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o Cardiac cycle
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1 2
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° Rapid filling Reduced filling
Just after mitral valve Just before mitral valve
opening closing
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Vector | |

e The Vectorcardiogram (VCG) = The registration of the
direction and magnitude of the moment to moment
electromotive forces of heart during one complete cycle.
e Ascalar ECG = ECG obtained in clinical practice, show only
magnitude of multiple consecutive cardiac cycles against
time (two or more scalar leads can infer the direction ) ‘




Vector | |

e Vector = Quantity with magnitude and direction
e Magnitude = height or depth of the wave form of ECG
Direction of the forces determined by a combination of the

leads which represent the frontal projection and the
horizontal projection of the VCG




Y axis
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Vectorcardiogram
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FIG I-1I. £

Diagrammatic representation of a three-dimensional QRS vector loop (solid unshaded) on the frontal,

horizontal, and sagittal planes. Frontal and horizontal planes are important in the understanding of the

vectorial approach (modified from Nadas AN. Pediatric Cardiology, 2nd ed., Philadelphia: WB Saunders; '
1964, with permission).
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Reference system

Hexaxial reference system

- Lead I, II, Ill, aVR, aVL, aVF

- Provides the frontal
projection of the
electromotive forces

Horizontal reference system

- All precordial leads

- Provides the anteroposterior
and the left-right relationship

aVvL

aVF

FIG |-4.

Easy way to memorize the hexaxial reference system (see text).




®
Hexaxial reference system




Frontal and horizontal projection

T Vg Left-Right

A +90°
FIG 1-2.

Hexaxial (A) and horizontal (B) reference systems. The combination of A and B constitutes the
|2- (or 13-) lead ECG.




O W
Correlation of the VCG

and scalar ECGJ\/\._J\L

e VCG and Scalar ECG are two different ways of looking at the
same electrical activity in the heart

e When the depolarization current moves toward positive
electrode, an upward deflection is recorded on ECG paper
e When the depolarization current moves away from the
positive pole, a negative deflection is recorded. ‘ ‘







Normal newborn

In the frontal plane,
the major QRS vector
Is to the subject’s right

and inferior
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Before routine 4 /\ O

measurements
[
Recording speed Amplitude
of paper = TmV =10 mm

25 mm/sec

1TmV =10 mm = ten small boxes
1 mm = 0.04 sec (one small box)

5 mm = 0.20 sec (one large box)
30 mm = 1.2 sec (six large divisions)
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Components
of ECG wave
form
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o BZ Basic measurements

Rhythm Rate Axis
2 G i
P wave QRS axis ST-T segment Chamber
PR interval QRS interval enlargement and

QTcinterval hypertrophy



Rhythm

® Sinus rhythm = sfiufiiaunain SA node

(@)

Upright P waves in leads |, Il and aVF

® Normal sinus rhythm (NSR)

(@)

o O O O O

SA node Wuduriiinvasnszualniin
Normal and Monomorphic P wave

P wave 1in1itin QRS complex nnsin

PR interval Unfiuazmsil

QRS complex Unfiviagusauasanuning
Normal rate snua1y




-y ®
Y\/Z Rhythm

Sinus arrhythmia i
- P-Pinterval MiasuntasinI¥ R-R I G ) e n e .
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5/\/ Rate
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AXxis
= Vector of frontal plane
Evaluation of P, QRS, and T axis

6 Limb leads

Frontal Plane




Y >
*/ Step1

fnuain axis 9¢ Tu Quadrant Tnatnsnsnugasaunii Lead | uaz aVF
524 Vector was QRS complex laudniiatiwile Isoelectric line [uuan g6
Isoelectric line {AJuau

aVF
Frontal Plane




‘Step 2: Fine tuning
QRS FRONTAL PLANE
MEAN VECTOR — PERPENDICULAR METHOD

1. Inspection: Isoelectric to leads [ and aVR
maximum positive : lead III

2. Deduction:
a. isoelectric toll: a. Isoelectricto aVR:
either —30° or + 150° either — 60° or 120°
b. maximum inIi: b. maximum inIIl: —60°
9 s +120°
+ 150 —30 R
+150°
I +150°

+60° +120°



o N A

3. Fine Tuning:
a. Il slightly positive (Q(—2mm) + R(+8mm) + S(—4mm) = +2mm)
.. slightly towards II from + 150°
b. aVR slightly positive (R(+1mm) + S(—4mm) + R’ (+6mm) = +3mm)
-.slightly towards aVR from + 120°

avR ouazdunaNezay 15 a9rin

+135°

4. Conclusion = Mean vector between + 120° and + 150° = + 135°

~ \\



e P wave axis = Vector igiiavavainisnszsulniin
AINIAALUA

e Sinus rhythm giasdiaariiaunann Right Atrium
duun-> P axis 0 fis +90 a4/

e P wave axis abnormal = Ectopic foci

%




PR interval
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PR interval

o RUGNGU P wave & 1316 Q wave/R wave (No Q wave)
o dnLA0NIAY Lead Il

Prolonged PR interval:
>160 msec

- 1stdegree AV block

- Complete AVSD

- Ebstein’s anomaly
-  Rheumatic fever

- Digitalis effects

Short PR interval: PR interval £100 msec

- Preexcitation syndrome (WPW)

- Glycogen storage disease:

Increased AV nodal size and conduction ‘




Right axis deviation:
> 98th percentile & nsurUnfinnuwIN0E

%

QRS axis

Y
a o/

Normal axis = 9g5:1719 0 asAdeAUnARDuAUDY

Left axis deviation = O &4 -90 aerwuli

Complete AVSD
ASD primum

Tricuspid atresia ‘
Single ventricle




Northwest axis = 92117319 -90 24fin 69 -180 24aN
* Qwaveinlead | or aVL = extreme left axis deviation
* Qwave or QS patternin lead Il, Il or aVF = extreme right axis deviation

%
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227,
Left Axis
Deviation Z
(0° to —90°) ~

Right Axis
Deviation Normal
+1°to 119°




QRS
complex
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V QRS complex
e  msidanialu lead id initial Q wave

fidynewas Q wave Tu precordial lead tauaniiAynwas septal
depolarization; UnfiasiiTu lead V5 — V6
* Pathologic Q wave = naiu 30 msec ®3o antAun 4 mm
(Myocardial infarction)
* Low voltage QRS = R+Swave < Smm in limb leads orR+S<8 mm in
chest leads (Myocardial edema) ‘

* Wide QRS =>25mm

%




e The first phase is depolarization of the
interventricular septum from the left to the
right and anteriorly (vector 1).

e The second results from the simultaneous
depolarization of the right and left ventricles;
it normally is dominated by the more massive
left ventricle, so that vector 2 points leftward
and posteriorly.

https://thoracickey.com/electrocardiography-5/ ‘
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complex
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QT intervadl

* 15u6iu QRS complex lUauduaa T wave
* @A5InN Lead Il, V5 1lar V6 Tmmﬁana'ﬁud1ﬁmaﬁam

-
QT Interval QT Interval QT Interval

Intersection of T wave maximum slope with the isoelectric line

. ‘ https://litfl.com/qt-interval-ecg-library/ ‘




Mrrec’red QT interval (QTc) E! ‘

* Bazett formula
__ QT (sec)
QTe = VRR(sec)

Age < 6 months old: < 450 msec
Age > 6 months old: < 440 msec

%




Mrrec’red QT interval (QTc) E !

Long QTc: Risk for VT/VF

%

Short QTc

- Hypercalcemia

- Hypermagnesemia
- Digitalis effects

Hypocalcemia
Hypokalemia
Hypomagnesemia
Amiodarone effects
Macrolide/ Trimethoprim
Infant of autoimmune mother, Anti-

Ro antibodies positive ‘




RVH

QR pattern in right
chest lead

T wave change

R wave amplitude in V1
S wave amplitude in V6
R/S ratio in V1

RSR’ in V1

RAD

Chamber enlargement and
hypertrophy

LVH

T wave change

R wave amplitude in V6 or S
wave amplitude in V1

Amplitude of R wave in V6 +
Amplitude of S wave in V1

Q wave abnomalities

Biventricular
hypertrophy

Abnormal voltage in
both the right and left
chest leads

Katz-Wachtel criterion




QR patternin the right
chest leads (RVH)

QR pattern:
- Most reliable sign of RVH
- Systolic pressure of right ventricle > 70 mmHg

QR

Initially a large negative
(Q), then a large
positive wave (R).




Horizontal plane

The right atrium is activated first
and the depolarizing wave is directed
towards V1, which displays a positive

deflection.
I 1 r

Secondly, the depolarization
spreads to the left atrium and
the depolarization is directed

® away from V1, which therefore
displays a negative deflection.

Exploring

Vi

&
Note the successive transition of the
QRS-komplex from V1 to V6.




Normal T wave in V1-3

T wave changes (RVH) .

Upright in age < 7 days !
Inverted T in age > 7 days to adolescent { | v2

RVH: ausiusilawasaesonaedu e O e R

Upright T in V1 (diodlsil LV strain w30 inverted Tin ¥ 'V [V
V5-6) |

Tall R with asymmetrically inverted T in V1-4 e
(Right ventricular strain) ?- f |
= mmﬁuﬁ[uﬁfiamqmwL‘vhfﬁ”wi%az’quhmmﬁul,ﬁam PP A o, HEESS BRI B 775
Invert T in aVF | '

RV strain pattern '




R wave amplitude in lead V1 (RVH) S wave amplitude inlead V6 (RVH)
Amplitude of R wave in V1 > 98t percentile
(High specificity, low sensitivity)

If amplitude > 20 mm = anusiuluila

Woda NUMAWINAY 130 1NANINANNGLLADA

Deep amplitude of S wave in V6 > 98t percentile
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Right axis deviation
Upright T V1

Rin V134 mm

Deep S in V6




RVH

R/S ratio >1in lead V1 liirouusiugn sosonduinausiUsznauduy
rSR’in Vi With low S wave and tall R (> 15 mm if age < 1year,
(normal QRS duration) >10 mm if age > 1year)
Mild RVH usiwuluifinuné l6ds 7% uazlu incomplete
RBBB
Right axis deviation Tdaivauunsifiady RVH

rSR’ pattern,




Early repolarization

ST-T segment

Functional T wave changes

Sympathetic activity (Frightening, Anxiety): Inverted T wave

Early repolarization syndrome

In adolescent
J point elevation (mimic ST elevation)
iAnann T wave Usingisininsssuan Tusaisii Ventricles 64 ‘

Depolarization ag
Differential with pericarditis (Multi-stage, ST/T ratio > 0.25)




RVH

QR pattern in right
chest lead

T wave change

R wave amplitude in V1
S wave amplitude in V6
R/S ratio in V1

RSR’ in V1

RAD

Chamber enlargement and
hypertrophy

LVH

T wave change

R wave amplitude in V6 or S
wave amplitude in V1

Amplitude of R wave in V6 +
Amplitude of S wave in V1

Q wave abnomalities

Biventricular
hypertrophy

Abnormal voltage in
both the right and left
chest leads

Katz-Wachtel criterion




Normal T wave in V5-6
Upright T

LVH

T wave changes (LVH)

Asymmetrically inverted T in V5-6 (LV strain pattern)

(Most reliable sign of LVH)
Inverted T in aVF

Inverted T in inferior/Lateral lead without evidence of ischemia

o

iEE R
siS8: 553 Sis asanvasarn
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V1

T

e v e
v2

e

V3
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sEE
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) LVH

R wave amplitude inlead V6 Amplitude of Rwave inlead
or S wave amplitude in V1 V6 plus amplitude of S wave
inlead V1

> 98t percentile

Voltage criteria for LVH > 98t percentile

» Voltage criteria for LVH







V@ wave abnormalities
e Deep Q wave more than normal in inferior and

lateral leads (I, Ill, aVF, V5-6) (Volume

overload)
e Absent Q wave in V6 (Pressure overload)

%




RVH

QR pattern in right
chest lead

T wave change

R wave amplitude in V1
S wave amplitude in V6
R/S ratio in V1

RSR’ in V1

RAD

hypertrophy

LVH

T wave change

R wave amplitude in V6 or S
wave amplitude in V1

Amplitude of R wave in V6 +
Amplitude of S wave in V1

Q wave abnomalities

Chamber enlargement and

Biventricular
hypertrophy

Abnormal voltage in
both the right and left
chest leads

Katz-Wachtel criterion




Mmal voltage in both the right S ! ‘
and left chest leads

TallRinV1ordeep Sin V6 (RVH) plus S wave in V1 or R wave in V6

- TallRinV6 ordeep Sin V1 (LVH) plus S wave in V6 or R wave in V1

)/\/ *Amplitude above normal limit compared to age




Katz-Wachtel criterion

Abnormal voltage in the midprecordial leads
Amplitude of R wave plus Depth of S wave in V3-4 > 98t percentile (> 60 mm)

W-J,r-/did\ii.«arwiM«hL ,]'\N{\N{k,m]t\v{w-f\”«wl_hi#ﬁﬂk\, *_ N A A \J.* ;
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Katz-Wachtel phenomenon in child with isolated ventricular septal defect




Right atrial
enlargement

Left atrial
enlargement

L

Chamber enlargement

Jwasio Depolarization
Tuszozéiuwos P wave

Jwasio Depolarization
Tuszpzvidawas P wave

P wave amplitude > 2.5 mm
(sinwuii lead Il nio V2) Peaked
P wave

- Increased terminal posterior
forces: P wave dyunginauan
AL 1T mm waz aNAr 1 mm
Tu V1-2 (Most reliable)

- P wave duration > 2.5 mm at
lead Il, V1-2

Biatrial enlargement _ Met both RAE + LAE criteria
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P pulmonale RAE

P mitrale LAE

RAE
-+
LAE
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V Pericarditis
Four stage

%

2)
3)
4)

ST elevation (Diffuse), Upright T wave, PR segment
elevation in aVR and V1, PR depression in STE leads
Normalized ST segment with flattening T wave
Inverted T wave in previous STE leads

Resolution




Pericarditis stage 1




ST-T segment
e

Myocardial Injury Myocardial
° Ischemia
' Acute Infarction: ST elevation - suybendocardial: Tall T wave
Myocarditis: Flat or Inverted T - Subepicardia|/Transmura|;
wave (Common in left chest Inverted T wave

leads) and low voltage QRS

| |

Myocardial

Infarction

Q wave with inverted T
wave in infarct area
(Several hours to days)

[In few min after onset:
Hyperacute tall peaked T
then ST elevation and
reciprocal ST depression]



- TABLE A-17. Summary of Normal Values

N—
O

FRONTAL
*HEART PLANE PR =0 *Q, “*R+S
RATE ORS VECTOR | INTERVAL 111 Vs RV; SV; RVg SVs **SV; + RVg Vs
AGE GRoOUP (BPM) (degrees) (sec) (mm)§ | (mm) [ (mm) | (mm) | RSV, (mm) | (mm) | R/S Vg (mm) (mm)
Less than 1 day | 93-154 | +59 to —163 .08-.16 4.5 2 5-26 0-23 | .1-U 0-11 0-9.5 a-U 28 52.5
(123) (137) (.11) (14) (8) (2.2) (4) (3) (2.0)
1-2 days 91-159 +64 to —161 .08-.14 6.5 2.5 5-27 0-21 A1-U 0-12 0-9.5 1-U 29 52
(123) (134) (.11) (14) (9) (2.0) (4.5) (3) (2.5)
3-6 days 91-166 | +77 to —163 07-.14 5.5 3 3-24 0-17 2-U 5-12 0-10 1-U 24.5 49
(129) (132) (.10) (13) (7) (2.7) (5) (3.5) (2.2)
1-3 weeks 107-182 +65 to +161 07-.14 6 3 3-21 0-11 1.0-U 2.5-16.5 0-10 A-U 21 49
(148) (110) (.10) (11) (4) (2.9) (7.5) (3.5) (3.3)
1-2 months 121-179 +31 to +113 07-.13 7.5 3 3-18 0-12 3-U 5-21.5 0-6.5 2-U 29 53.5
(149) (74) (.10) (10) (5) (2.3) (11.5) (3) (4.8)
3-5 months 106-186 +7 to +104 07-.15 6.5 3 3-20 0-17 a-U 6.5-22.5 0-10 2-U 32 61.5
(141) (60) (.11) (10) (6) (2.3) (13) (3) (6.2)
6-11 months 109-169 +6 to +99 07-.16 8.5 3 1.5-20 5-18 1-3.9 6-22.5 0-7 2-U 32 53
(134) (56) (.11) (9.5) (4) (1.6) (12.5) (2) (7.6)
1-2 years 89-151 +7 10 +101 L08-.15 6 3 25-17 | .5-21 | 05-4.3 6-22.5 0-6.5 3=-u 39 49.5
(119) (55) (.11) (9) (8) (1.4) (13) (2) (9.3)
3-4 years 73-137 +6 to +104 .09-.16 5 3.5 1-18 2-21 .03-2.8 8-24.5 0-5 .6-U 42 53.5
(108) (55) (.12) (8) (10) (.9) (15) (1.5) (10.8)
5-7 years 65-133 | +11 to +143 .09-.16 4 4.5 5-14 | .3-24 | .02-2.0 | 8.5-26.5 0-4 9-U 47 54
(100) (65) (.12) (7) (12) (.7) (16) (1) (11.5)
8-11 years 62-130 +9 to +114 .09-.17 3 3 0-12 3-25 0-1.8 9-25.5 0-4 1.5-U 45.5 53
(91) (61) (.13) (5.5) (12) (.5) (16) (1) (14.3)
12-15 years 60-119 +11 to +130 .09-.18 3 3 0-10 3-21 0-1.7 6.5-23 0-4 1.4-U 41 50
(85) (59) (.14) (4) (11) (.5) (14) (1) (14.7)

*2%-98% (mean)
**98th percentile

§mm at normal standardization
U undefined (S wave may equal zero)




Take home messages

Hexaxial reference system provides the frontal projection of the
electromotive forces while horizontal reference system Provides the AP
and the left-right relationship

Components of ECG wave form: Wave, Interval and Segment

Before routine measurement: Check paper speed and amplitude.

Basic measurement: Rate, Rhythm, Axis, P wave, QRS wave, Intervals and
Chamber hypertrophy/enlargement
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o Cardiac cycle
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VCGand ECG | |

e The Vectorcardiogram (VCG) = The registration of the
direction and magnitude of the moment to moment
electromotive forces of heart during one complete cycle.
e Ascalar ECG = ECG obtained in clinical practice, show only
magnitude of multiple consecutive cardiac cycles against
time (two or more scalar leads can infer the direction ) ‘




Vector | |

e Vector = Quantity with magnitude and direction
e Magnitude = height or depth of the wave form of ECG
Direction of the forces determined by a combination of the

leads which represent the frontal projection and the
horizontal projection of the VCG




Y axis
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Vectorcardiogram
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FIG I-1I. £

Diagrammatic representation of a three-dimensional QRS vector loop (solid unshaded) on the frontal,

horizontal, and sagittal planes. Frontal and horizontal planes are important in the understanding of the

vectorial approach (modified from Nadas AN. Pediatric Cardiology, 2nd ed., Philadelphia: WB Saunders; '
1964, with permission).
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Reference system }\/l

Hexaxial reference system
- Lead |, II, Ill, aVR, aVL, aVF
- Provides the frontal projection of the electromotive forces

Horizontal reference system
- All precordial leads
- Provides the anteroposterior and the left-right relationship




FIG 1-4.

Easy way to memorize the hexaxial reference system (see text).

FIG |-3.
Hexaxial reference system (viewed from the patient's front). Positive pole of each lead is indicated by

(+) sign. The angle between two adjacent limb leads is 30 degrees.

=




' Horizontal reference system

Left-Right




O W
Correlation of the VCG

and scalar ECGJ\/\._J\L

e VCG and Scalar ECG are two different ways of looking at the
same electrical activity in the heart

e When the depolarization current moves toward positive
electrode, an upward deflection is recorded on ECG paper
e When the depolarization current moves away from the
positive pole, a negative deflection is recorded. ‘ ‘
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Before routine 4 /\ O

measurements
] [
Recording speed Amplitude
of paper = TmV =10 mm

25 mm/sec

TmV =10 mm = ten small boxes
1 mm = 0.04 sec (one small box)

5 mm = 0.20 sec (one large box)
‘ 30 mm = 1.2 sec (six large divisions)
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Components
of ECG wave
form
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o BZ Basic measurements

Rhythm Rate Axis
2 G i
P wave QRS axis ST-T segment Chamber
PR interval QRS interval enlargement and

QTcinterval hypertrophy
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Rhythm g

Superior
vena cava \
Bachmann
SAnode / bundle
\
AV node \

Left bundle
branch

e Sinus rhythm = fiuAniiaunann SA node
o Upright Pwaves in leads |, Il and aVF
e Normal sinus rhythm (NSR) Right bunde

o SA node [usiurfinvasnszualnia Purkine fers
o Normal and Monomorphic P wave

o P wave 1#inniin QRS complex nasin ‘
o PR interval Unfiuazmaii . "
o QRS complex Uﬂﬁﬁq'gﬂsﬁmaxmmﬂi’w \

Normal rate snuay :

Bundie of His — o\ B

Left anterior
fascicle

Left posterior
fascicle




Rhythm

Sinus arrhythmia

P-P interval #iiJapuudasvin o
R-R interval liasinaus
aaudnuadwdulumu NSR
wuldunéTuidin (Increased
vagal tone)




5/\/ Rate
1500 300
Rate = —— = —
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N = MNUWUYDNLANTIDEFUIN R wave w4 beat Vingfinrin
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AXxis
= Vector of frontal plane
Evaluation of P, QRS, and T axis

6 Limb leads

Frontal Plane
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®*/ Step1

fnuain axis 9¢ Tu Quadrant Tnatnsnsnugasaunii Lead | uaz aVF
524 Vector was QRS complex laudniiatiwile Isoelectric line [uuan g6
Isoelectric line {AJuau

aVF
Frontal Plane




Step 2: Fine tuning

nann1sAa Axis azseannAu Lead Milu isoelectric (magnitude wad wave QRS suAutdu 0)
Jesfoanoenmn Lead #iu isoelectric fiogTu Quadrant fissanndiu Axis Tu Step 1

aVR (-150) avL (-30)
\ / -
Axis

\
-~

Il (+60)

bV
wn Axis mnaguie +90 g +180 agmn
noan Lead #ifiTonallu Isoelectric
A2 aVR uaz |l

* #n aVR 1fu isoelectric
Axis azslaanndu aVR = +120
* wn Il 1 Ju isoelectric
Axis azslaanndu Il = +150

\



Step 2: Fine tuning

- wAvie aVR uaz Il bilu isoelectric g TiAawaTmwas Magnitude
o wAuAuIn Axis auwbulim Lead duannsinuntiaiicdaaindi

psarugn wneuau Axis azwdululnanii Lead siuanasumibaiiseannsi
o sumisiduldlgundesindsnsenais auvindusanvag Axis




o

\/\ // so81g
a. Il slightly positive (Q(—2mm) + R(+8mm) + S(—4mm) = +2mm)
.. slightly towards II from + 150°
b. aVR slightly positive (R(+1mm) + S(—4mm) + R’ (+6mm) = +3mm)
-.slightly towards aVR from + 120°

aVR 2IUazYUANANTEaU 15 24an

+135° I

4. Conclusion = Mean vector between + 120° and +150° = +135° I
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1 i R aU : : V4
aVR (-150) —— | t g ;
\ / ! . ; ' ' ‘ AN AN AN
10) J LA AANAAL AN DN S SN~
Axis ! ' ' i ! :
|
[\—\/—- ~ \‘\-——«-\ f\ Ny
Mean Il (+60)
. aVF
axis A V2% Vsl .: |
I~ i | { | 5
Lead Il {Wuuqn ' : ‘ i S L | _ S P4 AN P
Axis ot +150 A9 + 90 TN ALAR A AR AL L , | { T | | |
Lead aVR Juav
Axis g2 +120 &is +90
LNz 1
Mean vector axis " 1 - X
| { | ! AN AT AN S AL A NN A
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e P wave axis = Vector igiiavavainisnszsulniin
AINIAALUA

e Sinus rhythm giasdiaariiaunann Right Atrium
duun-> P axis 0 fis +90 a4/

e P wave axis abnormal = Ectopic foci

%
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PR interval

o RUGNGU P wave & 1316 Q wave/R wave (No Q wave)
o dnLA0NIAY Lead Il

Prolonged PR interval:
>160 msec

- 1stdegree AV block

- Complete AVSD

- Ebstein’s anomaly
-  Rheumatic fever

- Digitalis effects

Short PR interval: PR interval £100 msec

- Preexcitation syndrome (WPW)

- Glycogen storage disease:

Increased AV nodal size and conduction ‘




Right axis deviation:
> 98th percentile & nsurUnfinnuwIN0E

%

QRS axis

Y
a o/

Normal axis = 9g5:1719 0 asAdeAUnARDuAUDY

Left axis deviation = O &4 -90 aerwuli

Complete AVSD
ASD primum

Tricuspid atresia ‘
Single ventricle




Q wave in lead | or aVL = extreme left axis deviation
Q wave or QS pattern in lead Il, Ill or aVF = extreme right axis deviation

[ }
QRS axis
Northwest axis = 5211734 -90 241 a4 -180 a4rin

QS

A single negative wave
is called a QS-complex.
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77

227,
Left Axis
Deviation Z
(0° to —90°) ~

Right Axis
Deviation Normal
+1°to 119°




EKG interpret(4)

-90
Indeterminate Axis or s Left Axis Deviation
Extreme RAD
Lead | -ve Lead | +ve
Lead aVF -ve Lead aVF -ve
+180 0

Right Axis Deviation Normal Axis
Lead | -ve Lead | +ve
Lead avF +ve Lead aVF +ve

anidi newborn +90

CardioNotebook.com

Quadrant i @ normal




QRS
complex
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V QRS complex
e  msidanialu lead id initial Q wave

fidynewas Q wave Tu precordial lead tauaniiAynwas septal
depolarization; UnfiasiiTu lead V5 — V6

Abnormal Q wave
* Pathologic Q wave = naiu 30 msec ®3o antAun 4 mm

(Myocardial infarction) ‘

Low voltage QRS = R+S wave < Smm inlimb leads orR+S <8 mm in

chest leads (Myocardial edema)
* Wide QRS =>2.5mm




e The first phase is depolarization of the
interventricular septum from the left to the
right and anteriorly (vector 1).

e The second results from the simultaneous
depolarization of the right and left ventricles;
it normally is dominated by the more massive
left ventricle, so that vector 2 points leftward
and posteriorly.

https://thoracickey.com/electrocardiography-5/ ‘
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QT intervadl

* 15u6iu QRS complex lUauduaa T wave
* @A5InN Lead Il, V5 1lar V6 Tmmﬁana'ﬁud1ﬁmaﬁam

-
QT Interval QT Interval QT Interval

Intersection of T wave maximum slope with the isoelectric line

. ‘ https://litfl.com/qt-interval-ecg-library/ ‘




Mrrec’red QT interval (QTc) E! ‘

* Bazett formula
__ QT (sec)
QTe = VRR(sec)

Age < 6 months old: < 450 msec
Age > 6 months old: < 440 msec

%




Mrrec’red QT interval (QTc) E !

Long QTc: Risk for VT/VF

%

Short QTc

- Hypercalcemia

- Hypermagnesemia
- Digitalis effects

Hypocalcemia
Hypokalemia
Hypomagnesemia
Amiodarone effects
Macrolide/ Trimethoprim
Infant of autoimmune mother, Anti-

Ro antibodies positive ‘




RVH

QR pattern in right
chest lead

T wave change

R wave amplitude in V1
S wave amplitude in V6
R/S ratio in V1

RSR’ in V1

RAD

Chamber enlargement and
hypertrophy

LVH

T wave change

R wave amplitude in V6 or S
wave amplitude in V1

Amplitude of R wave in V6 +
Amplitude of S wave in V1

Q wave abnomalities

Biventricular
hypertrophy

Abnormal voltage in
both the right and left
chest leads

Katz-Wachtel criterion




Chamber enlargements

LAE: P wave duration >2.5 3.
Biphasic P wave Tu lead V1

G s e BeaAuA

LIENANALAIN i b

significant significant
iteri aas LVH criteria

183 RVH criteria mes

A& ndAnY

LR 1. LVstrain

1. RVstrain .

2. DeepQinV5\V6

2. UprightTin V1 3. Absent Qin V5,V6

3. QR patterninV1




QR patternin the right
chest leads (RVH)

QR pattern:
- Most reliable sign of RVH
- Systolic pressure of right ventricle > 70 mmHg

QR

Initially a large negative
(Q), then a large
positive wave (R).




Horizontal plane

The right atrium is activated first
and the depolarizing wave is directed
towards V1, which displays a positive

deflection.
I 1 r

Secondly, the depolarization
spreads to the left atrium and
the depolarization is directed

® away from V1, which therefore
displays a negative deflection.

Exploring

Vi

&
Note the successive transition of the
QRS-komplex from V1 to V6.




Normal T wave in V1-3

T wave changes (RVH) .

Upright in age < 7 days !
Inverted T in age > 7 days to adolescent { | v2

RVH: ausiusilawasaesonaedu e O e R

Upright T in V1 (diodlsil LV strain w30 inverted Tin ¥ 'V [V
V5-6) |

Tall R with asymmetrically inverted T in V1-4 e
(Right ventricular strain) ?- f |
= mmﬁuﬁ[uﬁfiamqmwL‘vhfﬁ”wi%az’quhmmﬁul,ﬁam PP A o, HEESS BRI B 775
Invert T in aVF | '

RV strain pattern '




R wave amplitude in lead V1 (RVH) S wave amplitude inlead V6 (RVH)
Amplitude of R wave in V1 > 98t percentile
(High specificity, low sensitivity)

If amplitude > 20 mm = anusiuluila

Woda NUMAWINAY 130 1NANINANNGLLADA

Deep amplitude of S wave in V6 > 98t percentile
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Upright T V1

Rin V134 mm

Deep S in V6




RVH

R/S ratio >1in lead V1 liirouusiugn sosonduinausiUsznauduy
rSR’in Vi With low S wave and tall R (> 15 mm if age < 1year,
(normal QRS duration) >10 mm if age > 1year)
Mild RVH usiwuluifinuné l6ds 7% uazlu incomplete
RBBB
Right axis deviation Tdaivauunsifiady RVH

rSR’ pattern,




RVH

QR pattern in right
chest lead

T wave change

R wave amplitude in V1
S wave amplitude in V6
R/S ratio in V1

RSR’ in V1

RAD

Chamber enlargement and
hypertrophy

LVH

T wave change

R wave amplitude in V6 or S
wave amplitude in V1

Amplitude of R wave in V6 +
Amplitude of S wave in V1

Q wave abnomalities

Biventricular
hypertrophy

Abnormal voltage in
both the right and left
chest leads

Katz-Wachtel criterion




Normal T wave in V5-6
Upright T

LVH

T wave changes (LVH)

Asymmetrically inverted T in V5-6 (LV strain pattern)

(Most reliable sign of LVH)
Inverted T in aVF

Inverted T in inferior/Lateral lead without evidence of ischemia
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) LVH

R wave amplitude inlead V6 Amplitude of Rwave inlead
or S wave amplitude in V1 V6 plus amplitude of S wave
inlead V1

> 98t percentile

Voltage criteria for LVH > 98t percentile

» Voltage criteria for LVH







V@ wave abnormalities
e Deep Q wave more than normal in inferior and

lateral leads (I, Ill, aVF, V5-6) (Volume

overload)
e Absent Q wave in V6 (Pressure overload)

%




RVH

QR pattern in right
chest lead

T wave change

R wave amplitude in V1
S wave amplitude in V6
R/S ratio in V1

RSR’ in V1

RAD

hypertrophy

LVH

T wave change

R wave amplitude in V6 or S
wave amplitude in V1

Amplitude of R wave in V6 +
Amplitude of S wave in V1

Q wave abnomalities

Chamber enlargement and

Biventricular
hypertrophy

Abnormal voltage in
both the right and left
chest leads

Katz-Wachtel criterion




Mmal voltage in both the right S ! ‘
and left chest leads

TallRinV1ordeep Sin V6 (RVH) plus S wave in V1 or R wave in V6

- TallRinV6 ordeep Sin V1 (LVH) plus S wave in V6 or R wave in V1

)/\/ *Amplitude above normal limit compared to age




Katz-Wachtel criterion

Abnormal voltage in the midprecordial leads
Amplitude of R wave plus Depth of S wave in V3-4 > 98t percentile (> 60 mm)

W-J,r-/did\ii.«arwiM«hL ,]'\N{\N{k,m]t\v{w-f\”«wl_hi#ﬁﬂk\, *_ N A A \J.* ;

II $ v

000 M AGAY M A M A

111 a v3 ve
\] L\ g ’N\s.]\/L‘V/\‘ \ib"\- .i /}:] A l/\lf‘ﬁr/\«‘ f/\'ﬂ/‘lal I~ ;Df\ ~ /J v\/‘“‘f“v"-“ N ‘,‘ i ,,,\N "\’\’_/JP '\,*"l l

43 ‘ | |

|
\ 3\ A A /f A AV \ N\ APy P, Al A A A \ A / A A A A ~ ?
‘~’L’I<\4' . r'/ ‘\,\l’; ‘,1',/ L\]r --L/ vl, ,'\l./ ~\,.1 s F \J\lr »\IF/ \.*.i»/ \f\]v J»1 LA |/ v\r/ A '/ \l/ \La J\1r) \rjr/ J‘[

Katz-Wachtel phenomenon in child with isolated ventricular septal defect




Right atrial
enlargement

Left atrial
enlargement

L

Chamber enlargement

Jwasio Depolarization
Tuszozéiuwos P wave

Jwasio Depolarization
Tuszpzvidawas P wave

P wave amplitude > 2.5 mm
(sinwuii lead Il nio V2) Peaked
P wave

- Increased terminal posterior
forces: P wave dyunginauan
AL 1T mm waz aNAr 1 mm
Tu V1-2 (Most reliable)

- P wave duration > 2.5 mm at
lead Il, V1-2

Biatrial enlargement _ Met both RAE + LAE criteria




EKG interpret(5)

5. P wave (g:¢> 2.5 109 = RAE)
(ndn9 > 2.5 dasvida wiauan = LAE)

(Biphasic P in V1 = LAE)

Biphasic P in V1




&N

P pulmonale RAE

P mitrale LAE

RAE
-+
LAE
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Early repolarization

ST-T segment

Functional T wave changes

Sympathetic activity (Frightening, Anxiety): Inverted T wave

Early repolarization syndrome

In adolescent
J point elevation (mimic ST elevation)
iAnann T wave Usingisininsssuan Tusaisii Ventricles 64 ‘

Depolarization ag
Differential with pericarditis (Multi-stage, ST/T ratio > 0.25)




V Pericarditis
Four stage

%

2)
3)
4)

ST elevation (Diffuse), Upright T wave, PR segment
elevation in aVR and V1, PR depression in STE leads
Normalized ST segment with flattening T wave
Inverted T wave in previous STE leads

Resolution




Pericarditis stage 1




ST-T segment
e

Myocardial Injury Myocardial
° Ischemia
' Acute Infarction: ST elevation - suybendocardial: Tall T wave
Myocarditis: Flat or Inverted T - Subepicardia|/Transmura|;
wave (Common in left chest Inverted T wave

leads) and low voltage QRS

| |

Myocardial

Infarction

Q wave with inverted T
wave in infarct area
(Several hours to days)

[In few min after onset:
Hyperacute tall peaked T
then ST elevation and
reciprocal ST depression]



- TABLE A-17. Summary of Normal Values

N—
O

FRONTAL
*HEART PLANE PR =0 *Q, “*R+S
RATE ORS VECTOR | INTERVAL 111 Vs RV; SV; RVg SVs **SV; + RVg Vs
AGE GRoOUP (BPM) (degrees) (sec) (mm)§ | (mm) [ (mm) | (mm) | RSV, (mm) | (mm) | R/S Vg (mm) (mm)
Less than 1 day | 93-154 | +59 to —163 .08-.16 4.5 2 5-26 0-23 | .1-U 0-11 0-9.5 a-U 28 52.5
(123) (137) (.11) (14) (8) (2.2) (4) (3) (2.0)
1-2 days 91-159 +64 to —161 .08-.14 6.5 2.5 5-27 0-21 A1-U 0-12 0-9.5 1-U 29 52
(123) (134) (.11) (14) (9) (2.0) (4.5) (3) (2.5)
3-6 days 91-166 | +77 to —163 07-.14 5.5 3 3-24 0-17 2-U 5-12 0-10 1-U 24.5 49
(129) (132) (.10) (13) (7) (2.7) (5) (3.5) (2.2)
1-3 weeks 107-182 +65 to +161 07-.14 6 3 3-21 0-11 1.0-U 2.5-16.5 0-10 A-U 21 49
(148) (110) (.10) (11) (4) (2.9) (7.5) (3.5) (3.3)
1-2 months 121-179 +31 to +113 07-.13 7.5 3 3-18 0-12 3-U 5-21.5 0-6.5 2-U 29 53.5
(149) (74) (.10) (10) (5) (2.3) (11.5) (3) (4.8)
3-5 months 106-186 +7 to +104 07-.15 6.5 3 3-20 0-17 a-U 6.5-22.5 0-10 2-U 32 61.5
(141) (60) (.11) (10) (6) (2.3) (13) (3) (6.2)
6-11 months 109-169 +6 to +99 07-.16 8.5 3 1.5-20 5-18 1-3.9 6-22.5 0-7 2-U 32 53
(134) (56) (.11) (9.5) (4) (1.6) (12.5) (2) (7.6)
1-2 years 89-151 +7 10 +101 L08-.15 6 3 25-17 | .5-21 | 05-4.3 6-22.5 0-6.5 3=-u 39 49.5
(119) (55) (.11) (9) (8) (1.4) (13) (2) (9.3)
3-4 years 73-137 +6 to +104 .09-.16 5 3.5 1-18 2-21 .03-2.8 8-24.5 0-5 .6-U 42 53.5
(108) (55) (.12) (8) (10) (.9) (15) (1.5) (10.8)
5-7 years 65-133 | +11 to +143 .09-.16 4 4.5 5-14 | .3-24 | .02-2.0 | 8.5-26.5 0-4 9-U 47 54
(100) (65) (.12) (7) (12) (.7) (16) (1) (11.5)
8-11 years 62-130 +9 to +114 .09-.17 3 3 0-12 3-25 0-1.8 9-25.5 0-4 1.5-U 45.5 53
(91) (61) (.13) (5.5) (12) (.5) (16) (1) (14.3)
12-15 years 60-119 +11 to +130 .09-.18 3 3 0-10 3-21 0-1.7 6.5-23 0-4 1.4-U 41 50
(85) (59) (.14) (4) (11) (.5) (14) (1) (14.7)

*2%-98% (mean)
**98th percentile

§mm at normal standardization
U undefined (S wave may equal zero)




Take home messages

® Rememberthe 2 reference systems:
Hexaxial reference system provides the frontal projection of the
electromotive forces while horizontal reference system provides the
AP and the left-right relationship
® Components of ECG wave form: Wave, Interval and Segment
Before routine measurement: Check paper speed and amplitude. ‘
® Basic measurement: Rate, Rhythm, Axis, P wave, QRS wave, Intervals and ‘

Chamber hypertrophy/enlargement criteria
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