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Cardiac cycle

Just after mitral valve 
opening

1 
Isovolumic 

contraction
Mitral valve closing to  
Aortic valve opening

2
Systolic ejection
Aortic valve opening to 

closing

4
Rapid filling

3
Isovolumetric

relaxation
Aortic valve closing to 
mitral valve opening

5
Reduced filling

Just before mitral valve 
closing
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Vector
● The Vectorcardiogram (VCG) = The registration of the 

direction and magnitude of the moment to moment 
electromotive forces of heart during one complete cycle.

● A scalar 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
● Vector = Quantity with magnitude and direction
● 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



Vectorcardiogram



Scalar ECG





Reference system

Hexaxial reference system
- Lead I, II, III, 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



Hexaxial reference system



Frontal and horizontal projection

AP

Left-Right



Correlation of the VCG 
and scalar ECG

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

● When the depolarization current moves toward positive 
electrode, an upward deflection is recorded on ECG paper

● 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 
measurements

Amplitude
1 mV = 10 mm

1 mV = 10 mm = ten small boxes

Recording speed 
of paper = 
25 mm/sec

1 mm = 0.04 sec (one small box)
5 mm = 0.20 sec (one large box)

30 mm = 1.2 sec (six large divisions)



1.2 sec



1 mV = 20 mm

1/41/2



Components 
of ECG wave 
form



Basic measurements

Rhythm Rate

QRS axis
QRS interval
QTc interval

Chamber 
enlargement and 

hypertrophy

P wave
PR interval

ST-T segment

Axis



Rhythm
● Sinus rhythm = ตน้กาํเนิดมาจาก SA node

○ Upright P waves in leads I, II and aVF
● Normal sinus rhythm (NSR)

○ SA node เป็นตน้กาํเนิดของกระแสไฟฟ้า
○ Normal and Monomorphic P wave
○ P wave นําหนา้ QRS complex ทกุตวั
○ PR interval ปกตแิละคงทีŕ
○ QRS complex ปกตทิัŖงรปูรา่งและความกวา้ง
○ Normal rate ตามอายุ



Rhythm

Sinus arrhythmia
• P-P interval ทีŕเปลีŕยนแปลงทาํให ้R-R 

interval ไม่สมํŕาเสมอ
• คณุลกัษณะอืŕนเป็นไปตาม NSR
• พบไดป้กตใินเด็ก



Rate
Rate = 𝟏𝟓𝟎𝟎

𝒏
= ଷ଴଴

ே

n = จาํนวนชอ่งเล็กทีŕอยู่ระหวา่ง R wave ของ beat ทีŕอยู่ตดิกนั
N = จาํนวนชอ่งใหญ่ทีŕอยู่ระหวา่ง R wave ของ beat ทีŕอยู่ตดิกนั





Axis
= Vector of frontal plane

Evaluation of P, QRS, and T axis 

6 Limb leads



Step 1
กาํหนดวา่ axis อยู่ใน Quadrant ใดอย่างหยาบๆพจิารณาทีŕ Lead I และ aVF
รวม Vector ของ QRS complex โดยคา่ทีŕอยู่เหนือ Isoelectric line เป็นบวก อยู่ใต ้
Isoelectric line มคีา่เป็นลบ



Step 2: Fine tuning



อา่นละเอยีดถงึระดบั 15 องศา



P wave

● P wave axis = Vector ทีŕช ี Ŗทศิทางของการกระตุน้ไฟฟ้า
จากจดุกาํเนิด

● Sinus rhythm ตอ้งมจีดุกาํเนิดมาจาก Right Atrium
สว่นบน-> P axis 0 ถงึ +90 องศา

● P wave axis abnormal = Ectopic foci



PR interval



PR interval
● จดุเร ิŕมตน้ P wave ถงึ เร ิŕมตน้ Q wave/R wave (No Q wave)
● มกัเลอืกวดัทีŕ Lead II

Prolonged PR interval: 
> 160 msec
- 1st degree 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



QRS axis
Normal axis = อยู่ระหวา่ง 0 องศาถงึคา่ปกตทิีŕขึ Ŗนกบัอายุ

Right axis deviation:
> 98th percentile สาํหรบัคา่ปกตติามชว่งอายุ

Left axis deviation = 0 ถงึ -90 องศาพบใน 
- Complete AVSD
- ASD primum
- Tricuspid atresia
- Single ventricle 



QRS axis
Northwest axis = ระหวา่ง -90 องศา ถงึ -180 องศา
• Q wave in lead I or aVL = extreme left axis deviation
• Q wave or QS pattern in lead II, III or aVF = extreme right axis deviation



Complete AVSD
ASD primum
Tricuspid atresia
Single ventricle 



QRS 
complex



QRS complex
• ควรเลอืกวดัใน lead ทีŕม ีinitial Q wave
• ทศิทางของ Q wave ใน precordial lead บ่งบอกทศิทางของ septal 

depolarization; ปกตคิวรมใีน lead V5 – V6
• Pathologic Q wave = กวา้งเกนิ 30 msec หรอื ลกึเกนิ 4 mm 

(Myocardial infarction)
• Low voltage QRS = R+S wave < 5 mm in limb leads or R+S < 8 mm in 

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



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

● 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/



QRS 
complex



QT interval
• เร ิŕมตน้ QRS complex ไปจนสิ Ŗนสุด T wave
• ควรวดัทีŕ Lead II, V5 และ V6 โดยเลอืกอา่นคา่ทีŕยาวทีŕสุด

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



Corrected QT interval (QTc)
• Corrected with heart rate
• Bazett formula

QTc = 𝑸𝑻 (𝒔𝒆𝒄)
𝑹𝑹(𝒔𝒆𝒄)

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



Corrected QT interval (QTc)
Long QTc: Risk for VT/VF
- Hypocalcemia
- Hypokalemia
- Hypomagnesemia
- Amiodarone effects
- Macrolide/ Trimethoprim
- Infant of autoimmune mother, Anti-

Ro antibodies positive

Short QTc
- Hypercalcemia
- Hypermagnesemia
- Digitalis effects



Chamber enlargement and 
hypertrophy

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

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 pattern in the right 
chest leads (RVH)

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





T wave changes (RVH)
Normal T wave in V1-3
- Upright in age < 7 days
- Inverted T in age > 7 days to adolescent

RVH: ความดนัหวัใจหอ้งลา่งขวาสงูขึ Ŗน
- Upright T in V1 (ตอ้งไม่ม ีLV strain หรอื inverted T in 

V5-6)
- Tall R with asymmetrically inverted T in V1-4

(Right ventricular strain)
= ความดนัในหวัใจล่างขวาเท่ากบัหรอืสงูกวา่ความดนัเลอืด

- Invert T in aVF

RV strain pattern



S wave amplitude in lead V6 (RVH)

Deep amplitude of S wave in V6 > 98th percentile

R wave amplitude in lead V1 (RVH)

Amplitude of R wave in V1 > 98th percentile 
(High specificity, low sensitivity)
If amplitude > 20 mm = ความดนัในหวัใจ
หอ้งลา่งขวาสงูเทา่กบั หรอื มากกวา่ความดนัเลอืด



Right axis deviation
Upright T V1
R in V1 34 mm
Deep S in V6



RVH
R/S ratio >1 in lead V1 ไม่คอ่ยแม่นยํา ตอ้งอาศยัเกณฑป์ระกอบอืŕนๆ

rSR’ in V1 
(normal QRS duration)

With low S wave and tall R’ (> 15 mm if age < 1 year, 
> 10 mm if age > 1 year)
Mild RVH แตพ่บในเด็กปกตไิดถ้งึ 7% และใน incomplete
RBBB

Right axis deviation ใชส้นับสนุนการวนิิจฉัย RVH



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)
- เกดิจาก T wave ปรากฏเรว็กวา่ธรรมดา ในขณะทีŕ Ventricles ยงั 

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

Early repolarization



Chamber enlargement and 
hypertrophy

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

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



T wave changes (LVH)
Normal T wave in V5-6
- Upright T

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



LVH

R wave amplitude in lead V6 
or S wave amplitude in V1

 98th percentile
 Voltage criteria for LVH

Amplitude of R wave in lead 
V6 plus amplitude of S wave 
in lead V1

 98th percentile
 Voltage criteria for LVH



Deep S in V1, Dominant R in V6



Q wave abnormalities
● Deep Q wave more than normal in inferior and 

lateral leads (II, III, aVF, V5-6) (Volume 
overload)

● Absent Q wave in V6 (Pressure overload)



Chamber enlargement and 
hypertrophy

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

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



Abnormal voltage in both the right 
and left chest leads

- Tall R in V1 or deep S in V6 (RVH) plus S wave in V1 or R wave in V6

- Tall R in V6 or deep S in 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  >  98th percentile (> 60 mm) 



Chamber enlargement

Right atrial 
enlargement

มผีลตอ่ Depolarization 
ในระยะตน้ของ P wave

P wave amplitude > 2.5 mm 
(มกัพบทีŕ lead II หรอื V2) Peaked 
P wave

Left atrial 
enlargement

มผีลตอ่ Depolarization 
ในระยะหลงัของ P wave

- Increased terminal posterior 
forces: P wave สว่นทา้ยหวักลบัลกึ
เกนิ 1 mm และ กวา้งเกนิ 1 mm 
ใน V1-2 (Most reliable)
- P wave duration > 2.5 mm at 
lead II, V1-2

Biatrial enlargement Met both RAE + LAE criteria



P pulmonale

P mitrale



RAE
P amplitude > 3 mm 
in II, V1



Pericarditis
Four stage
1) ST elevation (Diffuse), Upright T wave, PR segment 

elevation in aVR and V1, PR depression in STE leads
2) Normalized ST segment with flattening T wave
3) Inverted T wave in previous STE leads
4) Resolution



Pericarditis stage 1



ST-T segment

Myocardial Injury
Acute Infarction: ST elevation
Myocarditis: Flat or Inverted T 
wave (Common in left chest 
leads) and low voltage QRS

Myocardial 
Ischemia

- Subendocardial: Tall T wave
- Subepicardial/Transmural: 

Inverted T wave

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]





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



Resources
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Cardiac cycle

Just after mitral valve 
opening

1 
Isovolumic 

contraction
Mitral valve closing to  
Aortic valve opening

2
Systolic ejection

Aortic valve opening to 
closing

4
Rapid filling

3
Isovolumetric

relaxation
Aortic valve closing to 
mitral valve opening

5
Reduced filling
Just before mitral 

valve closing
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VCG and ECG
● The Vectorcardiogram (VCG) = The registration of the 

direction and magnitude of the moment to moment 
electromotive forces of heart during one complete cycle.

● A scalar 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
● Vector = Quantity with magnitude and direction
● 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



Vectorcardiogram





Scalar ECG



Reference system

Hexaxial reference system
- Lead I, II, III, 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



Hexaxial reference system



Horizontal reference system

AP

Left-Right



Correlation of the VCG 
and scalar ECG

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

● When the depolarization current moves toward positive 
electrode, an upward deflection is recorded on ECG paper

● 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 
measurements

Amplitude
1 mV = 10 mm

1 mV = 10 mm = ten small boxes

Recording speed 
of paper = 
25 mm/sec

1 mm = 0.04 sec (one small box)
5 mm = 0.20 sec (one large box)

30 mm = 1.2 sec (six large divisions)



1.2 sec



1 mV = 20 mm

1/41/2



Components 
of ECG wave 
form



Basic measurements

Rhythm Rate

QRS axis
QRS interval
QTc interval

Chamber 
enlargement and 

hypertrophy

P wave
PR interval

ST-T segment

Axis



Rhythm
● Sinus rhythm = ตน้กาํเนิดมาจาก SA node

○ Upright P waves in leads I, II and aVF
● Normal sinus rhythm (NSR)

○ SA node เป็นตน้กาํเนิดของกระแสไฟฟ้า
○ Normal and Monomorphic P wave
○ P wave นําหนา้ QRS complex ทกุตวั
○ PR interval ปกตแิละคงทีŕ
○ QRS complex ปกตทิัŖงรปูรา่งและความกวา้ง
○ Normal rate ตามอายุ



Rhythm

Sinus arrhythmia
• P-P interval ทีŕเปลีŕยนแปลงทาํให ้

R-R interval ไม่สมํŕาเสมอ
• คณุลกัษณะอืŕนเป็นไปตาม NSR
• พบไดป้กตใินเด็ก (Increased 

vagal tone)



Rate

Rate = 𝟏𝟓𝟎𝟎
𝒏

= ଷ଴଴
ே

n = จาํนวนชอ่งเล็กทีŕอยูร่ะหวา่ง R wave ของ beat ทีŕอยูต่ดิกนั
N = จาํนวนชอ่งใหญท่ีŕอยูร่ะหวา่ง R wave ของ beat ทีŕอยูต่ดิกนั





Axis
= Vector of frontal plane

Evaluation of P, QRS, and T axis 

6 Limb leads



Step 1
กาํหนดวา่ axis อยู่ใน Quadrant ใดอย่างหยาบๆพจิารณาทีŕ Lead I และ aVF
รวม Vector ของ QRS complex โดยคา่ทีŕอยู่เหนือ Isoelectric line เป็นบวก อยู่ใต ้
Isoelectric line มคีา่เป็นลบ



Step 2: Fine tuning

หลกัการคอื Axis จะตัŖงฉากกบั Lead ทีŕเป็น isoelectric (magnitude ของ wave QRS รวมกนัเป็น 0) 
จงึตอ้งมองหา Lead ทีŕเป็น isoelectric ทีŕอยูใ่น Quadrant ทีŕต ัŖงฉากกบั Axis ใน Step 1

ตวัอย่าง
หาก Axis ตกอยู่ชว่ง +90 ถงึ +180 องศา
มองหา Lead ทีŕมโีอกาสเป็น Isoelectric
คอื aVR และ II
• หาก aVR เป็น isoelectric
Axis จะตัŖงฉากกบั aVR = +120
• หาก II เป็น isoelectric
Axis จะตัŖงฉากกบั II = +150  



• หากทัŖง aVR และ II ไม่เป็น isoelectric ทัŖงคู ่ใหค้ดิผลรวมของ Magnitude
• หากเป็นคา่บวก Axis จะเขยบิเขา้หา Lead นัŖนจากตาํแหน่งทีŕต ัŖงฉากกนั

ตรงกนัขา้ม หากคา่เป็นลบ Axis จะเขยบิไปไกลกวา่ Lead นัŖนจากตาํแหน่งทีŕต ัŖงฉากกนั
• นําตาํแหน่งทีŕเป็นไปไดม้าคดิคา่เฉลีŕยตรงกลาง จะเทา่กบัคา่ของ Axis

Step 2: Fine tuning



อา่นละเอยีดถงึระดบั 15 องศา

ตวัอย่าง



ลบ

บวก

aVF



ลบ

บวก
aVF

Lead II เป็นบวก
Axis อยูช่ว่ง +150 ถงึ + 90

Lead aVR เป็นลบ
Axis อยูช่ว่ง +120 ถงึ +90

เพราะฉะนัŖน
Mean vector axis
= (+120 + 90)/2
= +105 องศา

Mean 
axis



P wave

● P wave axis = Vector ทีŕช ี Ŗทศิทางของการกระตุน้ไฟฟ้า
จากจดุกาํเนิด

● Sinus rhythm ตอ้งมจีดุกาํเนิดมาจาก Right Atrium
สว่นบน-> P axis 0 ถงึ +90 องศา

● P wave axis abnormal = Ectopic foci



PR interval



PR interval
● จดุเร ิŕมตน้ P wave ถงึ เร ิŕมตน้ Q wave/R wave (No Q wave)
● มกัเลอืกวดัทีŕ Lead II

Prolonged PR interval: 
> 160 msec
- 1st degree 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



QRS axis
Normal axis = อยู่ระหวา่ง 0 องศาถงึคา่ปกตทิีŕขึ Ŗนกบัอายุ

Right axis deviation:
> 98th percentile สาํหรบัคา่ปกตติามชว่งอายุ

Left axis deviation = 0 ถงึ -90 องศาพบใน 
- Complete AVSD
- ASD primum
- Tricuspid atresia
- Single ventricle 



QRS axis
Northwest axis = ระหวา่ง -90 องศา ถงึ -180 องศา
• Q wave in lead I or aVL = extreme left axis deviation
• Q wave or QS pattern in lead II, III or aVF = extreme right axis deviation



Complete AVSD
ASD primum
Tricuspid atresia
Single ventricle 





QRS 
complex



QRS complex
• ควรเลอืกวดัใน lead ทีŕม ีinitial Q wave
• ทศิทางของ Q wave ใน precordial lead บ่งบอกทศิทางของ septal 

depolarization; ปกตคิวรมใีน lead V5 – V6

Abnormal Q wave
• Pathologic Q wave = กวา้งเกนิ 30 msec หรอื ลกึเกนิ 4 mm 

(Myocardial infarction)
• Low voltage QRS = R+S wave < 5 mm in limb leads or R+S < 8 mm in 

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



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

● 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/



QRS 
complex



QT interval
• เร ิŕมตน้ QRS complex ไปจนสิ Ŗนสุด T wave
• ควรวดัทีŕ Lead II, V5 และ V6 โดยเลอืกอา่นคา่ทีŕยาวทีŕสุด

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



Corrected QT interval (QTc)
• Corrected with heart rate
• Bazett formula

QTc = 𝑸𝑻 (𝒔𝒆𝒄)
𝑹𝑹(𝒔𝒆𝒄)

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



Corrected QT interval (QTc)
Long QTc: Risk for VT/VF
- Hypocalcemia
- Hypokalemia
- Hypomagnesemia
- Amiodarone effects
- Macrolide/ Trimethoprim
- Infant of autoimmune mother, Anti-

Ro antibodies positive

Short QTc
- Hypercalcemia
- Hypermagnesemia
- Digitalis effects



Chamber enlargement and 
hypertrophy

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

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 pattern in the right 
chest leads (RVH)

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





T wave changes (RVH)
Normal T wave in V1-3
- Upright in age < 7 days
- Inverted T in age > 7 days to adolescent

RVH: ความดนัหวัใจหอ้งลา่งขวาสงูขึ Ŗน
- Upright T in V1 (ตอ้งไม่ม ีLV strain หรอื inverted T in 

V5-6)
- Tall R with asymmetrically inverted T in V1-4

(Right ventricular strain)
= ความดนัในหวัใจล่างขวาเท่ากบัหรอืสงูกวา่ความดนัเลอืด

- Invert T in aVF

RV strain pattern



S wave amplitude in lead V6 (RVH)

Deep amplitude of S wave in V6 > 98th percentile

R wave amplitude in lead V1 (RVH)

Amplitude of R wave in V1 > 98th percentile 
(High specificity, low sensitivity)
If amplitude > 20 mm = ความดนัในหวัใจ
หอ้งลา่งขวาสงูเทา่กบั หรอื มากกวา่ความดนัเลอืด



Right axis deviation
Upright T V1
R in V1 34 mm
Deep S in V6



RVH
R/S ratio >1 in lead V1 ไม่คอ่ยแม่นยํา ตอ้งอาศยัเกณฑป์ระกอบอืŕนๆ

rSR’ in V1 
(normal QRS duration)

With low S wave and tall R’ (> 15 mm if age < 1 year, 
> 10 mm if age > 1 year)
Mild RVH แตพ่บในเด็กปกตไิดถ้งึ 7% และใน incomplete
RBBB

Right axis deviation ใชส้นับสนุนการวนิิจฉัย RVH



Chamber enlargement and 
hypertrophy

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

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



T wave changes (LVH)
Normal T wave in V5-6
- Upright T

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



LVH

R wave amplitude in lead V6 
or S wave amplitude in V1

 98th percentile
 Voltage criteria for LVH

Amplitude of R wave in lead 
V6 plus amplitude of S wave 
in lead V1

 98th percentile
 Voltage criteria for LVH



Deep S in V1, Dominant R in V6



Q wave abnormalities
● Deep Q wave more than normal in inferior and 

lateral leads (II, III, aVF, V5-6) (Volume 
overload)

● Absent Q wave in V6 (Pressure overload)



Chamber enlargement and 
hypertrophy

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

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



Abnormal voltage in both the right 
and left chest leads

- Tall R in V1 or deep S in V6 (RVH) plus S wave in V1 or R wave in V6

- Tall R in V6 or deep S in 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  >  98th percentile (> 60 mm) 



Chamber enlargement

Right atrial 
enlargement

มผีลตอ่ Depolarization 
ในระยะตน้ของ P wave

P wave amplitude > 2.5 mm 
(มกัพบทีŕ lead II หรอื V2) Peaked 
P wave

Left atrial 
enlargement

มผีลตอ่ Depolarization 
ในระยะหลงัของ P wave

- Increased terminal posterior 
forces: P wave สว่นทา้ยหวักลบัลกึ
เกนิ 1 mm และ กวา้งเกนิ 1 mm 
ใน V1-2 (Most reliable)
- P wave duration > 2.5 mm at 
lead II, V1-2

Biatrial enlargement Met both RAE + LAE criteria





P pulmonale

P mitrale



RAE
P amplitude > 3 mm 
in II, V1



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)
- เกดิจาก T wave ปรากฏเรว็กวา่ธรรมดา ในขณะทีŕ Ventricles ยงั 

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

Early repolarization



Pericarditis
Four stage
1) ST elevation (Diffuse), Upright T wave, PR segment 

elevation in aVR and V1, PR depression in STE leads
2) Normalized ST segment with flattening T wave
3) Inverted T wave in previous STE leads
4) Resolution



Pericarditis stage 1



ST-T segment

Myocardial Injury
Acute Infarction: ST elevation
Myocarditis: Flat or Inverted T 
wave (Common in left chest 
leads) and low voltage QRS

Myocardial 
Ischemia

- Subendocardial: Tall T wave
- Subepicardial/Transmural: 

Inverted T wave

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]





Take home messages

● Remember the 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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