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Interpretation EKG
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" S
ECG monitor lead placement

“White on Right”
“Smoke over Fire”
“Snow over Trees”

“Chocolate lies close to
the heart”
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Lead MCL, electrode placement

Lead MCL, electrode placement
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f\\/ Depolarization Wave
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The "PQRST”

P wave - Atrial
- depolarization

QRS - Ventricular
depolarization

* T wave - Ventricular
repolarization
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Impulse Formation In SA Node
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Atrial Depolarization
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Delay At AV Node
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Conduction Through Bundle
Branches
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Conduction Through Purkinje
Fibers
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Ventricular Depolarization
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Plateau Phase of Repolarization
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" S
Final Rapid (Phase 3)
Repolarization
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Normal EKG Activation
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An Electrocardlouram
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P wave segment segment
(atria Q S T wave \ /
depolarize) (ventricles repolarize) |=-=1 |

Millivolts
(@)

P—R
interval

ST
interval
Q-T QRS interval
interval (ventricles depolarize)

;
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ECG tracing
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aVR, aVL, aVF
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Midclavicular
line

Anterior
axillary line

Midaxillary
line

Elements of Chest Leads
Lead Positive Electrode Placement View of Heart
V, 4th Intercostal space to right of sternum Septum
V, 4th Intercostal space to left of sternum Septum
V3 Directly between V, and V, Anterior
V, 5th Intercostal space at left midclavicular line | Anterior
Ve Level with V, at left anterior axillary line Lateral
Ve Level with Vg at left midaxillary line Lateral

12/13/2022 abdollahy64@yahoo.com
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Limb leads

Chest Leads

RA A LA
-

G

Standard Limb Lead LL

| U

Precordial Leads

Vi

V2

V6

V3 V4 V5

29
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Right Precordial Leads

Midclavicular line
1]

Anterior axillary line

Midaxilary line /_/

Angle of Louis

Ver Vsr  Var Var Vor ViR

Midclavicular
line /

Anterior =
axillary line

Midaxillary
line

@fi/

f{
SR y
"'ﬁz'—’ <+
777
(S

Vgt 4" intercostal space (ICS) at left sternal border
(same as V,)

Vgt 4® ICS at right sternal border (same as V)

Vit halfway between V,, and V

V it right midclavicular line in the 5" ICS

V: right anterior axillary line at the same horizontal
level as V5

Vs right mid-axillary line at the same horizontal

level as Vg

ahdollahy64@yahoo.com
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" A
(Vo) @ -
shoulder

Ve Vg Vg

Posterior axillary line \

Midaxillary Iine/)/

12/13/2022

Left Posterior Leads
Left paraspina.l

-

V,: posterior axillary line at the same level
as V.,

V;: halfway between V, and V,

V,: left paraspinal line at the same level as

V4-6

abdollahy64@yahoo.com 31
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g Al e e 25 3 lailic) e pw -2
| & Normal paper speed: 25 mm/sec

Normal paper speed: 25 mm/sec

Big box: 0.20 sec
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" N
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Constant speed of 25 mm/sec

|
11 h. |
"

0.04 sec
I s
1 mmLDJO.‘I mv
Small 5 mm
box

R —
0.20 sec

abdollahy64@yahoo.com

Large
box

0.5 mv
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"
The ECG Paper

m Horizontally

One small box - 0.04 s o

One large box - 0.20 s T
m Vertically .

One large box - 0.5 mV J

/ |<— 0.2 sec —>|
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|

A B C
FIG. 13.39 (A) The machine is calibrated so that the normal standardization mark is 10 mm tall. (B) Half

standardization is used when QRS complexes are too tall to fit on the paper. (C) Twice normal standardiza-
tion is used when QRS complexas are too small to be adequately analyzed.
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IEEEETTEEEE
INEEENEEER 3 RR Interval -

" QRS Complex

“ PR QRS

s QT .
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Precordial Leads
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Vertical and horizontal
perspective of the ECG Leads

aVR

aVL

. V5

[
&

L vz

Ve

or

aVF

I

Vertical and horizontal perspective of the leads. The limb leads “view™ the
heart in the vertical plane and the chest leads in the horizontal plane

12/13/2022
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iéfolarization Wave

A ARepoIarization Wave

e

Depolarization

Directions of Ventricular Depolarization
and Repolarization Waves

rization
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Major Electrical Axis of the
Heart

(-) Base

Major Elegtrical Axis

Apex
(+)
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- Lead |

2y
Q' |
=1
>
3

Lead Il

12/13/2022

Left Arm

V=V, +Vy,

Major Electrical Axis

S

Lead I

+

ahdollahy64@yahoo.com
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Dr.Sarma@works

ECG Bipolar Limb Leads

Leadl

+

Leadll

Lead Il 4. 2

@Movartis
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S Directionality of Bipolar and

Unipolar Leads

Lead |

Lead 111 Lead Il
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Einthoven’s Triangle

LL

11

LA

0° Lead I

Lead I Lead II

Axial Reference System
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Right Arm

Left Arm

O
C I e G
o

F
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Unipolar Lead (aVy)

>Right Arm Left Arm

e / \
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Unipolar Lead (aV, )

|

Right Arm Left Arm

12/13/2022

\Left Leg

aV,

ahdollahy64@yahoo.com
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Unipolar Lead (aV¢)

Right Arm Left Arm
+
aVe ~Left Leg
12/13/2022 ahdollahy64@yahoo.com
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aVR

V7

Negative deflection
R=Hight arm
or right shoulder

E=Earth, rightleg -~

12/13/2022

avL _VL

L= Left arm
or left shoulder

aVF
-~ F
F=Foot=Left leg or left groin

ahdollahy64@yahoo.com
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ECG Unipolar Limb Leads

Lead a\VL

Click on the positive

terminal of Lead aVL.

12/13/2022

Lead aVR

ahdollahy64@yahoo.com

r

Lead aVF

2

Eirauartii
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bipolar augmented | _  six intersecting
tnb leads limb IeadJ limb leads of

the standard EKG

comblned

12/13/2022 ahdollahy64@yahoo.com
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Lead Il

aV
ahdcﬁlahvﬁll@vahoo.com

Lead Il
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Sinus node

P+

v 111

+90° I
+aVF aVF
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Directionality of Precordial Leads

Body Cross-section
at Heart Level
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“Left Leg

12/13/2022 ahdollahy64@yahoo.com

|

Left Arm
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" S
Vertical and horizontal
perspective of the ECG Leads

aVR aVL

L vz 3 V4

Ioa aVF I

Vertical and horizontal perspective of the leads. The limb leads “view™ the
heart in the vertical plane and the chest leads in the horizontal plane
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Interpretation E K G

| - 2-Rhythm  +7-ST
B, 3-AXIS * 3-T

e 4-P « 9-U

- 5-P-R * 10-QT
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Atrial

depolarization
I_I_I

Atrial
systole

12/13/2022

Ventricular
depolarization

Ventricular
repclarization
]

I_I_I

R

Ventricular
systole

|
' |
Q g | I
' I
' |
I
FH a ST l
interval « QRS : segme r1’[_1"]I
« QT interval >
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Rate is ?
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|8 Interpretation E K G @l )l s
| o 1- Rate
Where P waves should be

In this 6-second rhythm strip, each P wave is followed by a QRS complex, as it normally would.

_,_\\
aRS comp!ex/&

ahdollahy64@yahoo.com e

QRS complex =




300

No. of Large box btw R-R

1500

FR= No. of Small box btw R-R
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>
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Analyzing a Rhythm Strip

Heart Rate — Methods of calculation

60 —
b—ro 75 —i
2. Countdown Method Heart Rates s
AR 150 —
] : 300
it _ A~ i

l'— 19 mm —*

Bﬂri||. T. fo"I 21. The Si){ SECDr‘ld ECG. A PI’ECtiCB' GUid’E‘ tD LACL CAE I D LAmid L%l A0 Ul AT W LC LISl e APl D P LEA L L% TR D RN Al L0 B
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Ref. 1 2 3
= e ' : ;--*:;
A ° ~ L
o—> 300 : .
0—»150:
& » 100
Ref. 1 2 3
= Sieees
% t‘-’—\_
A D Q :d
. ° ° °
o300 o o °
O | 5() © ®
> > 100°*
o » 75
12/13/2022 ahdollahy64@yahoo.com

300 150 100 75 60 50
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Using the triplets:
Name the lines following the “Start” line.

 / 300 150 100 75 60
250 136 94 71
214 125 88 68
187 115 83 65
167 l.w? 79 62
| abdpll VIJII@ ahgo.com | ‘ 73
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Rate Determination
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Rate Determination

o. of Big Boxes R - R Interval Rate Cal. Rate
One 0.2 sec 60 + 0.2 300
Two 0.4 sec 60+ 0.4 150
Three 0.6 sec 60 + 0.6 100
Four 0.8 sec 60 + 0.8 75
Five 1.0 sec 60 + 1.0 60
Six 1.2 sec 60 +1.2 50
Seven 1.4 sec 60 + 1.4 43
Eight 1.6 sec 60+ 1.6 37
1271372022 abdollahybd@yahoo.com

<ITOX>»H

—r><1vW0OZ=Z

<0O>30W

75



The EKG: Rate

* |f R peaks are regular, can estimate rate
. using the EKG grid

» Locate R wave on a bold line, see how
© % many big boxes separate it from the next R
wave

Mormal Sinus Rhnwthm Sinus Bradycardia
Start 300150 100 75 Start 300150100 75 60 50 43 38

N7 044 SN 4 40 4. 2040 2 0. 2. S

‘shismuhyedeyalipnoam =t e e
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Stali 7 iy (Y

i J (EKG 3215 5¥U Gl bglai o 5 6 pw et

6 second strip

F i
3 second 3 second
interval interval
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Dr.Sarma@works

Analyzing a Rhythm Strip

Heart Rate — Methods of calculation

1. Six second count

1

7 QRS complexes in 6 seconds x 10 =70 QRS complexes/minute

80



1st cycle 2nd cycle 3rd cycle

6 second strip

5 M= aebd S s ) (63 R 25w bR z50 S JI) JolS sla JSmw slass v/

23 odB O jmd 31325 B oS (50 b |+ 332 13 1T g oo lodd 0 (51 4
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What is the heart rate? O x 10 =90 bpm

k£ 6 Seconds v

)\( 3 Seconds

12/13/2022 abdollahy64@yahoo.com 82
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What 1s the heart rate?

www.uptodate.com
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What Is the heart rate?

WWW&W
1 aVR Vi Vi

W

l 3/ lla yateo'co 87



Check for these on every EKG

eRate
‘RHYTHM
e AXIS

12/13/2022 ahdollahy64@yahoo.com
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2- Rhythm

PR Interval

f—1

|
|

L

PR Segment

|

ST Segment
e

R

QT Interval

ahdollahy64@yahoo.com
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» Rate: 60 to 100 bpm

« Rhythm: Regular, sinus wab P-QRS-T JLis 4-¥

e Intervals: normal
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Sinus Rhythm

* Origin 1s the SA Node (“Sinus Node”)
 Normal sinus rate 1s 60 to 100/minute

e Rate more than 100/min. = Sinus
Tachycardia

 Rate less than 60/min. = Sinus Bradycardia
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Step 2: Determine regularity

e Look at the R—R dlstances (using a callper
or markings on a pen or paper).
o Regular (are they equidistant apart)?

Occasionally irregular? Regularly
irregular? Irregularly irregular?

Interpretation? Reqgular
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Major Electrical Axis of the
Heart

(-) Base

Major Elegtrical Axis

Apex
(+)
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1 4
QRS Complex

@ Lead
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| : e
hypertrophy of Vector points towar
left ventricle hypertrophied side
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“vertical” heart ‘ “horizontal” heart

‘5—’933@@\-?A:Le-&RQL@)JEQRSJW‘MM°M\%&\¢:&A§J§“/

.J)\J)\Jg)yu 6‘.;\.«.3‘_)3 b)‘ja.&AV o;

12/13/2022 ahdollahy64@yahoo.com 103



el 5950 330 515 900 i i AN 50

areaof
& infarction
. (infarct)

Vector e\ N

infarction

593 B b slals o 13 33,8 sod 0390V 9 02 j9 S5 b MI 5V

..\;&Suo.sg.-id).b9903)5)930»,5)EJ|J:“)|I)QRS.b.w,xo
12/13/2022 ahdollahy64@yahoo.com 104



\»“\’ + wlate_ral leads

\'..-.Z II III and AVF
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QRS
inlead I |
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Right Axis Deviation
Lead I

QRS

inlead I
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- In Lead I .
QRS Negatwe QRS Pos:twe

nghtAxis Dewatuon
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QRS
in lead
AVF
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aVL
-30°

Electrical axis of the heart.
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aVF
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Lead 1 Lead aVF Quadrant

Normal Axis

POSITIVE @POSITIVE b (0 to +90°)

POSITIVE NEGATIVE (0 to -90°)

RAD

NEGATIVE POSITIVE i (+90° to 180°)

+90° ,
-90° '
% ~Possible LAD
0
90°
90

-90°

‘ , Extreme Axis
NEGATIVE NEGATIVE (-90° to 180°)

+90o
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4- P (s 518 sl )Y 502

ATRIAL DEPOLARIZATION

|

_\
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4- P s 5282 (sl )Y 502

: : atrial contraction
. pause .
| A H._Fr
P wave

AV Node
depolarization

sl owas

down
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P Pulmonale and P Mitrale

2.5 mm

|

Figure 12-4: A peaked P wave taller than 2.5 mm in
the limb leads indicates P-pulmonale.

——0.045.—

VA

[ «—— 0125 ———»]
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- Are there P waves?
« Do the P waves all look alike?

» Do the P waves occur at a regular rate?
* |s there one P wave before each QRS?

I nterpretation? Normal P waves with 1 P wave for every QRS
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Step 4: Determine PR interval

| |

‘ [
EEE
[ | [ I

| |
| !

|

X

PR segment
p T

/_\ U
\ — -
i Q
PR interval

e g S

Normal duration of PR interval is 0.12-0.20 s (three to five small squares)
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5-PR: 0.12t0 0.20

PR MEASUREMENTS
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6- QRS: 0.04 t0 0.12

VENTRICULAR DEPOLARIZATION R

- A
2 :

Red lines indicate where calipers should be placed to measure QRS
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Step 5: QRS duration

! ! !
{ | ! |
| \ |
ImEEE ,,,,w,,,ﬁ,_,:,,_ i O D
[ |

O Normal O 04 O 12 seconds
(1 - 3 boxes)

Interpretation? 0.08 seconds
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—

Normal R wave progression in chest leads V-V,
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Ventricular QRS

terminal filaments co ntr aCtion

of the Purkinje fibers
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QRS MEASUREMENTS

1 1 |
T T 7 1
. -+
b4y -
-
-
9 4
4.
- -
1 - . . ‘4 -
' 0 dd R
- -+
3
R : + -
r + *
b .
- > .
Ui > .90
] M. !
) | '
3 A .
= ‘ . L. 4 %' +
1Ll b /" h
i ! 44— L.
1 - B
o I\ '
3 - T
: i
3 + H
+ .« v
] 4 4+ 1+
an
: e
-+
H et
l 3
- 1
| | 3
. | : 4 4+
- |
- y
H InEN IuE
> -
1 ] I
| A

QRS .06 QRS .10 QRS .16

12/13/2022 ahdollahy64@yahoo.com 138



Supraventricular
Narrow QRS complex

_ d Sinoatrial node

‘ ”
.~ 60—100 bpm Atriovenfricular node

|
w Internodal tracts

Atrioventricular
S Bundle of His
3 ; 40 — 60 bpm
.)‘( 2 Ja " "
B Left Bundle Branch
: 30—
Right Bundie Bgafich X TR
30—-40 bpgl -
g Ventricular

Wide QRS complex
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QRS waveform variety

The illustrations below show the various configurations of QRS complexes. When documenting the QRS complex, use uppercase
letters to indicate a wave with a normal or high amplitude (greater than 5 mm) and lowercase letters to indicate one with a low
amplitude (less than 5 mm).
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f( Electrical activity away = |
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q S
S
Lead V-
1 R’
r r r r
S T J\/L
S S

12/13/2022 abdollahy64@yahoo.com 149



7- ST: 1soelectric

R

ST
segment

QRS complex
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Waveform Components:
J-Point

Junction between end of QRS
and beginning of ST segment;
Where QRS stops & makes a
sudden sharp change of
direction

’O

J-Point
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J point

The ST segment should be in the same horizontal plane as the TP segment:
the | point is the point of inflection between the S wave and ST segment

s Segment between end of oinning of T wave

1 end ot depolarization

Represents state of uacl

and beginning of repolatization

Should be on the same plane as the #* segment (between T wave and next P)
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B N AR PR 92

ST segment Is at baseline.

BN N

ST segment Is elevated.

B DA DN 2

ST segment Is depressed.
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6. ST Segment = sh;pé,'%soelegtnic with PR segment
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ST ELEVATION

THIS ECG SHOWS ST ELEVATION ACROSS THE ANTERIOR LEADS
(ANTERIOR MYOCARDIAL INFARCTION) REEKYMEDIL
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" N ik - i
ST elevation| ST elevation|
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Hypothermia
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8.T

Figure 14-8
SN ape Asymmetrical Symmetrical
polarity
size F / F
Just extend the line!
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FLAT
T-WAVE

BIPHASIC T-WAVE

INVERTED T-WAVE
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Inversion
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Hyperkalemia
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52. 62 year old man with ranal failure comp’ains of progressive dyspnea and arthopnea after missing his last two hemodialysis sessiors

Tall, narrow and symmetric T waves
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Dr.Sarma@works

1
HY

A B Cc D

Fig. 8-15. U waves. Upper row, Upright U waves: A, Normal. B, C, and D,
Prominent U waves in hypokalemia. Bottom row, Inverted U waves: A, Tracing
from which this was taken showed no abnormalities except for U wave inversion
in several leads. This situation is referred to as isolated U wave inversion. B, From
a patient with hypertension whose tracing showed left ventricular strain including
inverted U waves. C, From a patient with coronary insufficiency but without
hypertension. D, Note marked inversion of T wave and U wave: from a patient
with hypertension. (From Marriott JHL: Practical Electrocardiography, Balti-
more, 1988, Williams & Wilkins.)
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Decreased Potassium
(Hypokalemia)
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Hypokalemia
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av

£

Electrocardiogram from 3 year old girl with long QT
syndrome

The QT interval is measured in lead
aVL as this lead does not have
prominent U waves (diagram is
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I_OT Interval

H-H Interval (1 cycle)
B [ o D T T T T |

l QT Interval
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Long QT interval

cycle length
| ___.-'-._i__ L
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Prolonged QT
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44. 71 year old woman with chronic renal insufficiency presents with carpopedal spasm
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Calcium
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Z-Lead EKG Interpretation 12-Lead EKG Interpretation
Checklist Checklist (con't)

Use this checklist to document your findings on 12-lead LJ Hypertrophy
EKGs. Check if present:
" . O RAE QO LAE 0ORVH 0O LVH
The Basics
® Rhythm i it Infarction
* Rate Check if present:
b :
e Intervals PR ORS OT & Anterior M1
Q Inferior MI
Right Side Left Side 1 Lateral MI
—900
1200~ —.=60° I I 1 Posterior M1
Indeterminate —3O:VL Lelt axis a Anteroscptal MI
o Pevienon 1 Extensive anterior (anterior-lateral) MI
\oo ' I l @ Subendocardial MI
< O Ischemia
+150° +30°
Right axis e Normal axls Miscellaneous Effects
devinn e ! ' Check if present:
v 0 Hyperkalemia
ot a f;veri hlype.rkalemia.
I I mia
* Degree marking S 3
Q Hypercalcemia
Ir!traver!tricular Conduction Defects (IVCDs) Q Hypocalcemia
Check if present: ' l O Digitalis effect

Q RBBB 0O LBBB 0O LAHB [ LPHB O Quinidine effect
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