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Electrical activation of Heart

In order for the Heart to pump blood :

1. Ventricles must be electrically activated
2. Contract
For that :

Generation of Action Potential in Pacemaker cell (SA node) - conduction and propagation of AP
by specialized conductive tissue (GAP junctions!)—> Excitation/depolarization of contractile
cardiomyocytes - Contraction of cardiac muscle cells



2 major type of cardiac cells

1. Conductive cells (pacemaker cells) :

-Automatic excitation/Generation of AP (pacemaker activity)

-Conduction of excitation

2. Contractile cells :

-Contraction & generation of force ( Atrial & ventricular working cardiomyocytes)




Cardiac cells (Gap Junctions)

Capillary Intercalated discs

Desmosome

Mucleus Cardiac
muscle fiber




Cardiac conductive cells

1
2
3.
4
5

Sinoatrial node (SA NODE) = main pacemaker (Automaticity!) = 60-100 bpm
Atrioventricular node (AV NODE)

Bundle of his
Bachmann's

L + R bundle branches Sinoatrial node \ bundle

Purkinje system
Atrioventricular

His bundle

Left posterior \\\\
bundle

— Purkinje

Right bundle fibers




Pacemaker cells

Automaticity Foci

Level Inherent Rate Range

AV Junction 40 - 60/in.

Ventricles 20 - 40/min.

Pacing Rates
of Automaticity Foci

® & b0 90
| Atral | Junctional | Ventricular |




Conductive pathway

Conduction pathway: SA node — atria

— AV node — bundle of His — right and
left bundle branches — Purkinje fibers

— ventricles; left bundle branch divides into Vesﬁfig\?;
left anterior and posterior fascicles.
SA node
Pacemaker rates: SA > AV > bundle of His/ AV node >

Purkinje/ventricles.

Speed of conduction: His-Purkinje > Atria > gundle of His
Ventricles > AV node. He Parks At Ventura
Avenue.

Right bundle
branch

Purkinje fibers

ST
segment

/-J point

Q-Tin

erval

5mm
0.2 seconds 0
— 405
u
— N ) mV

R
P-R
Bachmann segment
bundle
P
Left bundle — IJ
branch Q
e S
P-R QRS
interval interval
Left anterior
fascicle
Atrial Ventricular
) depolarization ' depolarization
Left posterior
fascicle

Ventricular
repolarization




CONDUCTION VELOCITY

*Reflects the time required for excitation to spread throughout cardiac Table 21-4 Conduction Velocity in Different Cardiac Tissues

tissue.
Tissue Conduction Velocity (m/s)

*Depends on the size of the inward current during the upstroke of the

action potential. The larger the inward current, the higher the SA node 0.05
conduction velocity. Atrial pathways :
*Conduction fastest in the Purkinje system. AV node 0.05
*Conduction is slowest in the AV node (seen as the PR interval on the .
. . . - : . Bundle of His 1
ECG), allowing time for ventricular filling before ventricular contraction.
If conduction velocity through the AV node is increased, ventricular Purkinje system 4
filling may be compromised.
Ventricular muscle 1




Cardiac action potential




Pacemaker action potential (HIGH
YIELD)

O b e e
w —2 B lC ||(
= ( Phase 0 Phase 3
Z a0 oA Threshold \ .
=
Phase 4
-60
. (Na*and K*)
-80 I

100 msec



Membrane
potential
(mV)

+20 -
o ot
: i Moty Outflux of K*
0 - =porelizatol \ Repolarization

) Slow influx of Na*
—20 - Prepotential
40 ———F¥ """ NN —— NN —"—"———— = Threshold
—60
—80 -

0.8 1.6
Time (s)




AUTONOMIC EFFECTS ON HR
AND CV

Sympathetic System
activates cardiac [3; adrenergic receptors

Cardiac
Excitatory Effects

{r rate of SA Node pacing
4 rate of conduction

{r force of contraction

€ irritability of foci

The heart is stimulated by the sympathetic system through its terminal boutons.

“The boutons deliver N-epi to the B, (adrenergic) receptors; this activates the
‘8 receptors,* producing an excitatory response at the cellular level.

Parasympathetic System
activates cholinergic receptors

=
| vagus nerve
Note: There are two vagus nerves, % |

left and right. Each vagus nerve ~__stimulates
supplies the heart and g.i. tract. S

— —th T,
I

inhibits

Cardiac
Inhibitory Effects

<k rate of SA Node pacing
<+ rate of conduction

{ force of contraction
By inverse frequency effect!

< irritability of atrial and
Junctional foci

PSNS HAS NO DIRECT (-)IONOTROPIC EFFECT!

Parasympathetic nerves release the neurotransmitter acetylcholine (ACh), which
activates cardiac cholinergic receptors (most are within the atria) to produce a cardiac
inhibitory effect. Conversely, the gastrointestinal tract is stimulated by its
parasympathetic innervation.

S




AUTONOMIC EFFECTS ON HR
AND CV

Catecholamines

S
s
=
O
5 404 NE
g
3
@
L

Figure lI-3-3. Sympathetic Effects on SA Nodal Cells

e Norepinephrine (NE) from postganglionic sympathetic nerve terminals
and circulating epinephrine (Epi)
e -1 receptors; Gs—cAMP; stimulates opening of HCN and Ca®* channels
o Increased slope of pacemaker potential (gets to threshold sooner)
« Functional effect
— Positive chronotropy (SA node): increased HR

— Positive dromotropy (AV node): increased conduction velocity
through the AV node



AUTONOMIC EFFECTS ON HR
AND CV

Parasympathetic

0 N\
—20 4
ACh
—40 -
~60 -

—80

Electrical Potential (mV)

Figure lI-3-4. Parasympathetic Effects on SA Nodal Cells

o Ach released from post-ganglionic fibers.
e M, receptor; Gi-Go; Opens K* channels and inhibits cAMP
e Hyperpolarizes; reduced slope of pacemaker potential
e Functional effect
— Negative chronotropy (SA node): Decreased HR

— Negative dromotropy (AV node): Decreased conduction velocity
through the AV node



Effect of ANS on Pacemaker cells &
HR

+30-

Normal




AUTONOMIC EFFECTS ON HR
AND CV

Sympathetic Parasympathetic
Effect Receptor Effect Receptor
Heart rate 1 B, l Muscarinic
Conduction velocity (AV node) 1 B, ] Muscarinic
Contractility 1 B, | (Atria only) Muscarinic
Vascular smooth muscle
Skin, splanchnic Constriction

Skeletal muscle Constriction :
Relaxation B,




Contractile cardiomyocytes action
potential

Phase 1 (I )
Phase2 (I,&1y)

Phase 3 (I ;)
Phase 0 ~
(I Na) Effective refractory period (ERP)

) 200 msec { Phase 4 (dominated by I )
g5y — L

K Kt K*

‘ t ‘ Extracellular
l ' Intracellular

Na* Myocyte




Action potential of cardiac muscles

Grigoriy |konnikov and Eric Wong

Phase 4 Phase O Phase 1 Phase 2

ECF Na+ Ca2+
l_ I L A 'y
o Y vy Y

ICF K+ K+ K+

Transient K+ channels open and
K+ efflux returns TMP to OmV

1
Rapid Na+ infl e

apid Na+ infiux Influx of Ca2-+ through

through open fast L Ca2+ ch |
Na+ channels LAype Lazs+ channsis
is electrically balanced

0 by K+ efflux through

delayed rectifier K+

channels

Na+, Ca2+ channels
closed, open K+
rectifier channels keep
TMP stable at —90mV

4

Phase 3

Ca2+ channels close but
delayed rectifier K+
channels remain open and

return TMP to —90mV

T 0

T

E=

3

g

D

=

(1]

o —50 -

E

@

=
-90 -
-100

Time



COMPARISON OF DIFFERENT
ACTION POTENTIALS

Cardiac Excitation & the ECG j\/
3 SAN
4
Atrium
E A
I 1 2




EKG - Basics

1.  When Heart cells go from polarized (-resting state) to depolarized (+action potential) > a wave of
electrical current is generated

this wave of depolarization (current) moves through Cardiac cells = causes contraction !
ECG records this electrical activity by mean of 10 skin electrodes (4limb + 6chest)
Electrodes give us 12 real time picture of heart from different angles (12 leads)
Information is recorded on a ECG paper as Positive(+) or Negative(-) deflection

A wave of depolarization moving toward a positive electrode produces a + deflection.

N o v kA v DN

A wave of depolarization moving away from a positive electrode records a - deflection.



Wave of depolarization

Chapter 1: Basic Principles

The interiors of heart muscle cells (myocytes*) are negative (“polarized”) at rest,
but when “depolarized” their interiors become positive and the myocytes contract.

As a wave of depolarization progresses through the heart, it causes contraction of the
myocardium.



ECG Electrodes

onEKG ——1

Sensors called “electrodes™ are put on the skin to detect the heart’s electrical activity. = o N
The EKG machine records this activity on moving paper as an electrocardiogram. As the positive wave of depolarization within the myocytes flows toward a positive
electrode, there is a positive (upward) deflection recorded on EKG.




Positive & Negative Deflections on
ECG paper

Reference
electrode

- T 1

VECTOR

Exploring
electrode

_T

Reference
electrode

Electrocardio-
graph

Exploring
electrode

Electrocardio-
graph

_T

The electrical vector is
directed towards the
explorating electrode in
this lead, and therefore
causes a positive deflection
(wave).

The electrical vector is
directed away from the
explorating electrode in
this lead, and therefore
causes a negative deflection
(wave).




positive
4

+/\+

e

baseline

negative

Upward deflections are called “positive” deflections. Downward deflections are
called “negative” deflections.



12 lead ECG

1. 6limblead (1, Il,1ll,aVL, aVR, aVF ) & 6 chest lead (V1-V6)

2. Bipolarleads (1,1l 1ll) : using voltage difference between 2 active electrode to create an
image ( 2 eye vision example :) )

3. Unipolar leads (aVL, aVR, aVF, V1-V6) : measuring voltage in a single electrode while others
are set as earth! (one eye vision ;) )




ELECTRODE PLACEMENT




Bipolar [imb Leads

Bipolar Limb Leads

i\@g__ lead I g&

[Right Arm

Left Arm
. electrode

electrode

Left Leg
electrode

o obtain the limb leads, electrodes are placed on the right arm, the left arm, and the

it leg. A pair of electrodes is used to record a lead. Each bipolar limb lead is recorded using two electrodes. So by selecting a different
pair of electrodes for each lead, we create three separate bipolar
limb leads (lead I, lead 11, and lead III) for recording.



olar Limb Leads

| ovt 'c o

v pushing the three (bipolar) limb leads to the center of the triangle, we produce
iree intersecting lines of reference.



Augmented unipolar limb leads

lead AVF

lead AVR lead AVL
Left Foot
Another standard lead is the AVF lead. The AVF lead uses the left foot electrode as he remaining two augmented limb leads, AVR and AVL, are obtained in a similar
positive and both arm electrodes as a common ground (negative). manner.



Augmented Limb Leads

%-F +/=

v,
¢
AVF
S
S

AVF

The augmented limb leads, AVR, AVL, and AVF, intersect at different angles than
those produced by the bipolar limb leads, and they produce three other intersecting
lines of reference.



Six Limb Leads of the Standard EKG

bipolar augmented six intersecting
Ilmb leads limb Iead — limb leads of
the standard EKG
-
combined

All six limb leads (I, I, 111, and AVR, AVL, and AVF) meet to form six intersecting
leads that lie in a flat “frontal” plane on the patient’s chest.



Six Limb Leads are at Six Different Angles

Each camera* position represents the positive electrode of a standard limb lead.
Each limb lead (I, II, III, AVR, AVL, and AVF) records from a different angle
(viewpoint), to provide a different view of the same cardiac activity.



By observing the same object from six different angles, you will obtain a great deal
of information, and in this case, perhaps even identify the car.



Chest leads

Chest Leads | Chest Leads in the Horizontal Plane

Vi | Va2 .
o oy, |
YT |
S |

To obtain the six standard chest leads, a positive electrode (suction cup) is placed at = In general, each of the chest leads™ is oriented through the AV node and projects
six different positions (one for each lead) on the chest. through the patient’s back, which is negative.

chest leads V, to Vg




Chest leads

Chest Leads on EKG

|
(o

V4 V5 Ve

By examining an EKG, you will notice that the waves in the six chest leads show
progressive changes from V, to V.



Limb Leads

Chest Leads

: the standard EKG tracing there are six chest leads and six limb leads. This is the
* lead electrocardiogram.



FRONTAL & HORIZONTAL PLANE
VIEW

View of heart Leads
Inferior I, 111, aVF
Lateral l,aVL,V5,Vé

Anterior V3, V4
Septal VI, V2
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SA node

(1) Atrial depolarization, initiated
= by the SA node, causes the
l P wave.

AV node R

Q S
(2) With atrial depolarization

complete, the impulse is
delayed at the AV node.

@ Ventricular depolarization
begins at apex, causing the
QRS complex. Atrial
repolarization occurs.

|:| Depolarization . Repolarization

A

¢4 Ventricular depnfarazatlnn
is ::nmplata

Q

-]
() Ventricular repolarization
begins at apex, causing the
T wave.

R

Qs

() Ventricular repolarization
is complete.



Classic ECG recording (Lead Il)




SING IT TO ME !

—_————— e — — — —— — —

ventricular
repolarization

ventricular
depolarization
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|elne




ECG paper

[

AW §°) = Wur g

5 mm =0.20 seconds

conds

1 mm = 0.04 se




Classic ECG on Lead Il

Smm
+1.0
0.2 seconds
R
P-R ” ST
segment segment —+0.5
T
P /-J point /\ u
— — N 0 mV
Q
U
P-R QRS
interval  interval
Q-Tinterval - 105
L | L |
Atrial Ventricular Ventricular
depolarization depolarization repolarization



How to Read ECG ?

1. RATE

2. RHYTHM

3. AXIS

4. INTERVALS
5. WAVEFORMS




RATE

Normal HR : 50-100 bpm
HR > 100 = TACHYCARDIA
HR <50 - BRADYCARDIA

300/ Number of large boxes between 2 R

START

300

150

100

75

60

50

\




Rythm

Is it Regular Sinus rhythm ?

1. Normal morphology of P wave

2. P before QRS and QRS after every P

3. RRand PP intervals are equal in all leads

EEacLEeiRaRinEes




MEAN ELECTRICAL AXIS (MEA)

The MEA indicates the net direction (vector) of current flow during ventricular depolarization.

Determine the net QRS deflection (upward minus downward) in lead
I and aVE. Using these 2 leads allows us to partition the mathematical
erid into 4 basic quadrants (upper left panel of Figure I1-3-9).

+5

Net deflection=5-1-3
= +1



-90°
3 A
5 Extreme axis deviation w | Left axis deviation
- 1 (LAD)
: |
I { FBSE1 1588 | EERRH |
it tEEd e -150° | ) -30°
: ~ / |
n ‘ <« Rule of thumb: the heart axis
. - ) ) (QRS) rotates towards
: 180° — i€ /‘:; ' @—> 0° hypertropy and dWay from
VR WV | — |\ 7 infarction
uds / Right axis deviation Normal QRS axis
(RAD)




ECG intervals

TABLE 30-2 ECG intervals.

10 R Normal Durations
Events in the Heart
Isoelectric Intervals Average Range during Interval
line
05 ™ PRinterval® 0.18° 0.12-0.20  Atrial depolarization and
PR segment || | ST segment N conduction through AV
E L —lnl < T \\ node
U
0 \ QRS duration 0.08 to 0.10 Ventricular depolarization
- n and atrial repolarization
PR interval || _ _ _
QT interval 0.40 t00.43 Ventricular depolariza-
05 S tion plus ventricular re-
e . l+—>I QRS duration polarization
QT inerval ATt~
0 0.2 0.4 0.6 ST interval 0.32 e Ventricular repolariza-
Time (s) (QT minus QRS) tion (during T wave)
FIGURE 30-5 Waves of the ECG. @Measured from the beginning of the P wave to the beginning of the QRS complex.

bShortens as heart rate increases from average of 0.18 s at a rate of 70 beats/min to
0.14 s at a rate of 130 beats/min.




Arrythmia

1. Altered automaticity

2. Altered conduction




Arrythmias

» Based on Rate = Bradyarrythmia Vs Tachyarrythmia

»Based on Location of origin = Supraventricular Vs Ventricular
» Base on mechanism of origin =

* Irregular rythms

*Escape

*Premature beats

*Tachy-Arrythmias



P Pulmonale & Mitrale

|
P Pul | GEEEREEE SN EEE EESEEAER SR & ':|:'::J{"""
ulmonale R p Mitrale EEEEEmEE=Emas 18mE

Causes Peaked P Causes M-shaped P EESEEREEEEEE YEE
wave

wave ) / s AT P |

<

Elevation of P

wave > 0.25my Prolongation of P >, |

R T 0.10s
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PR interval pathology (AV BLOCK)

p P p P
First-Degree AV Block _,hj’/\_,\_j'/\_&jlj\_,_l'/\
Second-Degree AV Block
P p p p P p
Mobitz Type |
(Wenckebach Phenomenon)
P P P P (] P
P p p p P

R R R R
P 4] 4] P P p ) p p p
Complete (Third-Degree) J\I'MW\N
AV Block




Atrial fibrillation

RR1 # RR e RR3 # RR4

2
I 1l 1l I 1

Irreqular baseline (absent P waves) R

Atrial fibrillation Chaotic and erratic baseline with no discrete P waves in between
irregularly spaced ORS complexes. Irregularly irregular
heartbeat. Most common risk factors include hypertension and
coronary artery disease (CAD). Can lead to thromboembolic
events, particularly stroke.

Treatment includes anticoagulation, rate control, rhythm control,
and/or cardioversion.



Atrial Flutter

RR

RR RR

1 2 3

4:1 sawtooth pattern

Atrial flutter A rapid succession of identical, back-to-back atrial depolarization
waves. The identical appearance accounts for the “sawtooth”
appearance of the flutter waves.

Treat like atrial fibrillation. Definitive treatment is catheter
ablation.



Ventricular fibrillation (VF)

No discernible rhythm
Ventricular A completely erratic rhythm with no identifiable waves. Fatal
fibrillation arrthythmia without immediate CPR and defibrillation.



Ventricular tachycardia




Prolonged QRS (>120) -BBB
LBBB

T
SR, S

TS

‘Anterior | Lateral ~ " Anterior = ' Lateral

The name William Morrow can help you identify LBBB and RBBB by looking at the QRS morphology in V; and Vg. In
LBBB the QRS looks like a W in V; and an M in Vg (WiLLiaM), in RBBB the QRS looks like an M in V; and a W in Vg
(MoRRoW).



ST segment elevation and
depression

ST elevation

AT




QRS amplitude

B) Right ventricular hypertrophy (RVH)

Left ventricular hypertrophy (LVH): S, A.Leftventricular hypertrophy (LVH)

+ R >23.5mV
2 V5or6 Vi V4J
Right ventricular hypertrophy (RVH): R, H

0+ Sy 2 1.05mV

V2
1=

V3

_J[/\ \ﬁq

(- \ﬁsﬁ

V2

e

e

A




Corrected QT interval
Physiological

» Measured from the beginning of the Q wave to the end of the T wave

» Represents the entire duration of ventricular depolarization

« Varies with heart rate, so correction for the heart rate is necessary (=QTc )
» QTc normally < 350-440 ms

RR: 24.5 x I.IH -I.EE :IH: :

OF (ms) A |‘=~L“-
'\/RR (S@C) 5‘-’; 13x .04 = 52 sac

QT-:\/_ _\/_ —“—"—5251}1'5'151!1:

QOlc =




Electrolyte disturbances and ECG




NORMAL

Long QU interval
Prominent U waves

HYPOKALEMIA

Peaked T waves

!

HYPERKALEMIA

QT prolongation
)
HYPOCALCEMIA

Shortening of the ST segment
)
‘_/JL/\—‘ HYPERCALCEMIA




Ambulatory monitoring

External Ambulatory ECG Monitoring

A. Holter monitoring

Patient wears monitor
(typically 24-48 hours)

¥

Patient keeps diary of
symptoms and times
when they occur

N4

Patient returns monitor to
technician to be scanned
after recording period

.

Technician gives physician
final report

B. Event monitoring

Patient carries monitor
(typically 30 days)

\

Patient places monitor on
chest to record during
symptom

4

Patient transmits data
over telephone to
monitoring station

¥

Monitoring station sends
data to physician

C. Loop monitoring

Patient wears monitor
(typically 30 days)

¥

Patient activates monitor
during symptom (some devices
auto-trigger if arrhythmia is
detected and alert patient)

Patient transmits data
over telephone to
monitoring station

¥

Monitoring station sends
data to physician

B External Ambulatory ECG Monitoring

A. Patch-Type Extended
Holter monitoring

Patient wears monitor patch
(up to 7-14 days)

¥

data during period

Patient mails back monitor
after recording period to
central receiving station

$

Technician reviews data and

sends report to physician

B. Ambulatory Telemetry
monitoring - (Non-Real Time)

Patient wears monitor
(up to 30 days)

\ 4

|Patch monitor records all ECG ~ Monitor sends all ECG data

to a handheld device

The handheld device transmits
ECG data to a central
monitoring station

¥

Physicians are notified
by technician if significant
arrhythmia is detected

C. Ambulatory Telemetry
monitoring - (Real Time)

Patient wears monitor
(up to 30 days)

Monitor sends all ECG data
continuously to central
monitoring station

Physicians are notified
by technician if significant
arrhythmia is detected

¥

Physicians can also log onto
secure web server at any time|
to view real time ECG data




Quiz 1

Lead Il

25mm/sec 10mm/my © Jason Winter 2016 - @ ECG Educator




Answer

A-FIB




Quiz 2




Answer

AV blcok (mobitz 1)




Quiz 3

Lead

Jpﬁ J\H\» J\m» Jf/»v
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Answer

Sinus Bradycardia




Quiz 4




Answer

A-Flutter







Answer

V-Fib




Quiz 6

]
r
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Answer

Sinus Tachycardia




v

Quiz




Asnwer

RBBB







Answer

HyperKalemia




Quiz 9




Answer

Inferior Ml
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