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Objective 

• To discuss recently implemented changes regarding the use

of temporary MCS (ECMO) as a bridge to HTX  in the US.

• To assess US and International experience with the use of 

ECMO previous to heart transplant.

• To discuss implications and patient selection  



Heart Transplants in the US

OPTN/SRTR 2016 Annual Data Report: Heart
AJT 2018 18:S1, 1-503 

Candidates Transplants 

Status at Transplant LVAD use as BTT



Adult Heart Transplants: Patients Bridged with 
Mechanical Circulatory Support by Year and Device Type
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Contemporary LVAD and Outcomes
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OPTN/SRTR 2016 Annual Data Report: Heart

• Pretransplant mortality declined 

precipitously among status 1A 

and 1B candidates

• Pretransplant mortality 

declined notably for 

candidates with VADs at 

listing, from 43.2 to 8.0 deaths 

per 100 waitlist years, lower 

than the pretransplant

mortality among candidates 

without VADs 

AJT 2018 18:S1, 1-503 



Listing for Heart Transplant: Status System 

Status 1A: The sickest patient, time limited
• Mechanical Support- ECMO, Balloon pump, mechanical ventilator
• High dose IV inotrope medication and Swan-Ganz catheter
• VAD ventricular assist device (30 days of 1A time)
• VAD > 30 days with complication (thrombus, infection,  malfunction,

life-threatening ventricular rhythms)
• UNOS Review Board petition for exception

Status 1B: Mid level patient, not time limited

• VAD, TAH patient at home 
• Continuous IV inotrope 
• UNOS Review Board petition for exception

Status 2: Stable but sick patient
• Heart failure patient managed on oral medications

Status 7: Inactive patient, no time accrues during this phase

• Temporarily unsuitable to receive transplant 



Transplant Registrants With Implanted LVAD Have Insufficient Risk to 

Justify Elective Organ Procurement and Transplantation  Network   

Status 1A Time
Todd Dardas, MD, MS,* Nahush A. Mokadam, MD,† Francis Pagani, MD, PHD,‡

Keith Aaronson, MD, MS,§Wayne C. Levy, MD*

J Am Coll Cardiol 2012;60:36–43

• The historic allowance for 30 days 

of elective status 1A time for 

implanted LVADs creates 

disparities in risk among status 1A 

registrants.

• The allowance of 30 days of 

elective status 1A time should not 

be allocated to stable  registrants 

with implanted LVADs. 

• Registrants supported with 

paracorporeal ventricular assist 

devices should be listed status 1A 

indefinitely.



American Journal of Transplantation 2015; 15: 44–54

The Future Direction of the Adult Heart 

Allocation System in the United States



Why was change thought to be necessary?

• Disparate urgency risk with Status 1A 

Source: UNOS- 2018 https://optn.transplant.hrsa.gov/learn/professional-education/adult-heart-allocation/



New Six-Tier Adult Allocation System

• VA ECMO

• Non-dischargeable surgically implanted, non-endovascular biventricular support device

• MCSD with life-threatening ventricular arrhythmia
Status 1 

• Non-dischargeable, surgically implanted, non-endovascular LVAD

• IABP

• V-tach / V-fib, mechanical support not required

• MCSD with device malfunction/mechanical failure

• TAH, BiVAD, RVAD, or VAD for single ventricle patients

• Percutaneous endovascular MCSD

Status 2

• Dischargeable LVAD for discretionary 30 days 

• Multiple inotropes or single high-dose inotrope with continuous hemodynamic monitoring 

• VA ECMO after 7 days; percutaneous endovascular circulatory support device or IABP after 
14 days 

• Non-dischargeable, surgically implanted, non-endovascular LVAD after 14 days 

• MCSD with one of  the following: 

• device infection, hemolysis, pump thrombosis, right heart failure, mucosal bleeding, aortic 
insufficiency

Status 3

• Dischargeable LVAD without discretionary 30 days 

• Inotropes without hemodynamic monitoring 

• Retransplant

• Diagnosis of  one of  the following: congenital heart disease (CHD), ischemic heart disease 
with intractable angina, hypertrophic cardiomyopathy, restrictive cardiomyopathy, amyloidosis

Status 4

• On the waitlist for at least one other organ at the same hospitalStatus 5

• All remaining active candidatesStatus 6



New Heart Allocation System Nuances

• VA ECMO

• Non-dischargeable surgically implanted, non-endovacular biventricular support device

• MCSD with life-threatening ventricular arrhythmia
Status 1 

Hemodynamic Criteria for Status 1 for ECMO

Initial

Within 7 days prior to VA ECMO support, all of  the following are true within one 24 hour 

period: 

• SBP < 90 mmHg 

• CI < 1.8 L/min/m2 if  not on inotropes or < 2.0 L/min/m2 if  on at least one inotrope 

• PCWP >15 mmHg 

If  hemodynamic measurements could not be obtained within 7 days prior to VA ECMO support, 

at least one of  the following is true within 24 hours prior to VA ECMO support: 

• CPR was performed on the candidate 

• SBP < 70 mmHg 

• Arterial lactate > 4 mmol/L 

• AST or ALT >1,000 U/L 

After 

7 days

Candidate continues to be supported by ECMO with a contraindication to durable device and at 

least one of  the following:

• MAP <60 mmHg 

• CI < 2.0 L/min/m2 

• PCWP >15 mmHg 

• SvO2 < 50 % measured by central venous catheter 

• Good initially for 7 days

• After initial 7 days, patient would still need to meet criteria for 

extending Status 1



Heart Failure Specialist reaction following  new Heart Allocation Proposal



ECMO as a Bridge to Heart Transplant  

What does the international experience show?

What is the US experience? 



Impact of Heart Transplantation on Survival in
Patients on VA ECMO at Listing in France

Transplantation 2016;100: 1979–1987



Impact of Heart Transplantation on Survival in
Patients on VA ECMO at Listing in France

Conclusions. Transplantation provides a survival benefit in listed patients

on VA-ECMO even if post-transplant survival remains inferior than for patients 

without VA-ECMO. Transplantation may be considered to be an acceptable primary 

therapy in selected patients on VA-ECMO.

Transplantation 2016;100: 1979–1987

KM SV All ECMO vs No ECMO  KM SV ECMO transplanted 



High-urgency waiting list for cardiac recipients in France:
single-centre 8-year experience

Criteria Special Urgency1 status( granted for 48 h, renewable once) 

. continuous infusion of intravenous inotropic drugs Dobutamine 10mg/kg/min, 

epi or norepi 0.1mg/kg/min

. extracorporeal membrane oxygenator

. intra-aortic balloon pump support

in whom a VAD or total artificial heart (TAH) was indicated in order to avoid the bridge-to-

bridge step and directly move towards transplantation

European Journal of Cardio-Thoracic Surgery 

51 (2017) 271–278



High-urgency waiting list for cardiac recipients in France:
single-centre 8-year experience



CONCLUSIONS: Special Urgency1 waiting list allows allocating cardiac donors for 

critically ill patients without increasing early and midterm mortality. Careful 

selection of recipients is mandatory in order to improve outcomes.

High-urgency waiting list for cardiac recipients in France:
single-centre 8-year experience



Clinical outcomes of temporary mechanical circulatory support as a 
direct bridge to heart transplantation: a nationwide Spanish registry



Outcomes and predictors of 1 y Mortality

European Journal of Heart Failure (2018) 20, 178–186



Clinical outcomes of temporary mechanical circulatory support as a direct 
bridge to heart transplantation: a nationwide Spanish registry

 Mean time from high-urgent listing to HT was 7.6±8.5 days (range 0–81 

days),varying significantly among modalities of support (T-LVAD: 8.3±8.1 

days; T-BiVAD: 10.5±3.4 days; VA-ECMO: 6.5±6.2 days;P =0.024).

 Rates of transplantation during support were 84.3%, 75% and 78.1% in 

patients listed on T-LVADs, T-BiVADs, and VA-ECMO, respectively (P 

=0.414). Rates of death during support (before transplantation) were 

11.4%, 25% and 19.5%, respectively(P =0.143).

European Journal of Heart Failure (2018) 20, 178–186



Extracorporeal membrane oxygenation as a direct bridge
to heart transplantation in adults (US)

The Journal of Thoracic and Cardiovascular Surgery 2018 Volume 155, Number 4

UNOS 2003-2016

ECMO-HTX vs CFLVAD-HTX

ECMO vs CFLVAD-HT  ECMO vs CFLVAD (M) 

Post HTX survival 



Extracorporeal membrane oxygenation as a direct bridge to
heart transplantation in adults



Outcome of heart transplantation after bridge-to-transplant strategy
using various mechanical circulatory support devices

ECMO/Imp

Interactive CardioVascular and Thoracic Surgery 25 (2017) 918–924



So… When do we use ECMO as BTT?



Who should we Bridge on ECMO as BTT

 Myocarditis (potential for recovery)

 Biventricular Failure (Re-transplants)

 Poor LVAD candidates (restrictive,congenital)

 Previous sternotomies 

 Young patients ( to prevent LVAD complications?) 

TBD!



How should patients be supported 
Cannulation Strategies for VA ECMO

Makdisi G, Wang I.  J Thoracic Dis. 2015

Femoral – Femoral Axillary – Femoral            Carotid – Femoral      Central AO-RA

• Rapid initiation 

of support            
• Reduces risk of cerebral hypoxia

• Advantages in patients with PAD
• Pediatric application

•Frequently used in 

post-cardiotomy

failure

•Superior Drainage 



Limitations of the different cannulation techniques 

Femoral 

Limits mobility

Limb complications

Axillary

Allows mobility

Antegrade flow

Bleeding



Hemodynamic Effects of  Peripheral VA-ECMO

Burkhoff et al. J Am Coll Cardiol 2015;66:2663–74

Increased 

afterload reduces 

native CO and 

causes increase in 

LVEDP and LVEDV



Cardiac Awake Extracorporeal Life Support
Bridge to Decision

32

In acute cardiac failure, early ECLS treatment is a safe, feasible treatment in 

awake patients allowing a gain of time for final decision. Moreover, this strategy 

avoids complications associated with sedation and mechanical ventilation 

and leads to recovery of secondary organ function, enabling destination 

therapy.
Artif Organs ,39(5) Jan 2015



When do we consider an LVAD? 

Duration of ECMO support and survival in 
cardiovascular surgery patients

Conclusions: Prolonged venoarterial ECMO support is associated with poor

outcome in adult patients after cardiovascular surgery. Our data suggest reevaluation of 

therapeutic strategies after 7 days of ECMO support because mortality disproportionally 

increases afterward.

J Thorac Cardiovasc Surg 2018;-:1-6)

Median >7 days

7-10 days of support consider LVAD

Unless there is contraindication: 

• Severe RV failure 

• Small LV cavity



Extracorporeal life support as a bridge to bridge: safe option. 

European Journal of Cardio-Thoracic Surgery 48 (2015) 785–791



Summary

• ECMO as  bridge to heart transplant is a viable strategy in 

selected patients although associated with increased 

perioperative mortality 

• Recent changes in donor Heart Allocation policies  may 

increase its use as a bridge to HTX. 

• The implications and extent to this policy that left other high 

acuity patients relegated to status 2-3 are unclear. 

• The need of expertise in the use of different options of short  

and long-term support options is warranted .  



THANK YOU

Christian Bermudez MD

Christian.bermudez@uphs.upenn.edu


