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A loose definition of Biomedical Engineering:

• The application of engineering techniques and 
analyses to problem-solving in medicine and the 
biomedical sciences
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Diversity in the terminology

• medical engineering,
• clinical engineering
• bioengineering
• biomedical engineering (BME)
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Biomedical Engineering (BME)

• BME is a discipline that (Def. II.)
‘The use of engineering technology, instrumentation 
and methods to solve medical problems, such as 
improving our understanding of physiology and the 
manufacture of artificial limbs and organs’
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1. Novel answers for old questions
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Visualizations of the models
• Computer Assisted Decision Making

Myocardial infarction
Developing aneurysm in 0.5-1.5% of the presented 
patients

•Enlarged Ventricle
•Elliptical shape lost
•Reduced cardiac output
•Ejection Fraction decrease
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Visualizations of the models - Second case
• Computer Assisted Decision Making
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Visualizations of the models - Second case
• Computer Assisted Decision Making

Benefints of CAVE technique

• Developing a PERSONALIZED and SAFER surgical 

procedure
• Patient EDUCATION and CONSENT
• Graduate and postgraduate EDUCATION
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Why we started to plan
LVAD support

The background image
is just an illustration



THE SIZE OF THE LEFT VENTRICLE

ANGLE AND LENGTH OF INFLOW CANNULA

RELATIVE POSITION

Rising problems
Heart Mate 3 inflow cannula’s position
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Rising problems
Heart Mate 3 inflow cannula’s position

SIZE ANGLE POSITION

The cannula angle 
has an impact on 
late Device failure

The interventricular 
septum, the papillary 
muscle and the apex 

of the heart 

Smaller size is an 
independent risk factor 
for Ventricular Assist 
Device thrombosis



Solution
1. 3D modeling
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3D modeling
Dicom files contain more information than shades of grey

CTA protocols:
Scanner: Philips Brilliance iCT 256 
100kV with different amperages (based on the patients)
ECG gated helical CT scanning with IV contrast agent
CT reconstruction:

Iterative Model based Reconstruction (IMR)
10% at the whole heart cycle
1 mm slice thickness, 1 mm increment 



With different methods
(partial differentiation, trigonometric functions, etc.)

Solving the equations on Bayesian state space

• The problem of time series and time-varying parameter

Using Kalman Filter recursion

Dicom files contain more information than shades of grey
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Dicom files contain more information than shades of grey

• 3D Medical imaging is made possible through the combination of 
existing technologies and cutting-edge computing power

• For a specific individual, input is taken from existing Dicom files 
(CT, MRI scans or 3D ECHO)

• This data is interpreted by own developed Matlab software to 
construct a unique human heart model

3D modeling



Solution
1. 3D modeling

2. Anatomical aspects

3. CFD simulations

4. 3D printing



Visualizing the intraventricular structures
Anatomical aspects

Aortic annulus

Mitral annulus

Papillary muscles

Intraventricular septum
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For more accurate positioning of inflow cannula
CFD simulations

Discretization Methods 
Finite volume method
     

Finite Element method
     

     

Finite difference method 
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Solution
1. 3D modeling

2. Anatomical aspects

3. CFD simulations

4. 3D printing

Surgical 
implementation



Using the guiding shield
Surgical implementation

1. Fitting the surface of the heart



Surgical implementation

1. Fitting the surface of the heart

2. Guided coring of the heart apex 

Using the guiding shield

Patent number: 1800379

EU, USA



2. New techniques
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3D printing in Medicine

• Plastic printing
Prostetic-parts
Tailor-made sensors
Medical models

• Tissue printing
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3D printing

• 3D printing is a form of additive manufacturing technology where 
a three dimensional object is created by laying down successive 
layers of material

• It is also known as Additive manufacturing
• 3D printing is achived using an additive process, where 

successive layers of material are laid down in different shapes
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3D printing - History

• The technology for printing phisical 3D objects form digital data 
was first developed by Charles Hull in 1984

• He named the technique as Stereolithography and obtained a 
patent for the technique in 1986

• By the end of 1980s, other similar technologies such as Fused 
Deposition Modelling and Selective Laser Sintering were 
introduced
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3D printing - Terminology

• Additive manufacturing - refers to technologies that create 
objects through sequential layering

• Rapid prototyping - is a group of techniques used to quickly 
fabricate a scale model of a physical part or assembly using 3D 
computer aided design data

• Stereolithography - “ system for generating 3D objects by 
creating a cross-sectional pattern of the object to be formed”

Tudomány és Művészet Kórélettana
- Innovatív képfeldolgozás hatása a szívműtétekre -



3D printing - Terminology

Milling
Turning
Grinding
Sawing

3D printing
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3D printing - Stereolithography
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3D printing - Stereolithography

Advantages:
• High resolution
• Rigid or felxibe

Disadvantages:
• Expensive and time consuming
• Toxic
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3D printing - Selective Laser Sintering
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3D printing - Selective Laser Sintering

Advantages:
• High resolution
• High stability

Disadvantages:
• Expensive
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3D printing - Fused Deposition Modeling
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3D printing - Fused Deposition Modeling

Advantages:
• High material variation
• Relatively cheap

Disadvantages:
• Resolution
• Time
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Visualization of the models

• LCD screen
• Phone application
• Printed model
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Visualizations of the models - First case
• Printed model
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Visualizations of the models - First case
• Printed model

Predicted Excised

N = 28
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Biomedical Innovation for the 21st Century
- Recent advances in biomedical engineering -



Thank You for Your Attention

Dr. Barabás J. Imre
barabasji@gmail.com
www.orvosi3d.hu


