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» You must take a good focused history upon which the ECG is done

Jlia

ws Acute chest pain searching for
STEMI, NSTEMI, UA, Pericarditis

ws Palpitation searching for
Tachyarrhythmia like AF, SVT etc

ws Syncopal attack searching for Hear block

»You should comment on the following items
Oplrisall La eas Uadll Ciail scheme J) 338 gLl (e 0
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Recording Conventions, Waveform Nomenclature, and Nortnal Values for the Electrocardiograrn,
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1) Rhythm
> Sinus or not

L If not sinus --> detect the rhythm, (details of arrhythmias will be discussed later)

U 1f Sinus = One upright P wave before each QRS complex with fixed P-R interval, best seen in
Lead Il Otherwise, Any other abnormality like abscent P or inverted P or multiple Ps
is arrhythmias <L i

>Regular or irregular (best seen in long strip)

L, Regular = fixed R -R interval distance
ECG J) JS (8 oanl g lali g R JS (m 4dlisall

U irregular =R - R interval is not the same in the long strip
bh‘)mwu—ﬂ‘deSuyMw\
l 2 Squares 4 Squares 5 Squares
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2) Rate
»This depends on whether the rhythm is regular or irregular
U 1f regular --> divide 300/number of large squares between 2 consecutive R
Or 1500/number of small squares between 2 consecutive R
Yoo =Gl e ¥V Yew Dl

1500 + 30 =100 3
RR-interval = 3 squares

300/3 = 100 bpm

U If irregular --> do long strip and count R in 50 large squares then multiply x 6

Or count in 30 large squares then multiply x 10

T pkaiy S ape 00 (AR A Ve B gais S a e Yo L8R 25 long strip Jess
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> Normal heart rate: 60 - 100
% >100 --> tachycardia

% <60 --> Bradycardia
Ws... abnormal rhythms& rate J! o) seie il &

# Irregular R - R interval + abscent normal P (F waves) --> AF

# Regular R - R interval + absent normal P waves + HR > 140 --> paroxysmal supraventricular
tachycardia (SVT)
3) Axis

Normal axis Left axis Right axis

> Look for the deflection in lead | & 11l & aVF ' ' 4
L‘- ]

LA
wi If it positive in both aall (3 58 4slass

-F n-F
- -> Normal axis deviation l TA—

we If is positive in Lead |
and Negative in Lead Ill & aVF hall &l
---> Left axis deviation

we If itis negative in Lead | and positive in Lead Il & aVF
--> Right axis deviation

4) P wave

= Atrial depolarization

» Comment on Laeiid

1- Amplitude J skl (Normally up to 2.5 mm or SS)

G If long peaked ---> P pulmonale (RT atrial enlargement)

2- Width (duration) (<3 5 a2l

Normally up to 3 small squares (120 m.sec)
(Every small square duration= 40 m.sec)

L If wide P (> 3 ss either notched or not)

---> |t is considered P mitrale: left atrial enlargement)
4
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3- Abnormal P waves
Examples

= AF
(Abscent P waves with fibrillatory F waves + irregular rhythm
N.B

Fibrillatory waves may be present and can be either fine (amplitude <0.5 mm) or coarse
(amplitude >0.5mm)
Fibrillatory waves may mimic P waes leading to misdiagnosis

Atrial fibrillation: Irregularly irregular ventricular rate

without visible P waves

J i %
N Nt s gt P N\ N SIS S~
J '

¢ i i aVR

|
|

Al b e [ N Nt e N e, g "‘-W,/“V"‘_“'

'\ S V2

. W

avy

AF with rapid ventricular response

* Irregular narrow-complex tachycardia at —~13£
bpm

= Coarse fibrillatory waves in V1
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= SVT (Abscent visible P waves + narrow QRS + T HR)

e Narrow complex tachycardia at ~ 150 bpm

¢ No visible P waves

= Atrial flutter (Flutter Waves with sawtooth appearance)

Atrial flutter with 4:1 block

* There are inverted flutter waves in I, 1ll + aVF at
a rate of 260 bpm

There are upright flutter waves in V1-2 (=
anticlockwise circuit)

 Atria| flutter with a 3:1 block
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» Multifocal atrial tachycardia (MAT) :(Irregular rhythm + > 3 distinct P morphologies)

Multifocal atrial tachycardia:

* Rapid irregular rhythm > 100 bpm.

= At least 3 distinctive P-wave morphologies

(arrows).

5) PR interval

= A-V conduction

»Measure the distance (duration) from the beginning of P wave until the beginning of R wave

o (S @ye 2B Y ) Gapina Glra e 0 - ¥ (e Ll ankll

Oipiaa Glag je © = €l oy all

3-5S5=120-200 m.sec
' Normal fixed P - R interval = normal A V conduction
L If PR interval is > 5 small squares (one large square)

---> A degree of heart block is present

First-Degree AV Block
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Second-Degree AV Block—Type |
(Mobitz | or Wenckebach)

B PR intervals become progressively longer until one P wave is totally blocked and produces no QRS
complex. After a pause, during which the AV node recovers, this cycle is repeated.

e NI [
Blocked beat - |
: ) SR e

Second-Degree AV Block—Type Il
{(Mobitz 1)

B Conduction ratio (P waves to QRS complexes) is commonly 2:1, 2:1, or 4:1, or variable.
® QRS complexes are usually wide because this block usually involves both bundle branches.

Third-Degree AV Block

# Conduction between atria and ventricles is totally absent because of complete electrical block at or
below the AV node. This is known as AV dissociation.
B “Complete heart block” is another name for this rhythm.

|

% If PR interval is short (< 5 small squares or one large square)
« Short PR

. . . * Wide QRS
---> Pre-exitation syndrome is present * Delta Wave (arrow)

e.g. WP W Syndrome
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6) P R segment

»The distance between the ends of P wave until the beginning of R wave
RJ) &l P Ul el e
Normally, it iso-electric
(S shana (i (8 (53 Axdaill Gl (iray

T - P interval

Ly A Cycle J) el P JV 4l ) Cycle 4eln T J) Aled (0o Jiaall sl badll oa

= The only abnormality,
If P R segment is depressed + diffuse ST Segement elevation with upward concavity
--> PericarditisD> X

typical example of pericarditis with:
e Widespread ST elevation and PR depression

e Reciprocal ST depression and PR elevation in
V1 and aVR
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7) QRS complex

= Ventricular depolarization

How to Name the QRS Complex

»Comment on

Shape

R progressin
Amplitude
Width (duration)
Abnormal wave

+ Shape:
wave

Lall @as b 3« R JI J8 negative wave Jsl (o i 23 &
» It is present in some leads, and normally it might be abscent
» If it is present, comment on &3

U Amplitude: doesn't exceed 2 small squares (2 mm)
U Width (duration): doesn't exceed 1 small square (1 s)
Physiological b &Y 43lull ac @l Lgle (@il 4l

>If >2 mm in amplitude + > 1 small square in width --> Pathological Q wave (sign of Ml) ag<
R wave
ce 02 9o S ) Q J) a0 Leasi i g Jadl) (348 positive wave Js) (& e 23 &

s2cycle d 2 QRS complex J 2 wave Js) ba iiac ssa s (e Q J) 55
»Normally,

R wave (the only upright wave that must be present in all leads even if it is small e.g in V1
lead V1 ) o sl lead V6 ) 4xal 55 4bi sha uilS o) s Jeads JS (8 0392 50 A5 R J a3 1 oadall 3

S wave

o jsia S 1 s Jegds S (o ed s s 0555 2 3Y 5 R wave J) 2 Lall Cas negative wave Js) Lk yai &

‘¢ \J.;
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+ R progression:
In {Chest leads or precordial Leads}
0 V6 ad Jsb (ol N doay s Jshall (8 L 52 3535 VI s B R U sha 0 (2l
oS Jally g
INV1&V2-->r<S(smallranddeepS)
&
In V5 & V6 --> R > s (Tall R with small s)
transition zone4lal s 3 V3 & V4 (S (oxulad
Normal R progession 4ewl 35S Jl Jshal ¢ jlie agd R I J b () S
U If R wave is still small in V 3 & V4 and S wave is still clear in V6
--> Poor R progression (sign of ischemia) 4«¢=

s 4aliila 4ds salo

«« e Rwave ¢! il s e Jadll Gl negative 4 S QRS deflection 3!
( pathological Q +S) QS an ge 1 saeil 5 lae Q 5S84 ¢ L S Wave Ui s

¢« Ml 4dle 524

g sl Ludi e leads Ae sane A lpda g o Lle rajsed ST segment lalae (8Ua

E.g inferior, lateral etc...

+ Amplitude of QRS Jsk!)

& omS e gy ol Y o S ) B adkali Geel JIRJ (G adai el 0o QRS J) dsb o) (2l

chest leads J' (& JS (pz je 5 << limb leads J)
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Low voltage QRS: QRS amplitude < 5mm in limb leads
= S )

% If QRS amplitude is

< 1large square in limb leads
and

< 2 large squares in chest leads
---> Low amplitude

Or low voltage ECG 4<gs

dalliila A3 gale <

Low voltage ECG is defined as QRS amplitude less than 5mm in limb leads and less than 10mm
in chest leads.

Low voltage ECG DD:

1- Pericardial Effusion, Tamponade, supported by sinus tachycardia in ECG and Electrical
Alternanis.

2- Myxedema, supported by sinus bradycardia

3- Infiltrative heart disease, Amyloidosis, Sarcoidosis etc.., supported by presence of pseudo Q
wave or AF or conduction abnormalities.

4- Dilated cardiomyopathy
5- Old massive Ml

6- Obesity

7- Emphysema

With ECG we use clincal exam to support a diagnosis.
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% If amplitude of QRS is apparently high,
Measure

Amplitude of SinV 1 orV2
+
Amplitude of Rin V5 or V6

If sum of them > 7 large squares (35mm)
-->Voltage criteria, suggestive of LVH
(Left ventricular hypertrophy)
GIfR>Sinlead V1 * deep SinleadVe V!
o i ()5 Jaial o iy
right ventricle <--J!
Right ventricular hypertrophy (RVH)

YYsV1 A4S e dshl Rwave d da ol Jiay

z&jéjﬁ**

Ventricular hypertrophy is abnormal QRS amplitude

%+ Width ( duration of QRS)

1R YSJ s JQd Ly o lelanl &S QRS complex J) g duration J) 5l Width J) o) 2nhall <
(e (ax pa V.0 (e

% 1f QRS duration > 3 small squares it is either

Bundle branch block (RBBB or LBBB)
Or
Ventricular arrhythmia
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G If the rhythm is sinus, so Wide QRS is likely Bundle branch block W
V1 & Ve le =

i va
—A_\/ V1st M pattern 5/ rSR* <l o J

V5

Vg

K52 A

<€ Right bundle branch block (RBBB)

Y s notched <uilS ¢} s V6 & wide R <l 8 &
+

Deep wide Sin V1
£ 50 A

€ Left bundle branch block (LBBB)

O If rhythm is not sinus (no identified normal P waves) + heart rate > 140

It is wide complex tachycardia
O Le O 5Sia
Ventricular tachycardia (V tach) ——>
)@-NY\} uSLd\ D.Jj

SVT + BBB

Supra-ventricular tachycardia + bundle branch block (LBBB or RBBB)

Cramy Lga a0 any (e pa jaad e dima plae agd 53 b oo Gigoall (8 Bl o0 ©
V tach e o agin huad HI8 (e ]

s Al dbals @

3 » Y5 s2ub QRS complexes JI S 2 (duration ) width J) <l o
wide & bizzare iS5 j€) 5l QRS 2l g Cudl g e il 30 ¥ e

(53 > ool 0 il ailisa

Ventricular extra-systole (PVCs)
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SPremature ventricular contraction (wide)

1- Sinus rhythm with PVCs of two different morphologies
(Arrows).

The pause surrounding the PVC is equal to double the preceding
R-R interval (= a full compensatory pause).

3- Ventricular trigeminy oSl ss @ll JS Ry
MWW :

EID:616 EDT: 10:30 23-JAN-2001 CREER:
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+ Abnormal waves
wide QRS =< lead V1 ARS 2R <l {1 ©
RBBB (2 o

wave 25 delta wave sl S @
ee ol R J) Guuiy

Short P R interval
B (&8

Wolf Parkinson White
Syndrome (WPW)

8) S T segment

T wave J) Ll 5 S wave J) 4l om e distance J) 2 &t 5

ST segmentd) <l 13) L aaaiy Lol e (535 ) point JI leas! 4dadi 52 S wave J) 4l

Raised (elevated) Or Depressed

J Point, ST Segment, and T Wave isoelectric osSb 2 ST segment J) o) 2kl

ar T-Pinterval J s siue (udd A Ll Sixa
<45 ST segment J o)) szl &
Iso-electric with normal J point

Lead V1 la= W

e by g Yl adle (A5 (Kas
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How to recognize ST elevation?

o s¥1 oyl @
Jpoint J e U=via
Isoelectric line Ju &
48 Ay ¢ ) siue e o) Cilla
ST segment elevation

STE 4xemsit 4

leads J) JS <asila
STE L& U
Sl agte Al 2l
2l 5 gladll (O
Or S g el

Acute chest pain suspicious to be ischemic
MIJ e sl Ul By

g sl e iy
ST segment elevation Ml
Risk factors paxie M (Wbl 8 La snd
U Y Gl e
ST elevation in contiguous leads
I ) 4o sanall (i (a5 o) slaiall
1- Lead Il, lll & aVF --> inferior leads

2- Lead |, aVL, V5 & V6 --> lateral leads

3- Lead V1 - V4 --> anteroseptal leads

Otaga Oiala o sl ) saly CB gl udi (85 ¢ 4o gans oS g Jead alS 230500 STE JI asily

Pathological Q and Reciprocal changes

17
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ad 4 &
Pathological Q

In the same leads with STE

LI A ulls

1= STE + path .Qin I, lll and aVF --> Inferior STEMI

2- STE + path Qin I, Avl --> High lateral STEMI

3- STE + path Q in V5 & 6 --> Lateral STEMI

4- STE £ path Qin V1 — 4 --> Anteroseptal Ml

5- STE £ path Q in V1 - V6 --> Extensive anterolateral STEMI

Reciprocal changes 44 5! &
¥ ‘53.1.1 5

Associated ST depression
+

T wave inversions in other group
EXAMPLES:

F Tl
1A | : [
% Inferior : L BE “‘ '? ot
STEMI o U
A M \f"“\’l‘{r-w

. O G
---> Reciprocal ik

changes Al

O At t
n/ N "

A \ 0/‘ “k
AEETEDEE HES !

N

In B g3 [

|
VAR YA Vo
\‘N \Jx"rj ‘\./‘“'l i il B

Lateral (aVL£1) = _

h/‘]‘ r f ‘.‘ ." Jﬁ "u’\/-‘]lJ“:"f "\W\/\w
M nid
Inferior STEMI:

= Marked ST elevation in ll, 11l and avF with early
Q-wave formation.

= Reciprocal changes in avL.

18
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% Lateral &
Anterolateral
STEMI

--> Reciprocal
changes in
inferior leads

Extensive Anterolateral STEMI (act]fe):
e ST elevation in V2-6, 1 and aVL.

e Reciprocal ST depression in |ll and AVF.

i 4allilh 423 gale

» Any patient C/O ischemic chest pain with positive R in V1 - V3 with horizontal depression
and upright T wave --> Posterior M| =3

inferior Ml J g« leale ) sa8 (il Lo g

i R
' ik : | i i HHEERE
i it f' ‘*“iL"\‘—LM“‘\/——\ﬂV\-\l/'—_"J: R im0 O A pll
AT ™ ' { 1‘ . ‘*h\.l : ‘\.._/‘ L (e ;

1l ! avi | ! ! Vt | ! ‘

i S T e f

g O g, AT, . S0 s /\*y—/\,ﬁfﬂm‘/\ﬂ_'
i i L R S e s

(RN aVFk vi {E VT

| i | | ]
5 GRS o 5 01 A5 e BSIEl ) E  0 GI501 A GE e SIS0 A B o RHDRBRES 18
' ‘ |
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risk factors (isxic L (sl 5 pleuritic pain J) 4wy s chest pain @ sla (s ll o <
reciprocal changes (fuis s pathological Q —ald Jie s (2l G Jl) ja yal

L g gl sy 8

Diffuse STE with upward concavity + depressed P R segmen

---> Pericarditis > 22

sdic () 4drially CuiK) ay ge ¢ K

Diffuse STE in ECG

S wave J Ll Ao pa

3okl Hlaie alale Lgial

Fish hook

11ttt
{ 4
L 1

11

f;:

SRR
.,i

e

e Notched J-point elevation in V4 with a “fish

Leans! 4ala o2
Being early repolarization (high take off)

hook” morphology, characteristic of BER.
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N.B
» Pericarditis VS Beingn early repolarization

Pericarditis can be difficult to differentiate from Benign Early Repolarization (BER) as both
conditions are associated with concave ST elevation. One useful trick to distinguish between
these two entities is to look at the ST segment / T wave ratio and the Fish hook Pattern

» ST Sement / T Wave ratio:

Te vertical hieght of the ST segment elevation (from the end of the PR sement to the J point) is
measured and compared to the amplitude of the T wave in V6

e Aratio of >0.25 suest pericarditis
e Aratio of <0.25 suest BER

|
|
|

Benign Early Repolarisation

Pericarditis
e ST segment height =1 mm

ST segment height = 2 mm .
e T wave height = 6 mm

Tuayehelght=damm e ST/ Twaveratio=0.16

ST/ Twaverslia=0.5 The ST / T wave ratio < 0.25 is consistent wit

The ST / T wave ratio > 0.25 is consistent with
pericarditis.
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N - e L AR L L

/ ~
v N\ ~ N ~ -

| uvF¥ Y3
ECG of Benign Early Repolarisation (BER), demonstrating:
1) Generalised concave ST elevation in precordial (V2-6)
and limb leads (1, 11, 111, aVF)
2) J-point notching is evident in the inferior leads (l1, 111
and aVF)
3) ST elevation : T wave ratio < 0.25 in Vv6

How to recognise S T depression?

J point is depressed in comparison to

isoelectric line ST segment depression

Morphology of ST Depression T T :
e ST depression can be either upsloping,
S S S

downsloping, or horizontal (see diagram

below). ; : .
upsloping downsloping horizontal

Horizontal or downsloping ST depression = 0.5

mm at the J-point in = 2 contiguous leads Examples of ST segment morphology in
indicates myocardial ischaemia (according to myocardial ischaemia

the 2007 Task Force Criteria).

—A-\/\ = i
- ~—r
i
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Subendocardial ischaemia:

e The most striking abnormality is the o sl Ul e }j &
widespread ST depression, seen in leads |, Il
and V5-6. This is consistent with widespread Ischemic chest pain

subendocardial ischaemia.

4 ) s

— ST depression
e

T wave
éflattenin or
inversion

LB Ldl.r_
ischemia
(NSTEACS)

N.B

While there are numerous conditions that may simulate myocardial ischemia (e. left
ventricular hypertropy, digoxin effect), dynamic ST segment and T wave changes (i.e. different
from baseline ECG or changing over time) are strongly suggestive of myocardial ischemia

> Digoxin effect:
Sagging of the ST segment and Twave
"Salvador Dali's moustache" appearance s =l S 55 dgliac

This happens in therapeutic doses of dogoxin.

=

. '| . fed
‘ ,@,Muﬁiﬁrﬁmtkhwrﬁf\ﬁwiww S

i

!,_“. | n [ 1 3 f ' t i f
: ;Y-Jx\ﬂ—'\\/—J‘wkﬂ‘J\f—jb—J\f—ijwwivauwv—-
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9) T wave

» Normally, it is upright in leads, but it might be inverted normally in aVR, Ill and V1
»T wave often follows the preceding QRS

» Amplitude:
Limb leads J) (- 35 @2« sl chest leads J) (8 Gere e a2 Y 4l a5 jiall Ll 5ha

i 02X (e 33 13
Either Tall peaked Or Hyperacute
U Tall peaked (tented)

b6 S50 .0 A R S R B RS R R B M
B gt i3 1

5 4

L Gans o (paliall g (55l Addle 5 4l sk
Ieade‘ dS _5‘ ?LM DJ.A‘} 69 Q“):\a_'m_s

s Llle 03
€ Hyperkalemia

Tall, narrow, symmetrically peaked T-waves are
characteristically seen in hyperkalaemia

% Flat T waves:

If all T waves are flat + u wave after it

Note global T-wave flattening in hypokalaemia

---> Hypokalemia ™= > associated with prominent U waves in the anterior

leads (V2 and V3).
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" Hyperacute:
Walee 5Sn Llle GlaS 0 Gany 38 (i Gpaliall g alle 54l

STE + path Q (Lead Ill &AVF)
MIJ 4dle 535
©Inverted T waves :( Lead | &AVL)
«cischemia J) s Ll oo aal
S Ama Ao gana AT (K0 Lle
Inferior, Lateral, anterolateral
ST Depressiontalzs & &S (Saa g

leads J) oadi 8

Widespread T wave inversion due to myocardial

ischaemia (most prominent in the lateral leads)

Adiila 4digale <

» Both LVH and RVH are often associated with inverted T wave's + abnormal ST segment -->
Strain pattern

LVH --> inverted T in lateral leads I, AVL, V5&V6 2>

1 ]

B |

I

: WMM W"'\"’V’"—\i“‘"/\’_"'#\‘_" %/M!M\f

!
VR \‘ f |

}1 I 1 1 ,

: ITA:WNW\«\_/\PWJNM\/{:-W /\——wh /\\-"-'\»-! /\i-h"“ / "__/
E
' -

(B £ 1ty i 1 e Aw'w«mi —L
i

y

|

i
} {
i ! i
i ) i A i f A i A i ‘
P AT e AN e N e A e e A A e AU e AL A e AU e AL
I
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RVH --> mverted TinV1&V2 3)’%
| L i jSdd
w‘lwi R T L\z
Ha
A
MHMM‘NMWVWwWWwwe
|

P aVvE » < ﬁ va [ : V6

aVL

& | ll 1 g —

| | \ I 'l' ; | ! i ! i FAl AT i
R 0 ‘ |
I

M/\/u'!

\/\JJ‘/ i /\"*\M f"‘- s (/\’\ /\M/‘N*MM {/V\ ,/v\«t/w,l |

» Both LBBB and RBBB often have associated T wave inversions + abnormal ST segment

LBBB --> inverted T in V6 + broad R pattern (m)® =
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https://www.facebook.com/hashtag/both?__eep__=6&__gid__=1605077562868216&__cft__%5b0%5d=AZXD3y7121bCZNytiKdoSiEkELiP7oa_x_iWJAClbHSTsmp_U-v30XFHPWEk8UHiEnHaYkDOmp5QWOBTsNRYH1GLNmBxSZ2nQ7_3CnrY1Bktinu4OUBFHW1f3QgbCyZ4l70-x9-WlPmTlArezM1FjpkD8bsN3kLWQDif6DASAbrcQf9jDzHqVx8_kSV8JEiId2Q&__tn__=*NK-R

DR. HOSAM MOKHTAR HOW TO READ THE ECG?

RBBB --> inverted T in V1+ M pattern (RSR') 2
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QT interval
T ided I Q I iy (e 4dlondl
Normally, it is up to 440 m.sec in males
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Up to 420 m.sec in females
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Long QT
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Polymorphic V tach (torsade de pointes)

If QT > 500 m.sec
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DR. HOSAM MOKHTAR HOW TO READ THE ECG?

N.B

< Ventricular pacing
Notice the pacemaker spike just before the complex
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SAtrial and ventricular pacing, a spike before the P and another one before the complex
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<Dextrocardia:
The common findings in lead | is all negative ... The P, the QRS and the T waves
Look at lead aVR all positive here
There is tall R in vl and it's gradually getting smaller
No R wave progression.
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