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BaggrundBaggrund

-- HjertetHjertet ogog Mitral Mitral KlappenKlappen: : PassivPassiv KontraventilKontraventil

Superior
Vena Cava

Left Pulmonary Artery

Left Atrium

Arch of Aorta

Papillary
Muscle

Right
Ventricle

Tricuspid 
valve

Right Atrium

Mitral Valve

Left Atrium

Interventricular
Septum

Chordae 
Tendneae

Myocardium



BaggrundBaggrund

-- HjertetHjertet ogog Mitral Mitral KlappenKlappen

Superior
Vena Cava

Left Pulmonary Artery

Left Atrium

Arch of Aorta

Papillary
Muscle

Right
Ventricle

Tricuspid 
valve

Right Atrium

Mitral Valve

Left Atrium

Interventricular
Septum

Chordae 
Tendneae

Myocardium



BaggrundBaggrund

-- Mitral Mitral KlappensKlappens AnatomiAnatomi
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BaggrundBaggrund
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BaggrundBaggrund

-- NårNår klappenklappen fejlerfejler

RegurgitationRegurgitation



BackgroundBackground

-- RetrogradRetrograd FlowFlow



BaggrundBaggrund

-- UdskiftningUdskiftning afaf hjerteklapperhjerteklapper
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ReperationReperation afaf HjerteklappenHjerteklappenReperationReperation afaf HjerteklappenHjerteklappen



BaggrundBaggrund
-- ForankringForankring ii venstrevenstre hjertehjerte
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BaggrundBaggrund

-- TovtrækkeriTovtrækkeri ii Mitral Mitral KlappenKlappen



BaggrundBaggrund

-- Reperations teknikkerReperations teknikker
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-- ReperationsReperations teknikkerteknikker
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-- Reperations teknikkerReperations teknikker
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BaggrundBaggrund

-- Force required for Papillary Muscle relocation Force required for Papillary Muscle relocation 
unknownunknown

-- Which force is acting on Which force is acting on -- Which force is acting on Which force is acting on 
the Papillary Muscles?the Papillary Muscles?

?
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-- Mitral Valve Disease: AnnulusMitral Valve Disease: Annulus



BackgroundBackground

-- Mitral Valve Disease Mitral Valve Disease 
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-- Mitral Valve annulus: Saddle shaped in systole, Mitral Valve annulus: Saddle shaped in systole, 
flat in diastole.flat in diastole.

Levine et al 1987



BackgroundBackground

-- Mitral Valve annulus: Saddle shaped in systole, Mitral Valve annulus: Saddle shaped in systole, 
flat in diastole.flat in diastole.

-- Mitral Valve Mitral Valve AnnuloplastyAnnuloplasty ringsrings-- Mitral Valve Mitral Valve AnnuloplastyAnnuloplasty ringsrings
-- Rigid: Flat or 3DRigid: Flat or 3D
-- FlexibleFlexible

-- Annular forces inAnnular forces in
repair device designsrepair device designs

?
?

??
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-- Optimizing Mitral Valve repair with force balanceOptimizing Mitral Valve repair with force balance
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BackgroundBackground

-- Porcine cardiac anatomy excellent for modelingPorcine cardiac anatomy excellent for modeling



Modeling the left heart:Modeling the left heart:

In Vitro Experiments In Vitro Experiments 

?
?



Explanting Porcine Mitral ValvesExplanting Porcine Mitral Valves

Dr. HeDr. He Dr. Dr. FraterFrater



ExplantationExplantation and Implantationand Implantation



Left Ventricular ModelLeft Ventricular Model
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Papillary Muscle Force TransducerPapillary Muscle Force Transducer
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Flow & Flow & 

Pressure and Flow MeasurementsPressure and Flow Measurements
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In Vitro Experimental SetupIn Vitro Experimental Setup



In Vitro Experimental SetupIn Vitro Experimental Setup

Berta in 1998Berta in 1998



In Vitro Experimental SetupIn Vitro Experimental Setup

Berta in 2008Berta in 2008



In Vitro Experimental SetupIn Vitro Experimental Setup

- n = 15
- Peak Left ventricular pressure: 120 mmHg

Experimental Conditions and Data Analysis

- Peak Left ventricular pressure: 120 mmHg
- Cardiac Output =   5 L/min
- High Speed Image capture: 250, 500, 1000 frames / s 
- Transmitral pressure, Flow, Force data (F T , FM1 , FM2)
- 10 heart cycle ensemble average



Kræfter i Fligenes ForankringKræfter i Fligenes Forankring

Flad eller Saddelformet Ring?Flad eller Saddelformet Ring?Flad eller Saddelformet Ring?Flad eller Saddelformet Ring?

In In vivovivo ExperimentalExperimental ModelModel



In Vivo ExperimentsIn Vivo Experiments

?

??
?

?
?

-- Acute, porcine in vivo setup, n=8Acute, porcine in vivo setup, n=8

SonomicrometrySonomicrometry AnnuloplastyAnnuloplasty Force RingForce Ring



Engineers and SurgeonsEngineers and Surgeons



MetoderMetoder

-- 3D 3D DynamikDynamik: : SonomikrometriSonomikrometri
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MetoderMetoder

-- 3D 3D DynamikDynamik: : SonomikrometriSonomikrometri



Force Measurement Ring DesignForce Measurement Ring Design



Force Ring CalibrationForce Ring Calibration



-- FrekvensFrekvens ResponsRespons

MetoderMetoder



Ring ImplantationRing Implantation

-- Same acute, porcine in vivo setup (n=8)Same acute, porcine in vivo setup (n=8)
-- Non flexible SutureNon flexible Suture
-- Beating HeartBeating Heart



MetoderMetoder

-- SynkroniseringSynkronisering med med hemodynamiskehemodynamiske parametreparametre
-- EKGEKG, LVP, LAP, Flow, 2D/3D , LVP, LAP, Flow, 2D/3D UltralydUltralyd



IngeniørstuderendeIngeniørstuderende



ResultaterResultater

Model Model afaf HjertetHjertet
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ResultaterResultater
In In VivoVivo ForsøgForsøg



SonomicrometrySonomicrometry



SonomicrometrySonomicrometry

AHCWRAHCWRSYS, w/ Ring SYS, w/ Ring =   7 =   7 ±± 5 %5 %
AHCWRAHCWRDIA, w/ Ring DIA, w/ Ring =   8 =   8 ±± 5 %5 %

AHCWRAHCWRSYS, No RingSYS, No Ring = 14 = 14 ±± 4 %4 %
AHCWRAHCWRDIA, No Ring DIA, No Ring =   7 =   7 ±± 6 %6 %



Restraining ForceRestraining Force

SegmentSegment Force____   Force____   
Anterior:Anterior: 0.7 0.7 ±± 0.4 N0.4 N
Commissural:Commissural: 1.4 1.4 ±± 1.0 N1.0 N
Posterior:Posterior: 0 N0 NPosterior:Posterior: 0 N0 N



ResulaterResulater: Kræfter i Ring: Kræfter i Ring
* P < 0.05***

FLAT



SADDLE

* * * * P < 0.05

ResulaterResulater: Kræfter i Ring: Kræfter i Ring

FLAT



Summa Summa SummarumSummarum

Kraft Kraft BalancenBalancen ii venstrevenstre hjertehjerte??



ConclusionConclusion

-- Saddle Saddle shape shape may be may be the equilibrium the equilibrium configurationconfiguration

-- Solving force balance provides rational Solving force balance provides rational basis basis for for 
innovative repair device innovative repair device designsdesigns



American Heart AssociationAmerican Heart Association
Scientific SessionsScientific Sessions

November  2007November  2007 November  2008November  2008



PublikationerPublikationer



Future PerspectivesFuture Perspectives

Hmmm??



Future PerspectivesFuture Perspectives

-- Ischemic Force BalanceIschemic Force Balance
-- In Vivo PM Force measurementIn Vivo PM Force measurement
-- “Intelligent” “Intelligent” AnnuloplastyAnnuloplasty RingRing

-- Test in FEM modelTest in FEM model



TakTak! ! TakTak! ! 

“The simple story is often incomplete” 
– Dr. Robert Levine, 2005


