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Co je to grafen? ”
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e jednoatomova vrstva uhliku s Sestidhelnikovym mrizkovym usporadanim
e poprvé izol(ep)ovan v roce 2004, 2010 Nobelova cena
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Co je to grafen?

 mimoradné elektrické, mechanické, termalni i optické vlastnosti

NANOGRAFI EXPLAINS

_, Applications &7[
4 , Graphene in
Medicine

&

nanografi.com

Graphene in Drug Delivery

Graphene in Cancer Treatment

Graphene in Gene Delivery

Graphene in Photothermal Therapy
Graphene in Diabetes Monitoring
Graphene in Dialysis

Graphene in Bone and Teeth Implantation
Graphene in Tissue Engineering and Cell Therapy
Graphene UV Sensors

Graphene for the Brain

Graphene in HIV Diagnosis

Graphene Biosensors

Graphene Bactericide

Graphene in Birth Control

Graphene in Deaf-Mute Communication
Graphene in Body Scans
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Jak vypada grafen? Q

Grafen Bézné tenké materialy

Méné nez
0,34 nm

NEMOCNICE

FAKULTNI MUNTI
BRNO MED

XXXII. vyroéni sjezd Ceské kardiologické spoleénosti, 4. - 7. 5, 2024, Brno / © Ing. David Pospisil, Ph.D. 2024



Jak vypada grafen?

J.C. Meyer- Transmission electron microscopy (TEM) of graphene, Woodhead Publishing, 2014, Pages 101-123, ISBN 9780857095084
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Budeme se bavit o vyuziti grafenovych poli ”

L 2
Grafenové pole:
* Impedance 40 Q cm?, kapacita 63,7 mC cm2, CIC (Charge Injection Capacity )
704 uC cm2
* umoznuje soucasné optické mapovani akénich potenciald, aktivity transferu Ca?*
a optogenetické stimulace pfi EF procedurach
* transparentnost 97%, elasticita 15%, nejpevnéjsi poznany material (130 GPa)
e Odolnost korozi, mechanicka odolnost, absolutni biokompatibilita
* MRI kompatibilita T p—
’ , . . . Graph Biointerface for Cardiac Arrhythmia Di i
= vyborné vlastnosti pro bioelektroniku e o e fo TaTdlac RITyEimia Plagnosts
Zexu Lin, Dmitry Kireev,* Ning Liu, Shubham Gupta, Jessica LaPiano, Sofian N. Obaid,
Zhiyuan Chen, Deji Akinwande, and Igor R. Efimov*
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Jisté se shodneme, Ze Q

e poruchy srdec¢niho rytmu = KV morbidita, mortalita
* invazivné jsou léCeny katétrovymi ablacemi a CIED

* vSechny technologie potrebuji sofistikovana biorozhrani

Nanodevice

Extracellular recording
——
QQ\ Elec‘tmporalionl

NN

Intracellular recording

Iwasawa, J. et al. J Am Coll Cardiol. 2017;70(5):542-53.
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Limity stavajicich biorozhrani

Rigidita

aningful
J:lnlfnovaﬁ(’" }\

« Pacemaker

« Implantable Cardioverter
Defibrillator (ICD)

« Cardiac Resynchronization
Therapy (CRT) Device

Meaningful

\onaeuation
Meaningful
\nnovation

Leadless + Insertable
Pacemaker Cardiac
Monitor (ICM)

1 mm (For All Devices)
—
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Limity stavajicich biorozhrani

Cardiac
Reference | . . Monitor Treatment Potential Complications!-"]
Electrophysiological Diseases
s e Atrial Fibrillation Insertable Cardiac Monitor o _ ‘ Infection at The Surgical Site

e Afrial Flutter (ICM) Cardiac Ablation Catheter Device Migration
Erosion of The Device through The Skin
Lead Dislodgement
Lead Failure

*  Sick Sinus Syndrome :
Local Pain

[14] e Conduction Block Implantable Pacemaker Implantable Pacemaker Vascular Injury
Haematoma
. ] Cardiac Perforation
* Ventricular 1
o Pneumothorax
[15.16] Tachycardia Tmplantable Cardioverter . . . ein Thrombosi
) e Ventricular Defibrillator (ICD) ICD. Cardiac Ablation Catheter Deep Vein Thrombosi
Fibrillation Atrio-Esophageal Fistula
Pulmonary Vein Stenosis
) Cardiac Tamponade / Hemopericardium
¢  Heart Failure . S
0] Followed by Cardiac Resynchronization Cardiac Resynchronization Phrenic Nerve Injury

Arrhythmia

Therapy (CRT) Device

Therapy (CRT) Device

XXXII. vyroéni sjezd Ceské kardiologické spoleénosti, 4. - 7. 5, 2024, Brno / © Ing. David Pospisil, Ph.D. 2024

Stroke

” INTERNI _ Fﬂgﬂ'&hcs |‘.| U ” I
KARDIOLOGICKA BRNG MED

® KLINIKA om0



Grafenové biorozhrani (GET) — schematicky model ”
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Graphene Electronic Tattoo

&
old Tape i \ — * 0,34 nm atomarni vrstva grafenu
Window * 10 ym Au kontakt
Graphelh e 200 nm polymethylmethakrylat
\;,\ * 100 pm silikonova pryz

« Elektroda s diametrem 1-3 mm

- ,

- idealne 15 — 18 mm

Elastomer

NEMOCNICE

FAKULTNI MUNI
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Grafenové biorozhrani (GET) — fotografie

Q

) 4

Gold
Tape *
Perfusion / - - :

Cannula *
[ J
[}
Graphene N
1 mm Electrode
— Window
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Graphene Electronic Tattoo

0,34 nm atomarni vrstva grafenu

10 um Au kontakt

200 nm polymethylmethakrylat

100 um silikonova pryz

Elektroda s diametrem 1-3 mm
idealné 15 — 18 mm?

Perfuze dle Langendorffa
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Grafenové biorozhrani (GET) — demonstraéni schéma Q

a Transparent Conformal b Photons < C Optical Fluorescent Signal
Graphene Device

NS _ NANNANN

Sinus Rhythm
- AM_&W\KW

Arrhythmia (AV Block)

DN e T
\\

SA
Node

AV
Node

Pacing Restores Healthy Rhythm

\ Stimulate - ' 1 1 1 | 1 1 |
Cardiac Conduction System
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Grafenové biorozhrani (GET) - vysledky Q

a i — Data e
Aorta ECG GND ....'";--‘.','_‘._. "'o... Acquisition 400 - 80 -
Cannula ' Electrode 3 e s = |- ECG - gEG R L ECG - gEG
E 300 - 5 60 1 *
6 4 e - i‘i 1 * :
..- \ /) £ 200 - x40+ . . -
@ ..' "E | Z J ele
. — U) ele
x 100 - 20 1l :
ECG 1 ] ] - * ﬁ
(-) Electrode 0 ; - : 0 . . ;
GEG : 1 15 2 1 15 2
(+) Electrode Electrode Electrode Window Electrode Window
Size (mm) Size (mm)

@ @ @ Silver / Silver Chloride (Ag / AgCl) Electrodes
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Grafenové biorozhrani (GET) - vysledky ”
L 2

b f Graphene
ECG - Sinus Rhythm ECG Pacing
= S 01 /{/K/ \i
é 0.1 - P QRS é . P ‘
© 00 --au-—-&\__—-\_——&\____m_—&\___a o 0.0 s"*‘—"" ——
g -0.1 T T T T T T T T T :_"g 0.1 1 T QRS T T QBS ‘ T
O O
> 0.0 0.1 0.2 0.3 0.4 0.5 > 0.0 0.5 1.0
Time (sec) Time (sec)
c g 18 - Pt (Bipolar) = G 1mm (Bipolar) = G 2mm (Unipolar)
gEG (1 mm Electrode Window) - Sinus Rhythm S 10 - G 1mm (Unipolar) = G 1.5mm (Unipolar)
S 3 > ] M\&E@; "
E 27 QRS 2 5 - , %
% 0] s g =
O
% ‘1 T T T T T T T T 0 —rr—rrrrrrTr T ™1
> 00 0.1 0.2 0.3 0.4 0.5 0.0 0.5 1.0 1.5 20

Time (sec) Stimulus Pulse Duration (ms)
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Grafenové biorozhrani (GET) - lécba AV bloku in vivo ”

a Passivation

Opening s i[/

D - prs i .
2 x 2 mGET-Array N —
Graphene Lo Electrode 1

Feedline - 4 Window
= — 5 mm
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Grafenové biorozhrani (GET) — |écba AV bloku in vivo

b Intubation ECG GND
Cannula Electrode C ECG - Sinus Rhythm
(=) =5
Electrode £ 00+
> 021 p QRS
©
% -04 T T v
> 0.0 0.1 0.2 0.3 0.4
Time (sec)
ECG
-) Electrode
P d gEG - Sinus Rhythm
< 15
Z10]p ORS gEG —1 -2 —3 —4
Graphene Biointerface » B iﬁ\ ﬁ‘-\_ -
Placed on the Heart g’ _g 'Wf‘h—“&‘*’* A
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Grafenové biorozhrani (GET) — lécba AV bloku in vivo

e 9 -
- G 1mm (Bipolar)
S 61
()
(o))
S 3 4
o
> )
0 +¥——v—r—+1—+—TrrT1TT—"T" 1T
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Stimulus Pulse Duration (ms)
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0.5
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i Graphene ;
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Ventricular Activation
by Graphene Pacing

SEA

Time (sec)
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Sinus Rhythm
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Nesporné prinosy
» Grafenova bioelektronika: nova trida materiall vhodnych v elektroterapii srdce
* Vlastnosti a vyuziti: moZznosti riznych aplikaci, vhodnost pro optokardiografii
* Elektrochemické vlastnosti v€. impedance, kapacit presahujici stavajici materialy
* Funkéni spolehlivost: vérena radou ex vivo a in vivo studii akvizice / aktuace
e Diagnostika a [éCba arytmii: Uspésné ex vivo a vivo experimenty
e Stabilita: 2 mésicni testy v PBS pfi télesné teploté

Rezervy
e Efektivita zdaznamu — pohybové artefakty
e Stimulace pfi prezenci epikardialniho tuku
* Dlouhodobé implantace — interakce s rostouci tkani
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