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Background: Left ventricular assist device (LVAD) has been increasingly used in patients with advanced 
heart failure. This study aimed to assess the impact of implementation of LVAD therapy on heart 
transplantation (HTx) service in Hong Kong (HK).
Methods: LVAD program was started in 2010 in HK and patients who had been put on HTx waiting 
list since the start of HTx program in HK from 1992 to 2020 were included for analysis. Survival on HTx 
waiting list between pre-LVAD era 1992–2009 and post-LVAD era 2010–2020 were analyzed by Kaplan-
Meier method and compared by log-rank test. Multivariate analysis by time-dependent Cox-proportional 
hazard model was used to identify independent predictors of HTx waiting list mortality. 
Results: A total of 478 heart transplant listing episodes involving 457 patients were included for analysis. 
There were 232 heart transplantations (HTxs), including one re-transplantation, during the study period. 
There were 110 patients who received LVAD as bridge to transplantation (BTT) and 30 of them had 
undergone subsequent HTx. The 1-, 2- and 3-year survival on waiting list were 82.3%, 61.7% and 43.0% 
respectively in the pre-LVAD era (n=178), while the 1-, 2- and 3-year survival were significantly improved at 
85.7%, 81.8% and 78% respectively in the post-LVAD era (n=300), (P=0.003). Time-dependent multivariate 
analysis revealed that LVAD support was independently associated with significant reduction of waiting list 
mortality [odds ratio (OR): 0.21; 95% confidence interval (CI): 0.10–0.44, P<0.001]. There was no significant 
difference when comparing survival after LVAD as BTT and survival after HTx up to 8 years (76.1% vs. 72% 
at 8 years respectively, P=0.732).
Conclusions: Waiting list survival improved in the post-LVAD era driven by the implementation of LVAD 
service. Long-term survival for LVAD recipients as BTT were comparable to heart transplant recipients in HK.
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Introduction

Despite the advancement in the heart failure treatment, the 
prognosis of patients with advanced stage D heart failure is 
extremely poor with the 5-year survival rate of 20 percent 
and the treatment options remain limited (1-3). Heart 
transplantation (HTx) has been the standard therapy for 
suitable patients with advanced heart failure but limited 
donor availability remains the Achilles’ heel for this therapy 
and mortality on transplant waiting list remains high (4-6).  
The number of heart transplants in Hong Kong (HK) 
remained low with only 10 heart transplants performed in 
a 7.5-million population in 2020. The use of pulsatile left 
ventricular assist device (LVAD) was first approved as bridge 
to transplantation (BTT) in mid-1990s and as destination 
therapy (DT) in 2003 (7,8). Subsequently, the improvement 
in LVAD pump design has led to significant improvement 
in clinical outcomes which resulted in more widespread use 
of LVAD for advanced heart failure (9-12) with the annual 
LVAD implantation number increased from less than 500 
before 2007 to more than 2,600 in 2018 in the Interagency 
Registry for Mechanically Assisted Circulatory Support 
(INTERMACS) registry (13,14). However, the impact of the 
implementation of LVAD service in the setting of scarce heart 
transplant donor in an Asian city remained unclear. This 
study aimed to evaluate the impact of the implementation of 
LVAD therapy on the HTx service in HK. 

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-298).

Methods

Patient population

This was a retrospective cohort study. LVAD service has 
been implemented in HK since 2010. All consecutive HTx 
listing episodes since the start of the only heart transplant 
program in HK in 1992 until 31st December 2020 were 
included for analysis and all heart transplant listing episodes 
were followed till events on waiting list, including HTx, 
death, or delisting, or until 30th June 2021 whichever 
occurred earlier. 

Data attributes

Patient characteristics including gender, age on heart 
transplant waiting list, blood group, diagnosis as well as 
history of smoking, alcohol, diabetes mellitus, hypertension, 

hyperlipidaemia, transient ischemic attack (TIA), cerebral 
vascular accident, peripheral vascular disease, chronic 
kidney disease (CKD) with estimated glomerular filtration 
rate less than 60 mL/min/1.73 m2, atrial fibrillation, atrial 
flutter, sustained ventricular arrhythmia, implantable 
cardioverter defibrillator (ICD), cardiac resynchronization 
therapy (CRT), depression, asthma, chronic obstructive 
pulmonary disease (COPD), tuberculosis, overweight 
defined as body mass index more than 25 kg/m2 (15), 
obstructive sleep apnoea, thyroid disease, hepatitis B carrier 
status, cirrhosis, deep vein thrombosis (DVT), pulmonary 
embolism (PE) and malignancy were retrieved. Status at the 
time of the heart transplant workup and listing including 
cardiogenic shock, use of intravenous inotropic and/or 
vasopressor support, use of intra-aortic balloon pump 
(IABP), use of veno-arterial extra-corporeal membrane 
oxygenation (VA-ECMO), use of intravascular microaxial 
LVAD (Impella, Abiomed, Danvers, MA, USA), the need 
for invasive mechanical ventilation (MV), and the need 
for temporary renal replacement therapy (RRT) were also 
retrieved. Data on left ventricular end-diastolic diameter 
(LVEDD) and left ventricular ejection fraction (LVEF) 
on echocardiographic assessment; cardiac output, cardiac 
index, pulmonary capillary wedge pressure (PCWP), right 
atrial pressure (RAP) and pulmonary vascular resistance 
(PVR) by right heart catheterization; as well as peak oxygen 
consumption on cardiopulmonary exercise test (VO2max) 
were retrieved by reviewing electronic and paper medical 
records. Time from heart transplant listing to LVAD 
support were recorded with patients who had LVAD 
implantation prior the heart transplant listing regarded as 
having LVAD support at the time of heart transplant listing. 

Statistical analysis

Continuous variables were expressed as mean ± standard 
deviation of the mean (mean ± SD). Categorical data were 
expressed as numbers and percentages. Missing values 
were tackled by multiple imputation with five imputations 
used for final pooled analysis. Continuous variables were 
compared by student’s t-test or ANOVA as appropriate. Chi 
Square test was used to determine the differences between 
categorical variables. Survival on HTx waiting list between 
pre-LVAD era 1992–2009 and post-LVAD era 2010–2020 
were analyzed by Kaplan-Meier method and compared 
by log-rank test. The fulfillment of proportional hazards 
assumption was confirmed by testing simple product of the 
time variable and the covariate as well as the covariate in 
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Cox-proportional hazard model with the result of P value 
of the product of the time variable and the covariate >0.05. 
Time-dependent Cox-proportional hazard model was used 
and factors with P value ≤0.1 on univariate analysis were 
accepted for subsequent multivariate analysis to identify 
independent predictors of waiting list mortality. Time 
from HTx listing to LVAD support was analyzed as a time-
dependent variable because not all patients received LVAD 
support at the time of HTx listing but some received LVAD 
support later when their condition deteriorated on the HTx 
waiting list. All tests were two sided, and a P value <0.05 
was considered statistically significant. Statistical analyses 
were performed in SPSS for Windows version 28 (SPSS 
Inc., Chicago, IL, USA). 

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the institutional ethics review board (IRB/
REC No. UW 20-388) and individual consent for this 
retrospective analysis was waived.

Results

During the study period, there were 636 consecutive 
heart transplant workup episodes and all the subsequent 
consecutive 478 HTx listing events (73.8% male, mean 
age 43.9 years old) involving 457 patients during the study 
period were included for analysis (Figure 1). Nineteen 
patients were listed twice, and one patient was listed 
three times on the heart transplant waiting list. Since the 
start of our LVAD program in 2010, there were a total of  

125 patients received LVAD therapy among which there were 
110 patients received LVAD as BTT (85.5% male, mean age 
47.7 years old) while the remaining 15 were either as DT 
or as bridge to candidacy by the end of the study period. 
Among the 110 patients with LVAD as BTT, 23, 38 and  
49 patients received HeartWare, HeartMate II and 
HeartMate 3 devices, respectively. Among the whole 478 
cohort, there were 167 (34.9%) dilated cardiomyopathy, 
104 (21.8%) ischemic cardiomyopathy, 62 (13.0%) 
valvular heart disease, 40 (8.4%) congenital heart disease, 
28 (5.9%) hypertrophic cardiomyopathy, 26 (5.4%) 
myocarditis, 14 (2.9%) restrictive cardiomyopathy, 13 (2.7%) 
arrhythmogenic right ventricular dysplasia or other right 
ventricular failure, as well as 24 (5.0%) other diagnosis 
which included familial cardiomyopathy, peripartum 
cardiomyopathy, chemotherapy related cardiomyopathy, 
alcoholic cardiomyopathy, cardiac allograft vasculopathy 
and cardiac allograft dysfunction. Overall, there were 
6.6% of the data missing upon data retrieval for patient 
characteristics and patient characteristics before and 
after multiple imputation were summarized in Table S1. 
Background characteristics of the whole study cohort as well 
as before (1992–2009) and after the LVAD era (2010–2020) 
were summarized in Table 1. Patients in post-LVAD era 
were significantly older, with higher proportion of ischemic 
cardiomyopathy, having shorter duration of heart failure 
from initial presentation and having more comorbidities 
including diabetes mellitus, hypertension, hyperlipidaemia, 
overweight, atrial fibrillation, ventricular arrhythmias as 
well as higher rate of use of ICD and CRT when compared 
to those in pre-LVAD era (Table 1). Patient profiles were 
significantly sicker in the post-LVAD era with higher 
proportion of cardiogenic shock, use of inotropes, IABP, 

636 heart 
transplant 

workup 

478 heart 
tranplant listing 

included for study

232 heart 
transplantation

71 still on 
waiting list

97 delisted from 
waiting list

78 death

Figure 1 Flow diagram illustrating total number of heart transplant workup and listing episodes during the study period of 1992–2020 and 
the respective outcomes by 30th June 2021. HTx, heart transplantation.
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Table 1 Baseline characteristics of patients at the time of listing for heart transplant waiting list before (year 1992–2009) and after LVAD era  
(year 2010–2020) after multiple imputation

Characteristics
Whole cohort (n=478) 1992–2009 (n=178) 2010–2020 (n=300)

P value
Mean/count SD/percentage Mean/count SD/percentage Mean/count SD/percentage

Gender (male) 353 73.9% 132 74.2% 221 73.7% 0.906

Age at transplant listing 43.9 14.3 41.5 13.0 45.3 14.9 0.005

Duration of heart failure (months) 53.8 64.3 61.7 74.2 49.1 57.2 0.038

Etiology-ischemic 104 21.8% 27 15.2% 77 25.7% 0.007

Blood group O 189.2 39.6% 75.2 42.2% 114 38.0% 0.439

Smoking 192.2 40.2% 66.8 37.5% 125.4 41.8% 0.385

Alcohol 93.8 19.6% 30.6 17.2% 63.2 21.1% 0.156

Diabetes mellitus 116.6 24.4% 30.6 17.2% 86 28.7% 0.004

Hypertension 87.6 18.3% 17.6 9.9% 70 23.3% <0.001

Hyperlipidaemia 143.8 30.1% 31.8 17.9% 112 37.3% <0.001

TIA/CVA 40.4 8.5% 13.4 7.5% 27 9.0% 0.831

Peripheral vascular disease 10.6 2.2% 3.6 2.0% 7 2.3% 0.144

CKD 94.6 19.8% 36.6 20.6% 58 19.3% 0.700

Atrial fibrillation/flutter 184 38.5% 55 30.9% 129 43.0% 0.004

Ventricular arrhythmia 155 32.4% 25 14.0% 130 43.3% <0.001

ICD 206 43.1% 49 27.5% 157 52.3% <0.001

CRT 152 31.8% 38 21.3% 114 38.0% <0.001

Depression 15 3.1% 6 3.4% 9 3.0% 0.822

Asthma/COPD 28.8 6.0% 9.4 5.3% 19.4 6.5% 0.861

Tuberculosis 13.8 2.9% 4.8 2.7% 9 3.0% 0.374

Obstructive sleep apnoea 28.8 6.0% 9.8 5.5% 19 6.3% 0.400

Overweight 84.2 17.6% 15 8.4% 69.2 23.1% <0.001

Thyroid disease 51.4 10.8% 16.4 9.2% 35 11.7% 0.263

Hepatitis B carrier status 33.4 7.0% 13.4 7.5% 20 6.7% 0.622

Liver cirrhosis 19.2 4.0% 7.8 4.4% 11.4 3.8% 0.654

DVT/PE 7.4 1.6% 4.4 2.5% 3 1.0% 0.065

Malignancy 11.4 2.4% 6.4 3.6% 5 1.7% 0.230

Cardiogenic shock 146.6 30.7% 18.6 10.4% 128 42.7% <0.001

Inotrope/vasopressor 197.8 41.4% 22.8 12.8% 172 57.3% <0.001

IABP 103.6 21.7% 12.6 7.1% 91 30.3% <0.001

VA-ECMO 48.8 10.2% 5.8 3.3% 43 14.3% <0.001

Impella 6 1.3% 0 0.0% 6 2.0% 0.058

Invasive MV 42.4 8.9% 7.4 4.2% 35 11.7% 0.008

Table 1 (continued)
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Table 1 (continued)

Characteristics
Whole cohort (n=478) 1992–2009 (n=178) 2010–2020 (n=300)

P value
Mean/count SD/percentage Mean/count SD/percentage Mean/count SD/percentage

Temporary RRT 26.6 5.6% 5.6 3.1% 21 7.0% 0.097

LVEDD (cm) 6.4 1.4 6.4 1.4 6.4 1.4 0.993

LVEF (%) 23.6 12.9 24.9 12.5 22.9 13.1 0.245

Cardiac output (L/min) 3.0 1.0 3.0 1 3.0 1 0.818

Cardiac index (L/min/m2) 1.9 0.6 1.9 0.6 1.9 0.6 0.904

PCWP (mmHg) 21.4 9.7 21.7 10.1 21.2 9.5 0.729

RAP (mmHg) 11.8 7.3 12.6 7.5 11.3 7.2 0.212

PVR (Wood’s unit) 3.9 3.4 4.0 2.7 3.8 3.7 0.662

VO2max (mL/kg/min) 15.3 5.1 15.0 5 15.5 5.1 0.591

Duration on waiting list (months) 13.4 17.0 8.5 12.1 16.3 18.8 <0.001

Death on waiting list 78 16.3% 34 19.1% 44 14.7% 0.205

Overweight, body mass index >25 kg/m2; Impella, intravascular microaxial LVAD; VO2max, peak oxygen consumption on cardiopulmonary 
exercise test. LVAD, left ventricular assist device; SD, standard deviation; TIA, transient ischemic attack; CVA, cerebral vascular event; 
CKD, chronic kidney disease with estimated glomerular filtration rate less than 60 mL/min/1.73 m2; ICD, implantable cardioverter 
defibrillator; CRT, cardiac resynchronization therapy; COPD, chronic obstructive pulmonary disease; DVT, deep vein thrombosis; PE, 
pulmonary embolism; IABP, intra-aortic balloon pump; VA-ECMO, veno-arterial extra-corporeal membrane oxygenation; MV, mechanical 
ventilation; RRT, renal replacement therapy; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; PCWP, 
pulmonary capillary wedge pressure; RAP, right atrial pressure; PVR, pulmonary vascular resistance. 

VA-ECMO as well as MV when compared to those in pre-
LVAD era (Table 1). Differences in patient characteristics 
between patients with LVAD as BTT and patients without 
LVAD were summarized in Table 2. Patients who received 
LVAD as BTT were more male predominant, older, with 
higher proportion of ischemic cardiomyopathy, with higher 
proportion of smoking habit and alcohol consumption, 
with more comorbidities including hypertension, 
hyperlipidaemia, overweight, CKD, ventricular arrhythmia, 
with higher rate of use of ICD, with higher LVEDD and 
lower LVEF on echocardiogram assessment, as well as lower 
mean RAP when compared to those without LVAD (Table 2).  
More than ninety percent of patients with LVAD as BTT 
were in INTERMACS profile 1–3 at the time of LVAD 
implantation and 21.8% of the patients required ECMO 
support as bridge to bridge before LVAD implantation. The 
mean time from heart transplant listing to LVAD support 
were 2.3 months (ranged from 0 to 43 months) (Table 2). 
There was no loss to follow-up in the entire study cohort as 
all heart transplant listing events were closely followed until 
definitive events occurred on the waiting list. At the end 

of the follow-up period, there were 232 HTxs, including 
one re-transplantation, performed (70.3% male, mean age  
44.7 years old), 97 delisting episodes, 78 death and  
71 patients still active on the heart transplant waiting list  
(Figure 1).

The number of active patients on the heart transplant 
waiting list at the end of each year were on average less 
than 10 in 1992–1999, less than 15 in 2000–2009 and 
progressively increased to 78 at the end of 2020 (Figure 2). 
On the contrary, the average number of heart transplants 
performed in the past 10 years from 2011 to 2020 was about 
12 per year and the number remained quite static (Figure 2). 
Total numbers of heart transplant listing events were 52 in 
1992–1999, 126 in 2000–2009 and 300 in 2010–2020. 

The overall time on the waiting list till any events 
including death, HTx and delisting was 13.4±17.0 months.  
Mean time on the waiting list was 9.6 months in 1992–
1999, 8.0 months in 2000–2009 and 16.3 months in 
2010–2020 (P<0.001). Mean time on the heart transplant 
waiting list was significantly longer in the post-LVAD era 
compared to pre-LVAD era (16.3 vs. 8.5 months, P<0.001). 
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Table 2 Characteristics of patients with and without LVAD

Characteristics 
With LVAD (n=110) Without LVAD (n=368)

P value
Mean/count SD/percentage Mean/count SD/percentage

Baseline characteristics at listing for heart transplant waiting list

Gender (male) 94 85.5% 259 70.4% 0.002

Age at transplant listing 47.7 14.1 42.8 14.2 0.002

Duration of heart failure (months) 49.2 58.1 55.2 66.0 0.388

Etiology-ischemic 40 36.4% 64 17.4% <0.001

Blood group O 41 37.3% 148.2 40.3% 0.615

Smoking 55.4 50.4% 136.8 37.2% 0.017

Alcohol 33 30.0% 60.8 16.5% 0.001

Diabetes mellitus 34 30.9% 82.6 22.4% 0.064

Hypertension 32 29.1% 55.6 15.1% 0.001

Hyperlipidaemia 46 41.8% 97.8 26.6% 0.003

TIA/CVA 10 9.1% 30.4 8.3% 0.898

Peripheral vascular disease 4 3.6% 6.6 1.8% 0.067

CKD 30 27.3% 64.6 17.6% 0.027

Atrial fibrillation/flutter 45 40.9% 139 37.8% 0.485

Ventricular arrhythmia 54 49.1% 101 27.4% <0.001

ICD 60 54.5% 146 39.7% 0.006

CRT 38 34.5% 114 31.0% 0.481

Depression 3 2.7% 12 3.3% 0.778

Asthma/COPD 7.4 6.7% 21.4 5.8% 0.953

Tuberculosis 2 1.8% 11.8 3.2% 0.597

Obstructive sleep apnoea 8 7.3% 20.8 5.7% 0.400

Overweight 30 27.3% 54.2 14.7% 0.002

Thyroid disease 8 7.3% 43.4 11.8% 0.213

Hepatitis B carrier status 10 9.1% 23.4 6.4% 0.358

Liver cirrhosis 2 1.8% 17.2 4.7% 0.187

DVT/PE 1 0.9% 6.4 1.7% 0.392

Malignancy 1 0.9% 10.4 2.8% 0.267

Cardiogenic shock 71 64.5% 75.6 20.5% <0.001

Inotrope/vasopressor 88 80% 106.8 29.0% <0.001

IABP 49 44.5% 54.6 14.8% <0.001

VA-ECMO 22 20% 26.8 7.3% <0.001

Impella 6 5.5% 0 0% <0.001

Invasive MV 19 17.3% 23.4 6.4% 0.001

Table 2 (continued)
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Table 2 (continued)

Characteristics 
With LVAD (n=110) Without LVAD (n=368)

P value
Mean/count SD/percentage Mean/count SD/percentage

Temporary RRT 8 7.3% 18.6 5.1% 0.400

LVEDD (cm) 6.8 1.1 6.3 1.5 0.003

LVEF (%) 18.9 7.8 25.0 13.8 <0.001

Cardiac output (L/min) 3.0 0.9 3.0 1.0 0.859

Cardiac index (L/min/m2) 1.8 0.5 1.9 0.6 0.369

PCWP (mmHg) 21.8 9.5 21.3 9.8 0.695

RAP (mmHg) 9.0 6.0 12.7 7.5 <0.001

PVR (Wood’s unit) 4.2 4.3 2.8 3.0 0.349

VO2max (mL/kg/min) 16.2 5.4 15.1 5.0 0.214

Duration on waiting list (months) 27.3 21.2 9.2 13.0 <0.001

Death on waiting list 17 15.5% 61 16.6% 0.780

Characteristics at LVAD implant

INTERMACS profile

1 25 22.7%

2 39 35.5%

3 38 34.5%

4–6 8 7.3%

Inotrope 102 92.7%

IABP 53 48.2%

ECMO 24 21.8%

Impella 6 5.5%

Model

HeartWare 23 20.9%

HeartMate II 38 34.5%

HeartMate 3 49 44.5%

Time from listing to LVAD support, months [range] 2.3 [0–43] 7.1

Overweight, body mass index >25 kg/m2; Impella, intravascular microaxial LVAD; VO2max, peak oxygen consumption on cardiopulmonary 
exercise test. LVAD, left ventricular assist device; SD, standard deviation; TIA, transient ischemic attack; CVA, cerebral vascular event; 
CKD, chronic kidney disease with estimated glomerular filtration rate less than 60 mL/min/1.73 m2; COPD, chronic obstructive pulmonary 
disease; DVT, deep vein thrombosis; PE, pulmonary embolism; IABP, intra-aortic balloon pump; VA-ECMO, veno-arterial extra-corporeal 
membrane oxygenation; MV, mechanical ventilation; RRT, renal replacement therapy; LVEDD, left ventricular end-diastolic diameter; 
LVEF, left ventricular ejection fraction; PCWP, pulmonary capillary wedge pressure; RAP, right atrial pressure; PVR, pulmonary vascular 
resistance; INTERMACS, Interagency Registry for Mechanically Assisted Circulatory Support.
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The difference is mainly contributed by the significantly 
longer time on the waiting list with LVAD compared to 
those without LVAD (27.3 vs. 9.2 months, P<0.001). For 
successful heart transplant recipients, average waiting time 
was 9.5±14.7 months. Mean time to successful HTx were 
5.5, 5.9 and 12.3 months in 1992–1999, 2000–2009 and 
2010–2020 respectively (P=0.004). Mean waiting time to 
successful HTx was significantly longer in the post-LVAD 
era compared to the pre-LVAD era (12.3 vs. 5.8 months 
respectively, P=0.001). The difference is mainly contributed 
by the significantly longer waiting time to successful HTx 
for those with prior LVAD support compared to those 
without (32.9 vs. 6.0 months respectively, P<0.001).

The 1-, 2- and 3-year survival rates on waiting list were 
82.3%, 61.7% and 43.0% respectively in the pre-LVAD 
era (n=178) while the 1-, 2- and 3-year survival rates were 
significantly better at 85.7%, 81.8% and 78% respectively 
in the post-LVAD era (n=300), (P=0.003) (Figure 3A). The 
survival rate in the post-LVAD era was still significantly 
better when compared to the two eras 1992–1999 and 
2000–2009 (P=0.009) (Figure 3B). The use of LVAD 
support as BTT on HTx waiting list was associated with 
significantly better survival of 84.8% vs. 57.0% at 3-year 
when compared to those on HTx waiting list without LVAD 
support (P=0.002) (Figure 3C).

When assessing the factors associated with HTx waiting 
list mortality, age at transplant listing, LVEDD, ICD, 

cardiogenic shock at the time of heart transplant workup 
and listing, use of VA-ECMO at the time of heart transplant 
workup and listing, use of Impella at the time of heart 
transplant workup and listing, the need for invasive MV at 
the time of heart transplant workup and listing, the need 
for temporary RRT at the time of heart transplant workup 
and listing, as well as LVAD support by time-dependent 
analysis were associated with HTx waiting list mortality 
on univariate analysis (Table 3). On time-dependent 
multivariate analysis, LVAD support was independently 
associated with significant reduction in HTx waiting list 
mortality [odds ratio (OR): 0.21; 95% confidence interval 
(CI): 0.10–0.44, P<0.001] while cardiogenic shock, use 
of Impella and the need for invasive MV also remained 
independently associated with waitlist mortality (P<0.05) 
(Table 3).

Overall post heart transplant survival rates were 86.6% 
and 68.8% at 1- and 10-year respectively with median 
survival of 18.5 years (Figure 4A). The post heart transplant 
survival remained static in different eras (Figure 4B). There 
was no significant difference in the post-transplant survival 
between recipients with and without prior durable LVAD 
(Figure 4C). Overall survival rates after LVAD implantation 
for BTT were 86.1%, 81.7% and 76.1% at 1-, 2- and 4-year 
respectively. There was no significant difference in survival 
after LVAD for BTT and after HTx (76.1% vs. 72% at  
8 years respectively, P=0.732) (Figure 4D). 
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Figure 2 Showed the number of HTx and LVAD implantation performed in each year and number of patients active on LVAD support and 
active on heart transplant waiting list at the end of each year since the start of heart transplant program in 1992 with the implementation of 
LVAD program in 2010 marked by blue arrow. LVAD, left ventricular assist device; HTx, heart transplantation.
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Discussion

Since the establishment of the heart transplant program 
in 1992, heart transplant has remained the gold standard 
therapy with good long-term outcome for patients with 
advanced heart failure in HK. However, the number of 
patients who could benefit from heart transplant remained 
limited by the number of organ donor available with on 
average about 12 successful heart transplants performed 
per year in the setting of 7.5 million population in the past 
10 years and the mortality on heart transplant waiting list 
remained high in the past at about 20% per year on waiting 
list which was similar to the previously published waiting 
list mortality world-wide (5,6,16).

Those who decompensated on waiting list requiring 

inotropic and/or short term mechanical circulatory support 
were at particularly high risk with expected mortality of 
more than 50% per year (17). The first landmark study 
REMATCH trial was published in 2001 which demonstrated 
superior 1-year survival with the use of pulsatile LVAD 
compared to optimal medical therapy (52% vs. 25%, 
P=0.002) (8) and resulted in Food and Drug Administration 
(FDA) approval for its use as DT in 2003. The development 
of a smaller continuous axial-flow LVAD resulted in more 
widespread use of LVAD for advanced heart failure after 
the publication of the HeartMate II BTT trial in 2007 
which demonstrated 6-month and 1-year survivals of 75% 
and 68% (9) and led to FDA approval for its use as BTT in  
2008 (7). A subsequent study demonstrated further 

Figure 3 Demonstrated comparisons of survival on heart transplant waiting list among different eras as well as with and without LVAD 
support. (A) Demonstrated significant better survival in patients on heart transplant waiting list in post-LVAD era 2010–2020 when compared 
to pre-LVAD era 1992–2009 (P=0.003); (B) demonstrated similar waiting list survival in the era 1992–1999 and 2000–2009 as well as better 
waiting list survival in post-LVAD era 2010–2020 (P=0.009); and (C) demonstrated patients supported on LVAD on heart transplant waiting 
list was associated with significant better survival when compared to those without LVAD (P=0.002). LVAD, left ventricular assist device.
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Table 3 Time-dependent univariate and multivariate analysis for predictors of mortality on heart transplant waiting list before and after multiple 
imputation

Characteristics
Original cohort After imputation

P value OR (95% CI) P value OR (95% CI)

Univariate analysis

Parameter

Gender (male) 0.512 0.84 (0.49–1.43) 0.512 0.84 (0.49–1.43)

Age at transplant listing 0.023 0.98 (0.97–1.00) 0.023 0.98 (0.97–1.00)

Duration of heart failure 0.520 1.00 (1.00–1.01) 0.553 1.00 (1.00–1.01)

Etiology-ischemic 0.217 1.47 (0.80–2.73) 0.217 1.47 (0.80–2.73)

Blood group O 0.993 1.00 (0.60–1.66) 0.952 1.02 (0.61–1.68)

Smoking 0.918 0.97 (0.59–1.61) 0.815 0.94 (0.55–1.60)

Alcohol 0.154 1.50 (0.86–2.62) 0.289 1.36 (0.77–2.42)

Diabetes mellitus 0.149 0.64 (0.35–1.17) 0.130 0.63 (0.34–1.15)

Hypertension 0.218 0.67 (0.35–1.27) 0.230 0.67 (0.35–1.29)

Hyperlipidaemia 0.688 0.90 (0.54–1.50) 0.994 1.00 (0.59–1.70)

TIA/CVA 0.189 0.39 (0.10–1.59) 0.893 0.91 (0.19–4.38)

Peripheral vascular disease 0.393 0.05 (0.00–51.37) 0.617 0.18 (0.00–177.86)

CKD 0.324 0.70 (0.35–1.42) 0.529 0.79 (0.38–1.66)

Atrial fibrillation/flutter 0.462 0.83 (0.51–1.36) 0.386 0.80 (0.48–1.33)

Ventricular arrhythmia 0.436 1.21 (0.75–1.94) 0.361 1.26 (0.76–2.08)

ICD 0.056 0.64 (0.41–1.01) 0.056 0.64 (0.41–1.01)

CRT 0.924 1.02 (0.64–1.63) 0.924 1.02 (0.64–1.63)

Depression 0.471 0.48 (0.07–3.49) 0.931 1.09 (0.14–8.65)

Asthma/COPD 0.273 0.46 (0.11–1.86) 0.959 0.96 (0.21–4.52)

Tuberculosis 0.552 0.55 (0.08–3.96) 0.834 0.79 (0.08–7.57)

Obstructive sleep apnoea 0.279 1.50 (0.72–3.15) 0.222 1.66 (0.73–3.75)

Overweight 0.238 0.69 (0.37–1.28) 0.261 0.69 (0.35–1.33)

Thyroid disease 0.162 0.52 (0.21–1.30) 0.310 0.58 (0.20–1.70)

Hepatitis B carrier status 0.741 0.84 (0.31–2.31) 0.681 1.23 (0.44–3.46)

Liver cirrhosis 0.299 0.35 (0.05–2.53) 0.413 1.45 (0.60–3.53)

DVT/PE 0.659 0.05 (0–31883) 0.925 1.42 (0–2373)

Malignancy 0.589 0.05 (0.00–2811.11) 0.949 0.82 (0.00–428.73)

Cardiogenic shock 0.01 1.85 (1.16–2.96) 0.022 1.81 (1.09–3.00)

Inotrope/vasopressor 0.518 1.17 (0.73–1.85) 0.545 1.17 (0.71–1.92)

IABP 0.127 1.49 (0.89–2.50) 0.126 1.51 (0.89–2.57)

VA-ECMO 0.016 2.30 (1.17–4.52) 0.007 2.52 (1.30–4.91)

Table 3 (contnued)
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Table 3 (contnued)

Characteristics
Original cohort After imputation

P value OR P value OR

Impella 0.014 4.32 (1.35–13.81) 0.014 4.32 (1.35–13.81)

Invasive MV <0.001 4.09 (2.18–7.69) <0.001 4.30 (2.37–7.82)

Temporary RRT <0.001 4.30 (1.96–9.46) <0.001 4.45 (2.15–9.22)

LVEDD 0.298 0.89 (0.71–1.11) 0.084 0.81 (0.63–1.03)

LVEF 0.930 0.98 (0.69–1.40) 0.881 0.97 (0.67–1.42)

Cardiac output 0.659 1.14 (0.63–2.05) 0.286 1.37 (0.75–2.49)

Cardiac index 0.496 1.01 (0.98–1.05) 0.590 1.01 (0.97–1.05)

PCWP 0.555 0.98 (0.93–1.04) 0.710 1.01 (0.95–1.07)

RAP 0.539 1.01 (0.98–1.04) 0.973 1.00 (0.97–1.03)

PVR 0.948 1.00 (0.92–1.09) 0.663 1.01 (0.95–1.08)

VO2max 0.296 1.06 (0.95–1.17) 0.331 1.04 (0.96–1.13)

Time to LVAD 0.016 0.50 (0.29–0.88) 0.016 0.50 (0.29–0.88)

Multivariate analysis

Variables

Time to LVAD 0.003 0.28 (0.12–0.65) <0.001 0.21 (0.10–0.44)

Age at transplant listing 0.216 0.99 (0.96–1.01) 0.288 0.99 (0.97–1.01)

ICD 0.224 1.59 (0.75–3.35) 0.889 0.96 (0.56–1.65)

Cardiogenic shock <0.001 4.58 (2.10–10.00) 0.002 2.85 (1.46–5.55)

VA-ECMO 0.227 0.46 (0.13–1.62) 0.428 0.66 (0.24–1.85)

Impella 0.037 5.65 (1.11–28.65) 0.006 6.55 (1.71–25.12)

Invasive MV 0.007 5.22 (1.58–17.24) 0.008 3.54 (1.40–8.95)

Temporary RRT 0.251 2.02 (0.61–6.68) 0.353 1.72 (0.53–5.56)

LVEDD 0.509 1.09 (0.84–1.43) 0.927 1.01 (0.78–1.31)

Overweight, body mass index >25 kg/m2; Impella, intravascular microaxial LVAD; VO2max, peak oxygen consumption on cardiopulmonary 
exercise test; Time to LVAD, time from heart transplant listing to LVAD support. OR, odds ratio; CI, confidence interval; TIA, transient 
ischemic attack; CVA, cerebral vascular event; ICD, implantable cardioverter defibrillator; CRT, cardiac resynchronization therapy; CKD, 
chronic kidney disease with estimated glomerular filtration rate less than 60 mL/min/1.73 m2; COPD, chronic obstructive pulmonary 
disease; DVT, deep vein thrombosis; PE, pulmonary Embolism; IABP, intra-aortic balloon pump; VA-ECMO, veno-arterial extra-corporeal 
membrane oxygenation; MV, mechanical ventilation; RRT, renal replacement therapy; LVEDD, left ventricular end-diastolic diameter; 
LVEF, left ventricular ejection fraction; PCWP, pulmonary capillary wedge pressure; RAP, right atrial pressure; PVR, pulmonary vascular 
resistance; LVAD, left ventricular assist device. 

improved 18-month survival of 72% as BTT with the 
accumulation of clinical experience (10). The latest 
generation LVADs are small centrifugal-flow intra-
pericardial LVADs which were shown to be non-inferior or 
even superior in clinical outcomes when compared to axial 

flow LVAD (11,12).
The first LVAD implantation in HK was performed 

in August 2010 and for the present cohort 110 patients 
were supported by LVAD as BTT by the end of study 
period. Overall survival rates of LVAD as BTT in the 
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present cohort were 86.1%, 81.7% and 76.1% at 1-, 2- 
and 4-year respectively which were comparable to the 
benchmark survival rates of 81%, 70% and 49% at 1-, 2- 
and 4-year respectively in the INTERMACS registry (18).  
Currently, only LVAD implantations for BTT or candidacy 
were eligible for central reimbursement in HK. The overall 
post heart transplant survival rates were 86.6% and 68.8% 
at 1- and 10-year respectively with median survival of  
18.5 years (Figure 4A) in HK which was at least comparable 
if not superior to the survival rates of 84.0% and 56.8% 
at 1- and 10-year as well as median survival of 11.9 years 
reported by the International Society of Heart and Lung 

Transplantation (ISHLT) registry (4).
In the present study, several significant impacts 

on heart transplant service were demonstrated after 
the implementation of LVAD. First, the survival was 
significantly improved in the post-LVAD era because of the 
favorable long term LVAD survival which was demonstrated 
to be comparable to local HTx survival in this study. This 
observation was further supported by the time-dependent 
multivariate analysis which showed that LVAD support 
was independently associated with significant lower HTx 
waiting list mortality [OR: 0.21 (CI: 0.10–0.44), P<0.001]. 
Second, there was an increased number of patients on 

No
Yes
Censored
Censored

Heart transplantation
LVAD
Censored
Censored

1992–2009 Pre-LVAD Era
2010–2020 Post-LVAD era
Censored
Censored

Survival Function
Censored

P=0.871
P=0.732

Pre-LVAD 93 81 69 40 13 3 0
Post-LVAD 124 57 5 0 0 0 0Number at risk 217 138 74 40 13 3 0

No prior LVAD 188 170 161 149 142 132 122 107 98 84 74
Prior LVAD 29 25 17 15 9 6 4 3 0 0 0

Heart transplant 217 195 178 164 151 138 126 109 98 84 74
LVAD 106 86 50 25 17 10 6 4 1 0 0

0      1      2      3      4      5      6     7      8      9     10
Years

1.0

0.8

0.6

0.4

0.2

0.0

S
ur

vi
va

l

Survival after heart transplantation Survival after heart transplantation

Survival after heart transplantation with or without prior durable LVAD
Survival after heart trans plantation and after LVAD implantation for bridge to transplantation

1.0

0.8

0.6

0.4

0.2

0.0

S
ur

vi
va

l

1.0

0.9

0.8

0.7

0.6

0.5

0.4

S
ur

vi
va

l

1.0

0.9

0.8

0.7

0.6

0.5

S
ur

vi
va

l

0      1      2      3      4      5      6     7      8      9     10
Years

0           5           10         15         20         25         30
Years

0           5           10         15         20         25         30
Years Number at risk

Prior durable LVAD

Waiting list by era

Number at riskNumber at risk

A B

C D

Figure 4 Showed the overall survival after HTx in HK, comparison of post-heart transplant survival in different eras and with or without 
prior LVAD support, as well as the comparison of survival after LVAD as BTT and survival after HTx. (A) Showed the long-term survival of 
heart transplant recipients in HK; (B) showed no significant difference in long-term post-heart transplant survival for patients listed in the 
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the waiting list in the post LVAD era. Two main reasons 
contributed to this. On one hand, more sick patients who 
would otherwise not be suitable for HTx were supported 
by LVAD and eventually became eligible for transplant 
listing. On the other hand, the mortality on the waiting 
list, especially those supported on LVAD, significantly 
decreased. Both factors contributed to the increase in 
prevalence of patients on the heart transplant waiting list. 
Third, the waiting time on the transplant waiting list was 
significantly increased especially for those who were on 
LVAD support. This observation was consistent with the 
recent major change in heart transplant allocation system in 
the United States with patients supported on durable LVAD 
being assigned to a lower priority on waiting list (19). As 
the outcome on LVAD support continued to improve and 
the number of patients on waiting list continued to increase, 
the increase in waiting time is not unexpected. Last, there 
was no change in post-transplant survival in the post LVAD 
era and when comparing post-transplant survival with 
prior LVAD support to those without prior LVAD support. 
This highlighted the post-transplant outcome was not 
compromised by the implementation of LVAD service. 

This study has several strengths. First, as there is only 
one single institute organizing all the heart transplant and 
LVAD services in HK, this study clearly demonstrated the 
impact of LVAD service on HTx in the whole 7.5 million 
population. Second, the follow-up period was long and 
the LVAD survival up to about 8 years was demonstrated 
to be nearly equivalent to that of HTx. Third, this study 
represented a real world setting and even patients with 
cardiogenic shock required high level of mechanical 
circulatory support including VA-ECMO and Impella 
presenting INTERMACS I profile were included for 
survival analysis and these factors were also included in 
multivariate analysis; thus, selection bias would be less of a 
concern. Overall, our study is unique in demonstrating in an 
Asian city with good HTx outcome comparable to ISHLT 
results, patients supported with LVAD as BTT in a real-
world setting has comparable long-term survival up to about 
8 years to those patients received HTx (76.1% vs. 72% at  
8 years respectively). However, there are still some potential 
limitations of this study. First, due to the retrospective 
nature of the study, there were certain missing data upon 
data retrieval of patient characteristics. However, the 
proportion of missing data was not excessive at 6.6% and a 
multiple imputation strategy was employed to minimize the 
effect of missing data on final analysis. Second, this study 
only represented data in a city with predominantly Asian 

population and limited its generalizability. Third, there were 
significant changes in anti-heart failure medication therapy 
from 1992 to 2020 which might have an impact on waiting 
list survival. However, medication data was not available in 
the present cohort for multivariate analysis. Fourth, due to 
retrospective nature, the cause of death, especially death 
related to cardiovascular cause, death related to heart failure 
and death due to arrhythmia, cannot be further analyzed 
due to lack of data. Last, the number of patients included 
was relatively small compared to international registries and 
thus further large-scale studies are needed to confirm the 
findings of the present study. 

Conclusions

Heart transplant waiting list survival improved in the post-
LVAD era driven by the use of LVAD support. The long-
term survival of patients receiving LVAD as BTT was 
comparable to survival of heart transplant recipients up to 
about 8 years. Thus, given the scarce organ availability, it 
might be reasonable to triage patients who are stable on 
LVAD therapy to a lower priority on transplant waiting list 
or even as semi-DT.
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