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Macro – micro – nano.
“bottom-up” “top-down”



Macro-micro-nano scales



Physiome project



Integration of macro-,micro and 
nanotechnologies for diagnostics and 
treatment of cardiovascular diseases

What challenge
for physicists
from physicians?



Challenges

Fibrillation – Defibrillation
Atherosclerosis
Artificial heart



Macro scale of the heart 

Heart of the adult ~ 100 mm Length: 120 -130 mm
Width:   70 – 80 mm

DNA ~ 10 mm Length in unwrapped 
conditions

aorta 10 – 30 mm Internal diameter

arteries 0,5 – 5 mm Internal diameters



Micro scale of the heart ( 1 )

arterioles 25 – 100 µm Internal diameter

capillaries 3 – 10 µm Internal diameter

bacteria 1 – 10 µm

chromosome 9 µm Human chromosome



Micro scale of the heart ( 2 )

Myocyte Cylindrical 
form

Length – 100 µm
Diameter – 10 µm

White blood cell Spherical form 8-15 µm

Red blood cell Disk form Diameter – 8 µm
Thickness – 1,5  µm

Platelet Spherical form 3 µm



Nano scale of the heart

Virus 20 – 200 nm

Protein 7 – 50 nm

Membrane thickness 7 nm

DNA (The cross-section size) 2 nm

Molecular of water 0,3 nm

Atom of hydrogen 0,1 nm
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Fibrillation



External
Defibrillators
(20 A, 10 ms)
up to 200 – 500 J



Wearable
cardioverter/defibrillator



Implantable cardiostimulator-
defibrillator



TMP problem



TMP measurement





TMP measurement
at the electrical stimulation 



Spatio-temporal distributions
of the TMP



TMP measurement in atrium



TMP measurement in cells





Cell of heart



Connexsons



Biochip



Technologies



Atherosclerosis (1-3 stages )



Atherosclerosis (4-5 stages)



LDL, HDL





Photodynamic therapy



Self-sufficient micro-robot







Nanorobots



Artificial heart



Future


