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Historical developments
A generational story… and one winner?

• HVAD removed from market in 2021 
• Almost only HM3 in Western countries

• Consolidated results from international trials 
• Decreased rates of adverse events 
• Significant improvements over the previous generations



Results of LVAD
• Lower mortality at 5 years 
• Significantly lower rates of adverse 

events 
• Stroke, bleeding, pump thrombosis
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Long-term results of LVAD
• MOMENTUM 3 trial  485/515 patients (94%) discharged 
• Long-term survival keeps improving and is strongly influenced by 

baseline risk factors and peri-operative implant events 
• >90% freedom from malfunctioning at 2 years 
• No significant difference among BTT and DT patients 
• Patients without baseline risk factors (>1/3) have long-term survival 

comparable with HTx



Hemodynamic effects
• Continuous hemodynamic assessment and optimization 

• Postoperative RV failure requiring tMCS up to 46% 

• Consider early RVAD support for refractory RV failure
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RV dysfunction
• Potential worsening of preexisting RV dysfunction  important patient 

selection



Pre-operative conditioning
• In addition to pre-implantation hemodynamic and imaging workup, 

isolated left tMCS might test RV tolerance to LVAD physiology 

• Paracorporeal LVAD 

• Recent description of Impella 5.5 for better convenience 

• Both as planned strategy or as bridge from short-term to durable MCS



Modern results of LVAD
• High long-term survival with continuous-flow LVAD 
• ~30,000 LVAD implanted in 2013-2022 (INTERMACS registry) 
• In 2009 LVAD implants outnumbered HTx in U.S. 
• Results confirmed across multiple registries and patient populations

• Importance of patient selection 
to optimize survival



Modern results of LVAD

• Satisfactory results with significant 
differences according to INTERMACS class, 
age, era of implant, device and indication

53%

76%



Modern results of LVAD



Broader LVAD implantation
• First-line consideration of LVAD in young patients (<50 y.o.) vs. HTx



Broader LVAD implantation

• Good results of LVAD have led 
some to promote early LVAD 
implantation RCTs



Current indication to LVAD

• Based on INTERMACS stage 

• Primary role of short-term MCS in acute HF 

• Buy time  BTD – BTC – BTB – BTT 

• Early consideration for HTx (Class I) 

• LVAD as BTC, BTT or DT 
– Less frequent BTD and BTR



Indication to LVAD

• Good psychological compliance 
• Good RV function 
• Acceptable left ventricular cavity volume 
• Not eligible (at least temporarily) for HTx



Indication to LVAD
• NYHA IIIb/IV refractory to maximal medical therapy, 

inotrope-dependent or on tMCS (I-A)
• Long-term durable MCS  HTx in short 

term unlikely, improve HTx candidacy, or DT

• Address all reversible causes of HF and always assess HTx candidacy 
• Classification based on NYHA and INTERMACS  LVAD in INTERMACS 1-3 (I-A), INTERMACS 4 (IIb-

B) 
• Acute cardiogenic shock  ventricular function unlikely to recovery/wean from tMCS 

	 	                possible end-organ function recovery 

• Regularly assess end-stage HF patients (CPET) for timing and risk stratification 

• Disease-specific evaluation (CAD, VHD, CHD), treat arrhythmias 
• Role of advanced heart failure team



Pre-implant assessment
• Peripheral vascular disease 
• Life-limiting comorbidities (especially if > 60 years old) 
• Renal function (assess recovery with tMCS) 
• Pulmonary hypertension invasive evaluation 
• Pulmonary and thoracic assessment 
• Neurologic function, coagulation disorders, malignancy, pregnancy, diabetes, infectious status, GI 

disorders, hepatic function 
• Psychological evaluation, adherence to therapy, home environment, financial status, substance 

addiction, nutrition status, frailty

Right ventricular function assessment 
and preoperative optimization



Italian data on LVAD
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Trapianto cardiaco LVAD

HTx vs. LVAD in Italy
• Sharp increase in HTx in Italy in recent years unmatched by LVAD implants

Source: Centro Nazionale Trapianti



Adequate HTx-LVAD ratio

Source: Centro Nazionale Trapianti

• 1:4 ratio for real-life appropriate 
indication to LVAD vs. HTx 

• Highly variable proportions among 
different Italian centers with few outliers 

• Relevant issue for equity of HTx access in 
scarcity of donor organs

2022-2024
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Bridge-to-transplant

Indication to LVAD in Italy
• About 60% of LVAD implanted as BTT (stable) 
• Underutilization for DT 
• Distrust in real HTx chances for BTT patients

Source: Centro Nazionale Trapianti



Indication to LVAD
• Italian data in line with most European countries 
• Similar rates of indication in Europe 
• Different from U.S. 
• Patient trajectory matters for indication 
• Difficult access to HTx for LVAD patients 
• Higher rate of HTx in HVAD (~60%) probably due to higher 

rates of complications requiring emergent listing upgrade



LVAD patient trajectory
Causes for higher priority listing to HTx in LVAD patients

• LVAD with ≥1 severe complication 
– Pump thrombosis 

• First episode  emergency status withdrawn in case of resolution 
• Recurrent episode  emergency status maintained as long as patient requires hospitalization 

– Deep infection requiring in-hospital IV antibiotic treatment 
– Any device failure causing immediate risk of death

• LVAD developing chronic HF due to RV failure or severe AR requiring hospitalization and continuous IV therapy 
– Inotrope need documented with C.I. <1.8 L/min/m2 or worsening hepatic/renal function improved by inotrope 

therapy 
– Confirm every 7 days  impossibility to wean patient from inotropes 
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LVAD patient trajectory

• LVAD patients requiring hospitalization with: 
– Previous single event of pump thrombosis 
– Severe AR 
– HF requiring >100 mg/d Furosemide or impossibility to achieve adequate LV unloading 
– Recurrent GI bleeding not manageable with drugs/endoscopy 
– Device-related not invalidating CVAs 
– Chronic driveline infection resistant to targeted antibiotic therapy 
– PRA >75% 

• Grace period for LVAD patients >18 months and ≤65 y.o. 
– 30 days/year
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Causes for higher priority listing to HTx in LVAD patients

Status 1 and 2 are denied for patients eligible for LVAD implantation



LVAD patient trajectory

Source: Centro Nazionale Trapianti

• LVAD patients may wait for HTx until severe 
complications occur or may never receive a heart 

• Virtual number of patients receiving HTx during 
Grace period



Direct HTx vs. LVAD-BTT
• HTx from LVAD more challenging procedure 

• No difference in operative mortality 

• No difference in 1-y and 7-yy survival 

• Adverse neurological events in 39,6% in BTT 
patients

• So, why choosing LVAD-BTT in this situation?



LVAD patients trajectory
• Similar situation in U.S. after 2018 revision of allocation criteria for HTx 
• Allocation criteria are focused on HTx access, but do not consider the 

potential role of LVAD as temporary HTx alternative for selected patients



LVAD patients trajectory

• Significantly higher rate of LVAD patients with ongoing support at 3 years 
with new allocation criteria

56,5% 46,0%

24,1% 38,1%



Destination therapy
• Low access rate to HTx for LVAD patients have contributed to a 

significant change in the indications to LVAD in the U.S. 
• Vast majority of implants as DT  headed to 90% 
• Not quite similar to Italy or Europe (<50%)



Destination therapy
• Significantly lower survival than BTT, but still good



Critical aspects
• HeartMate 3 is almost the only device available in Western countries 
• Introduced in 2015, it overturned the competitors with lower rates of 

mortality and severe adverse-related events 
• These results granted an undisputed control over the market 

• No real competitor  no stimulus to improvement 

• No meaningful technological advancements over the past decade 
• In fact, the state-of-the-art is “outdated” 
• High reliability of the device does not mean it has no complications at all 
• Reluctant attitude of some countries to wide adoption of LVAD even for DT 

• Looking for competitors…



Other devices available

• Potential alternatives currently available worldwide 
• And… what else?

Corheart 6 
(China)

CH-VAD 
(China)

EVAHEART 
(Japan)



Future needs and directions

• Collect published data on the updated situation in Italy regarding durable MCS 
(ITAMACS, MIRAMACS) 

• Revision of allocation criteria to provide fair access to HTx for LVAD patients 
• More rigid monitoring of the appropriate LVAD:HTx ratio of Italian centers to 

protect equality of access and correct indication to HTx 

• Larger adoption of LVAD as DT for patients not suitable for HTx, especially 
considering the consolidated results of LVAD and the declining long-term 
survival of HTx with the adoption of progressively more marginal donors 



Future needs and directions
• Push the companies to continuous improvements in the field of durable MCS 
• LVAD unaddressed needs 

• Smaller devices 
• Totally implanted with no need of external driveline 
• Better hemocompatibility 

• New devices for durable MCS in patients with biventricular failure 



Thank you


