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\., 0 4™ intercostal space to the right of the sternum
\l‘ 4™ intercostal space to the left of the sternum
) 0 Directly between the leads V,and V,
0 5™ intercostal space at midclavicular line

G Level with V, at left anterior axillary line

\ Level with Vs at midaxillary line
(directly under the midpoint of the armpit)
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As the positive wave of depolarization within the myocytes flows toward a positive
electrode. there is a positive (upward) deflection recorded on EKG.






Lead I

QRS
in lead I
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\V/ isoelectric

QRS




lead AVF

Left Foot



lead aVvL

Right Arm

Einthoven
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THE LIMB LEADS IN THE FRONTAL PLANE
(HEXAXIAL REFERENCE FIGURE)

Superior

Right Inferior Left
Lead Angle
Inferior Leads
Lead il +60°
Lead 1 +120°
Lead aVF +90*

Left Lateral Leads

Lead | +0*
Lead aVL ~30"
Right-sided Lead
Lead aVR

~150*




Superior Pasterior

Right

Right Inferior Left

Sinoatrial (SA)

node
His
Bundle
Right
Atrium

Atrioventricular ight
(AV) node Ventricle



P wave

electrode

Each depolarization wave emitted by the SA Node spreads through both atria,
producing a P wave on the EKG.

atrial contraction
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P wave

depolarization
slows
down




R. Bundle Branch

\
terminal filamenis
of the Purkinje fibers




‘Speed: 25 mm/sec | ] B ‘

QRS
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Smm=05mV

L1

1 mm = 0.04 seconds 5 mm = 0.20 seconds
40 ms 200 ms
distance (mm) 1-small - 1 large
1imm 5mm square | square
4 . | O

E . o |
(o 40 ms 200 ms 004s 0.20s
% time (milliseconds) time {seconds}
§ " 2

25mm = 1000ms = 1 second

v

time

Speed: 25 mm/sec Chpst/Limb: 10 mm/mV
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ABOUT INTERVALS AND SEGMENTS | * Intervals are periods of time

RAR interval )

including waves and
complexes.

* Segments are always
measured between waves but

never include them.

* The baseline or isoelectric line
is a straight flat line seen when
no electric activity of the heart
is detected.

QRS
ST

QT

—_

Rhythm
Axis

=



l Rate l

Slow l Fast
Normal
< 60 bpm > 100 bpm
Bradycardia 60'"|)° DO Tachycardia

Rhythm

1. Regular orirregular?
2. Are P waves visible?
3. P and QRS relation?



> Speed: 25mm per sec

So in 60 sec = 1500mm

1500/18 = 83 bpm
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IS ) 2o

€ large blocks

5 large blecks

4 large blocks

3 large blocks

2 large blocks

1 large block

What if rhythm is not regular?!!

€ -1 |

: SO’Id'geswqres=6seconds{

Heart rate = 5 * 10 = 50 (bpm)

Heart rate = [number of QRS complexes per 6 5] * 10



AXIS

B
(A)The drections of cach of the goalic’s kicks during the course of the game. (B)A smghe vector repeesents the average directon and

draance of all of thew bicks




“vertical” heart

“horizontal” heart




hypertrophy of Vector points towards
left ventricle hypertrophied side

area of
4 infarction
(infarct)
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Lead | «&» Lead I EE s
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Sinus Rhythm

SA Node
| “Sinus Noda™ '.

Normal
60 -100/min.




P wave

25 x3 O

The EKG records i small deflection, the P wave Normal duration < 120 msec

Normal amplitude :

Limb leads < 0.25 mv (2.5
mm)

I I Axis : 60 degree

g atrial companent Lot atrial comgonent

The components of the P wawve

P wave

P waves are best seen in lead Il and V1

P wave

> i STEP 10: P wave
|
|
L

Y

Normal P wave ' lead ll = 0.12 s and < 2.5 mm

N ' lead V1 biphasic




Sinus p wave
-
Positive in : 11
Usually +in:1,aVL, aVF
- In aVR
P wave is + in precordial leads

Can Wasic inV1

The normal P wave

/
« Upper limit for a normal P wave duration : 120 msec ( lead with

the widest P wave)
* The amplitude in the limb leads normally is less than 0.25 mV

* Terminal negative deflection in the right precordial leads is

norm?s than 0.1 mV in depth.



lead aVR

lead Il — N\ _—

lead m «90" 180

A~

s

+90*

lead I
——



V1=~

Atrml depolarzation m the horontal plane. V1 records a biphasic wave, and V6 records a positive wave

PR interval

e Due to physiologic pause in AV Node.

e Buying time for atrium to deliver all of the blood into ventricle
before contraction!!

e Durw20-200 msec
e Mu etermined from shortest interval!



4 ‘ HOW TO READ AN ECG 2 I

STEP 6A: Measurement of PR interval

_ PR
interval

Short PR
<012s

PR interval
! }
Normal Prolonged PR
0.12-0.20 s with preserved

AV conduction

-~ -~

Normal: 3-5 small box
120-200 msec



.L-.. .
IBEENuSRAENESl vENEN S
b-ﬁ.-ll.’..’ b oo oo —,———a— -
IR ESWEE SRS WA -
e E e S BUSES W
IR N - b led
- -4 .- . o - ... T >
el d bbb add g oot
L *—~o—-0—9 P 9P r . 9 3
{ 1
mmRaw I
4 .- N ) D W+ -
| SEREE S S - .- et
INEEHENENE. il b ]
1
| 5 T o U S -
: - llcﬁ
! i
1 T

7 small box



—

Product of two cvents: QRS c O mp le X
Endocardial activation
Transmyral activation of
the two ventricles.

3 AV node

T— Bundle of His

Left bundle branch

Right bundle bmcn/

Septal fascicle

Bundie of His
Left anterior fascicle

Left bundle branch \ .

IS

Right bundle branch- N
Left \ \\\
posterior VN

fascicle )\ }

4

/
Puriin)e fibers |

Purkinje fibers

How to name it?

Parts of the QRS complex

AN



How to Name the QRS Complex
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Septal Q Waves



(2)

(2)
R

q
(1)
Vs

Initial forces are low
amplitude and <30msec



Ventricular depolarzaton i the precordial kkads. Note the nommal pattern of R wave progression. The wave m kad V3 s bphasc

R Wave Progression

Normal R Wave Progression
vy Vi

e S T

Trarmiton 20me

R g e .

Transiton rone

B i e TGN P PSR PR

Transition rone

Fig. 5.8 R waves i the chest Toads nommally becomne refarmaly talles fromm bead WV, 00 the beft (hest leadia (A) Notior the transinesg
e bl V, (W) Somewhat delaynd R wiave peogression, with the iransition w lesd Vy, (C) Tarly tamsition in kad Vs



STEP 6B: Measurement of QRS complex: duration

l QRS duration (QRSd)
QRSd Normal QRSd QRSd wide
<010 s >0.10 s and T
<0.12s '
! v
* Consider incom- " Sinus rhythm:
* Intraventricular No i rhythm:
X ; ventricular
conduction disorder thythm or VT
QRS
duration
QRS Interval
RS ';7:"‘7“‘1_:-“ ‘ T YT LLL1T
mussaarnssssssnsfiSSeasaas nasauns
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QRS

/
QRS amplitude :

* Men> women
* African-American > other races

* Low amplitude :
«<0.5 wl frontal leads and < 1 mv in precordial

e Normal QRSD < 110-120 ms

Low voltage :
e Limbs m
e Pre

ial < 10 mm



Low Voltage ECG

Low voitage is defined as peak-to-peak QRS amplitude of < 5§ mm in the limb leads and/or < 10 mm in the precordial
leads. Low voltage may be present in the following situations:

‘( Obesity

2. COPD

3. Pericardial effusion

4. Severe hypothyroidism

5. Subcutaneous emphysema

6. Massive myocardial damage/infarction
7. Infiltrative/restrictive diseases such as amyloid cardiomyopathy.

V6 |eamTheHeart.com

Pathologic Q wave

Q wa/ve duration of > 40 ms or
size > 25% of the QRS complex amplitude

R wave amplitude —____ h

Q wave duration

._\~

Sy _
Owaveamplitude_\ f
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Normal Q Waves
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Pathologic Q Waves

ST segment

* Reflect plateau phase
* Onset : J point

NN SN IN

L] !
ST segment



Normal ST

Onset of the ST-T wave, the junction or J point, is normally at or
near the isoelectric baseline (typically the PR segment) .

The level of the ST segment generally is measured at the J point
or, in some applications such as exercise testing, 40 or 80 msec
after the J point .

.J point J point J point

1.Emm

J point J point



Normal ST

* Amplitude of the normal J point and ST segment varies
with race, sex, and age.

* Typically are greatest in lead V 2 , and they are
higher in young men than in young women and in
African Americans than in whites

* For the upper limits of normal J point elevation in leads
V 2and V 3 are 0.2 mV for men age 40 or older, 0.25
mV for men younger than 40, and 0.15 mV for women

- o L] 1 ot
'Qf Characteristics of ST-segment elevations caused by ischemia

‘B Typical non-ischemic ST-segment elevation

Convex Straght upslopierg  Straight horizonal  Straight downsloping Concave

7 7 | /)
JA/\ m J el =
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ST-segnent elevations caused by schemia typically displays a comes of staignt Non-ischemic ST-segment elevations are extremely
ST-cegment. Such ST-cegment elevations in prasence of chest discomtort are strengly common in all popu ations. They are characterized
sugpestve al transmural myocardial schemia. Note that the straight dawnsloping by a concawve ST-sapment and a greater distance
wariant is unusua’. between the ) point anc the T wave apex.

P@J Examples of ST-segment elevations caused by ischemia fﬁ Real life example (limb leads shown)

S el

1
ST seqgment eevation can vary marked by in appearance, These six ﬂ —-fk—x ' -“‘\r\

oxamples were retrieved from six different oatients with STEMIL

ECG frum a ma @ palient lage 671 who experiencec chest
pain while driving Lo wark. Note ST-segrnent elevations
as well as red procal ST-segment depressions. There are
also pathelegical Qevaaves (leads I, aVF and perhaps 1),



T wave

Tall T wave :
Limb > 5 mm
Precordial > 10 mm

Ventrcular repolarvation gencrates a T wave on the EKG, The T wave s usually posstive m kads wah tall R wawe

QT interval

From onset of QRS to end of T

Shows : Total duration of ventricular activation and relaxation
Measure in the lead with longest QT: V2 or V3

No prominent U

h B DD

Rate dependent: so correct it!!
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Bazzett formula

QT
VR-R

QTc =

Note: RR are in seconds

QTe¢ normal: 390 — 450 ( men) / 460 (women)



The QT Interval
Hodges formula
QTc=QT+1.75*(HR-60)

nnnnnnn

U wave

* Less than 0.1 — 0.15 mv

* Less than 160-200 ms

* Same polarity with T

* Largestin V2 - V3

* Most seen in slow heart rates , HTN , hypokalemia



Wave or Interval Duration (msec)

P wave duration <120
PR interval <200
QRS duration <110-120 «

QT interval . (corrected) <440-450 -«

Note

e Isolated negative T wave in V1 can be normal if T is
positive in V2

e Negative QRS , T and P can be normal in III if not
company by Il and aVF



Normal ECG
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