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Types of LVADS used in patients with Types of LVADS used in patients with 
acute heart failure acute heart failure 

 PulsatilePulsatile extracorporeal devices: extracorporeal devices: 

•• Suitable for limitedSuitable for limited--duration mechanical assistance duration mechanical assistance 

 PulsatilePulsatile internal devices: internal devices: 

•• Suitable for longSuitable for long--term mechanical assistanceterm mechanical assistance

Driving systems:Driving systems:

PneumaticPneumatic Limiting ambulationLimiting ambulation

Electrical  Electrical   Ambulatory with almost total independence Ambulatory with almost total independence 



Survival to transplantation of patients supported Survival to transplantation of patients supported 
by LVAD versus control patients (device by LVAD versus control patients (device 

unavailability or family refusal)unavailability or family refusal)

J  J  ThoracThorac CardiovascCardiovasc SurgSurg 2001;122:11862001;122:1186----11951195MCSMCS

LVADs (n = 280)
Controls (n = 48)

Thirty days survival



J J ThoracThorac CardiovascCardiovasc SurgSurg 2003;126:4362003;126:436--441441

Survival (irrespective of receiving a Survival (irrespective of receiving a 
transplant) of the nontransplant) of the non--emergency and emergency and 

emergency LVAD recipientsemergency LVAD recipients



PostPost--transplantation survival for LVADtransplantation survival for LVAD--treated treated 
patients versus control (device unavailability or patients versus control (device unavailability or 

family refusal)family refusal)

J  J  ThoracThorac CardiovascCardiovasc SurgSurg 2001;122:11862001;122:1186----11951195
HM HM -- II



Survival to transplantation of patients Survival to transplantation of patients 
assisted by assisted by LVADsLVADs
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Survival to transplant (%)Survival to transplant (%)

Ann Ann ThoracThorac SurgSurg 2003;75:S662003;75:S66--7171
IP = implantable pneumatic, PVAD = IP = implantable pneumatic, PVAD = paracorporealparacorporeal ventricular assist device, ventricular assist device, 
VE = vented electricVE = vented electric



PostPost--transplantation survival of patients transplantation survival of patients 
assisted by LVAD either because of intractable assisted by LVAD either because of intractable 

postpost--MI CS or endMI CS or end--stage HFstage HF

DrakosDrakos S et al, J Cardiac Failure 2005S et al, J Cardiac Failure 2005

Post-MI CS assisted by LVAD

End-stage HF assisted by LVAD----------

CS = Cardiogenic shock



Complications in candidates for Complications in candidates for TxTx assisted assisted 
(n=280) by LVAD(n=280) by LVAD

4848Bleeding Bleeding 
5656Renal dysfunctionRenal dysfunction

1212ThromboembolicThromboembolic eventsevents
2727NeurologicNeurologic dysfunctiondysfunction

11Mechanical failureMechanical failure
1111Right heart failureRight heart failure

4545Infection Infection 

% of all assisted LVAD % of all assisted LVAD 
patientspatients

ComplicationComplication

J J ThoracThorac CardiovascCardiovasc SurgSurg 2001;122:11862001;122:1186--11951195



Risk factors in LVAD recipients for Risk factors in LVAD recipients for 
poor survival to transplantationpoor survival to transplantation

.0043.00431.081.08Baseline total Baseline total bilirubinbilirubin
(range, 0.1(range, 0.1--23.0 mg/23.0 mg/dLdL))

.0005.00051.381.38Baseline Baseline creatininecreatinine
(range, 0.4(range, 0.4--8.9mg/dL)8.9mg/dL)

.0366.03661.691.69Prior heart surgeryPrior heart surgery

.0163.01631.031.03Age (range, 11Age (range, 11--72 y)72 y)

PP valuevalueHazard ratioHazard ratioVariableVariable

J  J  ThoracThorac CardiovascCardiovasc SurgSurg 2001;122:11862001;122:1186--11951195
HM HM --II



Long term survival of acute Long term survival of acute decompensateddecompensated endend--stage stage 
HF intractable to initial 24 hrs aggressive treatment HF intractable to initial 24 hrs aggressive treatment 

including including inotropesinotropes
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p=0.0001, log rank test

Group A:

Group B:

Nanas JN et al, Am J Nanas JN et al, Am J CardiolCardiol 2005;95:7682005;95:768

IDI = intermittent IDI = intermittent dobutaminedobutamine infusions + infusions + amioamio ((perosperos) ) 
I (D + L) I = intermittent I (D + L) I = intermittent dobutaminedobutamine + + levosimendanlevosimendan infusion + infusion + amioamio ((perosperos))

I (D + L) I

IDI



Benefits and risks of LVAD Benefits and risks of LVAD 
implantation as a bridge to implantation as a bridge to 

transplantationtransplantation

 High frequency of complicationsHigh frequency of complications Increased postIncreased post--

transplantation survival transplantation survival 

 Unpredictable outcome for an Unpredictable outcome for an 

individual patientindividual patient

 Improved quality of life Improved quality of life 

 High High perioperativeperioperative mortality ratemortality rate Increased survival to Increased survival to 

transplantationtransplantation

Risks Risks Benefits Benefits 

(Compared to (Compared to inotropeinotrope dependent patients)dependent patients)



REMATCH study, N REMATCH study, N EnglEngl J Med 2001;34:1435J Med 2001;34:1435

Survival of endSurvival of end--stage HF supported by LVAD versus stage HF supported by LVAD versus 
medically treated patientsmedically treated patients

30 days survival

1 year survival



Survival benefit in end Survival benefit in end –– stage HF stage HF 
randomized studiesrandomized studies

27 27 10810825 25 vsvs 5252REMATCH REMATCH ––
(LVAD) (LVAD) 
N N EnglEngl J Med 2001;345:1435J Med 2001;345:1435--4343

8 8 11 11 75 75 vsvs 8383RALES RALES 
((spironolactonespironolactone) ) 
N N EnglEngl J Med 2002;346:1845J Med 2002;346:1845--5353

7.5 7.5 9 9 81.5 81.5 vsvs 8989COPERNICUS (COPERNICUS (ββ--
blocker) blocker) 
N N EnglEngl J Med 2001;344:1651J Med 2001;344:1651--88

17 17 45 45 38 38 vsvs 5555CONSENSUS CONSENSUS 
(ACEI) (ACEI) 
N N EnglEngl J Med 1987;316:1429J Med 1987;316:1429--3535

3 3 3.5 3.5 86 86 vsvs 8989SOLVD (ACEI)SOLVD (ACEI)
N N EnglEngl J Med 1991;325:293J Med 1991;325:293--302302

Absolute benefit Absolute benefit 
No, Patients/100No, Patients/100

Relative Relative 
Benefit, %Benefit, %

Control Control vsvs therapytherapy
1 year survival (%)1 year survival (%)

Study (Therapy)Study (Therapy)

Circulation 2003;108:3059Circulation 2003;108:3059--6363



Usual causes of death in patients assisted by Usual causes of death in patients assisted by 
LVAD in the LVAD in the REMATCH studyREMATCH study

8989Total Total 
In the medical therapy group, 92% of the total deaths were due In the medical therapy group, 92% of the total deaths were due 
to LV dysfunctionto LV dysfunction

33PerioperativePerioperative bleedingbleeding
55Pulmonary embolism Pulmonary embolism 
1010CerebrovascularCerebrovascular diseasedisease
1212NonNon--cardiaccardiac
1717LVAD FailureLVAD Failure
4242SepsisSepsis

% of the total deaths% of the total deaths
LVAD group LVAD group Cause of deathCause of death

NEJM 2001;345:1435NEJM 2001;345:1435--14431443



Survival of patients with persistent Survival of patients with persistent decompensateddecompensated
HF dependent on HF dependent on inotropeinotrope infusioninfusion

J Cardiac Failure 2003;9:180J Cardiac Failure 2003;9:180--187187

1 year survival



Time (weeks)Time (weeks)

Survival of patients (n=101) with acute Survival of patients (n=101) with acute decompensateddecompensated end stage HF end stage HF 
clinically responded to initial 24clinically responded to initial 24--72 aggressive treatment including 72 aggressive treatment including inotropesinotropes
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J. Nanas, Dept  J. Nanas, Dept  ClinClin Therapeutics, University of Athens, Athens, Greece (UnpublishedTherapeutics, University of Athens, Athens, Greece (Unpublished Data)Data)



NEJM 2000;342:690NEJM 2000;342:690--9595

 “…. the sicker the patient during the acute phase of myocarditis

the better the long-term prognosis…..”

TransplantationTransplantation--free survival in patients free survival in patients 
with with fulminantfulminant and acute and acute myocarditismyocarditis



Brief History and Brief History and HemodynamicsHemodynamics of patients with of patients with 
fulminantfulminant myocarditismyocarditis complicated by CScomplicated by CS

Dept of Dept of ClinClin Therapeutics, Therapeutics, UnivUniv of Athensof Athens

IABP + I IABP + I  LVADLVADIABP + I + MVIABP + I + MVTreatmentTreatment

36%36%23%23%LVEFLVEF

DeathDeathAliveAliveOutcomeOutcome

2.12.12.02.0CI (L/min/mCI (L/min/m22))
25251515PCWP (mmHg)PCWP (mmHg)
131399RAP (mmHg)RAP (mmHg)
AMAMAMAMEMBEMB

100/80100/8090/6090/60BP (mmHg)BP (mmHg)
120120125125HR (HR (bpmbpm))
43434848Age Age 
FFFFSexSex

Patient #2Patient #2Patient #1Patient #1

AM = Acute AM = Acute myocarditismyocarditis, I = , I = InotropeInotrope, EMB = , EMB = EndomyocardialEndomyocardial biopsy, MV = Mechanical ventilation, biopsy, MV = Mechanical ventilation, 

CS = CS = CardiogenicCardiogenic shockshock



Pre-implantation 14 weeks post implantation,
6 weeks on clenbuterol, 

LVAD off 15 min

6 months                                               
post- explantation

8 weeks post implantation,
pre-clenbuterol initiation,

LVAD off 15 min

HarefieldHarefield (Prof M (Prof M YacoubYacoub)) –– Athens Athens (Dr S (Dr S TheodoropoulosTheodoropoulos/Prof J Nanas)/Prof J Nanas) Recovery Recovery 
Program (HAPR)Program (HAPR)

11stst 22ndnd 33rdrd 44thth



PostPost--explantationexplantation





Problems that need to be solvedProblems that need to be solved
 High High periperi--operative mortality rate even in operative mortality rate even in 

experienced surgical teams experienced surgical teams 
 High frequency of complications in High frequency of complications in 

specialized centers specialized centers 
 Large number of potential candidates Large number of potential candidates >>

150000 150000 (Europe + USA) (Europe + USA) 
 Need for more than 3000 centers (Europe + Need for more than 3000 centers (Europe + 

USA)USA)
New DirectionsNew Directions

 Simple device for its implantation and follow upSimple device for its implantation and follow up



LVADsLVADs under clinical investigationunder clinical investigation

 Axial flow Axial flow LVADsLVADs (various types) (various types) >> 300 pts 300 pts 
 CounterpulsationCounterpulsation LVADsLVADs

•• Cardio VAD (KCV) 8 ptsCardio VAD (KCV) 8 pts
•• Sunshine Heart Sunshine Heart 2 pts 2 pts 
•• ParaaorticParaaortic CD CD 5 pts5 pts





Dacron graft   

Connector

Ascending aorta



Nanas JN et al, ASAIO 1987;10:203Nanas JN et al, ASAIO 1987;10:203--206206

HemodynamicHemodynamic effects of the PACD in effects of the PACD in 
experimental acute HFexperimental acute HF



3.63.6Cr (mg/dl)Cr (mg/dl)

1717RAP (mmHg)RAP (mmHg)

120120Na (Na (mEqmEq/L)/L)
1.31.3CI (L/min/mCI (L/min/m22))

90/6090/60BP (mm Hg)BP (mm Hg)
3535PCWP (mmHg)PCWP (mmHg)

66LVEF (%)LVEF (%)
IDCIDCDiagnosisDiagnosis
3333Age (yr)Age (yr)

Nanas J et al, J Nanas J et al, J ThoracThorac CardiovascCardiovasc SurgSurg 1996;111:551996;111:55--6161

Clinical and laboratory preClinical and laboratory pre--implantation data of implantation data of 
a patient assisted by the PACD for 54 daysa patient assisted by the PACD for 54 days



Nanas J et al, J Nanas J et al, J ThoracThorac CardiovascCardiovasc SurgSurg 1996;111:551996;111:55--6161

After the PACD implantationAfter the PACD implantation



Nanas J et al, J Nanas J et al, J ThoracThorac CardiovascCardiovasc SurgSurg 1996;111:551996;111:55--6161

Recordings of the driving and radialRecordings of the driving and radial
arterial pressures of a patient assisted by thearterial pressures of a patient assisted by the

PACD for 54 daysPACD for 54 days



Conclusion (1/3)Conclusion (1/3)
Management of potential candidates for LVAD Management of potential candidates for LVAD 

among patients with acute among patients with acute decompensateddecompensated
endend--stage HF or destage HF or de--novo acute HFnovo acute HF

 ExcludeExclude reversible causesreversible causes

 Tailor medical therapy to exclude adequate response Tailor medical therapy to exclude adequate response 

 Determine candidacy for assistance by LVAD as: Determine candidacy for assistance by LVAD as: 

1.1. Bridge to transplantationBridge to transplantation

2.2. Bridge to recoveryBridge to recovery

3.3. Destination therapyDestination therapy



Conclusion (2/3)Conclusion (2/3)
Therapeutic targets according to etiologies of acute heart Therapeutic targets according to etiologies of acute heart 

failure in potential candidates for LVAD assistancefailure in potential candidates for LVAD assistance
 Bridge to TransplantationBridge to Transplantation

•• Acute Acute decompensationdecompensation of endof end--stage HF in patients stage HF in patients 
listed for listed for TxTx

•• PostPost––MI MI CardiogenicCardiogenic Shock Shock 

 DestinationDestination
•• Persistent Persistent decompensationdecompensation of CHF in patients of CHF in patients 

ineligible for ineligible for TxTx

 Bridge to RecoveryBridge to Recovery
•• FulminantFulminant myocarditismyocarditis
•• Acute Acute decompensationdecompensation of endof end--stage HF due to IDC stage HF due to IDC 



Conclusion (3/3)Conclusion (3/3)
The new The new LVADsLVADs require a far lessrequire a far less
traumatic procedure for theirtraumatic procedure for their
implantation and are likely to beimplantation and are likely to be
beneficial for patients with lessbeneficial for patients with less
severe HF.severe HF.


