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Voltage and Frequency Ranges for Some Important Parameters
That Are Measured in the Human Body

Parameter sensor location Voltage range Frequency range (Hz)
Electrocardiography (ECG) 0.54mV 0.01-250

Skin electrodes
Electroencephalography (EEG) 5-200 uv DC-150

Scalp electrodes
Electrogastrography (EGG)

Skin-surface electrodes 10-1000 pV DC-1
Stomach-surface electrodes 0.5-80 mV DC-1

Electromyography (EMG| 0.1-5 mV DC-10,000
Needle electrodes

Electrooculography (EOG) 50-3500 pVv DC-50
Contact electrodes

Electroretinography (ERG) 0-900 pv DC-50
Contact electrodes

Nerve potentials 0.01-3 mV DC-10,000

Surface or needle elecrrodes
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Cardiac Conduction System

Sinoatrial Node
(SAN)

Right Atrium

Alrioventricular Node
(AVN)

Right Bundle
Branch (RBB)

Right Ventricle

http://library.med.utah.edu/kw/ecg

Left Atrium

HIS Bundle

Left Bundle
Branch (LBB)

Left Posterior
Fascicle (LPS)

Left Ventricle

Left Anterior
Fascicle (LAF)

Purkinje Fibers
(PF)

The Action potential that started from the
SA(sinoatrial) node(S 22 &) propagates
down to atrium to reach the Atrioventricular
node(&l2t2Z2 &),

The separation between the atrium and ventricle
is called the Atirioventrical Ring (2tAl &) 2
acts as an insulation (with only 0.05 m/sec
conduction velocity). This has a critical
function of allowing a delay about 0.1 sec
which is enough to finish atrial contraction
before ventricular contraction starts.

(The conduction velocity is about 1Tm/sec within
the atrium and ventricle)

The AP travels from the AV node through His’
bunble at a speed of 4m/sec to arrive at the
Purkinje network in the right and left
branches of the central septum. Here the
conduction is at 5m/sec and the entire
ventricular muscle contracts almost
simultaneously.
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The Einthoven Triangle

Pacemaker voltage: The
repetitive depolarization state
in the SA node.

Right Arm Left Arm

The propagation of the AP in
the heart can be presented
as a dipole vector that
moves within the Einthoven
Triangle drawn by him to
record the ECG by the

standard line lead method (Al Xl
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Lead Connections
Standard Line Lead: Biopolar measurement

Augmented Lead: Unipolar measurement
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Heart as a Dipole Vector (at lead 2)

—(P)The AP that started from SA node propagates to the atrium then reaches to
the AV node. The direction of the vector is bottom left.

—(QRS) The AP in the ventricle starts from the interventricular septum at the
center and propagates to both left and right. The direction of vector is bottom
right. (Q phase, phase 1)

The depolarization continues to propagate from center to outside of the
ventricle. Vector direction is to the bottom left. (R, phase 2)

The last place to be excited is the top and posterior side of the sep{:um. The
vector points to top and right. (S, phase 3)

— (T) The repolarization in the ventricle propagates from the outer wall to the
inner wall. This is opposite to the direction of R wave but considering the
polarity of the dipole, the vector directs to bottom and left.
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Precordial lead and Standard 12 lead

Precordial lead( orchest lead)
records the ECG by looking at the
heart from the transverse plane
and records the ECG with larger
magnitude.

Including the standard line leads,
augmented leads, and precordial
leads, there are 12 leads total and
the system is called the Standard
12 lead system.

For 12 lead ECG placement, see

http://www.youtube.com/watch? 18 321 Precordial lead3 7|3 435 29}, o]d
v=GUIKXnot- 1k © A FYRA4 L e



Normal variability in 12 lead ECG

Measurements
» Heart Rate: 60 - 90 bpm

» PR Interval: 0.12 - 0.20 sec
“» QRS Duration: 0.06 - 0.10 sec

> QT Interval (QT.<0.40 sec)
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ECG dependency on

leads.
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Normal ECG
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Male Caucasisn

: Thin 18616
1 a¥R V‘_‘T\ﬁ_‘\ i l i' Vi
F‘ l A \ l I . __1/\._4‘./\*
EIS T A g
N \ ' | A ; I
] l_.._...b_-......._.._L.- A .}m : fl..-ﬂ.._..._...._i ] '....._.,;u"\._-,lt—r"'—-
[ aVF 3 vé
LMARI0%  17:05
& 1987 Frank G. Yanowitz, M.D.
i Intro. BME




Frontal Plane QRS Axis

RS Axis =-30d -KH
QRS Axis = +90 degrees-KH 2 XIS egrees

“rank Yanowitz Copyright 1996

Frank Yanowitz Copyright 1996 o o o ) ) o
.ead IT is isoelectric: T is positive: IIT is negative. The axis is -30 degrees.

Lead I is isoelectric: IT and IIT are positive: the axis is +90 degrees.
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Normal variability continued

> P Wave
It is important to remember that the P wave represents the sequentialactivation of the right

and left atria, and it is common to see notched or biphasic P waves of right and left atrial
activation.

@ P duration < 0.12 sec
@r amplitude < 2.5 mm
@ Frontal plane P wave axis: 0o to +75¢

@ May see notched P waves in frontal plane
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> QRS Complex

The QRS represents the simultaneousactivation of the right and left ventricles, although most
of the QRS waveform is derived from the larger left ventricular musculature.

& QRS duration <0.10 sec

® QRS amplitude is quite variable from lead to lead and from person to person.
Two determinates of QRS voltages are:

L& Size of the ventricular chambers (i.e., the larger the chamber, the
larger the voltage)

¥ Proximity of chest electrodes to ventricular chamber (the closer,
the larger the voltage)

@ Frontal plane leads:

¥ The normal QRS axis range (+90 - to -30 » ); this implies that the
QRS be mostly positive (upright) in leads Il and I.

& Normal g-waves reflect normal septal activation (beginning on
the LV septum); they are narrow (<0.04s duration) and small (<25%
the amplitude of the R wave). They are often seen in leads | and
aV'L when the QRS axis is to the left of +60¢°, and in leads I, [II,
aVF when the QRS axis is to the right of +600. Septal q waves

should not be confused with the pathologic Q waves of myocardial
infarction.

For more, see http://library.med.utah.edu/kw/ecg 2=l T T



Diagnosis

Ol==22H LA ol= parameter=2 heart output, output under
stress, anatomy electrical conductivity, blood pressure, valve
leakage s0| QULE.

) | |
Adtrial Ventricular entricular
depaolariz ation depolarization  repolarization

OE =0 QRSII UHE 28 SA->AV bundle fiber2 Conductiond 2 Xl
(bundle block)

Inverted T (repolorization2 2H;AA HEE2UH M2 A.P.JFIJIXNE AP

2L ®E)

For more Diagnosis of cardiac diseases, see http://library.med.utah.edu/kw/ecg
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Fibrillation and Defibrillation

NI < (Fibrillation): &AM O 2= A.P.J} refractory
period LH 0| EOP P N & CHE AP.E PESPXI =
Ol XIAFE 28 SH(A rhythmla) | B2 A S0
xj} A A refractory period & /\EBP NEE=E 264

o=z A9 0484sz| SA 0l &=StCH 012
HIEOIEP ot § I/\“\'HIE(Ventrlcle Fibrillation)
=2 /&!QDPHI(Cardioplegia) é = ™ Al(sudden
death)E 229D &C). Ol AM=

(Resuscitation)2 HIHIEJI(Defbr ator)E 0|25}
H =ICt. Cardiac Arrest (& 2 0tH]) (Do not get
confused with Heart Attack (Al &grxt ZH AH) )

For BiVentricular Degibrillator Implantation
see from 10 minute point of or-live.com video:

http://www.youtube.com/watch?v=fE13wVVvt8Gg

N
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Implantable cardioverter—defibrillator (ICD)

A small battery—powered electrical
iImpulse generator

implanted in patients who are at risk
of sudden cardiac death due to
ventricular fibrillation.

The device is programmed to detect
cardiac arrhythmia and correct it by
delivering a jolt of electricity

e
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Defibrillator
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2 First find the isoelectric lead if there is one; i.e_, the lead with equal forces in the
positive and negative direction. Often this is the lead with the smallest QRS.

2 The QRS axis is perpendicular to that lead's orientation (see above diagram).

2 Since there are fwo perpendiculars to each isoelectric lead, chose the
perpendicular that best fits the direction of the other ECG leads.

> [f there is no isoelectric lead, there are usually two leads that are nearly
Isoelectric, and these are always 30. apart. Find the perpendiculars for each lead
and chose an approximate (QRS axis within the 30. range.

> Occasionally each of the 6 frontal plane leads is small and/or isoelectric. The
axis cannot be determined and is called indeterminate. This is a normal variant.

[
»

QRS sum: about 25

QRS sum: about 15

+ Vo
L Leg

Lead aVF is the isoelectric lead.
The two perpendiculars to aVF are 0 o and 180 o.
Lead I is positive (i.e., oriented to the left).
Therefore, the axis has to be 0 o.

Intro. BME
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QRS sum: about -10

QRS sum: about -20

QRS sum: about -30

v

QRS sum: about 35
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I. Axis Determination: Method 1
A. Check lead I (0 degrees)
1. QRS positive (predominately up)
a. Vector points to patient’'s Left
b. Correlates with right half of axis circle
2. QRS negative (predominately down)
a. Vector points to patient’'s Right
b. Correlates with left half of axis circle
B. Check lead aVF (90 degrees)
1. QRS positive (predominately up)
a. Vector points to bottom half of axis circle
2. QRS negative (predominately down)
a. Vector points to upper half of axis circle

II. Axis Determination: Method 2
A. Select Isoelectric lead from limb and augmented leads

1. Isoelectric lead averages to baseline

2. Positive deflection equals negative deflection
Identify isoelectric lead on axis circle
Choose lead that is perpendicular to isoelectric lead
Use Lead I and aVF to determine quadrant
Read perpendicular lead’s degrees off axis circle

m9 0 m
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