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The Normal Cardiac Cycle 

•  

3



Think Ask LEarn

2

4

QT interval
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Interpreting a rhythm strip 

• Rate – how fast?
• Rhythm – regular or irregular?
• PR interval 
–normal 120 -200 milli-seconds

• QRS width
–Normal <120 msec
– Is it narrow or broad?
–Are there Q waves present?
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• T Waves
– Are there peaked T waves?
– Are the T waves

• Normal?
• Inverted?

• ST segments
– Is there ST elevation or depression?

• QT interval
• U waves

Interpreting a rhythm strip 
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QT = <½R-R interval  
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• <1-2mm or 25% of the height of the T wave.

• Prominent U waves commonly found with:
• Bradycardia
• Severe hypokalaemia

U waves
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Prominent U wave - Hypokalaemia

K+= 1.9mmol
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Prominent U waves

• Hypocalcaemia
• Hypomagnesaemia
• Hypothermia
• Raised intracranial 

pressure
• Left ventricular 

hypertrophy
• Hypertrophic 

cardiomyopathy

• Digoxin
• Phenothiazines 

(thioridazine)
• Class Ia antiarrhythmics 

(quinidine, 
procainamide)

• Class III antiarrhythmics 
(sotalol, amiodarone)
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QT interval
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Normal Sinus Rhythm (NSR)
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Sinus Tachycardia
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Sinus Bradycardia
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Ventricular Tachycardia (VT)
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Ventricular Fibrillation (VF)
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Asystole
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Right 
Coronary  
Artery

Left
Coronary  
Artery

Circumflex
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Anterior

Inferior

Posterior
Lateral

Lateral
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Anterior

Inferior

Posterior
Lateral

Lateral
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Elevation = Infarction

Q Wave = 
Current or 
Old Infarction
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Depression  = Ischaemia
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Inverted T wave  = Ischaemia
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• STEMI equivalent – Activate reperfusion pathway 
• Chest leads
• 2% Anterior MI
– Usually younger males, high cholesterol 

De Winter T wave

27



Think Ask LEarn

10

aVR

V5

V1 V4

aVL

aVF

II

II

I

III

V2

V3 V6

V2aVL

III

I

Scapula

V7 V8 V9

Normal ST-depression ST-elevation

P-R segment
J-point J-point

J-point

T-P segment ST segment
assessment point

V3R

V4RV5R

V2R V1R
V6R

V3

Criteria Supporting information  
and illustration

Recommendation 
for clinical action

A. Regional STE with 
reciprocal STD

STE ≥1 mm at the J-point in two 
contiguous leads in all leads 
other than V2-4.

V2-4 STE criteria:
≥1.5 mm in women
≥2 mm in men ≥40 years
≥2.5 mm in men <40 years

Activate  
reperfusion  
pathway

B. High lateral MI STE I, aVL, V2
STD III (+/- II, aVF)

Subtle STE V5, V6 and reciprocal 
changes in aVF may be seen.

Activate  
reperfusion  
pathway

C. Posterior MI Precordial STD ≥0.5 mm V1-3

Confirm with posterior leads 
(V7,8,9) with findings of STE:
• ≥0.5 mm in women and men 

≥40 years
• ≥1 mm in men <40 years

V7, 8, 9  
supplementary  
lead placement

Activate  
reperfusion  
pathway

D. Right ventricular 
MI

STE ≥0.5 mm in any right-sided 
chest lead (V3R-V6R), but  
particularly V4R. 

STE ≥1 mm in men <30 years

Right precordial  
supplementary  
lead placement

Activate  
reperfusion  
pathway

E. De Winter  
T waves 

J-point depression with  
up-sloping ST segments and tall, 
prominent, symmetric T waves in 
precordial leads, with STE (≥0.5 
mm) in aVR and an absence of 
STE in precordial leads.

Activate  
reperfusion  
pathway

F. Modified  
Sgarbossa criteria 

(LBBB or paced 
rhythm) 

Any of the following:

A) Concordant STE >1 mm in 
leads with positive QRS complex

B) Concordant STD ≥1 mm V1-3

C) STE ≥1 mm in one or more  
leads at the J-point which is 
proportionally discordant to the 
preceding S wave by >25%.

Activate  
reperfusion  
pathway 

5/15 = 0.33 (>0.25)

J-point

15 mm

5 mm

STE/height
S wave >25%
(>0.25)

Height of
preceding
S wave

Height of
discordant STEA B C
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�� Changes of acute injury (ST elevation) in the inferior leads 
II, III and aVF 

�� With or without reciprocal changes (ST depression) in the 
anterior leads. 

 
FEATURES OF THIS ECG 
�� Sinus rhythm, 60 bpm, normal QRS axis 
�� PR interval 200 ms, normal 120-200 ms (3-5 small squares) 
�� Acute injury in leads II, III and aVF (Fig. 63.1): 

- Upsloping ST elevation 
- Tall T waves 

�� These changes are also seen in lead V6 making this example an 
inferolateral (inferoapical) MI 

�� Reciprocal ST depression in the anterior leads V1-3, I and aVL 
(Fig. 63.2) 

 
CLINICAL NOTE 
V4R showed no ST elevation - excluding significant right 
ventricle infarction. 
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�� The ECG features of inferior MI may appear earlier than other 
areas of infarction. 

�� Minimal changes of acute injury (ST elevation) in the inferior 
leads II, III and aVF with consistent reciprocal changes (ST 
depression) in the anterior leads. 

�� Clinical context is important when dealing with such borderline 
ECGs. 

 
FEATURES OF THIS ECG 
�� Sinus arrhythmia, 54 bpm, normal QIRS axis 
�� Minimal ST elevation in leads II, III and aVF (Fig. 64.1) 
�� Suggestion of reciprocal ST depression in the anterior leads 

V1-4 and aVL (Fig. 64.2) 
 

CLINICAL NOTE 
This lady received thrombolysis 40 minutes after the 
onset of her pain. 
 
Sometimes repeating an ECG in 30 minutes may reveal 
evolving diagnostic changes. 
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�� Changes of acute injury (ST elevation) in the inferior leads 
II, III and aVF 

�� With or without reciprocal changes (ST depression) in the 
anterior leads. 

 
FEATURES OF THIS ECG 
�� Sinus rhythm, 60 bpm, normal QRS axis 
�� PR interval 200 ms, normal 120-200 ms (3-5 small squares) 
�� Acute injury in leads II, III and aVF (Fig. 63.1): 

- Upsloping ST elevation 
- Tall T waves 

�� These changes are also seen in lead V6 making this example an 
inferolateral (inferoapical) MI 

�� Reciprocal ST depression in the anterior leads V1-3, I and aVL 
(Fig. 63.2) 

 
CLINICAL NOTE 
V4R showed no ST elevation - excluding significant right 
ventricle infarction. 
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�� ST elevation > 1 mm in lead V4R (right 5th intercostal space, 
mid-clavicular line). 

�� Right ventricular infarction is most often associated with an 
acute inferior MI. 

 
FEATURES OF THIS ECG 
�� Sinus rhythm, 78 bpm, normal QRS axis, incomplete RBBB 
�� Acute right ventricular infarction: 

- ST elevation in V4R (Fig. 65.1) 
�� Acute myocardial infarction (Fig. 65.2): 

- ST elevation in leads II, III and Avf 
- Tall T waves 
- Developing q waves 

�� Reciprocal ST depression in the anterior leads (Fig. 65.3) 
�� Junctional premature beat (JPB) (Fig. 65.4) 
�� Ventricular premature beat in leads V4-6 

 
CLINICAL NOTE 
Right ventricular infarction is an important reversible 
cause of cardiogenic shock. The first line of treatment 
is intravenous fluids. 
 
 

 
 
 
 
 
 

CLINICAL FEATURES OF RIGHT 
VENTRICULAR INFARCTION 
 
�� Hypotension 
�� Clear lung fields 
�� Elevated JVP 
�� Positive Kussmaul's sign 
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�� Changes of acute injury (ST elevation) in the inferior leads 
II, III and aVF 

�� With or without reciprocal changes (ST depression) in the 
anterior leads. 

 
FEATURES OF THIS ECG 
�� Sinus rhythm, 60 bpm, normal QRS axis 
�� PR interval 200 ms, normal 120-200 ms (3-5 small squares) 
�� Acute injury in leads II, III and aVF (Fig. 63.1): 

- Upsloping ST elevation 
- Tall T waves 

�� These changes are also seen in lead V6 making this example an 
inferolateral (inferoapical) MI 

�� Reciprocal ST depression in the anterior leads V1-3, I and aVL 
(Fig. 63.2) 

 
CLINICAL NOTE 
V4R showed no ST elevation - excluding significant right 
ventricle infarction. 
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�� Changes of acute injury (ST elevation) in most or all anterior 
leads V1-6, I and aVL 

�� With or without reciprocal changes (ST depression) in the 
inferior leads 

�� NB: Infarction can be divided into regions depending on which 
leads show changes; however, these should not be treated 
rigidly as lead positions may vary. What is important is that 
the pattern of acute injury is recognised and distinguished 
from other causes of ST elevation 

FEATURES OF THIS ECG 
�� Sinus rhythm, 66 bpm, normal QRS axis 
�� 'Hyperacute' changes, indicating first few hours of infarction, 

in anterior leads (Fig. 59.1): 
- Increased ventricular activation time (N <1 small square) 
- Increased height of R wave 
- Upsloping ST elevation 
- Broad T wave with increased height 

�� Note V5 and V6 do not seem to fit the pattern, chest leads can 
be easily misplaced when in a hurry 

�� Reciprocal ST depression in leads II, III 
and aVL (Fig. 59.2). The mirror image of 
the acute injury. 

�� Two consecutive ventricular premature 
beats from different ectopic foci (Fig. 
59.3) 

 

CAUSES OF ST ELEVATION 
Mnemonic: “ELEVATION” 
�� E- Early repolarisation 

- Benign: High take-off in V1-3 after a deep S wave 
- Pre-excitation syndromes 

�� L- LBBB 
�� E- Electrolytes (hyperkalaemia) 
�� V- Ventricular aneurysm 
�� A- AMI 
�� T- Trauma 
�� I- Inflammation (pericarditis, myocarditis) 
�� O- Osborne J-wave 
�� N- Neurological 
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�� Changes of acute injury (ST elevation) in the lateral leads V4-
6, I and aVL. 

�� With or without reciprocal changes (ST depression) in the 
inferior leads. 

 
FEATURES OF THIS ECG 
�� Sinus rhythm, 72 bpm, normal QRS axis 
�� Acute injury in leads V4-6, I and aVL (Fig. 60.1): 

- Upsloping ST elevation 
- Tall T waves 

�� Reciprocal ST depression in the inferior leads III and aVF 
(Fig. 60.2) 

�� Possible evidence of an old anteroseptal MI (Fig. 60.3) 
 
 
 
 
 
 
 CAUSES OF POOR R WAVE PROGRESSION 

 
�� Old anteroseptal myocardial infarction 
�� Chronic obstructive airways disease 
�� Left ventricular hypertrophy 
�� Left bundle branch block 
�� Lead placement 
�� Normal variant 
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�� Acute posterior MI presents as the mirror image of acute injury 
in the septal leads since the posterior wall faces away from 
these leads. 

�� ST depression in leads V1-3 
�� Prominent R wave and upright T wave in leads V1-3. 
�� Posterior infarction is often associated with inferior and/or 

lateral infarction. 
 
FEATURES OF THIS ECG 
�� Sinus rhythm, 90 bpm, normal QRS axis 
�� Acute posterior infarction (Fig. 66.1): 

- Mirror image of acute injury in leads V1-3 
�� Inferolateral infarction: 

- ST elevation in the inferior leads (Fig. 66.2) 
- ST elevation in the lateral leads V5 and 6 (Fig. 66.3) 

 
CLINICAL NOTE 
Urgent coronary angiography, with a view to primary 
angioplasty, showed an occluded, dominant, left circumflex 
artery and infarction of the posterior, inferior & lateral 
regions. This dominant left circumflex artery therefore 
supplied the posterior descending artery which is more 
commonly supplied from the right coronary artery. 
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�� Acute posterior MI presents as the mirror image of acute injury 
in the septal leads since the posterior wall faces away from 
these leads. 

�� ST depression in leads V1-3 
�� Prominent R wave and upright T wave in leads V1-3. 
�� Posterior infarction is often associated with inferior and/or 

lateral infarction. 
 
FEATURES OF THIS ECG 
�� Sinus rhythm, 90 bpm, normal QRS axis 
�� Acute posterior infarction (Fig. 66.1): 

- Mirror image of acute injury in leads V1-3 
�� Inferolateral infarction: 

- ST elevation in the inferior leads (Fig. 66.2) 
- ST elevation in the lateral leads V5 and 6 (Fig. 66.3) 

 
CLINICAL NOTE 
Urgent coronary angiography, with a view to primary 
angioplasty, showed an occluded, dominant, left circumflex 
artery and infarction of the posterior, inferior & lateral 
regions. This dominant left circumflex artery therefore 
supplied the posterior descending artery which is more 
commonly supplied from the right coronary artery. 
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�� Acute posterior MI presents as the mirror image of acute injury 
in the septal leads since the posterior wall faces away from 
these leads. 

�� ST depression in leads V1-3 
�� Prominent R wave and upright T wave in leads V1-3. 
�� Posterior infarction is often associated with inferior and/or 

lateral infarction. 
 
FEATURES OF THIS ECG 
�� Sinus rhythm, 90 bpm, normal QRS axis 
�� Acute posterior infarction (Fig. 66.1): 

- Mirror image of acute injury in leads V1-3 
�� Inferolateral infarction: 

- ST elevation in the inferior leads (Fig. 66.2) 
- ST elevation in the lateral leads V5 and 6 (Fig. 66.3) 

 
CLINICAL NOTE 
Urgent coronary angiography, with a view to primary 
angioplasty, showed an occluded, dominant, left circumflex 
artery and infarction of the posterior, inferior & lateral 
regions. This dominant left circumflex artery therefore 
supplied the posterior descending artery which is more 
commonly supplied from the right coronary artery. 
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�� Horizontal ST depression is strongly suggestive of ischaemia in 
an appropriate clinical setting 

�� Sloping ST depression is a less reliable indicator of 
ischaemia. 

 
FEATURES OF THIS ECG 
�� Sinus tachycardia, 110 bpm 
�� Normal QRS axis 
�� Horizontal ST depression in the inferior and lateral leads 

(Fig. 56.1) 
 
CLINICAL NOTE 
This ECG was taken at 3 minutes 20 seconds. The patient 
developed chest pain and the above ECG changes. 

COMMON CAUSES OF ST DEPRESSION 
 
Horizontal: 
�� Ischaemia 
�� Subendocardial infarction 
�� Reciprocal to ST elevation (acute 

injury) 
Sloping: 
�� Ventricular hypertrophy 
�� Digoxin 
�� Ischaemia 
�� Hyperkalaemia 
�� Bundle branch block 
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�� There are no definitive criteria for the normal T wave and 
numerous conditions other than ischaemia can cause T wave 
changes 

�� Inversion of the T wave is considered abnormal in V3-6, I, II 
and aVF in most adults 

�� T wave inversion is relatively non-specific for ischaemia 
unless it is deep and symmetrical ('arrowhead') inversion 

 
FEATURES OF THIS ECG 
�� Sinus rhythm 
�� 75 bpm 
�� Normal QRS axis 
�� Deep and symmetrical T wave inversion in the anterior leads, 

V1-5, I and aVL (Fig. 57.1) 
�� Long QT interval (QT = 480 ms, QTc = 540 ms) 

 
CLINICAL NOTE 
This patient had post-infarct angina. His ECG the previous 
day had been normal. Subsequent angiography showed a 50% 
stenosis in the left anterior descending coronary artery 
with thrombus visible in the lumen. The ECG returned to 
normal with 4 days of IV heparin. 

 
 
 
 CAUSES OF DEEP SYMMETRICAL T WAVE INVERSION 

 
�� Subendocardial ischaemia 
�� Subendocardial infarction (non Q-wave infarction) 
�� Hypertrophic obstructive cardiomyopathy 
�� Juvenile pattern 
�� Intracranial haemorrhage 
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• First Degree Block

• Second Degree Mobitz type 1 (Wenckebach)

• Second Degree Mobitz type 2

• Third Degree Block (CHB)

Atrioventricular block 

40
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�� A PR interval of greater than 200 ms (5 small squares). In 
practice a PR interval of 200-220 ms is of dubious clinical 
significance. 

 
FEATURES OF THIS ECG 
�� Sinus rhythm, 75 bpm 
�� Normal QRS axis 
�� Features of first degree heart block: 

- long PR interval, 320 ms (Fig. 43.1) 
�� Probable old posteroinferior myocardial infarction 
 

CAUSES OF A LONG PR INTERVAL 
 
�� Increased vagal tone 
�� Idiopathic 
�� Ischaemic heart disease 
�� Rheumatic carditis 
�� Digoxin toxicity 
�� Electrolyte disturbances 
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• Normal 
– 0.12 – 0.20sec (120-200ms)

• Treatment
– ‘Depends’
– Usually asymptomatic – AV nodal delay
– Caution cardiac drugs, MI esp anterior infarct
– Rarely may lead to 3rd Degree

1st Degree Block
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Short, Long, Longer, Drop
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• Treatment
– ‘Depends’
– Mostly asymptomatic, well tolerated rhythm
– Caution cardiac drugs, MI 
– Rarely may lead to 3rd Degree

2nd Degree Block Mobitz Type 1
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54 YEAR OLD MALE WITH POOR EXERCISE TOLERANCE 
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3:1 Block  Atrial rate 140, Vent rate 40

50

• Treatment
– Often symptomatic
– At risk of cardiac standstill
– May need pacing – chemical or electrical
– Needs high care  admission – usually CCU 

2nd Degree Block Mobitz Type 2
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84 YEAR OLD MAN PRESENTING WITH COLLAPSE 
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• Atrial contraction is normal but no beats are 
conducted to the ventricles, i.e. there is 
complete AV dissociation

• When the AV block occurs in the lower parts 
of the His-Purkinje system the ventricular 
escape complexes have wide QRS morphology

3rd Degree – Complete Heart Block

53
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84 YEAR OLD MAN PRESENTING WITH COLLAPSE 

55

• Atropine
• Isoprenaline

– Bolus or infusion
– Lives in fridge
– Beta receptor stimulation
– Similar to adrenaline but more cardiac rate 

specific

Treatment of 3rd Degree AV block

56

�THE 30-MINUTE TUTORIAL: LECTURE SERIES HANDOUT 

�GOLD COAST HOSPITAL EMERGENCY DEPARTMENT August 07 

65 YEAR OLD LADY WITH PALPITATIONS 

Fast IrregularNo P Wave Narrow Complex

�THE 30-MINUTE TUTORIAL: LECTURE SERIES HANDOUT 

�GOLD COAST HOSPITAL EMERGENCY DEPARTMENT August 07 

�� There are no P waves. 
�� Ventricular response is irregularly irregular and fast. 
 
FEATURES OF THIS ECG 
�� Mean ventricular rate 160 bpm 

Normal QRS axis 
�� Features of atrial fibrillation (Fig. 11.1): 

- no P waves 
- low amplitude fibrillary waves 
- random ventricular response (at first glance the rhythm looks 
regular but, on closer inspection, it is random) 

�� Lateral ST-T changes (Fig. 11.2): 
- these often occur in tachycardia and are non-specific 

 
 

CLINICAL NOTE 
This lady had paroxysmal atrial fibrillation and was 
eventually controlled with oral flecainide. 
 

TREATMENT OPTIONS IN STABLE AF 
 
Based on clinical picture. 
Options include: 
�� Rate control 
�� Rhythm control (cardioversion) 
�� Anticoagulation 
In the acute setting, ventricular 
rate control is the single most 
important goal of therapy. 

Adapted from “ECGs By Example” Jenkins & Gerred (Elsevier) 2nd Edition 2005 
This Handout is produced for the use of GCH Emergency Staff as part of the T3 Lecture Series. All care taken to 
ensure accurate and up to date content. Please contact me with problems, questions, concerns or feedback: 
��Dr Leo Marneros Senior Staff Specialist, GCH Emergency Department 
��E-mail: vertical@qldnet.com.au 
��Mobile: 0416 085 665 

ATRIAL FIBRILLATION WITH RAPID VENTRICULAR RESPONSE 
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Atrial Fibrillation

Steadily Rising 
over last 20 years

Most common 
sustained 
Arrhythmia

Asymptomatic to severe life 
threatening

At risk of 
embolic events 
and stroke 
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70 YEAR OLD LADY WITH A STROKE 

Not Fast IrregularNo P Wave Narrow Complex
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�� There are no P waves 
�� Fibrillary waves of irregular atrial activation may be seen 
�� Ventricular response is irregularly irregular (random). 
 
FEATURES OF THIS ECG 
�� Mean ventricular rate 66 bpm 
�� Normal QRS axis 
�� Features of atrial fibrillation (Fig. 10.1l): 
- no P waves 

- low amplitude, irregular fibrillary waves 
- random ventricular response 

�� ST segment changes consistent with digoxin effect (Fig. 10.2): 
- characteristic downsloping ST depression (“reverse tick” 
morphology) 

�� Non-specific intraventricular conduction delay (Fig. 10.3) 
 
CLINICAL NOTE 
This lady was taking digoxin, 125 mcg daily. 
 
 CAUSES OF ATRIAL FIBRILLATION 

 
�� Idiopathic 
�� Hypertension 
�� Mitral valve disease 
�� Cardiomyopathy 
�� Thyrotoxicosis 
�� Alcohol 
�� Sick sinus syndrome 
�� Cardiac surgery 
�� Autonomic 
�� Hypothyroidism 
�� Hyperkalaemia 
�� Sepsis 

Adapted from “ECGs By Example” Jenkins & Gerred (Elsevier) 2nd Edition 2005 
This Handout is produced for the use of GCH Emergency Staff as part of the T3 Lecture Series. All care taken to 
ensure accurate and up to date content. Please contact me with problems, questions, concerns or feedback: 
��Dr Leo Marneros Senior Staff Specialist, GCH Emergency Department 
��E-mail: vertical@qldnet.com.au 
��Mobile: 0416 085 665 

ATRIAL FIBRILLATION 
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�� A characteristic sawtooth waveform seen in the inferior leads 
(flutter line) of a rapid atrial rate at 250-350 BPM 

�� Usually the atrial impulses are not all transmitted to the 
ventricles because of block in the AV node 

�� Atrioventricular conduction often has a fixed ratio, e.g. 2:1, 
3:1, 4:1 etc. (even commoner than odd), and sometimes a 
variable ratio producing an irregular rhythm. 

�� Rarely 1:1 conduction can cause a very rapid tachycardia and 
may suggest an accessory pathway. 

 
FEATURES OF THIS ECG 
�� Mean ventricular rate 72 BPM 
�� Normal QRS axis 
�� Atrial flutter with 4:1 AV block (Fig. 13.1) 
�� The sawtooth wave is reproduced without the QRS complexes 
�� Atrial rate is 288 BPM exactly four times the ventricular rate 
�� Leads II and V1 are often good leads to see the rapid atrial 

rate (Fig. 13.2)  

CAUSES OF ATRIAL FLUTTER 
 
�� Idiopathic 
�� Ischaemic heart disease 
�� Systemic hypertension 
�� Valvular heart disease 
�� Cor pulmonale 
�� Cardiomyopathy 
�� Thyrotoxicosis 
�� Congenital heart disease 

Adapted from “ECGs By Example” Jenkins & Gerred (Elsevier) 2nd Edition 2005 
This Handout is produced for the use of GCH Emergency Staff as part of the T3 Lecture Series. All care taken to 
ensure accurate and up to date content. Please contact me with problems, questions, concerns or feedback: 
��Dr Leo Marneros Senior Staff Specialist, GCH Emergency Department 
��E-mail: vertical@qldnet.com.au 
��Mobile: 0416 085 665 

ATRIAL FLUTTER 

Atrial Rate 288 Ventricle Rate 74 4:1 Block
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26 YEAR OLD MAN WITH PALPITATIONS 

Super Fast RegularNo P Wave Narrow Complex
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�� A re-entry circuit within the AV node produces a tachycardia with 
the following features: 
-narrow complex tachycardia 
-usually 140-180 b.p.m. but can be as fast as 250 b.p.m. 
-no visible P waves in the majority of patients as they are 
hidden by the QRS complexes 
-if the P waves are visible then they are usually inverted and 
seen just after or (rarely) just before the QRS. 

�� It is sometimes impossible to differentiate between AV nodal re-
entry and AV reciprocating tachycardia. 

 
FEATURES OF THIS ECG 
�� Supraventricular tachycardia, 215 BPM 
�� Normal QRS axis 
�� Features of AV nodal re-entry tachycardia (Fig. 18.1): 

-Regular narrow QRS complexes 
-No visible P waves 

�� T wave inversion and ST depression (Fig. 18.1): 
-This is often seen in tachycardia but is non-specific 

�� The apex of the preceding T wave appears just prior to the QRS in 
the chest leads (Figs 18.2 and 18.3): do not mistake this for a P 
wave 

 
CLINICAL NOTE 
Electrophysiological testing confirmed the diagnosis of AV 
nodal re-entry tachycardia. 
 

NOTES ON AV NODAL RE-ENTRY 
TACHYCARDIA 
�� Commoner in women than men 
�� Recurrent palpitations can be 

very distressing 
�� Fast and slow pathways within 

the AV node 
�� Radiofrequency ablation of 

the slow pathway is possible: 
- >95% success rate 
- risk of CHB < 2%  

Adapted from “ECGs By Example” Jenkins & Gerred (Elsevier) 2nd Edition 2005 
This Handout is produced for the use of GCH Emergency Staff as part of the T3 Lecture Series. All care taken to 
ensure accurate and up to date content. Please contact me with problems, questions, concerns or feedback: 
��Dr Leo Marneros Senior Staff Specialist, GCH Emergency Department 
��E-mail: vertical@qldnet.com.au 
��Mobile: 0416 085 665 

PAROXYSMAL SVT: AV NODAL RE-ENTRY TACHYCARDIA 
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Postural modifi cation to the standard Valsalva manoeuvre 
for emergency treatment of supraventricular tachycardias 
(REVERT): a randomised controlled trial
Andrew Appelboam, Adam Reuben, Cliff ord Mann, James Gagg, Paul Ewings, Andrew Barton, Trudie Lobban, Mark Dayer, Jane Vickery, 
Jonathan Benger, on behalf of the REVERT trial collaborators

Summary
Background The Valsalva manoeuvre is an internationally recommended treatment for supraventricular tachycardia, 
but cardioversion is rare in practice (5–20%), necessitating the use of other treatments including adenosine, which 
patients often fi nd unpleasant. We assessed whether a postural modifi cation to the Valsalva manoeuvre could 
improve its eff ectiveness.

Methods We did a randomised controlled, parallel-group trial at emergency departments in England. We randomly 
allocated adults presenting with supraventricular tachycardia (excluding atrial fi brillation and fl utter) in a 1:1 ratio to 
undergo a modifi ed Valsalva manoeuvre (done semi-recumbent with supine repositioning and passive leg raise 
immediately after the Valsalva strain), or a standard semi-recumbent Valsalva manoeuvre. A 40 mm Hg pressure, 15 s 
standardised strain was used in both groups. Randomisation, stratifi ed by centre, was done centrally and independently, 
with allocation with serially numbered, opaque, sealed, tamper-evident envelopes. Patients and treating clinicians 
were not masked to allocation. The primary outcome was return to sinus rhythm at 1 min after intervention, 
determined by the treating clinician and electrocardiogram and confi rmed by an investigator masked to treatment 
allocation. This study is registered with Current Controlled Trials (ISRCTN67937027).

Findings We enrolled 433 participants between Jan 11, 2013, and Dec 29, 2014. Excluding second attendance by 
fi ve participants, 214 participants in each group were included in the intention-to-treat analysis. 37 (17%) of 
214 participants assigned to standard Valsalva manoeuvre achieved sinus rhythm compared with 93 (43%) of 214 in 
the modifi ed Valsalva manoeuvre group (adjusted odds ratio 3·7 (95% CI 2·3–5·8; p<0·0001). We recorded no serious 
adverse events.

Interpretation In patients with supraventricular tachycardia, a modifi ed Valsalva manoeuvre with leg elevation and 
supine positioning at the end of the strain should be considered as a routine fi rst treatment, and can be taught 
to patients.

Funding National Institute for Health Research.

Copyright © Appelboam et al. Open Access article distributed under the terms of CC BY-ND-NC.

Introduction
The Valsalva manoeuvre is a safe and internationally 
recommended fi rst-line emergency treatment for 
supraventricular tachycardia, a common and ubiquitous 
group of cardiac arrhythmias.1–6 However, cardioversion 
is rarely successful in clinical practice (5–20%),7–9 and 
patients who remain in supraventricular tachycardia are 
usually treated with intravenous adenosine. Adenosine 
causes transient asystole and is associated with 
substantial side-eff ects: many patients report a sense of 
impending doom or feel that they are about to die and 
fi nd this very unpleasant and frightening.10,11

Modifi cations to increase relaxation phase venous 
return and vagal stimulation, including supine 
positioning with leg elevation immediately after the 
Valsalva strain (the modifi ed Valsalva manoeuvre), might 
improve the Valsalva manoeuvre’s eff ectiveness,12–18 but 
have not been assessed in controlled trials with patients 

presenting with acute supraventricular tachycardia.19 An 
improvement in the success rate of the Valsalva 
manoeuvre with a simple, safe, and cost-free modifi cation 
to patient positioning during the manoeuvre would be an 
important fi nding, with benefi ts for patients and 
health-care providers worldwide, including regions with 
few health-care resources.18

We did a randomised controlled trial (REVERT) to 
assess whether a modifi ed Valsalva manoeuvre is more 
eff ective than a standard Valsalva manoeuvre at restoring 
sinus rhythm in patients presenting to hospital with 
supraventricular tachycardia.

Methods
Study design and participants
We did this pragmatic, randomised, multicentre parallel 
group trial in ten emergency departments (two teaching 
hospitals, eight district general hospitals) in southwest 
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What did they do?

• 433 pts across 10 UK ED’s
• Standard Valsalva vs Modified Valsalva 

manoeuvre
– 40 mm Hg pressure, 15 sec standardised strain 

was used in both groups 
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REVERT SVT Video
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Fast Then A Long Pause
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�� An accessory pathway (bundle of Kent) between the atria and 
ventricles may cause the following: 

- Short PR interval (< 140 ms) 
- Prolonged upstroke of the QRS complex (delta wave) 
- Slightly widened QRS complex 
- Secondary ST and T wave changes 
- QRS axis deviation 
- A tendency to recurrent episodes of tachycardia. 

 
FEATURES OF THIS ECG 
�� Sinus rhythm, 60 bpm 
�� Left axis deviation -50’ 
�� Features of Wolff-Parkinson-White syndrome (Fig. 95.1l): 

- short PR interval (80 ms) 
- wide QRS - delta wave 

�� Secondary ST-T changes (Fig. 95.2) 
 
The combination of left axis deviation and positive V1-3 suggests a 
left posteroseptal accessory pathway. 
 
 
 
 
 
 

WPW SYNDROME MIMICS OTHER CONDITIONS 
 
�� Right ventricular hypertrophy: 

- Dominant R in lead V1 
�� Myocardial infarction: 

- Negative delta waves 
- ST-T changes 

�� Bundle branch block: 
- Delta wave appearing separate 

�� Ventricular tachycardia: 
- Antidromic AVRT 

Adapted from “ECGs By Example” Jenkins & Gerred (Elsevier) 2nd Edition 2005 
This Handout is produced for the use of GCH Emergency Staff as part of the T3 Lecture Series. All care taken to 
ensure accurate and up to date content. Please contact me with problems, questions, concerns or feedback: 
��Dr Leo Marneros Senior Staff Specialist, GCH Emergency Department 
��E-mail: vertical@qldnet.com.au 
��Mobile: 0416 085 665 

WOLFF-PARKINSON-WHITE SYNDROME: VENTRICULAR PRE-EXCITATION 1 

68

�THE 30-MINUTE TUTORIAL: LECTURE SERIES HANDOUT 

�GOLD COAST HOSPITAL EMERGENCY DEPARTMENT October 07 

�� An accessory pathway (bundle of Kent) between the atria and 
ventricles may cause the following: 

- Short PR interval (< 140 ms) 
- Prolonged upstroke of the QRS complex (delta wave) 
- Slightly widened QRS complex 
- Secondary ST and T wave changes 
- QRS axis deviation 
- A tendency to recurrent episodes of tachycardia. 

 
FEATURES OF THIS ECG 
�� Sinus rhythm, 60 bpm 
�� Left axis deviation -50’ 
�� Features of Wolff-Parkinson-White syndrome (Fig. 95.1l): 

- short PR interval (80 ms) 
- wide QRS - delta wave 

�� Secondary ST-T changes (Fig. 95.2) 
 
The combination of left axis deviation and positive V1-3 suggests a 
left posteroseptal accessory pathway. 
 
 
 
 
 
 

WPW SYNDROME MIMICS OTHER CONDITIONS 
 
�� Right ventricular hypertrophy: 

- Dominant R in lead V1 
�� Myocardial infarction: 

- Negative delta waves 
- ST-T changes 

�� Bundle branch block: 
- Delta wave appearing separate 

�� Ventricular tachycardia: 
- Antidromic AVRT 

Adapted from “ECGs By Example” Jenkins & Gerred (Elsevier) 2nd Edition 2005 
This Handout is produced for the use of GCH Emergency Staff as part of the T3 Lecture Series. All care taken to 
ensure accurate and up to date content. Please contact me with problems, questions, concerns or feedback: 
��Dr Leo Marneros Senior Staff Specialist, GCH Emergency Department 
��E-mail: vertical@qldnet.com.au 
��Mobile: 0416 085 665 

WOLFF-PARKINSON-WHITE SYNDROME: VENTRICULAR PRE-EXCITATION 1 

Bundle of Kent

Unusual conductive tissue
Allows bypass of AV node 

ECG
Short PR interval
Delta Wave
Wide QRS
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11 YEAR OLD MALE WITH BOUTS OF BREATHLESSNESS 
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16 YEAR OLD WITH RECURRENT FAINTS 
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�� Atrial fibrillation may be conducted rapidly to the ventricles 
when an accessory pathway is present. A wide complex, rapid 
tachycardia with an irregularly irregular rhythm occurs. 

 
FEATURES OF THIS ECG 
�� Atrial fibrillation, 250-350 BPM 

Left axis deviation 
�� Typical features of WPW syndrome with AF (Fig. 21.1): 

- wide complex irregularly irregular rhythm 
- 'pure' delta waves 
- very short R-R intervals (shortest approximately 160 ms) 

�� There is a RBBB pattern (V1 positive): 
- this suggests a left-sided accessory pathway 

 
CLINICAL NOTE 
The presence of pre-excited R-R intervals less than 260 ms 
(6.5 small squares), as shown here, increases the risk of 
ventricular fibrillation and sudden death. 
 
 

 
 
 

CAUSES OF WIDE COMPLEX, 
IRREGULARLY IRREGULAR RHYTHM 
 
�� AF with an accessory pathway 
�� AF with pre-existing bundle 

branch block 
�� AF with phasic aberrant 

ventricular conduction 

Adapted from “ECGs By Example” Jenkins & Gerred (Elsevier) 2nd Edition 2005 
This Handout is produced for the use of GCH Emergency Staff as part of the T3 Lecture Series. All care taken to 
ensure accurate and up to date content. Please contact me with problems, questions, concerns or feedback: 
��Dr Leo Marneros Senior Staff Specialist, GCH Emergency Department 
��E-mail: vertical@qldnet.com.au 
��Mobile: 0416 085 665 

WOLFF-PARKINSON-WHITE SYNDROME WITH ATRIAL FIBRILLATION 
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AF with WPW

• Atrial fibrillation can occur in up to 20% of 
patients with WPW.

• Atrial flutter can occur in up to 7% of patients 
with WPW.

• Rapid ventricular rates may result in 
degeneration to VT or VF

• Defibrillation is the key to unstable patients
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• Structured Approach to interpretation
• Identification of 

– Myocardial Infarction
– AV blocks
– Supraventricular rhythms 

• Practice, Practice, Practice

Take Home Message
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