
Rate

Axis

Method 1:
- Number of R waves on the print out x 6.
- The 30 squares on the printout are equal to 10 sec.

sq
 
1
2
3
4
5
6
7

rate
 
300
150
100
75
60
50
43

Method 2:
- 300 / number of big squares between R waves

Severe Lt or Rt axis deviation

2 to 3 small sq
(0.08 to 0.12 sec)

- Five causes:
1. Make sure it is not VT = regular with no P wave.
2. Bundle branch block = P before QRS.
3. AF with BBB = irregular and no P.
4. Hyperkalaemia = tall tented T and small P.
5. Chest leads too high (RBBB).

Normal

- QRS predominantly up in V1
= thumbs up (good sign) i.e. RBBB.

> 3 small sq
( > 0.12 sec) - Congenital.

- Hypercalcaemia.
- Digoxin toxicity.

1st degree AV block:
- Start of P wave to start of QRS =  > 5 small sq (0.2sec/200msec).
- PR interval is the same.
- Every P is followed by QRS.
- If the AV node is calcified and damaged it will slow down the PR interval i.e. elongate it.
- This is not serious. Normal aging process.
- No treatment needed.

2nd degree AV block Mobitz type I (Wenckebach):
- PR increases before a dropped QRS.
- Shortest PR occurs right after the dropped beat.
- Longest PR occurs right before the dropped beat.
- Largest change in the PR interval occurs between the first and second complex.
- The distance of the pause (R-R) is less than the sum of the 2 P-P intervals.
- The AV node gets fatigued.
- No treatment needed.

2nd degree AV block Mobitz type II:
- Dropped QRS after P.
- PR should be fixed (but see note below).
- P-P interval is the same.
- Distance of the pause (R-R), is the same as two P-P intervals.
- QRS is usually wide because the block is in the His Bundle or the bundle branches.
- i.e. There is failure of conduction below the AV node.
- Due to infarction, fibrosis or necrosis.
Note: there may be a slightly shorter PR right after the dropped beat, because the
AV node is well rested.
- In the example to the left when describing it, you could also state 3:2 conduction.
 
- The bundle of His is hanging in by a thread.
- High risk of progressing to 3rd degree AV block.
- Refer to cardiology urgently.

3rd degree AV block:
- No association between the P and the QRS.
- Hence, PR is constantly changing.
- P-P stays constant i.e. P's are regular.
- R-R stays constant i.e. QRS are regular.
- Heart rate will be slow as new pacemaker will form low in the electical
pathway. 
 
Note: the P-P may be shorter if there is a QRS complex between the two P's.
 
- Refer to cardiology STAT e.g. on-call medics to admit.

- pronounced PR depression in multiple leads
- no reciprocal ST depression except V1, aVR
- ST elevation is always greater in II than in III
- ST elevation is always concave upwards
- down sloping of the TP segment

Pericarditis

LAD:
- LBBB
- Normal variant
- Pacer
- WPW syndrome
- Inferiror MI due to previous Q waves
- Left anterior fasicular block
- LVH
- HyperK

RAD:
- COPD.
- RVH
- Atrial septal defect
- Left posterior fasicular block
- Lateral MI (with Q's)
- Ventricular ectopy
- HyperK
- Acute PE / chronic small multiple PE
- Na channel blocker toxicity (phenytoin, quinidine, disopyramide, flecainide)

Note: Adults < 35 will often have large QRS complexes, which is normal.
So its not called LVH in these cases, its simply called 'high left ventricular voltage'.
Can be ignored as long as normal axis and normal T waves.
 
S (V1 or V2) + R (V5 or V6) ≥ 35mm.
 
Other possible criteria include:
- R>11mm aVL
- any chest lead ≥ 45mm
- R≥12mm lead I
- R≥20mm aVF

Left ventricular hypertrophy
(LVH)

R ≥ 7mm (V1)
OR
R:S ratio ≥ 1 (V1 or V2)

Right ventricular hypertrophy
(RVH)

Bifid:
- P ≥3 small sq across, and the two peaks are separated by ≥1sq.
- Associated with left atrial enlargement 2o to mitral stenosis.

P pulmonale:
- Spiked P in II or III >> 2.5mm tall ??? >> OR >???

- An area in the atria became irritable and fired before the SA node.
- This new ectopic focus will have a different vector and hence the P wave
will be a different shape, and the PR interval will be different, as it will be
closer or further to the AV node than normal.
- There will be a compensatory pause after the ectopic beat.
- If every 2nd beat is early = atrial bigeminy.
- If every 3rd beat is early = atrial trigeminy.
- If every 4th beat is early = atrial quadrigeminy
- Usually due to an electrolyte abnormality.

Premature atrial contraction (PAC)

Brugada syndrome

Two key features:
- High left ventricular voltage.
- Deep narrow Q in inferior (II, III, aVF) or lateral leads (I, AVL, V5, V6).
- Note: Infarction q waves must be at least 1 square wide.
 
Other changes:
- Left atrial enlargement.
- Tall R (V1)
- T waves often look odd but this means nothing. When high voltage, the
T wave repolarisation often become abnormal.
 
- There is a particular gene defect which only presents itself in the
elderly population.

Hypertrophic obstructive cardiomyopthay
(HOCM)

- Absence of pacing spike but a normal QRS = nothing to worry about.
- A pacing spike with no QRS = malfunction of device.
- Be aware an ICD can pace.
 
- Junctional rhythm that should be referred to arrhythmia clinic.
- Sinus arrest would need further investigations and may need pacemaker.
- Sinus node disease does not need a stat review. they are not at risk of sudden death.
- Tachy brady syndrome, cannot be treated with a beta blocker. Needs pacemaker, and then medications.

Pacemaker

WPW syndrome
- Short PR interval.
- Slurred upstroke of QRS (delta wave).
- Wide QRS.

- The ECG machine value is accurate enough to rely upon.
- If not available, or there is so much artefact that you do
not think you can rely on the machine calculation,
then simply measure the distance between two R waves,
and the half way distance between them.
- The T wave should be complete by this half way stage.
- If you want to calculate it exactly, use I, V5 or V6, with
the formula:

QT corrected =           QT
                          ________________
                              
                              R - R interval

   __________
√

Causes include:
- Congenital.
- Hypokalaemia.
- Hypomagnesaemia.
- Hypocalcaemia.
- Trycyclic antidepressants.
- Anti arrhythmics.
- ACS.
- Raised ICP.
- Hypothermia.
- Hereditary.

Prolonged QT

Shortened QT

Elevation:
- > 1mm  ST elevation is abnormal.
 
Depression:
- > 0.5mm is abnormal.
 
Note: if the BBB then the ST segment cannot be interpreted.
Because the wide QRS indicates abnormal depolarisation of
the ventricles, so the ventricular repolarisaiton will always be
abnormal too.

- Heart block/AV block means some block between atria and ventricles.
- So essentially damage to AV node or bundle of His (see left).
- If it's the AV node it's not a big deal as there is lots of redundancy below it i.e. lots
of areas which can take over (1st and 2nd degree type I).
- But if the block is in the budle of His, then more worrying as no redundancy
below that (2nd degree type II and 3rd degree).
- Escape rhythms can start up but they last 6/12 then stop and you die (hence,
refer for pacemaker).
- If every P is followed by a QRS then not worrying as it's not high degree AV block.
- High degree AV block is 2nd degree type II and 3rd degree.
- Low degree AV block is 1st degree and 2nd degree type I.

- Age important for axis.
- Normal aging process = the Lt ventricle gets stiffer and bulkier. So the axis gets pulled to the Lt.
- This is normal in elderly.
- But LAD in a 40y is worrying. Why is the Lt ventricle so thick, big and bulky. It eventually causes
heart failure with preserved ejection fraction.
- You can use the ECG machine reading for QRS axis.
- If you see extreme rt axis deviation i.e. I and aVF are both -ve, think recording error.

- If your not sure if its T or a P, it must be T wave as you must have
repolarisation of the ventricle to be alive. Can get superimposed P on
top of the T, so look carefully. So if only one wave its T, and not the P.
- Best seen in lead II and V1. Sometimes only in these leads !

RBBB:
- Normal variant.
- The Rt bundle is very fragile so easy to
knock it off (usually no obvious cause).
- No action needed.

LBBB:
- Always pathological.
- Extensive CAD.
- Dilated cardiomyopathy.
- Acute MI (unlikely to walk into 1o care).
- Aortic valve/root disease.

- Any wave in AVR is +ve.
- Flat line in any lead.

Atrial (supraventricular) arrhythmia Ventricular arrhythmia

Considered sustained if:
> 30 beats
OR
>6 min

Considered sustained if:
5 consecutive beats

AVNRT
AVRT
Focal AF
??Atrial???

AF Outflow tract VT
Primary electrical disease

LVSD
Previous MI
HCM
???ARVC???

Ectopics

???Atrial

Normal heart Structural heart disease

- Benign.
- Pulmonary disease.

- Repaired congenital lesions.

???Atrial

Normal heart Structural heart disease

- Benign. - LVH.
- LVSD.
- Previous MI.
- HOCM.

QRS

BroadNarrow

Regular Irregular Regular Irregular

Sinus tachycardia with BBB Ventricular tachycardia (VT)

- 999.
- One step away from VF arrest.
-  It's indicating the ventricle is not
functioning properly. May need ICD.

- No major concern.

AF with BBB

- No major concern.
- Treat as any other AF.

Sinus tachycardia SVT AF

??? Ectopics needs clarifying ???

ECG Disclaimer:
Read the disclaimer at medimaps.co.uk/disclaimer
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WARNING: The ECG machine interpretation is horrendous, as they
have very low threshold to regurgitate multiple diagnosies for
medicolegal reasons. They cannot be trusted. Interpret the ECG
yourself.

- Be aware of false negatives (see left).
 
- Never interpret an ECG unless you know the age, sex, comorbidities and the indication.
- Lead placement is vital. An abnormality can disappear when placed in right place.
 
- Divide the ECG into:
Inferior = II, III, AVF (supplied by RCA or left circumflex)
Lateral = I, AVL, V5, V6 (supplied by left circumflex or diagonal branch of LAD)
Anterior/septal = V1 - V4 (supplied by LAD)
- That way if you see a Q in II but not in AVF and III then it's nothing worry about.
- Or if Q in one inferior lead and in one lateral lead then it's nothing to worry about.
- If ischaemic event it should cause changes in the same area of the heart in
contiguous leads e.g. II, III, AVF.
 
- RCA or left circumflex = Small amount of the heart will be affected i.e. less serious issue.
- LAD = massive amount of the heart will be affected i.e. a serious issue. 
 
- Inferior MI will cause epigastric pain.
- You should do ECG as you Rx the PPI.

Tachycardia

- Look at duration. If 6 hrs worth of trace, it is useless. Need to be as close
to the 24 hr as possible.
- Artefact is normal. But if 10-15%, be wary of interpretation.
- Normal beats range = 80-120 thousand in 24 hr.
- It's a computer generated report, and only the last sentence is written by the
clinician.
- Takes 2 weeks to get a report for 24 hr recording.

24 Hr ECG

Summary Abnormal Results: 24 Hr ECG
 
Abnormal
- Arrythmias other than asymptomatic isolated ectopy
- > 500 ventricular ectopics
- Any degree of heart block
- ST segment changes
- Daytime pauses > 3secs
- Night time pauses > 4 secs
- Prolonged QTc (> 460msecs)
 
Urgent Abnormality
- Broad complex tachycardia (sustained or <30 seconds with symptoms)
- Sustained narrow complex tachycardia > 150bpm (or with symptoms)
- Complete heart block
- Second degree heart block with symptoms
- Any symptomatic bradycardia (syncope or presyncope)

- Look for causes (e.g. physiological, drug-induced, hypothyroidism).
- In general, referral only indicated for symptomatic sinus bradycardia
without a reversible cause.
- In elderly ideally HR should be ≥ 60.
- <40 is absolute cut off for urgent referral (unless professional athlete).

- Assess if could be sinus tachycardia i.e. 220-age
- If above this value cannot be sinus tachycardia.
- One P for every QRS.
- Upright P in I, II, V5 and V6.
- PR is normal.
- Look for causes e.g. physiological, drug-induced, thyrotoxicosis,
medications, POTS.
- Consider referral if no reversible cause is found.

- Avoid stimulants (e.g. caffeine, alcohol).
- Can offer beta blocker if troublesome symptoms.
- Referral is SELDOM needed.
- Do NOT need to do 24 Hr ECG.

Atrial ectopics

� If infrequent (<1000 in 24hrs or < 10%)
AND
symptoms are no more than minor
AND
echo is normal
AND
No documented VT
 
- Reassure, reduce caffeine, consider beta blockers.
- < 5% is normal.
- > 10% is bad prognosis = refer even if assymptomatic, as risk
of developing cardiomyopathy.
- 5-10 % = use clinical judgement to determine significance.

Ventricular ectopics

??? atrial or ventricular ???

- Progressive failure of SA node.
- SA node not firing too frequently.
- But the key is every P is followed by QRS.
- Common finding in elderly.
- Referral / pacing is indicated in patients with symptomatic bradycardia.
- Referral / pacing may be reasonable in patients with a history of syncope and
documented (asymptomatic) pauses > 3s due to intrinsic sinus node disease.

Sick sinus syndrome/
sinal atrial disorder

??? contradicts other statement ???

- ST elevation in V1-V3 ('cove' or 'saddle' type).
- RBBB (can be partial).

- Will likely need ECHO, so refer.
- May need CRT so heart starts beating synchronised again,
so arrange a review by cardiology to insert quickly rather
than waiting for heart remodeling.

Look at lead I and aVF.

Normal axis ( 0 to +90 )

Look at lead II (if -ve LAD, if +ve normal axis)

Rt axis deviation ( +90 to +180 )

Lead I -ve,  aVF -ve

Lead I +ve,  aVF +ve

Lead I +ve,  aVF -ve

Lead I -ve,  aVF +ve

- Ventricular rate rarely > 200.
- QRS identical morphology.

Are there P waves?Rhythm

- If HR > 120 bpm:
- To stop SVT, modified valsalva = blow into 10ml syringe
sitting up on couch, then lie flat and lift the
legs up in the air.
- Valsalva does not help AF and atrial flutter.
- If you manage to terminate the SVT no need to go to A&E,
just send referal to cardiologist.
- This is pure electial problem i.e. the struture will be normal.

Is there one QRS after each P?

*Sinus rhythm

Is QRS regular?

*Sinus rhythm with 2nd degree type II
heart block or 3rd degree.

SVT, VT or escape rhythm AF

Heart block /
AV block

Image from ecgwaves.com

Trifasicular block:
- RBBB
AND
- 1st degree AV block
AND
- LAFB i.e. hemiblock.
 
- Hence, conduction maintained only by LPFB.
- High risk of progressing to 3rd degree AV block.
- Refer to cardiology.

Trifasicular block
- LAFB shows it self by seeing:
- LAD of -45o or more.
OR
- Significant RAD

- Wide QRS.
- Note: Partial BBB is not really a thing.
- e.g. You're either pregnant, or you are not. - Start of QRS to end of T wave.

 
- Main concern is that if prolonged it can
degenerate into Tosades de Pointes.
 
-Normal max QTc:
- 0.45sec (450 msec) in males
- Note: 11 small sq = 0.44sec
- Note: 12 small sq = 0.48sec
 
- 0.47sec (470 msec) in females
 
- >0.5sec (500 msec) absolute cut off
for stopping antipsychotic STAT.
 
- Lower duration QTc:
- 0.38sec (380msec).

- In LBBB it's normal to have appropriate discordance of QRS complex vs the
ST segment. This means If the QRS is +ve, the ST segment should be
depressed, and vice versa.
 
- In the presence of LBBB or a pacemaker you can still diagnose a MI, by
using the Sgarbossa criteria. If any of the following are present, even if only
in a single lead, there is a high chance of a MI:
 
1) concordant ST elevation (any lead) i.e. ST elevation in the same direction
as the QRS complex. In other words the QRS is overall positive and the ST
is also elevated (positive)
 
2) concordant ST depression in V1-V3 i.e. ST depression in the same
direction as the QRS complex
 
3) discordant ST elevation > 5mm (any lead) i.e. ST elevation in the opposite
direction as the QRS but >> 5mm
 
Note: criteria 1 and 2 are 90% accurate so you should ring cardiologist STAT.
If it's criteria 3 it's less specificity, so see if all the other evidence you have,
fits with an ACS.
 
Tip: there is a new way of using criteria 3. Instead of using an absolute cut off
value, use a ratio instead. So the amount of elevation divided by the depth of
the S wave (or ST depression divided by the R wave).
If the value is > 20% , its about 90% accurate for ACS.

Premature ventricular contraction (PVC)

An ectopic pacemaker is in the ventricles
 
**Or, it may be a narrow complex ectopic, which is conducted abnormally causing BBB pattern.**
 
 
Note: can be due to severe hypo K+ if associated with ST depression and long QT.

- The SA node fired on time, but for some reason the atria did not depolarise.
- So the SA node carries on firing as normal, and on time.
- So after one (or more) dropped beats, the atria finally depolarise, and the 
cycle continues on time as scheduled.

Sinus block

Sinus pause
&

sinus arrest

- The sinus pacemaker stops working for a short time. 
- When it restarts, the next P will not be a multiple of the P-P interval.
 
Note: if the pause is prolonged (e.g. ≥3 dropped beats), it's known as sinus arrest.

- Usually associated with lung pathology.
- It's the same as multifocal atrial tachycardia (MAT),
without the tachycardia.
- At least 3 different areas in the atria are firing.
- This causes at least 3 different P wave morphologies,
and each ectopic impulse will have a different PR interval.

*Note: The P wave has to originate
from the sinus node to make it sinus
rhythm. And for that to be the case the
P should be upright in I, II, III and aVF.
- If it is not, then it's an ectopic that is
the source of the P wave.

Bradycardia

Sinus rhythm Junctional rhythm Ventricular escape rhythm

- Arises from sinus node.
- Rate usually > 60.
- To actually be originating from the sinu
node the P should be upright in I, II, III and aVF.
- If it is not, then it's a ectopic that is the source
of the P wave.

- Arises from AV node.
- Rate usually 40-60.
- Depending on the exact location in the AV node,
the ectopic will produce differing P wave patterns.
- Usually due to an electrolyte abnormality.

- Wide QRS.
- Rate usually 20-40.

Premature junctional contraction (PJC)

??? relationship of PJC to brady???

2nd degree AV block with 2:1
- If P, QRS, P...........P, QRS , P...........P, QRS, P
- Then for every 2 P, there is only 1 QRS.
- In this scenario you don't have enough PR intervals to determine if it would be
lengthening (Mobitz I), or staying constant (Mobitz II).
- So you should ideally just call it a 2nd degree block and then the rate.

Atrial flutter with 2:1

- P wave can be buried within QRS or appear
just after QRS (retrograde atrial activity).
- Lot's of subtypes e.g. AVRT, AVNRT etc.
- Not important for generalist, just lump them all 
together.

- The HR being about 150 is the tell tell sign.
- Two P for every QRS complex.
- Sawtooth pattern of atrial beats.
- P can be buried in the QRS and T so look
very carefully.
- P can be inverted.

- Assess the P wave to determine Dx.

Atrial flutter variable conduction Multifocal atrial tachycardia

- Treat underlying lung pathology.
- Refer if symptomatic or sustained.

Wandering atrial pacemaker (WAP)

- Assess the P wave to determine Dx.

- The P waves can be variable in terms
of how many are associated with QRS.
- e.g. Can change from 3:1, to 2:1 to 4:1 etc.
- This results in variable ventricular activity.
- P can be inverted.

- No regular distinct P waves that you
can map out.

- Usually associated with lung pathology.
- At least 3 different areas in the atria are firing.
- This causes at least 3 different P wave morphologies,
and each ectopic impulse will have a different PR interval.

- Each P followed by wide QRS. - P often hidden, or seen but not
associated with QRS.
- Rarely retrograde P i.e. after QRS,
where the ventricle shoots impulse
up into atria.
- Ventricular rate must be > 120.

Supraventricular tachycardia (SVT)
with BBB

- P often hidden.

- No reliable way to differentiate from
VT, so don't try. Algorithms fail.
- You will kill pt's by guessing wrongly.
- So treat as if it's VT i.e. 999.
- Only scenario in which you can
call it SVT with BBB is if you have a
baseline ECG which is identical in
all 12 leads but not tachycardic.

- Always refer patients with VT.
- If sustained (>30s) or symptomatic, then admit.
- If non-sustained AND asymptomatic, then urgent referral
(but may be wise to discuss by phone).

AF with WPW

- Ventricular rate close to 300.
- At this rate looks regular but is not.
- Often misdiagnosed as VT.
- QRS varying morphology.

- Procainamide.
- Shock.
- Usual AF meds kill them.

Polymorphic ventricular tachycardia

- Two types:
- Normal version with normal QT.
- Tosades de pointes version which
has prolonged QT.

- Shock them out of it.
- Look at ECG for QT to figure out
type of polymorphic ventricular
tachycardia.
- Treated totally differently.

Ectopics

- Where cardiac pathology doesn�t cause abnormal ECG's e.g. aortic
root dilatation, premature CAD, and anomalous coronary anatomy.
- Inherited cardiac condition phenotype has not developed
sufficiently that the surface ECG is abnormal, e.g. early arrhythmogenic
right ventricular cardiomyopathy.
- Abnormalities are intermittent or only seen with provocation e.g.
borderline-prolonged QTc or Brugada.
- Abnormalities are not evident at rest, e.g. rate-related LBBB.

INFERIOR RCA or LCx

LCx or diagonal branch LADLATERAL
LADANTERIOR

PR

Q wave

P wave

U

- Severe hypokalaemia.
- T will flatten and even invert.

T wave

V1 - V2 = normal
V1 - V3 = Afrocaribean
V1 - V4 = Adolescent
V2 - V5 = MI, HOCM
V4 - V6 = Ischaemia, LVH

Inversion

Flattened

- Physiological.
- MI.
- Hypothyroidism.
- Pericarditis.

- MI.
- Pericarditis.
- Hypokalaemia.
- LVH.
- Third degree heart block.
- Hyperventilation.
- Physiological.

- Q wave < 1/4 the height of the following R wave
- Q wave < 2 small sq deep in lead I and II (< 1 small sq deep in
any other lead).
- Q wave < 1 small sq wide.
- Normal variant to see in lead III in isolation i.e. not in II and aVF.
- Normal in aVR and V1.

- If you see Q waves they have had a full thickness type i.e. STEMI.
- i.e. It results of absence of electrical activity as a result of dead scar tissue.
- They usually persist indefinitely unless early reperfusion.
- But an infarct should produce Q waves in two contigoous lead.
- A full thickness MI should be big Q wave, hence, > 1/4 of the height of R wave.

Normal

- Q wave > 1/4 the height of the following R wave
- Q wave ≥ 20 msec in lead V2/V3
- Q wave ≥ 30 msec in two or more leads of a contiguous group i.e.
I aVL V6
V4-V6
II III aVF
- Q wave ≥ 50 msec in any lead.
- Q wave ≥ 40 msec and R/Q < 4. 

Pathological

???                             ???

ST

QRS

Most QRS complexes do not actually have a Q wave, but it's just
standard nomenclature to call it QRS.

- QRS predominantly down in V1
= thumbs down (bad sign) i.e. LBBB.
- Other findings could include:
- Notching of lateral leads (I, aVL, V5, V6).

QT

3 - 5 small sq
(0.12 - 0.2 sec)
(120-200msec)

> 5 small sq
(> 0.2 sec)

< 3 small sq
(< 0.12 sec)

Normal

Delayed AV conduction i.e.
AV node damage

Fast  AV conduction down an
accessory pathway e.g. WPW

Image from ecgwaves.com

- Start of P wave to start of QRS.
- If there is no gap between P and QRS it means the AV node is
being bypassed.
- Think junctional rhythm or accessory pathway.
- i.e. An electical bypass down an accessory pathway as the AV node
is not slowing it down.
- Need ablation (99% cure rate). If devleops AF later on in life will cause
major problem as you can get 1:1 transmission from atrial to ventricle,
hence, 300 beats transmitted to the ventricle.

???- Tosades de pointes.

regular irregular

normal heart structural heart disease

yes

yes

no

no yes no


