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Characteristics of the research group:

Cardiovascular surgical research is conducted in our unit as collaboration between Department of
CardioThoracic and Vascular Surgery and Institute of Experimental Clinical Research.

Our research activities are conducted as collaboration between senior and younger researchers with either
medical/surgical or engineering background.

Our research group has dealt with experimental heart valve research for more than 20 years. This area is
therefore considered as one of our core research areas. We have been working on natural heart valves as
well as biologic and mechanical heart valve prostheses.

Running projects: Titles and abstracts:

Investigations of hemodynamic performance of prosthetic heart valves

Using ultrasound, magnetic resonance imaging and various pressure recordings we investigate hemodynamic
characteristics of prosthetic heart valves implanted in experimental animals or in patients.

Data sampling is predominantly performed intraoperatively followed by excessive post processing of data.

These data comprise temporal and spatial display of velocity distribution and turbulence downstream of the valves.

Assessment of acoustic properties of mechanical heart valves

Mechanical heart valve prostheses produce short clicking sounds during closure. Some patients and their partners
are annoyed by the sound, which often causes sleeping disorders or social embarrassment. In order to investigate
heart valve sounds we have developed a technique to evaluate and quantify the closing sounds using
psychoacoustic parameters.

We are now in the process of characterizing sounds from a broad spectrum of mechanical heart valves

Cavitation studies of mechanical heart valves

Cavitation is formation of vaporous/gaseous microbubbles that may occur at locations near mechanical heart valves
where pressure locally can decrease below the vapour pressure of the blood. As soon as the pressure increases
again the microbubbles collapse (implode) during release of high energies. These energies are sufficiently high to
cause valve material deterioration and most likely also cause damage of the formed elements in the blood.
Accordingly generation of cavitation bubbles should be at the lowest possible level. Therefore, we investigate
cavitation formation in vitro by high speed cinematography and high frequency pressure fluctuations in order to
characterize prosthetic heart valve performance in this respect.

Formation of cavitation is also investigated in animal experimental settings as well as clinically.

Turbulence and HITS after mechanical valves exposed to different hemodynamic conditions




As a specialized subject of hemodynamic evaluation of prosthetic heart valves we sample Doppler velocity signals
downstream of prosthetic heart valves in experimental animals - as well as in patients - for turbulence
measurements.

Using a specialized application of Doppler ultrasound transducers we record High Intensity Transient Signals
(HITS) which represent micro-embolic material transported in the arteries . HITS is not seen before valve
implantation and we therefore use them as an indicator of micro- emboli’s induced by prosthetic heart valves.

Long term performance of mitral valve replacement using different chordal sparing techniques in pigs
Mitral valve replacement has earlier been performed by complete removal of the diseased native mitral valve. In
recent years the trend has shifted to preserve the posterior leaflet and remove its anterior counterpart completely. In
order to preserve the ventricular-valvular interaction mediated through the chordae tendineae we implant prosthetic
heart valves in pigs using a new approach where only secondary chordae are preserved in order to remove space
demanding valve material and at the same time preserve the mechanical connection between the left ventricle and
the mitral annulus. The study entails implantation of prosthetic heart valve and long-term follow up of heart
function in pigs.

3-D imaging and tissue charactarization of the female breast by means of ultrasound

Ultrasound based diagnosis of breast lesions is most often performed by recognizing characteristic ultrasonic
properties of the findings, such as shape, orientation, border characteristics and echogenicity.

A system for systematic 3D scanning of the uncompressed breast has been developed. During examination, the
patient lies prone on an examination bed, with the breast immersed in a water filled cup. A transducer is moved in a
systematic rotational pattern, covering the full breast. Compound imaging techniques are used to minimize shadow-
and enhancement artefacts prior to 3D reconstruction.

Validation of a new microsensor for monitoring tissue perfusion pO2 and pCO2

A new flexible mikrosensor (1 mm in diameter) has been developed by the company Unisense, and tested in
laboratory animals by our research groups. The probe respond adequately to deprived blood supply (lowered pO2
increasing pCO2 and reduced tissue flow). In the spring 2004 the sensor will be evaluated in muscular tissue of
patients undergoing peripheral vascular surgery. This project is undertaken by the BIOFLOW consortium.

Evaluation of patient self managed oral anticoagulant therapy

Prevention of thrombo-embolic events by means of coumadines is a socially burdensome therapy for the patients
due to frequent blood sampling and dosage regulations. New technology has enabled patients to make blood
specimen analysis at home and decide dosage adjustment themselves. There are a number of issues where patient
self management can be improved by enhanced interaction with the patient training centre. We are in the process of
evaluating clinically the treatment quality of self managing patients versus conventionally managed patients.

Biomechanical evaluation of heart valve tissue using scanning acoustic microscopy (SAM)

SAM utilizes ultrasound in the Giga Hertz range to investigate the speed of sound through histological slices of
biological tissue. Tissue elasticity and stiffness can be derived from the speed of sound and density. Using
advanced imaging technology it is feasible to display the distribution of biomechanical properties in the issue. We
have applied the technique to mitral valve tissue and succeeded to characterize the different layers in normal human
mitral valves. The SAM investigations will be extended to other cardiac structures to study normal and pathological
conditions.

3-D reconstruction of thoracic cavity and congenital cardiac defects using Magnetic Resonance Imaging
(MRI)

Using MRI it is possible to make image slices of the human body with significant resolution. It is furthermore
possible to make image acquisition triggered by respiration and cardiac function. These modalities allow us to
process 3-D reconstructions of the thoracic cavity and the heart chambers and structures. By applying advanced 3-
D display tools it is possible for the cardiac surgeon to make imaginary travels inside the heart and study
morphology of the cardiac anatomy and pathological conditions. The image tools are used for preoperative
evaluation of children with congenital heart disease and as a surgical planning tool in conjunction with robotic

surgery.




Intraoperative 3-D imaging of the beating heart by ultrasound

During open heart surgery it is some times useful to have detailed display of the cardiac anatomy before closing the
chest. Pediatric cardiac surgery is especially challenging in this context both due to small sizes, high pulse rates and
often very complex congenital malformations. We have developed a mechanical traversing system which can
automatically move the ultrasound transducer along the anterior surface of the heart during the operation. Using
fast data acquisition and 3-D reconstruction software we are able to display the cardiac anatomy to the surgeon with
a delay of less than 5 minutes.

Imaged based Computational Fluid Dynamics (CFD) as a tool for investigation of vascular anastomoses
Based on non-invasive Magnetic Resonance (MR) generated geometry and velocity boundary conditions it is
possible to investigate the influence of geometry variations, compliance and other hemodynamic factors to velocity
profiles and Wall Shear Stress. The finite volume method is applied to solve the complex Navier-Stokes flow
equation (FLUENT 6.1.22 - FLUENT AB Sweden).

Prevention of atrial fibrillation after coronary artery bypass surgery (CABG)

Postoperative atrial fibrillation occur in about 25% of CABG cases. Apart from discomfort and hemodynamic
instability this complication often leads to extended hospital stay and additional cost. In a prospective randomized
trial we investigate the value of trading CABG patients prophylactically with amiodarone.

Assessment of the impact of ischemic preconditioning on myocardial stunning.

Myocardial dysfunction (stunning) is frequently seen after an ischemic insult as e.g. after varm ischemia during
beating heart coronary artery bypass operations. In order to diminish the extent of stunning we investigate the effect
of exposing either the target organ (the heart) or a remote organ e.g. an extremity to transient ischemia. The studies
are being performed in pigs which have myocardial movement abnormalities evaluated by microsonometry and
tissue velocity imaging (TVI). The preconditioning ischemia is exerted by obstructing blood flow to the lower
extremity.

Recent publications related to the projects described above.

Kleine P, Perthel M, Hasenkam JM, Nygaard H, Hansen SB, Laas J. Downstream turbulence and high intensity transient
signals (HITS) following aortic valve replacement with Medtronic Hall or St. Jude Medical valve substitutes. Eur J
Cardiothor Surg 2000 Jan;17(1):20-24.

Kim YK, Pedersen EM, Blankholm AD, Lundorf E, Egeblad H, Andersen HR, Nielsen TT. Non-invasiv koronararteriografi
ved magnetisk resonans-scanning. UFL 2000;162:3478-79

Bodnar R, Nagel E, Scheidegger MB, Pedersen EM, Hess O, Boesiger P. Assessment of prosthetic aortic valve performance by
magnetic resonance velocity imaging. MAGMA 2000 Feb. ;10(1):18-26

Johansen P, Riis C, Hasenkam JM, Paulsen PK, Nygaard H. A new method for quantitative evaluation of perceived sounds
from mechanical heart valve prosthese. Proc Inst Mech Eng ”H» 2000;214(1):121-8

Chew MS, Brandberg J, Carnard P, Sloth E, Ask P, Hasenkam JM. Doppler flow measurement using surface integration of
velocity vectors (SIVV): in-vitro validation. Ultrasound Med Biol 2000 Feb;26(2):255-62

Walker PG, Houlind K, Djurhuus C, Kim WY, Pedersen EM. Motion correction for the quantification of mitral regurgitation
using the control volume method. Mag.Res Med 2000 May;43(5):726-733

Kleine P, Hasenkam JM, Nygaard H, Perthel M, Wesemeyer D, Laas J. Tilting disc versus bileaflet aortic valve substitutes:
intraoperative and postoperative hemodynamic performance in humans. J Heart Valve Dis 2000 Mar;9(2):308-11

Kim WY, Terp KA, Nyengaard JR, Silkjeer T, Jensen FT. Unbiased and efficient estimation of left ventricular volumes by
three-dimensional echocardiography with coaxial sections. Validation with magnetic resonance imaging. Heart Vessels
2000;15(1):35-43.

Stokholm R, Oyre SA, Ringgaard S, Flaagoy H, Paaske WP, Pedersen EM. Determination of wall shear rate in the human
carotid artery by magnetic resonance techniques. European Journal of Vascular and Endovascular Surgery 2000 Nov
;20(5):427-433

Schroeder AP, Houlind K, Pedersen EM, Thuesen L, Nielsen TT, Egeblad H. Magnetic resonance imaging seems safe in
patients with intra-coronary stents.J Cardiov Magn Res 2000;2:43-49

Chew MS, Brandberg J, Bjarum S, Baek-Jensen K, Sloth E, Ask P, Hasenkam JM, Janerot-Sjoberg B. Pediatric cardiac output
measurement using surface integration of velocity vectors (SIVV): in vitro validation. Crit Care Med 2000
Nov;28(11):3664-71




Kozerke S, Hasenkam JM, Nygaard H, Paulsen PK, Pedersen EM, Boesiger P. Heart motion-adapted MR velocity mapping of
blood velocity distribution downstream of aortic valv prostheses: intitial experience. Radiology 2001 Feb;218(2):548-
555.

Christensen TD, Attermann J, Pilegaard HK, Andersen NT, Maegaard MM, Hasenkam JM. Self management of oral
anticoagulant therapy for mechanical heart valve patients. Scand Cardiovasc J 2001 Mar.; 35(2): 107-113

Hughes P, Hasenkam JM, Severinsen IK, Steinbriichel DA. Right heart assist ensures hemodynamic stability during beating
heart coronary surgery on marginal arteries. An animal experimental porcine study. Scand Cardiovasc J 2001 Mar.; 35;
2:136-41.

Christensen TD, Attermann J, Hjortdal VE, Maegaard M, Hasenkam JM: Self-management of oral anticoagulation in children
with congenital heart disease. Cardiol Young 2001 May; 11(3): 269-276

Kozerke S, Hasenkam JM, Pedersen EM, Boesiger P. Visualization of Flow Patterns Distal to Aortic Valve Prostheses in
Humans Using a Fast Approach for Cine 3D Velocity Mapping. J Magn Reson Imaging. 2001 May;13(5):690-8.

Serensen TS, Therkildsen, SV, Makowski P, Knudsen JL, Pedersen, EM: A New virtual reality approach for planning of
cardiac interventions. Artificial Intelligence in Medicine 2001 June, 22(3):192-214

Timek TA, Nielsen SL, Green R, Dagum P, Bolger AF, Daughters GT, Hasenkam JM, Ingels NB, Miller DC. Influence of
Anterior Mitral Leaflet Second-Order Chordae on Leaflet Dynamics and Valve Competence. Ann Thorac Surg 2001
August; 72(2): 535-541

Nielsen SL, Timek TA, Lai DT, Daughters GT, Liang D, Hasenkam, JM, Ingels NB, Miller DC. Edge-to-edge Mitral Repair.
Tension on the Approximating Suture and Leaflet Deformation During Acute Ischemic Mitral Regurgitation in the
Ovine Heart. Circulation 2001; 104 (suppl. I): I-29 — 1-35

Schroeder AP, Houlind K, Pedersen EM, Nielsen TT, Egeblad H. Serial magnetic resonance imaging of global and regional
left ventricular remodelling during 1 year after acute myocardial infarction. Cardiology 2001;96:106-114

Perthel M, Hasenkam JM, Nygaard H, Kupper W, Laas J. Turbulence and high intensity transient signals (HITS) as a
parameter for optimum orientation of mechanical heart valves. Z Kardiol. 2001;90 Suppl 6

Lomholt M, Nielsen SL, Hansen SB, Andersen, NT, Hasenkam JM. Differential tension between secondary and primary
mitral chordae in an acute in-vivo porcine model. J Heart Valve Dis 2002 May, 11(3): 337-345

Serensen TSS, Therkildsen SV, Hansen OK, Serensen K, Pedersen EM. Total cavo-pulmonary connection. A virtual reality 3-
dimensional fly-through. Circulation 2002; 105:¢176

Christensen TD, Attermann J, Hjortdal, VE, Maegaard M, Hasenkam JM. Selvstyring af peroral antikoagulationsbehandling
hos bern med medfedte hjertesygdomme. Ugeskr. For Laeger. September 2002.

Johansen P, Lomholt M, Nygaard H. Spectral Characteristics of Mechanical Heart Valve Closing Sounds. J. Heart Valve Dis.
Vol. 11 (5): 736 — 744

Houlind K, Schroeder AP, Stedkilde-Jorgensen H, Paulsen PK, Egeblad H, Pedersen EMP. Intraventricular dispersion and
temporal delay of early left ventricular filling after acute myocardial infarction. Assessment by magnetic resonance
velocity mapping. Magnetic Resonance Imaging 2002 (2): 249 — 260

Nielsen SL, Nygaard H, Mandrup L, Fontaine AA, Hasenkam JM, He S, Yoganathan AP. Mechanism of incomplete mital
leaflet coaptation - interaction on chordal restraint and mitral leaflet remodeling. Insight from in vitro validation of the
premise of force equilibrium. J Biomech Eng. 2002 Oct;124(5):596-608.
Pedersen EM, Stenbgg EV, Frind ET, Houlind K, Kromann O, Serensen KE, Emmertsen, K, Hjortdal VE. Flow during
exercise in the total cavopulmonary connection measured by MR velocity mapping. Heart. 2002 Jun;87(6):554-8
Pedersen EM, Stenbeg EV, Friind T, Houlind K, Kromann O, Segrensen KE, Emmertsen K, Hjorddal V. Flow during exercise
in the total cavopulmonary connection measured by magnetic resonance velocity maping. Heart 2002; 87:554-558
Chew MS, Brix-Christensen, Ravn HB, Brandslund I, Ditlevsen E, Pedersen J, Hjortholm K, Hansen OK, Tennesen E,
Hjortdal VE. Effect of modified ultrafiltration on the inflammatory response in paediatric open-heart surgery: a
prospective randomized study. Perfusion 2002; 17:327-333

Nygaard H, Nielsen T, Nielsen TV, Hasenkam JM, Paulsen PK. Evaluation of Mechanical Heart Valve Sound in Patients.
Cardiac Surgery Today. 2003,;Vol. 1 (1): 11-18

Christensen TD, Andersen NT, Attermann J, Hjortdal VE, Maegaard M, Hasenkam JM. Mechanical heart valve patients can
manage oral anticoagulant therapy themselves. European Jour. of CardioThoracic Surgery 2003 (23): 292-298

Johansen P, Travis B, Paulsen, PK, Nygaard H, Hasenkam JM. Cavitation caused by mechanical heart valve prosthesis — A
review.APMIS 2003; suppl. 109, vol. 111: 108-112

Serensen B, Johansen P, Nielsen GL, Serensen JC, Ingerslev J. Reversal of the International Normalized Ratio with
recombinant activated factor VII in central nervous system bleeding during warfarin thromboprophylaxis: clinical and
biochemical aspects. Blood Coagulation and Fibrinolysis 2003, vol. 14. no. 5

Hjortdal VE, Emmertsen K, Stenbeg E, Friind T, Schmidt MR, Kromann O, Serensen K, Pedersen EM. Effects of Exercise and
Respiration on Blood Flow in Total Cavopulmonary Connection. A Real-Time Magnetic Resonance Flow Study.
Circulation 2003; 108:1227-1231.

Timek TA, Nielsen SL, Lai DT, Tibayan FA, Liang D, Rodriquez F, Daughters GT, Ingels NB, Miller DC.
Edge-to-edge mitral valve repair without ring annuloplasty for acute ischemic mitral regurgitation. Circulation 2003
Sep; 108 Suppl. 1:11122-7

Nielsen SL, Timek TA, Green GR, Dagum P, Daughters GT, Hasenkam JM, Bolger AF, Ingels NB, Miller DC.
Influence of anterior mitral leaflet second-order chordae tendineae on left ventricular systolic function. Circulation
2003 Jul; 108(4):486-91

Attermann J, Andersen NT, Korsgaard H, Maegaard M, Hasenkam JM. Precision of INR measured with a patient operated
whole blood coagulometer. Thromb Res 2003 Apr; 110(1):65-8




Sorensen B, Johansen P, Christiansen K, Woelke M, Ingerslev J. Whole blood coagulation thrombelastographic profiles
employing minimal tissue factor activation. J] Thromb Haemost 2003 Mar; 1(3):551-8

Sorensen HD , Paaske WP , Pedersen EM. Haemodynamic Properties of PTFE Femoropopliteal Bypass Grafts as Determined
by a New Magnetic Resonance Technique. Eur J Vasc Endovasc Surg 2003 Nov; 26(5):544-9

Hughes P, Hasenkam JM, Severinsen IK, Steinbruchel DA. Right heart assist for beating heart coronary artery bypass grafting.
Eur J Cardiothorac Surg 2003 Nov; 24(5):762-9

Andersen TS, Johansen P, Paulsen PK, Nygaard H, Hasenkam JM. Indication of cavitation in mechanical heart valve patients.
Jr. of Heart Valve Disease. J Heart Valve Dis 2003 Nov; 12(6):790-6

Johansen P. Noise Levels of Closing Sounds in Vivo are Equal for Different Bileaflet Mechanical Heart Valves. Jour. Of Heart
Valve Disease. ] Heart Valve Dis 2003 Nov; 12(6):764-71




