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Treatment Overview of Treatment Overview of 
HEART FAILUREHEART FAILURE



Left Ventricular SupportLeft Ventricular Support
 
Biventricular supportBiventricular support



Bridge To BridgeBridge To Bridge

BTR
Recovery of myocardial function expected

(myocarditis, RV failure after LVAD implantation…) 

BTT
•Listed patients for HTx

•Low-Output Syndrome, inotropic

 

dependent 
(failure to wean within 5-7days)±

 

IABP, 
• Pending (cardiac output related) multiorgane

 

failure

Weaning →
 

RECOVERY 



Systems

IABP VAD TAH

Electric 
pumps

Pneumatic
pumps

Rotary
pumps

Mechanical
 

Circulatory
 

Support

LEVITRONIX
ECMO



MCS Classification MCS Classification 
by by PositionPosition

Extra-corporeal
Centrifugal pumps,
Abiomed

Para-corporeal
Thoratec, MEDOS, Berlin Heart

Partially Implantable
Heartmate, Novacor,
CardioWest

 
TAH,

Rotary VADs

Totally Implantable
LionHeart, AbioCor



Levitronix


 

CHEAP!!!CHEAP!!!


 

Extracorporeal, single use, Extracorporeal, single use, 
centrifugal pump centrifugal pump 



 

Continuous flowContinuous flow


 

Can be attached easily to CPB Can be attached easily to CPB 
cannulascannulas

 
already in placealready in place



 

FemFem--Fem implantation possibleFem implantation possible

PRICE Levitronix Berlin 
EXCOR

Berlin
INCOR

Heartware

Euro 8000 130.000 174.000 206.000



IVAD

BiomedicusAbiomed BVS BerlinHeart Excor

Medos

INCOR

HeartMate II DuraHeart CorAide
HeartQuest

Diverse systems



BerlinHeart 
Excor


 

Uni-, Biventricular VAD


 
Paracorporeal, 
pneumatically driven


 

Advantage: Variety of 
sizes (even SV 10 ml 
possible for pediatric 
patients)


 

2x/weekly inspection of 
the pumps for thrombus 
formation



ROTARY PUMPS ROTARY PUMPS 
((nonpulsatilenonpulsatile--

 
continuous flow)continuous flow)



 

ContinuousContinuous
 

flow: Flow flow: Flow 
amplitude (output) is amplitude (output) is 
independent of timeindependent of time



 

PulsatilePulsatile
 

flow : Flow amplitude flow : Flow amplitude 
(output) is dependent of time (output) is dependent of time 
(e.g. normal circulation from the (e.g. normal circulation from the 
heart is heart is pulsatilepulsatile))

Advantages:
Miniaturized
Easy to implant
 Shorter CPB time
Small pocket
Less bleeding
Less infection
Suitable for children
No noise 
Durable



BERLIN INCOR



 
Active magnetic bearing Active magnetic bearing 
(non(non--friction and nonfriction and non--

 wearing)wearing)


 
PulsatilityPulsatility

 
control control →→

 prevention of SUCTIONprevention of SUCTION


 
50005000--10000 rpm10000 rpm



 
Volume= 82ml, Volume= 82ml, 
Diameter= 30mm, Diameter= 30mm, 
Length 12 cm, Length 12 cm, 
Weight = 200grWeight = 200gr



Heartware



 
Centrifugal pumpCentrifugal pump



 
The impeller is The impeller is 
suspended through a suspended through a 
combination of passive combination of passive 
magnets and a magnets and a 
hydrodynamic thrust hydrodynamic thrust 
bearingbearing



 
Implanted in the Implanted in the 
pericardial spacepericardial space



 
20002000--3000 rpm3000 rpm



PRE-operative assessment

1.
 

PFO/ASD (esp. LVAD: LA pressure (esp. LVAD: LA pressure ↓→↓→RR--LL--shuntingshunting→→

 

arterial hypoxemia!)arterial hypoxemia!)

2.
 

VSD
3.

 
RV function

 
(LVAD? BVAD?TAH?)(LVAD? BVAD?TAH?)

4.
 

LA/LV apex thrombi
5.

 
Aorta ascendens

 
((atheromatousatheromatous

 
plaques at plaques at anastomosisanastomosis

 
sitesite……))

6.
 

Valve disease
 

(AVR for AR(AVR for AR≥≥1+, MVR for severe MS, BIOPROSTHETIC !)1+, MVR for severe MS, BIOPROSTHETIC !)



Goldstein DJ et al, NEJM Nov 19, 1998



INTRA-OPERATIVE
 

assessment

1.
 

RV failure
1.1.

 

CVP CVP > 20 mmHg > 20 mmHg 
2.2.

 

LAP < 10 mmHg LAP < 10 mmHg 
3.3.

 

SAP < 90 mmHg SAP < 90 mmHg 

4.4.

 

CI < 2 lCI < 2 l//mminin//²²

→→ epicardialepicardial
 

pacing, pacing, dobutaminedobutamine, NO, , NO, levosimendanlevosimendan, prostaglandin , prostaglandin 
E1, E1, milrinonemilrinone……ECMO/RECMO/R--VADVAD

2.
 

De-airing
 

and initiation of pumpingand initiation of pumping
 

(Air embolism!)(Air embolism!)

3.
 

LV apex /LA Inflow cannula
 

((positionposition/ / obstruction/thrombusobstruction/thrombus...)...)

4.
 

LV unloading
 

(IVS position (IVS position ↔↔ Inflow Inflow cannulacannula
 

↔↔ MV position) MV position) 



POST-OPERATIVE assessment

1.
 

Tamponade
 

((inadequateinadequate
 

BP and BP and lowlow
 

VAD VAD flowflow))

2.
 

Weaning evaluation/ Myocardial recovery
3.

 
LVAD dysfunction


 

TTE: : InflowInflow
 

valvevalve
 

regurgitationregurgitation, , InflowInflow
 

conduitconduit
 obstructionobstruction, , OutflowOutflow

 
graftgraft

 
kinkingkinking, , newnew

 regurgitationregurgitation
 

of of thethe
 

native native valvesvalves
 (Horton

 

SC, JACC 2005;35:1435)



43 yo, F, RCM→DCM, 
→BiVAD

 →Inflow cannula
 

reposition



31 yo, M, DCM
 → Controller malfunction

8000rpm
Heart

 

rate 80

9000rpm
Heart

 

rate 80



28 yo, F,ΥΠΕΡΗΩΣΗΝΟΦΙΛΙΚΟ
 

ΣΥΝΔΡΟΜΟ
 

→ DCM
 →LVAD

 →Tamponade



51, M, DCM 51, M, DCM 
→→BiVADBiVAD

 
+ AVR (Bio)+ AVR (Bio)

 →→Volume depletion



20 yo, M, chemotherapy→DCM
 →LVAD

 →LV unloading



51, F, Arrhythmogenic
 

Right Ventricular Dysplasia
 → BiVAD

 →Inflow cannula
 

malapposition



Standard technique Bicaval
 

technique



 

Most common because the Most common because the 
ischemic time is shorter. ischemic time is shorter. 



 

ComplicationsComplications include include atrialatrial
 dysfunctiondysfunction

 
due to size due to size 

mismatch of mismatch of atrialatrial
 

remnants remnants 
and and arrhythmiaarrhythmia

 
(sinus node (sinus node 

dysfunction, dysfunction, bradyarrhythmiasbradyarrhythmias, , 
and AV conduction and AV conduction 
disturbances) that necessitate disturbances) that necessitate 
PPM implantation in 10PPM implantation in 10--20% of 20% of 
patients.patients.



 

Decreases incidence of Decreases incidence of 
arrhythmias, the need for a arrhythmias, the need for a 
pacemaker, and risk for pacemaker, and risk for mitralmitral

 or tricuspid regurgitation.  or tricuspid regurgitation.  


 

However However narrowing of the SVC narrowing of the SVC 
and IVCand IVC

 
make biopsy make biopsy 

surveillance difficult and surveillance difficult and 
ischemic times can be ischemic times can be 
prolongedprolonged



Deng MC, Heart 2002;87:177

HTx 
Indications-Contraindications



Postoperative Complications (1)


 

Surgical Surgical 


 

Aortic Aortic pseudoaneurysmpseudoaneurysm
 

or rupture at or rupture at cannulationcannulation
 

sitesite


 

Rhythm disturbancesRhythm disturbances


 

AsystoleAsystole, Complete heart block. , Complete heart block. 


 

Sinus node dysfunction with Sinus node dysfunction with bradyarrhythmiasbradyarrhythmias
(25% permanent but most resolve within 1(25% permanent but most resolve within 1--2 weeks).2 weeks).



 

AtrialAtrial
 

fibrillation  fibrillation  


 

CoagulopathyCoagulopathy
 

induced by cardiopulmonary induced by cardiopulmonary 
bypassbypass


 

Respiratory failure  Respiratory failure  


 
Renal or hepatic insufficiency Renal or hepatic insufficiency 



Postoperative Complications (2)


 

Medical Medical 
––

 
Hemorrhagic Hemorrhagic pericardial effusionpericardial effusion

 
due to due to 

bleeding or bleeding or coagulopathycoagulopathy
––

 
LV failureLV failure


 

Ischemia timeIschemia time


 

Operative Injury  Operative Injury  



 

Acute (Acute (humoralhumoral
 

!) rejection!) rejection

––
 

RV failureRV failure


 

↑↑
 

TPG/ PVR TPG/ PVR →→ Pulmonary hypertensionPulmonary hypertension

––
 

Severe Severe tricuspid regurgitationtricuspid regurgitation



Common echocardiographic findings


 

Intra-atrial
 

ridge
 

(esp. in biatrial
 

technique) 
→ Mass? Thrombus? Obstruction???


 

Abnormal IVS motion
 

→ No effect on global LVEF


 
↑

 
in LV thickness/mass

 
(rejection→ edema, periTx

 injury, hypertension, chronic tachycardia, 
CCIs/Prednisone)


 

Pericardial effusions (usually resolve after the first 
month, low sensitivity/specificity for rejection Dx)


 

Diastolic filling
 

pattern (early-late)


 
Valvular

 
regurgitation

 
(esp. TR

 
: 55% of pts >2+ early 

after Tx→ 11% 3 months later, MR: 30% →3%)

Thorn EM etal, Heart Failure Clin 2007;3:51



Causes of TR after HTx


 
FUNCTIONAL
––

 
Central jetCentral jet

––
 

Geometric Geometric 
distorsiondistorsion/dilatation  of /dilatation  of 
the TV annular ringthe TV annular ring→→

 malcoaptationmalcoaptation
 

of leafletsof leaflets



 

BiatrialBiatrial
 

techniquetechnique


 

Rejection >2+  w/ RV Rejection >2+  w/ RV dysfxdysfx


 

D/R mismatchD/R mismatch


 

Preoperative abnormal PVR Preoperative abnormal PVR 
and/or TPGand/or TPG


 

ANATOMIC
–

 
Anatomic disruption of the 
valve aparatus

 
(torn 

leaflet, ruptured chordae
 tendinae) 

→
 

prolapse/flail valve



TrTricuspidicuspid regurgitationregurgitation


 
FUNCTIONALFUNCTIONAL 

 
ANATOMICANATOMIC



How many biopsies are too many? How many biopsies are too many? 



 
101 pts w/ 101 pts w/ HTxHTx



 
RESULTSRESULTS
–

 
Beyond 31 EMBs 60 % had 
severe TR, thus suggesting 
a cutoff of less than 31 
EMBs

Nguyen V et al. J Heart Lung Transplant 2005; 24:S227



1990 GRADE 1A

1990 GRADE 2

1990 GRADE 1B

1990 GRADE 3B
1990 GRADE 4

1990 GRADE 3A



Echocardiographic  evaluation of 
HTx  rejection

Parameters associated with Parameters associated with rejection episodesrejection episodes

––
 

Increased pericardial effusion and PW thicknessIncreased pericardial effusion and PW thickness
––

 
Shortened IVRTShortened IVRT

––
 

E/A (MV) E/A (MV) > 1.7> 1.7
––

 
Duration of PV Duration of PV atrialatrial

 
reversalreversal

––
 

↑↑
 

of of Myocardial performance index (MPI)Myocardial performance index (MPI)
––

 
↓↓

 
Ejection fractionEjection fraction--stroke volumestroke volume

––
 

Decreased tissue Doppler velocity (radial strain Decreased tissue Doppler velocity (radial strain 
from basal post wall)from basal post wall)

––
 

E/Ea ratio (inconsistent results!)E/Ea ratio (inconsistent results!)

Sade

 

LE et al. Transplant Proc 2006;38:636
Sun JP et al. J Heart Lung Transplant 2005; 24:160
Estep JD et al, J Am Coll

 

Cardiol

 

Img

 

2009;2: 1126



Detection of chronic rejection (1) 
(CAV, Cardiac allograft vasculopathy)


 

Approx. 54% of pts 10 yrs after Approx. 54% of pts 10 yrs after HTxHTx


 
Early recognition (coronary angiographyEarly recognition (coronary angiography--

 IVUSIVUS: IMT 0.5 mm) is important because of : IMT 0.5 mm) is important because of 
rapid CAV progressionrapid CAV progression


 

RESTING 2D EchoRESTING 2D Echo
 

has has 
––

 
limited diagnostic accuracy for CAV detection limited diagnostic accuracy for CAV detection 
(Resting (Resting WMAbnWMAbn

 
sensitivity 47%), sensitivity 47%), 

––
 

BUT BUT Resting Resting WMAbnWMAbn
 

is specific for the presence is specific for the presence 
of CAV.of CAV.

Thorn EM et al, Heart Failure Clin 2007;3:51
Estep JD et al, J Am Coll Cardiol Img 2009;2: 1126



Detection of chronic rejection (2) 
(CAV, Cardiac allograft vasculopathy)


 

DSE DSE (heart rate of the denervated
 

heart not 
blunted, dob

 
increases oxygen demand in all viable 

segments)

––
 

SensitiveSensitive
 

for for CAV detectionCAV detection
 

(sensitivity (sensitivity 
85%, sensitivity increases when 85%, sensitivity increases when 
angiographic lesionsangiographic lesions>50%)>50%)

––
 

DSE is very sensitive for identifying pts DSE is very sensitive for identifying pts at at 
risk for MACE risk for MACE (annual testing necessary!)(annual testing necessary!)

––
 

The use of TDI, Coronary Flow Reserve of The use of TDI, Coronary Flow Reserve of 
LAD and contrastLAD and contrast--enhanced echo remains to enhanced echo remains to 
be established be established 

Thorn EM etal, Heart Failure Clin 2007;3:51
Estep JD et al, J Am Coll Cardiol Img 2009;2: 1126



Acute RV dysfunction after 
VAD/HTx→ Levitronix

 
BiVAD



Graft failure 5 yrs after HTx→
 Levitronix

 
as Bridge -To-Bridge



SVC/IVC narrowing

Mean gradient
5 mmHg



The Onassis
 

CSC experience

Results BiVAD
LVAD

TOTAL

Implants 5 5 37
9

5 7 68

Transplants 4 1 19
2

4 0 30

On Support 0 0 11
5

0 6 22

Died 1 3 7
2

0 1 14

Exchanged 0 1 0
0

1 0 2



ONASSIS CARDIAC SURGERY CENTER
 TRANSPLANTATION SERVICES (1996-2010)

Heart transplantations      
(Retransplant)

80
(1)

Lung
 

transplantations         10

VAD implantations
 

(65 pts.)   68



ONASSIS CARDIAC SURGERY CENTER
 TRANSPLANTATION SERVICES (1996-2008)



Conclusions


 

MCS and HTxMCS and HTx
 

are a well established treatment are a well established treatment 
option for patients with endoption for patients with end--stage heart failure stage heart failure 


 

Echocardiography (TTE/TEE)Echocardiography (TTE/TEE)
 

is the primary is the primary 
noninvasive modality for monitoring cardiac noninvasive modality for monitoring cardiac 
function in HTx patients and for assessing function in HTx patients and for assessing 
patients before and after VAD implantation.  patients before and after VAD implantation.  


 

The use of The use of new echocardiographic techniquesnew echocardiographic techniques, , 
incl. Tissue Doppler Imaging, strainincl. Tissue Doppler Imaging, strain--strain rate, strain rate, 
contrastcontrast--enhanced echocardiogrpahy could be of enhanced echocardiogrpahy could be of 
great importance once validated in large clinical great importance once validated in large clinical 
trials. trials. 
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