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Heart Disease and Heart Failure - Heart Disease and Heart Failure - 
The Magnitude of the ProblemThe Magnitude of the Problem

Congestive heart failure affects Congestive heart failure affects 
nearly 5 million in the US and its nearly 5 million in the US and its 

prevalence is growing around the prevalence is growing around the 
.world.world

..

About 70,000 new patients each year, About 70,000 new patients each year, 
with severe heart failure, are expected with severe heart failure, are expected 

in the USA by the year 2010in the USA by the year 2010

ii

In 1995 the cost of heart disease in In 1995 the cost of heart disease in 
the US was >$174B, with ~70% for the US was >$174B, with ~70% for 

hospitalization and nursing home hospitalization and nursing home 
.care.care

..

A m e ric an  He art A s s o c iatio n. 1998 He art and  
S tro ke  S tatis tic al S up p le m e nt. Dallas , TX: A HA , 

1997
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Epidemiology of Heart Failure in Epidemiology of Heart Failure in 
IsraelIsrael

of adults > 65 yrs of age 6-10%of adults > 65 yrs of age 6-10%
Total number of patient: 86,000 ptsTotal number of patient: 86,000 pts
New cases: 8,600 per yearNew cases: 8,600 per year
Death per year: 6,000 peopleDeath per year: 6,000 people



    

Current Heart Failure TherapyCurrent Heart Failure Therapy

Chronic heart failure carries a major social Chronic heart failure carries a major social 
and economical concernand economical concern

The disease is progressive in nature, and many The disease is progressive in nature, and many 
patients become refractory to standard patients become refractory to standard 

medicationsmedications
As a result they are not functioning and become As a result they are not functioning and become 

dependent on societydependent on society



    

Treatment OptionsTreatment Options

MedicalMedical
Biventricular pacingBiventricular pacing
Tissue engineeringTissue engineering
SurgerySurgery



    

Treatment OptionsTreatment Options
SurgerySurgery

RevascularizationRevascularization
Valve repairValve repair
Ventricular reconstructionVentricular reconstruction
Constraint devicesConstraint devices
Heart (allo)transplantationHeart (allo)transplantation
Heart xenotransplantationHeart xenotransplantation
Mechanical devicesMechanical devices



    

Myocardial RevascularizationMyocardial Revascularization

Seems to be beneficial when more then 25% Seems to be beneficial when more then 25% 
viability is presentviability is present

Metanalysis Metanalysis (Allman et al. J Am Coll Cardiol (Allman et al. J Am Coll Cardiol 

( 2002;39:1151-8( 2002;39:1151-8

((

patients 3088patients 3088
LVEFLVEF32±8%32±8%

33

Follow-upFollow-up25±10 months25±10 months
Annual mortalityAnnual mortality

VIABILITY+VIABILITY+-VIABILITY-VIABILITY
CABGCABG        3.2%        3.2%       7.7%       7.7%

  

Medical         16%Medical         16%       6.2%       6.2%

  



    



    

Mitral Valve RepairMitral Valve Repair

Popularized by BollingPopularized by Bolling
Downsizing ringDownsizing ring
RV dysfunction and PHT are not doing RV dysfunction and PHT are not doing 

wellwell
patients with severe MR and EF<25% 48patients with severe MR and EF<25% 48

pp

and 24 months survival:     82% and 71% 12and 24 months survival:     82% and 71% 12

aa

FC:FC: 3.9±0.3 to 2.0±0.6 3.9±0.3 to 2.0±0.6

  

LVEF LVEF  17±3% to 26±8% 17±3% to 26±8%

  

Bolling et al. J Thorac Cardiovasc Surg 1998;115:381-8.

B



    

Mitral Valve RepairMitral Valve Repair
?No Survival Advantage?No Survival Advantage

??

Wu AH et al. J Am Coll Cardiol 2005;45:381-7

W

patients with severe MR 419patients with severe MR 419
Death, LV assist device implantation, or Death, LV assist device implantation, or 

transplantationtransplantation
Mitral valve annuloplasty (n=126) -> 62 Mitral valve annuloplasty (n=126) -> 62 

((49%((49%
(Treated medically (n=293) -> 120 (41%(Treated medically (n=293) -> 120 (41%
Not significantNot significant



    

Ventricular ReconstructionVentricular Reconstruction

Popularized by DORPopularized by DOR
Initially used for LV aneurysm onlyInitially used for LV aneurysm only
Reshaping the globular dilated heart into a Reshaping the globular dilated heart into a 

conical one became apparent laterconical one became apparent later



    



    



    

Fiber OrientationFiber Orientation

Normal

Remodeled



    

Objective of ProcedureObjective of Procedure



    

RESTORE groupRESTORE group



    

RESTORE StudyRESTORE Study

 patients with postinfarction dilated 1,198 patients with postinfarction dilated 1,198
cardiomyopathy had CABG and LV cardiomyopathy had CABG and LV 

restoration between 1998 - 2003restoration between 1998 - 2003
Non contracting segments excludedNon contracting segments excluded
Improved EF and NYHAImproved EF and NYHA
Perioperative mortality – 5.3%Perioperative mortality – 5.3%
Overall 5 years survival – 69%Overall 5 years survival – 69%
Freedom from readmissions for CHF – Freedom from readmissions for CHF – 

78%78%
Athanasuleas et al. JACC 2004; 44: 1439-45

A



    

patients between 1989 – 2005 1,300patients between 1989 – 2005 1,300
 patients between 1998-2005 with 488 patients between 1998-2005 with 488

complete ECHO follow-upcomplete ECHO follow-up
Improved EF and NYHAImproved EF and NYHA
Perioperative mortality – 4.7%Perioperative mortality – 4.7%
Overall 10 years survival – 63%Overall 10 years survival – 63%
Freedom from readmissions for CHF – Freedom from readmissions for CHF – 

82%82%



    

LV RECONSTRUCTIONLV RECONSTRUCTION
IndicationsIndications

Post MIPost MI
EF<40%EF<40%

EE

NYHA Class II - IVNYHA Class II - IV
LVEDVI>100 ml/mLVEDVI>100 ml/m22

22

LVESVI>60 ml/mLVESVI>60 ml/m22

22

ContraindicationsContraindications
Severe RV dysfunctionSevere RV dysfunction
Severe PHTSevere PHT
Restrictive diastolic pattern Restrictive diastolic pattern 

(E/A>2) with high FC and (E/A>2) with high FC and 
MRMR

High riskHigh risk
Age>75Age>75

AA

EF<30%EF<30%

EE

LVESVI>80 ml/mLVESVI>80 ml/m22

22

NYHA Class IVNYHA Class IV
Diastolic dysfunction Diastolic dysfunction 

((E/A>2((E/A>2

((



    

LV RECONSTRUCTIONLV RECONSTRUCTION

Benefit Do Not Benefit



    

SVR assistanceSVR assistance

Blue Egg
BioVentrix

TRISVR
CHASE Medical



    

STICHSTICH
SSurgical urgical TTreatment for reatment for IIsscchemic hemic HHeart Failureeart Failure

Multi center trialMulti center trial
About 3,000 patients will be enrolledAbout 3,000 patients will be enrolled
MED vs. CABG + MED vs. CABG and LV MED vs. CABG + MED vs. CABG and LV 

reconstruction + MEDreconstruction + MED
LVEF<=35%LVEF<=35%



    

Constraint DevicesConstraint Devices
Passive restrainPassive restrain

(Acorn  (CorCap(Acorn  (CorCap

((

ParaCorParaCor
Alteration of ventricular shapeAlteration of ventricular shape

MyosplintMyosplint
CoapsysCoapsys
CardioClaspCardioClasp

(Dynamic (True assist(Dynamic (True assist

((

MyoVADMyoVAD



    

Acorn - CorCapAcorn - CorCap

Polyester meshPolyester mesh
Decreases diastolic wall Decreases diastolic wall 

.stress.stress
Shows beneficial effect in Shows beneficial effect in 

chronic dilated heart chronic dilated heart 
failure as well as post failure as well as post 

.acute MI in canine model.acute MI in canine model



    

Acorn – CorCapAcorn – CorCap
ClinicalClinical

Safety and lack of constriction was proved Safety and lack of constriction was proved 
.in 60 patients.in 60 patients

Randomized clinical trial – 300 patientsRandomized clinical trial – 300 patients
(with mitral (half and half 200(with mitral (half and half 200
(medical (half and half 100(medical (half and half 100

Improved 18 months quality of lifeImproved 18 months quality of life

AHA meeting, 2004

A
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בניתוחים הבאים כשהאינדיקציה הינה אי ספיקת לבבניתוחים הבאים כשהאינדיקציה הינה אי ספיקת לב
.. תוחלת חיי החולה תוחלת חיי החולההארכתהארכתותפקוד לבבי ירוד קיימת ותפקוד לבבי ירוד קיימת 

..

הקטנת טבעת מסתם מיטרלי בנוכחות אי ספיקה קשה שלהקטנת טבעת מסתם מיטרלי בנוכחות אי ספיקה קשה של.1.1
..המסתםהמסתם

..

ניתוח מעקפים כשהבעייה איסכמית בנוכחות ויאביליות שלניתוח מעקפים כשהבעייה איסכמית בנוכחות ויאביליות של.2.2
30%30%..

..

בנוכחות הפרעה דיאסטוליתבנוכחות הפרעה דיאסטולית  constrain deviceconstrain device- - שימוש בשימוש ב.3.3
..קשהקשה

..

..LVEDVI>100ml/m2LVEDVI>100ml/m2כאשר כאשר ) ) SVRSVR((הקטנת חדר שמאל הקטנת חדר שמאל .4.4

..



    

Heart (allo)transplantationHeart (allo)transplantation

Current gold standardCurrent gold standard Limited supplyLimited supply
Requires Requires 

immunosuppressive immunosuppressive 
medicationsmedications

Rejection is commonRejection is common
Infection is commonInfection is common

Pros          Cons



    
2004ISHLT

J Heart Lung Transplant 2004; 23: 796-803 

NUMBER OF HEART TRANSPLANTS 
REPORTED BY YEAR
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HEART TRANSPLANTS: HEART TRANSPLANTS: 
Donor Age by Year of TransplantDonor Age by Year of Transplant



    

ADULT HEART TRANSPLANTATION ADULT HEART TRANSPLANTATION 
Kaplan-Meier Survival by Age GroupKaplan-Meier Survival by Age Group    ((Transplants: 1/1982-6/2002((Transplants: 1/1982-6/2002

((

0

20
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80

100

0 1 2 3 4 5 6 7 8 9 10 11

Years

Su
rv

iv
al

 (%
)

18-34 (N= 5,858) 35-49 (N=16,337)
50-64 (N=30,600) 65-69 (N= 2,511)
70+ (N= 250)

HALF-LIFE  18-34: 11.5 years; 35-49: 10.1 years; 50-64: 8.9 years; 65-69: 8.1 years; 70+: 5.9 years

All pair-wise comparisons are 
statistically significant at p < 0.001 
except 18-34 vs. 35-49 and 65-69 vs. 70+



    

Heart xenotransplantationHeart xenotransplantation

Unlimited supplyUnlimited supply Moral and ethical Moral and ethical 
concernsconcerns

Viral infectionViral infection
Immunosuppressive Immunosuppressive 

issuesissues
Not available yetNot available yet

Pros          Cons

“Xenotransplantation is the future
of cardiac transplantation and

always will be”

a

N. Shumway, 1990

N



    

Mechanical Assistance availabeMechanical Assistance availabe
Short term (Centrifugal pumps)Short term (Centrifugal pumps)

LVAD, RVAD, BiVAD, ECMOLVAD, RVAD, BiVAD, ECMO
BiomedicusBiomedicus
JostraJostra
LevitronixLevitronix

Long termLong term
Thoratec (pulsatile)Thoratec (pulsatile)

LVAD, RVAD, BiVADLVAD, RVAD, BiVAD
HeartMate II (Axial flow)HeartMate II (Axial flow)

LVADLVAD



    

LevitronixLevitronix

The LevitronixThe Levitronix® CentriMag VAS is ® CentriMag VAS is 
designed to provide temporary support designed to provide temporary support 

for patients suffering potentially for patients suffering potentially 
.reversible cardiogenic shock.reversible cardiogenic shock

..

.FDA approved for up to 30 days of use.FDA approved for up to 30 days of use

..



    

CannulationCannulation



    

Mechanical AssistanceMechanical Assistance

Bridge to 
transplant

Bridge to 
recovery

Destination 
therapy



    

DevicesDevices
ComplicationsComplications

InfectionInfection
MalfunctionMalfunction
ThromboembolismThromboembolism

LimitationsLimitations
SizeSize
DurabilityDurability
PortabilityPortability
Energy sourceEnergy source



    

Bridge to TransplantationBridge to Transplantation

Main use of devices todayMain use of devices today
Most require LVAD onlyMost require LVAD only
About 10% will require additional RVADAbout 10% will require additional RVAD
About 70% will survive to transplantationAbout 70% will survive to transplantation
Survival after transplantation similar to Survival after transplantation similar to 

those without a devicethose without a device



    

Bridge to RecoveryBridge to Recovery

Currently unpredictable resultsCurrently unpredictable results
It is yet to be discovered who are the It is yet to be discovered who are the 

patients that will recover and will not fail patients that will recover and will not fail 
shortly after removal of deviceshortly after removal of device



    

patients, NICM receiving inotropes 15patients, NICM receiving inotropes 15
Extensive HF therapy post LVAD Extensive HF therapy post LVAD 

implantationimplantation
 patients were explanted after 320±186 11 patients were explanted after 320±186 11

daysdays
(died (1 arrhythmia, 1 carcinoma 2(died (1 arrhythmia, 1 carcinoma 2

((

Freedom from HF at 1 and 4 years was Freedom from HF at 1 and 4 years was 
100% and 89%100% and 89%

11

Quality of life near normalQuality of life near normal



    

Destination TherapyDestination Therapy

Lack of donors and successful long term Lack of donors and successful long term 
support as bridge, opened a new erasupport as bridge, opened a new era



    

REMATCH studyREMATCH study
RRandomized andomized EEvaluation of valuation of MMechanical echanical AAssistance for the ssistance for the TTreatment of reatment of CHCHFF

(patients (68 – LVAS, 61 – optimal medical 129(patients (68 – LVAS, 61 – optimal medical 129

((

Mean age: 66 ± 9 yearsMean age: 66 ± 9 years
reduction in risk of death 48%reduction in risk of death 48%
year survival: 52% vs. 25% 1year survival: 52% vs. 25% 1

yy

year survival: 23% vs. 8% 2year survival: 23% vs. 8% 2

yy

Improved quality of life at 1 yearImproved quality of life at 1 year



    

Destination TherapyDestination Therapy
Heartmate XVE - an enhanced version Heartmate XVE - an enhanced version 

of the VE version used in the of the VE version used in the 
REMATCH study was approved for REMATCH study was approved for 

destination therapy in non transplanted destination therapy in non transplanted 
.candidates in 2002 by the FDA.candidates in 2002 by the FDA

..



    

Post-REMATCH studyPost-REMATCH study

.patients (HeartMate XVE) ,  Nov 2001 – Dec 2005 280.patients (HeartMate XVE) ,  Nov 2001 – Dec 2005 280

..

Mean age: 66 ± 9 yearsMean age: 66 ± 9 years
year survival: 56% 1year survival: 56% 1

yy

 year survival according to risk score: 81%, 62%, 28%, 1 year survival according to risk score: 81%, 62%, 28%, 1
11%11%

.for low, medium, high, and very high scores.for low, medium, high, and very high scores

..



    

Post-REMATCH studyPost-REMATCH study
Scoring SystemScoring System



    

ADULT HEART TRANSPLANTATION ADULT HEART TRANSPLANTATION 
Kaplan-Meier Survival by Age GroupKaplan-Meier Survival by Age Group    ((Transplants: 1/1982-6/2002((Transplants: 1/1982-6/2002

((
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18-34 (N= 5,858) 35-49 (N=16,337)
50-64 (N=30,600) 65-69 (N= 2,511)
70+ (N= 250)

HALF-LIFE  18-34: 11.5 years; 35-49: 10.1 years; 50-64: 8.9 years; 65-69: 8.1 years; 70+: 5.9 years

All pair-wise comparisons are 
statistically significant at p < 0.001 
except 18-34 vs. 35-49 and 65-69 vs. 70+



    

The HeartMateThe HeartMate®® Left Ventricular  Left Ventricular 
(Assist System (LVAS(Assist System (LVAS

Bridge to transplantBridge to transplant
Bridge to recoveryBridge to recovery
Destination therapy for Destination therapy for 

non-transplant non-transplant 
candidatescandidates



    

ThoratecThoratec®®:  :  
Paracorporeal VADParacorporeal VAD

PulsatilePulsatile
PneumaticPneumatic
Univentricular or Biventricular Univentricular or Biventricular 

SupportSupport
Numerous Cannulation Numerous Cannulation 

OptionsOptions
Small and Large Patients Small and Large Patients 

((17 Kg - 144 Kg((17 Kg - 144 Kg

((

Short to Long-Term SupportShort to Long-Term Support



    



    

Univentricular vs. Biventricular Univentricular vs. Biventricular 
Assist Device SupportAssist Device Support

Indications for Biventricular SupportIndications for Biventricular Support
  Signs of Right Heart FailureSigns of Right Heart Failure
  Intractable ArrhythmiasIntractable Arrhythmias
  RV/Septal InfarctionRV/Septal Infarction
  Elevated PVRElevated PVR
  Secondary Organ InvolvementSecondary Organ Involvement
  Prolonged Cardiogenic Shock “Sicker Prolonged Cardiogenic Shock “Sicker 

“Patients“Patients



    

Total artificial heartTotal artificial heart

Unlimited supplyUnlimited supply
Replaces left and Replaces left and 

right heartsright hearts

ComplexComplex
No native heart No native heart 

backupbackup

Pros          Cons



    

Total Artificial HeartTotal Artificial Heart
AbioCorAbioCor

Totally implantable, Totally implantable, 
pulatile and electricalpulatile and electrical

Use TETS - Use TETS - 
Transcutaneous Energy Transcutaneous Energy 

Transfer SystemTransfer System

CardioWestCardioWest
Pulsatile, pneumatic Pulsatile, pneumatic 

drivendriven
Big Console (smaller Big Console (smaller 

console is about to be console is about to be 
(available(available

((



    

Axial Flow PumpsAxial Flow Pumps

magnetically suspendedmagnetically suspended
SmallSmall
SilentSilent
ValvelessValveless
RPM 7,000-12,000RPM 7,000-12,000
Afterload dependentAfterload dependent
In reality can deliver 3-5 lit/minIn reality can deliver 3-5 lit/min



    

Axial Flow Pumps in TrialAxial Flow Pumps in Trial

implants 262implants 262     100   100

  

Mean 90 daysMean 90 days84 days84 days
Max 518 daysMax 518 days5 years5 years
ThromboembolismThromboembolism        Thrombus         Thrombus 

        formation         formation 
        around pump        around pump

Micromed Debaky HeartMate IIb Jarvic 2000

J



    

Prospective, multicenter, 133 Tx Prospective, multicenter, 133 Tx 
candidatescandidates

HeartMate IIHeartMate II
year survival with LVAD – 68% 1year survival with LVAD – 68% 1

yy

Significant functional improvementSignificant functional improvement



    

HeartMate II



    

70 y/o male, ICM, s/p CABG, LV+RV dysfunction



    



    

Worldwide ExperienceWorldwide Experience
July of 2008July of 2008

Clinical VAD ImplantsClinical VAD Implants
Over 1200 PatientsOver 1200 Patients
Longest Support Duration:Longest Support Duration: 3.6 years  3.6 years 

((ongoing((ongoing
Age 14 – 82 yearsAge 14 – 82 years
BSA 1.3 – 2.8 mBSA 1.3 – 2.8 m22

22

Transplanted, recovered, or supported to Transplanted, recovered, or supported to 
180 days: 80%180 days: 80%



    

Indication for VADIndication for VAD
Heart failure must beHeart failure must be  .present.present

..

? Heart Transplant candidate? Heart Transplant candidate

??

Signs of failure, despite best medicalSigns of failure, despite best medical  

:management, such as:management, such as

::

PCWP > 20 mm HgPCWP > 20 mm Hg
CI < 2.0 L/min/mCI < 2.0 L/min/m22

22

Systolic BP < 80 mm HgSystolic BP < 80 mm Hg
Metabolic acidosisMetabolic acidosis
Rising creatinineRising creatinine
Life threatening arrhythmiasLife threatening arrhythmias



    

Contraindication for VADContraindication for VAD

SepsisSepsis
ComaComa
AnuriaAnuria
Multiorgan failureMultiorgan failure
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בחולים עם אי ספיקתבחולים עם אי ספיקת  VAD'sVAD's- - בנוגע לטיפול בבנוגע לטיפול ב.1.1
..לב קשהלב קשה

..

כ צורךכ צורך""יש בדריש בדר, , בחולים עם קרדיומיופטיה לא איסכמיתבחולים עם קרדיומיופטיה לא איסכמית.1.1
..BiVADBiVADבהשתלת בהשתלת 

..

המכשירים המודרניים הינם בעלי זרימה פולסטיליתהמכשירים המודרניים הינם בעלי זרימה פולסטילית.2.2
..שהוכחה כעדיפהשהוכחה כעדיפה

..

במועמדים ראוייםבמועמדים ראויים, , יכול להוות תחליף להשתלת לביכול להוות תחליף להשתלת לב.3.3
..המעדיפים פתרון זההמעדיפים פתרון זה, , להשתלהלהשתלה

..

הסיכוי לכשלון לב ימני גבוה מאשרהסיכוי לכשלון לב ימני גבוה מאשר, , במשאבות אקסיאליותבמשאבות אקסיאליות.4.4
  ..במשאבות פולסטיליותבמשאבות פולסטיליות



    

ConsultConsult
I’ve known this guy with heart failure EF 10% I’ve known this guy with heart failure EF 10% 

for years. He’s been doing great. But he acutely for years. He’s been doing great. But he acutely 
decompensated two weeks ago and arrested at decompensated two weeks ago and arrested at 
home. Went to his local ED and arrested again. home. Went to his local ED and arrested again. 

They put a balloon pump and shipped him to They put a balloon pump and shipped him to 
.us.us

..

He arrested twice on the way. The last one was He arrested twice on the way. The last one was 
a long one, and he got intubated. His kidneys a long one, and he got intubated. His kidneys 
took a hit and we put him on CVVH for a few took a hit and we put him on CVVH for a few 

days. He looked great, and we got him days. He looked great, and we got him 
.extubated.extubated

..

We got him down to only milrinone and he was We got him down to only milrinone and he was 
sitting in a chair, we placed it PICC line in him sitting in a chair, we placed it PICC line in him 

.and we thought we could get him home.and we thought we could get him home

..

…But…But



    

ConsultConsult
He arrested again the day before yesterday, got He arrested again the day before yesterday, got 

reintubated, and got a balloon pump again. reintubated, and got a balloon pump again. 
He’s back on CVVH (hasn’t made urine in two He’s back on CVVH (hasn’t made urine in two 
days, but his baseline creatinine is ‘only’ 2.3). days, but his baseline creatinine is ‘only’ 2.3). 

He’s on three high dose inotropes with a He’s on three high dose inotropes with a 
cardiac index of 1.2. It took us all day yesterday cardiac index of 1.2. It took us all day yesterday 

.to get it above 1.to get it above 1

..

I think he’s got some shock liver too. His I think he’s got some shock liver too. His 
transaminases are going up. His INR is 4.5 but transaminases are going up. His INR is 4.5 but 
that could be because he has not been eating that could be because he has not been eating 

.well and may be vit K deficient.well and may be vit K deficient

..

I think a pneumonia or line sepsis, could have I think a pneumonia or line sepsis, could have 
triggered all this recent decompensation. But triggered all this recent decompensation. But 

its hard to tell, his lungs are whited out, and it its hard to tell, his lungs are whited out, and it 
.may just be from fluid.may just be from fluid

..

?I think he needs a VAD, don’t you?I think he needs a VAD, don’t you

??



    

“In general, erring on the side of 
early implantation is advisable 
because after a certain level of 

decompensation the patient may 
not be able to recover in time”

n

P.M. McCarthy, in The Stanford Manual
of Cardiopulmonary Transplantation


