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it % ¥ . Voltage-buffered Diff Amp
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Electrode

Electrolyte
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Ag/AgCl Electrode 7+ &, B
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Electrode-electrolyte interface
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— Half-cell potential
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¥ * 2 4& ¢ Half-Cell Potential

Metal & reaction Potential (volts)

Al > Al + 3e- —1.706
Cr > Cr3*+3e- —0.744
Ni = Ni¢* + 2e- —0.230
H, = 2H*+ 2e- 0.000 (definition)
Cu > Cu?t+ 2e- 0.340
Ag 2> Agt+e- 0.799
Au > Audt+ 3e- 1.420
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— Driven right leg

— Common-mode feedback
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Driven Right Leg Circuit
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Isolation amplifier
Lead-fail detection
Baseline restoration

Auto-calibration ...
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Multi-channel ECG

6 &% 53 % (chest leads)
3+3 & &5 & (limb leads)

— Einthoven’s triangle
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Chest leads & Einthoven’s Triangle
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ECG = = g ¥ ?

Electromyography #+§ B
Electroencephalography %% % Bl
EOG ~ EGG ~ ...
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More on Circults ...
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Strain gage sensors

P L ERK A B R
— RFER 3
BHARRE . 7 5%5H

51 of 149




Strain Gage Sensors

Fine resistance wires

contacts
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Flexible substrate
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Bridge Circuit (Wheatstone 7. 4f)
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More on Sensors ...
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Electrophysiology
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dx dx
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# % Nernst potential
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A i Typical Nernst Potential

Cytoplasm Extracelluar Nerst

(mM) fluid (mM)  potential (mV)

400 20 — 74
50 + 55
52 — 60

?K{’éf— squid giant axon &F35
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#F* Example 3.1

Inside cell :
[KCI] =100 mM
[RCI] =500 mM

Outside cell :
[KCI] =400 mM

)
n
]
]
]
]
]
]
]
q

[K*], +[K*], =500 [K*], +500=[CI"] [K*].
[CI7], +[CI"], =1000 [K*], =[CI], [K7],

[K*] =167 [K*], =333 [ClI"] =667 [Cl].=333 E,=18mV

From initial condition to steady state
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TR T =LV, ..

# % resting potential

=3 f 5 Goldman equation
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% = (J£ % polarization)
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x££ 5 - =x Goldman equation

V. =

m

q \ KIK™] +R[C7], + R[Na™];

Cytoplasm Extracelluar Nerst
(mM) fluid (mM)  potential (mV)

400 20 — 74
50 440 + 55
52 560 — 60

Ririd AP EFFLE
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Goldman Equation

Squid giant axon : — 60 mV

- L AR ... (0.5 mm)
Nernst potential (Na*) : + 55 mV
Brewp § i D> s Nar T g
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Action Potential ¢n# 2
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#-= de-polarization
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Action Potential ;= %, B]

Skeldrol Cardiac
i
Motonauran muscle

W n ventricle

Transmembrane potential
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Action Potential en# 2
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AT R H Na il S 12

fmP %genion channels (33 i i)

— Passive ion channels

— Active ion channels
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DEPOLARIZATION
Depolarized region

Y

+ + ¥+ + 4 ===l 4 4 4 &
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T v 4R

w3 i@ P o> $R4R resting § =
— f % re-polarization

[ P¥3 — £ refractory period
RRIRH AR FI AR EHY
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Action Potential ;= %, B]

Absolute Relative
refractory refractory
period

Refractory period & hyper-polarization
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Peripheral (extrinsic) proteins
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# A 127 11 (FES; functional
electrical stimulation) #* *>4g &

A1 EARSRE (pacemaker)
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o Fue Action Potential & ECG
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ECG Interpretations
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Superior vena cavag ——

Sinoatrial node

EED .( - ‘ Bundle branches
A ( '-__1' Left ventricle

Right atrium 'i1

e Leb atrium
= i,
b _ Bundle of His

Purkinje fibers

S

Atrioventricular node

e

Right ventricle Purkinje fibers

Papillary muscle

F i E [l e |
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AL A EDR,
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QRS-complex : < % <58

T wave . < % &+3k
< % £R5R A4 QRS F i
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Superior vena cova ——

e Leb atrium
= i,
i Bundle of His

h '?:_:'
Sinoatrial node , .- ] ;
I\i — \‘ Bundle branches
. Y

Purkinje fibers

Right atrium 'i1 ..\ i Left ventricle

S

Atrioventricular node

e

Right ventricle Purkinje fibers

Papillary muscle

SA> w58 AVOAV R D> v 3F
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. Sinus-Atrium (SA) node

— Sinus : ¥ — 3 F ~ #%

— Atrium : ~ %

278 Ao g
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FIZ ...

> £ .52 . Atrium-Ventricle node
— Atrium : < %
— Ventricle: %
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Superior vena cavag ——

Lekt atrium

inoatrial node : '::t.-.; -- f Bundle branches
i ANy

Bundle of His

Right atrium 'i1 Left ventricle

Purkinje fibers

S

Atrioventricular node

e

Right ventricle Purkinie fibers

Papillary muscle
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SA node & R EME > T
Interatrial tract @ 3 < %
internodal tracts i ¥ AV node

AV node £ & - B R (0.1S)
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02 04 06 08 10  1.2(sec)

3 RMANREFV D EHT
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%X SA node Y- gl FRE

R S LA S
- & SA node % ¥z > W BRIT R YT
REFBREL R 2D
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Inherent Rhythm

SA node : 70~75 bpm
% 0 70~75 bpm
AV node : 60 bpm
. 30~45 bpm
L . 150~250 bpm
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PQRST pattern
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brady- or tachycardia)
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Sinus tachycardia
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Sinus bradycardia
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FaEs s R >R bR
3rd degree heart block
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3rd Degree (Complete) AV Block

P& 5
j P
Fbﬂm

% 100 bpm » QRS 4~50 bpm
A dpde pH © A3 (e.g., T wave)
L3 correlation
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Complete Heart Block

NG

LS

57 3

< EEER T R R IR
— Potentially life-threatening !
FRRHEAICERSE
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Superior vena cavag ——

Sinoatrial node

S '( . ‘ Bundle branches
A ( '-__1' Left ventricle

Right atrium 'iII

e Leb atrium
) : Bundle of His

Purkinje fibers

S

Atrioventricular node

e

Right ventricle Purkinie fibers

Papillary muscle

R s !
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BRI ...

1st degree heart block

"’T}i fus 528 (Pwave) 385 %
;l-' NN i (QRS) s je L ﬁi‘&
ﬂﬁ%i@%?%i
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1st Degree Heart Block

£ £ 9 PR interval (> 0.2 sec)
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BRI ...

2nd degree heart block
A {—E ﬂ;ou xﬁﬁﬂ"’g Léi'Jou

- A B2 BHFOP RAIENR- B
v B8 0 (2:1 or 3:1 block)
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2nd degree heart block ¥

3:1 AV block (Mobitz Type II)
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SESE JiT-

PVC (premature ventricular
contraction) ~ & VPC

o g ¢ B & E8L (ectopic
focus) # & & 1 v g =
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3 B F e EH R QRS complex & %
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A B 0 QRS complex
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< 3 % ¥ fes (PVC)
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PVC % 4 #F

Single PVC : > 6 per minute
Trigeminy, bigeminy

Doublet, triplet, ...

Ventricular tachycardia 2> 52 % |
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Ventricular Bi- and Trigeminy
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Ventricular Tachycardia
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Ventricular Flutter (VT &v— #&)

X8 11 sine wave i 3 #5435
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s g M E % (VT)

£ PR e b (R )
"R B ES

BFHEVT BT 2ildes B9 VF
B YRR L% ﬁag&.'fgl&i& R FT
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Ventricular Fibrillation

g ECG 2 EHA7 3
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Faiek S (rERTLR)?
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d Ventricular Fibrillation 3] ...

Jii

TS e R
[EESET SR L Tway anet hae iy sugm gy tan s zzas pig
i } ;‘ | o i t4 Jrs 4 d

. #g7> (flat ECG)
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PRSP 3

Refractory period 5 & 1 K{E g 1=
BEFF D G2 ASF
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q1 2 1

1 g2
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Holter ECG (24 -] FF. T )
#d e 7 B (challenge test)

eig W

Vectorcardiogram ...
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Holter ECG
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ECG: w%#fl% - %k 2

— k2 FR X & specific
ARLHAG TEE TR
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