI 0.04 – 0.06; p = 0.11

Proportion =0.79 
95% CI 0.77 – 0.80; p < 0.01

PVR baseline 
5.19 WU 

[mean 5.19; 95% 
CI 5.06 – 5.32; p < 

0.01] 17% mortality on waiting HTx
[proportion – 0.17; 95% CI 0.14 –
0.20; p < 0.01]

PVR 2.23 WU 
[mean 2.23; 95% CI 2.17 – 2.28; p < 
0.01]
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