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Cardiovascular Emergencies

Chest pain
A good focused history is essential to the ade-
quate assessment of chest pain. It is important to 
rapidly exclude potentially life-threatening 
causes of chest pain to avoid adverse clinical out-
comes.This should be preceded by an ABCD 
(airway, breathing, circulation, disability) assess-
ment. Once cardiac chest pain is determined to be 
likely, early risk stratification should be achieved 
in order to guide choice of further management.

The PQRST history for chest pain provides a 
basic framework for history taking:

• Provokes: deep breathing, coughing, move-
ment, physical exertion, cold weather, 
emotional stress, heavy meal, sexual 
intercourse

• Palliates: rest; position; food; antacids; 
over the counter or prescription drugs

• Quality: burning, stabbing, crushing, dull, 
aching, sharp, heaviness, tightness

• Region: central, lateral; localization by the 
patient’s finger(s) is useful to determine the 
site of pain

• Radiation: back, neck, upper limb
• Severity: graded from 1 to 10
• Timing: duration of symptoms; time of onset

Associated symptoms of relevance include:

Systemic: fever, chills, fatigue, sweating

Cardio-pulmonary: dyspnoea, palpitations, 
 syncope or near syncope

Gastrointestinal: nausea and vomiting, heartburn

Red flags in chest pain assessment include:

• Severe dyspnoea
• Severe or ongoing pain
• Exertional chest pain
• Haemoptysis
• Syncope
• Multiple cardiovascular risk factors (three 

or more usually)
• Abnormal vital signs associated with hae-

modynamic instability
• Signs of hypoperfusion

Focused assessment for patients presenting 
with possible cardiac chest pain includes

• History of pain characteristics and associ-
ated symptoms

• Presence of cardiovascular risk factors
• History of cardiovascular disease, including 

ischaemic heart diseasse, and any previous 
treatment for coronary artery disease (coro-
nary revascularization, including 
 thrombolysis, percutaneous coronary inter-
vention, and coronary artery bypass grafting)

• Any other previous investigation/treatment 
for chest pain
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• Response to glyceryl trinitrate should not 
be used to confirm the diagnosis of cardiac 
chest pain in isolation

Known risk factors for coronary artery 
disease
Non-modifiable

• Genetics: family history of premature 
 coronary heart disease in first degree relative- 
before 55 years of age in men (fathers, sons, 
or brothers) and 60 in women (mothers, 
daughters, or sisters)

• Age: over 45 years’ age in men and over 
55 years’ age in women

• Male sex

Potentially modifiable

• Hypertension
• Other cardiovascular disease
• Diabetes mellitus
• Cigarette smoking: tobacco use
• Physical inactivity: lack of exercise
• Obesity
• Heavy alcohol consumption
• Metabolic syndrome (central or abdominal 

obesity, hypertension, elevated fasting 
plasma glucose, high serum triglycerides, 
low HDL- cholesterol levels, 
microalbuminuria)

• Dyslipidaemia: elevated total cholesterol 
(>4.9 mmol/L); elevated LDL-cholesterol 
(>3.0 mmol/L); HDL-cholesterol 
(<1.0 mmol/L in males and <1.2 mmol/L in 
females); elevated triglycerides (>1.7 mmol/L)

• Hyperhomocystineaemia

Risk factors for premature onset coronary 
artery disease include:

Recreational drug use: cocaine
Dyslipidaemia (familial hypercholesterolaemia; 

familial combined hyperlipidaemia)
Positive family history of coronary artery disease 

in first degree relatives
Metabolic syndrome
Cigarette smoking

Kawasaki’s disease
Structural lesions of coronary arteries:  anomalous 

origin of left coronary artery from pulmonary 
artery; coronary artery ostial stenosis after neo-
natal arterial switch repair of D- transposition of 
great arteries

Prothrombotic defects

Physical examination in the presence of sus-
pected cardiac chest pain includes:

• Evaluation of haemodynamic status
• Signs of sympathetic activation (pallor, 

sweating, tachycardia) or vagal activation 
(vomiting, bradycardia)

• Signs of complications:pulmonary oedema, 
cardiogenic shock

• Signs of non-coronary causes of acute 
chest pain: aortic dissection (asymmetrical 
pulses, differential blood pressure between 
left and right upper limbs, acute aortic 
regurgitation), pericarditis (pericardial fric-
tion rub)

• Weight, height and calculation of body 
mass index, and waist circumference may 
help identify patients at risk of cardiac 
chest pain

• Levine’s sign of the use of the clenched fist 
to indicate the site of discomfort may indi-
cate cardiac chest pain

Causes of acute chest pain
Cardiovascular

 a. Cardiac
• Acute coronary syndromes: (ST elevation 

myocardial infarction (STEMI); non-ST 
elevation acute coronary syndrome (NSTE- 
ACS)): Angina is often described as crush-
ing, heaviness, squeezing, aching, 
constricting or vice-like and can radiate to 
the back (mid-scapula), neck, jaw, and 
down one or both arms. The pain has a cre-
scendo pattern and reaches a maximal 
intensity after a few minutes. Angina can 
be provoked by physical exertion, emo-
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tional stress and sexual intercourse, and 
aggravated by cold weather after heavy 
meals. Typically, angina is relieved follow-
ing rest and/or administration of glyceryl 
trinitrate within around 5min.

• Pericarditis: central or precordial pleuritic 
chest pain, worse when supine and relieved 
by sitting forward, and radiating to the 
 trapezius ridge, neck, left shoulder and 
arm; pericardial rub on auscultation

• Myocarditis (background of recent viral 
illness): pain may be related to myocardial 
ischaemia or concurrent pericarditis

• Coronary vasospasm (cocaine; triptans)
• Valvular heart disease (aortic stenosis; 

mitral valve prolapse)
• Hypertrophic cardiomyopathy
• Angina secondary to cardiac arrhythmia

 b. Aortic
• Acute aortic syndromes: aortic dissection: 

abrupt onset of intense tearing or ripping 
retrosternal pain radiating to the back 
(inter-scapular region) and extending to the 
abdomen, hips and legs with distal exten-
sion, maximal at the onset; intramural hae-
matoma; penetrating atherosclerotic ulcer; 
contained traumatic aortic rupture

• Thoracic aortic aneurysm (ascending aor-
tic aneurysms tend to cause anterior chest 
pain, arch aneurysms cause pain radiating 
to the neck, and descending thoracic aneu-
rysms cause inter-scapular back pain)

• Aortitis

Pulmonary

• Pneumonia
• Pneumothorax
• Pleurisy
• Pulmonary embolism
• Pneumomediastinum
• Acute chest syndrome (sickle cell crisis)

Oesophageal

• Gastro-oesophageal reflux; reflux 
oesophagitis

• Oesophageal spasm

• Infective oesophagitis
• Oesophageal rupture with mediastinitis 

(Boerhaave syndrome): Mackler’s triad of 
chest pain following severe vomiting or 
retching related to dietary overindulgence 
and alcohol consumption, and subcutane-
ous emphysema; crunching precodial 
sound on auscultation (Hamman’s sign); 
acute dyspnoea; dysphagia; upper gastroin-
testinal bleeding; abdominal pain; crepitus 
in the chest wall and neck; pneumothorax 
and pneumomediastinum, pleural efussion 
on xrays

Musculoskeletal Localised chest wall pain 
(often pointed to with one or two fingers), repro-
duced by pressure over the site of spontaneous 
pain; positional

Ribs and articulations

• Costochondritis (Tietze’s syndrome): pain-
ful and tender swelling of one or more 
upper costal cartilages (usually 2nd and 
3rd) at the sterno-chondral junctions, with 
no overlying skin changes

• Rib fractures: traumatic; metastases
• Slipping rib syndrome (hypermobile 

inferior- 8th,9th and 10th- costal cartilages): 
subcostal pain, associated with a clicking or 
popping sound on lifting objects, flexing 
the trunk or walking, associated with a 
localized tender area on the costal margin

• Costo-vertebral arthritis

Sternum and articulations

• Costochondritis (Tietze’s syndrome): pain-
ful and tender swelling of the sternoclavic-
ular joint

• Sternoclavicular arthritis
• Manubriosternal arthritis
• Painful xiphoid syndrome

Myofascial structures

• Pain arising from intercostals or shoulder 
girdle muscles (traumatic muscle pain)

1 Cardiovascular Emergencies



4

• Precordial catch syndrome (a syndrome of 
intermittent and short lived (<5 min) left 
sided chest pain, recurring frequently for a 
few hours

• Epidemic myalgia (Bornholm disease or 
pleurodynia- Coxsackie B virus infection): 
paroxysms of sharp pain in the chest or 
abdomen

Referred pain from the thoracic spine
Neuropathic pain secondary to thoracic spine dis-
ease may mimic musculoskeletal chest pain, and 
may be caused by myelopathy (cord compression); 
radiculopathy (nerve root compression); neuropa-
thy (nerve involvement, such as intercostal nerves)

• Herniated thoracic disc disease
• Costo-vertebral arthritis
• Vertebral crush fractures secondary to 

osteoporosis
• Metabolic bone disease
• Spinal metastases
• Herpes zoster (intercostal neuropathy, 

characterized by 1 or 2 weeks of sensory 
symptoms involving one or two contiguous 
dermatomes, almost always unilateral, fol-
lowed by a maculopapular rash which pro-
gresses to vesicles with erythematous bases

• Compressive radiculopathy

Referred pain from the upper abdomen

• Biliary tract disease: acute cholecystitis; 
biliary colic; cholangitis

• Acute pancreatitis
• Perforated peptic ulcer
• Gastritis

Psychogenic

• Panic and anxiety disorder
• Depression

Localisation of chest pain may indicate the 
underlying cause of pain
Central:

• Cardiac
• Aortic

• Pulmonary/mediastinal
• Oesophageal
• Traumatic

Lateral:

• Pulmonary
• Chest wall
• Psychogenic

Acute coronary syndromes
Categorisation of Acute Coronary Syndromes

• Acute chest pain and persistent (>20 min) 
ST- segment elevation or new onset left 
bundle branch block: STEMI

• Acute chest pain without persistent ST- 
segment elevation: persistent or transient 
ST- segment depression or T wave inversion, 
flat T waves, pseudo-normalisation of T 
waves, or no ECG changes at presentation

 1. NSTE-ACS: defined by elevation of 
troponins

 2. Unstable angina

Potential clinical presentations of NSTE-ACS

• Prolonged (>20 min) angina at rest
• New onset angina
• Recent destabilization of previously stable 

angina
• Post-myocardial infarction angina

Features of chest pain which are 
notcharacteristic of myocardial ischaemia
(AHA/ACC guidelines for NSTE Acute Coronary 
Syndromes, 2014)

• Pleuritic pain (sharp or knife-like pain 
 provoked by respiration or cough)

• Pain localised by the tip of one finger, espe-
cially at the left ventricular apex or costo-
chondral junction

• Pain reproducible with movement or palpa-
tion of chest wall or arms

• Brief episodes of pain lasting a few min-
utes or less

• Constant pain persisting for many hours
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• Pain radiating into lower limbs
• Pain of maximum intensity at onset (the pain 

of acute coronary syndrome reaches maxi-
mum intensity only after several minutes)

Atypical presentations of acute coronary 
syndrome

• Pain in the neck, back, jaw, shoulders or 
arms

• Acute dyspnoea; acute exacerbation of 
heart failure

• Dizziness, presyncope and syncope
• Sweating
• Weakness and fatigue
• Nausea and vomiting; abdominal discomfort
• Acute confusion
• Stroke

Atypical presentations are commoner in the 
following circumstances:

• Old age
• Female gender
• Diabetes mellitus
• People of South Asian or African-

Caribbean origin

Causes of acute coronary syndrome

Atherosclerosis: plaque rupture; thrombosis
Coronary arterial spasm: primary; cocaine/

amphetamine induced
Arteritis: Kawasaki disease (coronary artery 

aneurysms with thrombotic occlusion or rup-
ture); Takayasu’s arteritis; rheumatoid arthri-
tis; lupus

Structural coronary artery abnormalities: radia-
tion fibrosis; aneurysm; ectasia; anomalous 
origin of coronary artery; trauma; dissection

Coronary embolism

12 Lead ECG in acute coronary syndromes
Criteria for diagnosis of ST elevation myocar-
dial infarction

• ST segment elevation, measured at the J 
point (junction of termination of QRS com-

plex and beginning of ST segment), 2 mm 
or greater in two or more contiguous chest 
leads

• ST segment elevation, measured at the J 
point, 1 mm or greater in two or more con-
tiguous limb leads

• New or presumed onset left bundle branch 
block

• ST segment depression in V1-V3 (recipro-
cal ST elevation in posterior leads 
V8-V10) (isolated posterior myocardial 
infarction)

• ST segment elevation in aVR

Universal definition of myocardial infarction
Detection of the rise and/or fall of cardiac bio-
markers (preferably troponin) with at least one 
value above the 99th percentile of the upper 
 reference limit, together with at least one of the 
following:

• Symptoms of myocardial ischaemia
• ECG changes indicative of new ischaemia 

(new significant ST-T changes or new left 
bundle branch block)

• Development of pathological Q waves in 
the ECG

• Imaging evidence of new loss of viable 
myocardium or new regional wall motion 
abnormality

• Identification of an intracoronary thrombus 
by angiography or autopsy

(Thygesen K, Alpert JS, Jaffe AS, et al.Third 
universal definition of myocardial infarction. 
2012;126:2020–35)

Baseline ECG abnormalities that may obscure 
interpretation of ST elevation and which 
require prompt management in patients with 
signs and symptoms of ongoing myocardial 
ischaemia include:

• Left bundle branch block
• Ventricular paced rhythm
• Left ventricular hypertrophy
• Brugada syndrome
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Changes on ECG which are not diagnostic for 
infarction, but which may be due to 
ischaemia

• ST segment depression 1 mm or more with 
T inversion in lateral leads (can be caused 
by acute elevation of left ventricular end 
diastolic pressure, related to subendocar-
dial ischaemia).

• Transient ST segment elevation
• Axis shift-left or right
• Transient T wave inversion
• Deep T waves in V1 to V4
• Increase in R wave voltage.
• Reduction of R wave progression over pre-

cordial leads reflects loss of left ventricular 
musculature.

• Left bundle branch block or right bundle 
branch block

• 1st degree, 2nd degree, or 3rd degree AV 
block

• Tachyarrhythmias
• Transient peaked tall T waves due to epi-

cardial artery obstruction or narrowing

Chest pain evaluation may include

• Serial 12 lead ECG; review of previous 
ECGs, and consideration of recording from 
additional ECG leads

• Chest xray
• Serial cardiac biomarkers (including high 

sensitivity troponin)
• Arterial blood gases
• D-dimer (suspected pulmonary embolism-

low Wells score of 4 or less)

Risk stratification for acute coronary 
syndrome
GRACE (Global Registry of Acute Cardiac 
Events) Score at initial presentation is based on

• Age in years
• Resting heart rate (beats per minute)
• Systolic blood pressure (mm Hg)
• ST segment deviation
• Congestive Heart Failure (Killip Class)
• Serum creatinine

This scoring system is recommended by NICE, 
the European Society of Cardiology, the American 
Heart Association and American College of 
Cardiology. The risk score has been developed into 
an app, facilitating widespread use. The scoring 
system was based on a study of 102,000 patients in 
30 countries.The GRACE 2.0 risk calculator incor-
porates a revised algorithm for use when serum 
creatinine and Killip class are not available,

Fox KAA, Dabbous OH, Goldberg RJ, et al. 
Prediction of risk of death and myocardial 
 infarction in the six months after presentation 
with acute coronary syndrome: prospective 
 multinational observational study (GRACE). 
BMJ. 2006;333:1091–4

Causes of cardiogenic shock following acute 
myocardial infarction

• Acute left ventricular failure (severe con-
tractile dysfunction of the left ventricle 
with reduced ejection fraction)

• Severe contractile dysfunction of the right 
ventricle due to right ventricularmyocar-
dial infarction (acute inferior wall STEMI, 
unexplained hypoxia, high-grade atrioven-
tricular block, cardiogenic shock with the 
triad of hypotension, elevated jugular 
venous pressure and clear lung fields, 
marked sensitivity to preload-reducing 
agents such as nitrates,morphine and 
diuretics as cardiac output is preload-
dependent; a tricuspid regurgitant murmur, 
Kussmaul’s sign and pulsus paradoxus 
indicate significant haemodynamic effects 
due to right ventricular ischaemia)

• Mechanical complications: acute aortic 
regurgitation; ventricular septal rupture; 
contained left ventricular free wall rupture 
with pericardial tamponade; papillary mus-
cle rupture and acute mitral regurgitation 
(recognized by bedside echocardiography)

Predisposing factors for cardiogenic 
shock (persistent hypotension, systolic blood 
pressure <80 mm Hg, in the presence of adequate 
or elevated filling pressure-absence of hypovo-
laemia) in acute coronary syndrome
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• Older age
• Systolic blood pressure: hypertension
• Killip class II (I: no clinical signs of heart 

failure; II: lung crackles, S3 and elevated 
jugular venous pressure; III: acute pulmo-
nary oedema; IV: cardiogenic shock)

• Diabetes mellitus
• Anterior infarction
• Previous infarction; multi-vessel coronary 

artery disease
• Peripheral vascular disease
• Prior diagnosis of heart failure
• Left bundle branch block

Other causes of cardiogenic shock

• Myocarditis
• End-stage cardiomyopathy
• Left ventricular outflow tract obstruction
• Acute aortic regurgitation
• Pulmonary embolism
• Myocardial contusion

Features suggesting oesophageal origin of 
chest pain (the default position is always car-
diac unless proven otherwise):

• History of heartburn
• Dysphagia; odynophagia
• Acid regurgitation
• Water brash: sudden appearance of a 

slightly sour or salty fluid in the mouth
• Pain relief with antacids
• Post-prandial pain, especially after a large 

meal
• Worse when lying flat
• Sleep interrupted by pain
• Symptoms lasting longer than 20 min in 

the absence of exertion
• Retrosternal pain without lateral radiation

Risk factors for aortic dissection

• Hypertension
• Aortic disease: congenital bicuspid aortic 

valve, thoracic aortic aneurysm, coarcta-
tion of the aorta, annulo-aortic ectasia, cys-

tic medial degeneration; previous operative 
repair of aneurysm/dissection

• Atherosclerosis
• Pregnancy (especially third trimester)
• Genetic connective tissue disease: Marfan 

syndrome −two or more criteria: reduced 
upper segment to lower segment ratio: arm 
span to height ratio >1.05; pectus carinatum 
or excavatum; high arched palate; arachno-
dactyly; family history of Marfan syndrome; 
vascular Ehlers-Danlos syndrome

• Turner syndrome (short stature; premature 
ovarian failure; skeletal malformations; 
abnormalities of eyes and ears; heart anom-
alies; lymphedema; only affects females)

• Trauma: blunt declerating chest trauma 
(road traffic collision; fall from a height); 
 iatrogenic: cardiac catheterisation, intra-
aortic balloon pump, post cardiac surgery 
(aortic valve replacement for aortic 
insufficiency; coronary artery bypass 
grafting)

• Inflammatory/infectious disease of aorta: 
giant cell arteritis; Takayasu’s arteritis; 
Behcet disease; tertiary syphilis

• Cocaine abuse
• High intensity weight lifting

Possible clinical presentations and signs of 
aortic dissection (related to rupture into body 
cavities, branch occlusion or acute and progres-
sive aortic regurgitation

Cardiovascular: chest pain; hypertension; differ-
ential pulses (left radial-right radial; radial- 
femoral); inter-arm blood pressure difference 
greater than 20 mm Hg; acute aortic regurgita-
tion; acute congestive heart failure; cardiac 
tamponade; superior vena caval obstruction; 
acute ST elevation myocardial infarction; 
sternoclavicular joint pulsation

Respiratory: haemoptysis; pleural effusion; hae-
mothorax; aorto-pulmonary fistula with 
haemorrhage

Neurological: syncope; ischaemic stroke; spinal 
cord syndromes: paraplegia/paraparesis, 
quadriparesis; anterior spinal cord syndrome
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Gastrointestinal: mesenteric ischaemia/infarction 
with abdominal pain

Renal: acute kidney injury; renal infarction (flank 
pain with haematuria)

Limbs: acute upper or lower limb ischaemia
Painless aortic dissection (5–10%)
Clinical findings of ischaemia may involve sev-

eral organ systems

Features associated with increased risk 
of atypical symptoms in acute aortic 
syndromes

• Age >70 years
• Female gender
• Diabetes mellitus
• Existing aortic aneurysm
• Prior cardiovascular surgery

Causes of inter-arm blood pressure 
differences greater than 20 mm Hg

• Normal variant
• Upper limb arterial disease
• Coarctation of the aorta
• Inflammatory vascular disease: Takayasu’s 

arteritis (systemic vasculitis involving 
large and medium-sized arteries, predomi-
nantly affecting females of childbearing 
age, with an onset age between 10 and 
40 years; there is a predilection for the 
aorta and its branches. It can present with 
systemic  symptoms, limb claudication, 
hypertension, stroke or transient ischaemic 
attack, Raynaud’s syndrome, or congestive 
heart failure)

• Aortic dissection
• Supravalvular aortic stenosis

Causes of aortitis

• Large vessel vasculitis: giant cell arteritis; 
Takayasu arteritis; rheumatoid arthritis; SLE; 
HLA-B27 associated spondyloarthropathies- 
ankylosing spondylitis

• Infections: bacterial (Salmonella, 
Staphylococcus, Streptococcus pneu-

moniae); syphilis; mycobacterial 
(tuberculosis)

• Sarcoidosis

Potential presentations of aortitis

• Aneurysmal disease: thoracic aortic aneu-
rysm; abdominal aortic aneurysm

• Cardiac abnormalities: aortic regurgitation; 
stable angina; acute coronary syndrome

• Aortic thrombosis with distal embolisation
• Aortic dissection or rupture
• Upper and/or lower limb claudication
• Secondary hypertension
• Neurological presentations:transient isch-

aemic attack, stroke

Conditions other than acute coronary 
syndrome that are associated with raised 
cardiac troponins
Cardiac Disease and Interventions

• Tachy- or bradyarrhythmia; atrial fibrilla-
tion with fast ventricular rate

• Coronary vasospasm
• Dilated cardiomyopathy
• Severe congestive heart failure, acute and 

chronic
• Aortic dissection; aortic valve disease
• Hypertrophic cardiomyopathy
• Inflammatory cardiac diseases; eg myocar-

ditis; pericarditis; endocarditis
• Infiltrative cardiac disease: amyloidosis; 

haemochromatosis
• Myocardial contusion
• Cardiac surgery; post-cardiac 

transplantation
• Cardioversion and implantable 

cardioverter- defibrillator shocks
• Percutaneous coronary intervention; 

radio- frequency ablation; endomyocardial 
biopsy

Non-cardiac diseases

• Critically ill patients, especially with respi-
ratory failure, or sepsis
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• High dose cardiotoxic chemotherapy, eg 
anthracyclines (doxorubicin; daunorubi-
cin); trastuzumab

• Pulmonary embolism; severe pulmonary 
hypertension

• Pulmonary oedema
• Rhabdomyolysis
• Renal dysfunction: acute kidney injury; 

chronic kidney disease
• Subarachnoid haemorrhage
• Scorpion envenomation
• Sepsis and septic shock
• Stroke (haemorrhagic and ischaemic)
• Ultra-endurance exercise(triathlon)
• Burns affecting >30% body surface area
• Acute neurological disease, including 

stroke, or subarachnoid haemorrhage

Causes of acute pericarditis

• Idiopathic
• Viral infections: adenovirus, enterovirus, 

Coxsackie A and B, cytomegalovirus, influ-
enza, hepatitis B, herpes simplex virus, 
Epstein-Barr virus, parvovirus B9, HIV

• Bacterial infections: mycobacterium 
 tuberculosis; staphylococcal; streptococ-
cal; pneumococcal

• Fungal infections: aspergillosis; 
histoplasmosis

• Metabolic: uraemia
• Chest trauma; post-pericardiotomy (car-

diac surgery)
• Neoplastic: breast cancer; lung cancer; 

Hodgkin’s lymphoma; leukaemia
• Autoimmune: rheumatoid arthritis; sys-

temic lupus erythematosus; inflammatory 
bowel disease

• Drugs: doxorubicin, hydralazine, procain-
amide, penicillins

• Post-acute myocardial infarction (Dressler’s 
syndrome) (a secondary pericarditis that 
develops weeks to months after a myocardial 
infarction and associated with pleuro- 
pericardial chest pain, low grade fever,  elevated 
ESR and white cell count, and pericardial effu-
sion which may lead to cardiac tamponade)

• Acute myocarditis (myopericarditis)
• Aortic dissection
• Mediastinal radiation therapy (breast or 

lung)
• Post-pericardiotomy syndrome

Clinical presentations of acute pericarditis

• Anterior chest retrosternal or precordial 
pleuritic pain, relieved by sitting up and 
leaning forward and increased by lying 
down (positional), deep inspiration, cough-
ing or swallowing; may radiate to the back, 
neck, left shoulder or arm

• Low grade fever
• Pericardial rub (a grating, scratching or 

rasping to-and-fro systolic and diastolic 
extra heart sound best heard at the left ster-
nal border)

• Cardiac tamponade

Stages of ECG changes in acute pericarditis

• Stage 1: concave upward ST segment ele-
vation in all leads except aVR; no recipro-
cal ST depression; PR segment depression 
(atrial injury)

• Stage 2: QRS-ST junction (J point) returns 
to baseline and T wave amplitude begins to 
decrease

• Stage 3:T wave inversion
• Stage 4: ECG returns to normal

Adverse prognostic features in acute 
pericarditis

• Temperature >38 °C
• Subacute course
• Large effusion or tamponade
• Failure of non-steroidal anti-inflammatory 

therapy

Causes of Myocarditis
Infection:

• Virus: Coxsackie, influenza, adenovirus, 
echovirus, rubella, cytomegalovirus, HIV
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• Bacteria: Corynebacterium diphtheriae, 
chlamydia, rickettsia, Coxiella burneti

• Protozoa: Trypanosoma cruzi, Toxoplasma 
gondii

• Rickettsial: Coxiella burnetii
• Fungal: Aspergillus; Histoplasma

Physical:

• Radiotherapy: breast/lung cancer; thymoma; 
lymphoma

Chemical (toxic):

• Heavy metals: lead, iron, copper
• Drugs: alcohol, amphetamines, 

anthracyclines

Immune mediated

• Drugs: emetine; chloroquine; vaccines: 
tetanus toxoid

• Autoimmune: SLE; Kawasaki disease; 
Wegener’s granulomatosis; sarcoidosis; 
Churg-Strauss syndrome; inflammatory 
bowel disease

Miscellaneous

• Bites/stings: scorpion; snake

Clinical features and presentations of 
myocarditis

• Acute chest pain; pericarditic or 
pseudo-ischaemic

• Tachycardia out of proportion to fever
• Acute coronary syndrome in younger 

patients, in the absence of coronary risk 
factors or structural heart disease

• Congestive heart failure
• Cardiogenic shock
• Fulminant heart failure
• Acute dilated cardiomyopathy
• Embolic events
• Conduction system abnormalities

• Ventricular arrhythmias
• Aborted sudden cardiac death

Clinical presentations of infective 
endocarditis

• Fever and chills; night sweats; malaise; 
fatigue; myalgia; arthralgia; anorexia; 
weight loss

• New or changing regurgitant heart 
murmur

• Vascular phenomena: splinter haemor-
rhages; Janeway lesions (haemorrhagic 
lesions on palms and soles); conjunctival 
haemorrhages; arterial emboli (cerebral, 
mesenteric, renal, and splenic infarction-
left sided cardiac lesions); pulmonary 
infarcts, lung abscesses (right sided cardiac 
lesions); mycotic aneurysms; intracranial 
haemorhage

• Immunological phenomena: Roth’s spots 
on the retina; Osler’s nodes; 
glomerulonephritis

• New or worsening congestive heart failure
• Neurological presentation secondary to 

cerebral abscess or embolus (transient 
ischaemic attack or stroke)

• Pneumonia and pulmonary infarction in 
right sided endocarditis, or left sided if sep-
tal defect

• Fever associated with new conduction 
disturbance

Risk factors for infective endocarditis

• Valvular heart disease
• Structural heart disease
• Prosthetic heart valve
• Implantable device: pacemakers, vascular 

catheters, implantable cardioverter- 
defibrillator, ventricular assist device

• Intravenous drug use (right-sided 
endocarditis)

• Poor dental hygiene; dental procedures
• Diabetes mellitus
• Immunocompromised state
• Previous history of infective endocarditis
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Cardiac lesions predisposing to the 
development of infective endocarditis
High risk

• Prosthetic heart valves, including biopros-
thetic and homograft valves

• Previous bacterial endocarditis
• Complex cyanotic congenital heart disease 

(eg single ventricle, transposition of the 
great arteries, Tetralogy of Fallot)

• Surgically constructed systemic-pulmo-
nary shunts or conduits

Moderate risk

• Most other congenital cardiac malforma-
tions: patent ducturs arteriosus, ventricular 
septal defect, coarctation of aorta)

• Hypertrophic cardiomyopathy
• Acquired valvular dysfunction (eg rheu-

matic heart disease; degenerative or age-
related valve disease-degenerative aortic 
stenosis/mitral annular calcification)

• Mitral valve prolapse with valvular regur-
gitation and/or thickened leaflets

Negligible risk

• Isolated secundum atrial septal defect
• Surgical repair of atrial septal defect, ven-

tricular septal defect or patent ductus arte-
riosus (without residua beyond 6 months)

• Mitral valve prolapse without valvular 
regurgitation

• Physiological murmurs
• Previous Kawasaki disease/rheumatic fever 

without valvular dysfunction
• Atrial myxoma

Causes of non-bacterial endocarditis
This should be suspected in patients with chronic 
disease who present with symptoms related to 
arterial embolism, which can be peripheral or 
cerebral.

• Valve leaflet trauma (venous catheters with 
intra-cardiac placement)

• Circulating immune complexes

• Vasculitis
• Hypercoagulability
• Mucin-producing metastatic adenocarci-

noma (lung, stomach, pancreas)

ECG presentations
Normal 12 lead ECG

• Paper speed: 25 mm/s
• Each large square (5 mm): 0.20 s (width); 

0.5 mV (height)
• Each small square (1 mm): 0.04 s (width); 

0.1 mV (height)
• There are five large squares per second, 

and 300 per minute
• Heart rate: divide 1500 by the number of 

small squares between two consecutive 
QRS complexes or divide 300 by the num-
ber of large squares between two consecu-
tive QRS complexes. With an irregular heart 
rate, count the number of R waves in 30 
large squares (6 s) and multiply by 10 to 
obtain the rate per minute

• P wave: duration <0.12 s (3 small squares; 
3 mm); <2.5 mm (2.5 small squares) 
(0.25 mV) in height in limb leads; positive 
(upright) in leads I, II, aVF, and V2 to V6; 
inverted in aVR

• PR interval, or PQ interval (beginning of P 
wave to beginning of QRS or rS complex): 
0.12–0.20 s (3–5 small squares)

• QRS complex: 0.06–0.10 s; initial septal Q 
waves in I and V6; predominantly positive 
QRS complex in I and V6

• There is a gradual incremental increase in 
the height of the R wave in the chest leads 
from V1 through to V6. The transition 
point (normally at V3/V4), where the R and 
S waves are equal, indicates the position of 
the interventricular septum.

• QT interval (beginning of QRS or rS com-
plex to end of T wave; the presence of a U 
wave is not included in the measurement): 
QTc (QT interval divided by square root of 
preceding RR interval) <0.42 s

• T wave: normally upright in I, II, V3-V6; 
normally inverted in aVR and V1; variable 
in III, aVF, aVL and V2
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Correlates of ECG deflections

• P wave: atrial activation; the first and sec-
ond halves of the P wave correspond 
roughly to right and left atrial activation, 
respectively

• PR interval: time delay between atrial 
depolarisation and ventricular activation; 
conduction delay in the atrioventricular 
node

• QRS complex: ventricular activation; 
phase 0 of the action potential

• J point: phase 1 of the action potential
• ST segment: phase 2 (plateau phase) of 

action potential
• T wave: ventricular repolarisation
• QT interval: ventricular systole (ventricu-

lar depolarisation and repolarisation)
• TQ: phase 4 of action potential
• U wave: His-Purkinje system repolarisation

Abnormalities of P wave

• Peaked (height >2.5 mm) (P pulmonale) 
(right atrial enlargement)

• Broad (width >3 mm) (P mitrale) (left atrial 
enlargement) (can be bifid)

• Biphasic (one half positive and the other 
half negative)

• Inverted or absent in lead II
• Buried within QRS complex
• Follows QRS complex (retrograde)

Causes of absent P waves

• Replacement by fibrillatory waves or flut-
ter waves

• Buried in QRS complexes owing to retro-
grade conduction: junctional rhythm

• Superimposition on T waves: supraventric-
ular or ventricular tachycardia

Causes of variable P wave shape

• Wandering pacemaker
• Multiple atrial premature beats

• Paroxysmal atrial tachycardia with atrio-
ventricular block

• Multifocal atrial tachycardia

Causes of prolonged PR interval (>0.20 s)

• 1st degree atrio-ventricular block
• 2nd degree AV block (Mobitz type 1 or 

Wenkebach)
• Metabolic: hypothyroidism; hyperkalae-

mia; hypercalcaemia
• Hypothermia
• Drugs slowing atrioventricular nodal con-

duction: digoxin; beta blockers; calcium 
channel blockers; quinidine

• Increased vagal tone

Analysis of prolonged PR interval (>0.20 s)

• Are all the PR intervals and P waves the same? 
If yes, 1st degree atrio-ventricular block is 
likely; if not, think of premature atrial com-
plexes, wandering pacemaker, multifocal 
atrial tachycardia, or another type of block

• Do the PR intervals vary consistently?
• Are all the P waves the same?
• Are the PR intervals progressively 

lengthening?
• Is there grouped beating?
• Are the Ps and QRSs dissociated?

Categorization of AV block

• 1st degree: prolonged PR interval; all P 
waves conducted to ventricles

• 2nd degree: Type 1 (Wenckebach): pat-
terned dropping of QRS complexes-pro-
gressive prolongation of PR interval and 
progressive shortening of RR interval on 
consecutive beats until a non-conducted P 
wave (dropped QRS complex); Type 2: 
constant PR intervals until a non-conducted 
P wave, not preceded by PR prolongation 
nor followed by PR shortening; fixed ratio 
of P waves to conducted beats

• 3rd degree: different atrial and ventricular 
rates, with P waves and QRS complexes 
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occurring at regular but independent inter-
vals, with the P wave rate being greater 
than the QRS rate; PR interval varies, while 
PP and RR intervals are constant; cardiac 
function is maintained by an escape junc-
tional (narrow QRS complex) or ventricu-
lar (wide QRS complex) pacemaker

Causes of short PR interval (<0.12 s)

• Junctional rhythms with retrograde atrial 
activation (inverted P waves in II, III, aVF) 
and low atrial rhythms

• Retrograde junctional P waves
• Wolff-Parkinson-White syndrome (short 

PR interval, slurred slow rising initial 
upstroke of QRS complex (delta wave) 
(Type A: positive QRS in V1; Type B: neg-
ative QRS in V1)

• Lown-Ganong-Levine syndrome (short PR 
interval and normal QRS duration, associ-
ated with paroxysmal supraventricular 
tachycardia)

• Glycogen storage disease

Causes of variable PR interval

• Complete atrio-ventricular block
• Mobitz type 1 (Wenckebach) 2nd degree 

atrio-ventricular block
• Wandering atrial pacemaker (variable con-

figuration of P wave)

Causes of acquired atrioventricular block

• Idiopathic(senescent) fibrodegenerative AV 
block: Lenegre-Lev disease (idiopathic bun-
dle branch fibrosis), characterized by pro-
gressive alteration of conduction through 
the His-Purkinje system with right or left 
bundle branch block and widening of QRS 
complexes, leading to complete AV block

• Coronary artery disease: myocardial infarc-
tion; ischaemic cardiomyopathy

• Calcific valvular disease
• Postoperative or traumatic: coronary artery 

bypass; aortic, tricuspid, or mitral valve 

replacement; VSD repair; septal myomec-
tomy; ablation of septal accessory pathways

• AV node ablation: radiofrequency
• Therapeutic radiation to the chest
• Infections: syphilis; diphtheria; Chagas’ 

disease; tuberculosis; toxoplasmosis; Lyme 
disease; viral myocarditis (Epstein-Barr, 
varicella); infective endocarditis

• Collagen vascular disease: rheumatoid 
arthritis; scleroderma; dermatomyositis; 
ankylosing spondylitis; polyarteritis 
nodosa; SLE; Marfan’s syndrome

• Infiltrative: sarcoidosis; amyloidosis; 
haemochromatosis; lymphoma; solid 
tumour

• Neuromuscular: progressive external oph-
thalmoplegia; myotonic muscular dystro-
phy; peroneal muscular atrophy; 
scapuloperoneal syndrome; limb girdle 
dystrophy

• Drug effect: digoxin; beta blockers; cal-
cium channel blockers; amiodarone; pro-
cainamide; Class IC agents (flecainide, 
propafenone)

Causes of low voltage QRS complexes <10 mm 
in any chest lead; <5 mm in any limb lead

• Obesity; thick chest wall
• Old age
• COPD (emphysema)
• Hypothyroidism
• Pericardial effusion; chronic constrictive 

pericarditis
• Diffuse coronary artery disease
• Congestive heart failure
• Amyloidosis

Causes of abnormally wide QRS duration
0.10–0.11 s

• Incomplete right or left bundle branch 
block

• Non-specific intra-ventricular conduction 
delay

• Some cases of left anterior or posterior fas-
cicular block
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0.12 s (>3small squares)

• Complete bundle branch block, right (rSR′ 
–triphasic complex in V1, V2; qRS in V6) 
or left (QS or rS- broad negative complex- 
in V1; rSR′ or R in V6)

• Wolff-Parkinson-White syndrome
• Non-specific intra-ventricular conduction 

delay
• Arrhythmias of ventricular origin
• Implanted ventricular pacemaker (paced 

rhythm)
• Hyperkalaemia
• Hypothermia
• Sodium channel blocking medication: tri-

cyclic antidepressants
• Intermittent rate-related aberrancy

Causes of wide negative QRS in V1

• Left bundle branch block
• Right sided accessory pathway
• Right ventricular pacing

Causes of physiological Q waves (physiologi-
cal or positional factors)

• Normal variant “septal” Q waves
• Normal variant Q waves in V1 and V2, III, 

aVF
• Left pneumothorax or dextrocardia (loss of 

lateral R wave progression)

Causes of pathological Q waves
(>1 mm or one small square wide (>40 msor 
0.04 second in duration); >4 mm or 4 small squares 
deep; >25% of height of subsequent R wave (Q/R 
wave ratio >25%); present in right precordial leads 
V1-V3; must be seen in two contiguous leads)

• Myocardial injury: acute myocardial isch-
aemia with or without infarction; myocar-
ditis; hyperkalaemia

• Pulmonary embolism
• Right ventricular (reversed or poor R wave 

progression, particularly with COPD) or 
left ventricular hypertrophy (slow R wave 
progression)

• Conduction abnormalities: left bundle 
branch block; WPW pattern

• Cardiomyopathies: hypertrophic cardio-
myopathy; infiltrative myocardial disease 
(amyloidosis)

• Ventricular septal defect in V5 and V6

Causes of tall R in V1 and V2 (R/S ratio >1)
Narrow R wave

• True posterior myocardial infarction
• Increased R wave amplitude and duration 

(the pathological R is the mirror image of 
the pathological Q in the posterior leads 
V8-V10)

• R/S ratio in V1/V2 >1 (prominent anterior 
forces)

• Hyper-acute ST-T wave changes (ST 
depression and large inverted T waves in 
V1-V3)

• Late normalisation of ST-T with symmetri-
cal upright waves in V1-V3

• Right ventricle intra-ventricular conduc-
tion delay: rSr′ complexes

• Right ventricular hypertrophy
• Right heart strain with acute right ventricu-

lar dilatation: pulmonary embolism; 
COPD; cor pulmonale)

• Dextrocardia
• Misplaced precordial leads; normal 

variants
• Hypothermia
• Hypertrophic cardiomyopathy
• Paediatric ECG (normal variant): tall R and 

inverted T in V1-V3

Wide R wave

• Right bundle branch block- complete or 
incomplete

• RBBB mimics: pulmonary embolism; 
Brugada syndrome; arrhythmogenic right 
ventricular dysplasia; WPW syndrome

• RBBB with LAFB
• Trifascicular block
• Accessory pathway (Type A Wolff-

Parkinson- White syndrome)
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Features of right ventricular hypertrophy
QRS complex abnormalities

• Right axis deviation
• R wave taller than S in V1 (R/S ratio >1)
• qR complex in V1
• rS complex from V1 to V6

P wave abnormalities

• P pulmonale

ST segment and T wave abnormalities

• ST depression and T inversion in right pre-
cordial leads (V1 to V2)

Describing a QRS complex

• A QRS complex can have one (monopha-
sic), two (diphasic), or three (triphasic) 
individual waveforms

• A negative deflection initiating the QRS 
complex is a Q wave

• The first positive (upward) deflection is an R 
wave, whether or not preceded by a Q wave

• A negative deflection following an R wave 
is an S wave

• A second positive deflection is termed R′ 
(R prime)

• A second negative deflection is termed S′ 
(S prime)

• A monophasic negative QRS complex, 
with no R wave, is termed a QS wave

• Biphasic complexes are either RS or QR
• Triphasic complexes are RSR′ or QRS
• Large amplitude waves are assigned capital 

letters Q, R and S, while smaller amplitude 
waves are assigned lower case letters q, r 
and s. No specific amplitude is uniformly 
used to mark the transition between the use 
of lower case letters and capital letters.

• A typical left precordial lead complex is a 
qR complex

• A typical right precordial lead complex is 
an rS complex

• The end of the QRS complex and begin-
ning of the ST segment is termed the J 
point

• An epsilon wave is a small positive deflec-
tion in the terminal QRS complex

Causes of RSR′pattern in V1 and V2

• Normal (5% of young adults)
• Straight back deformity
• Incomplete right bundle branch block
• Right ventricular hypertrophy
• Acute cor pulmonale
• Right ventricular diastolic overload
• Wolff-Parkinson-White syndrome
• Duchenne muscular dystrophy

Causes of a wide QRS complex

• Bundle branch block
• Pacemaker
• Sodium channel blockade
• Non-specific intra-ventricular conduction 

delay
• Metabolic causes

Causes of left bundle branch block (QRS 
120 ms or longer; QS or rS in II, III, aVF, V1 to 
V3-W pattern; absence of the septal q wave and 
wide, monophasic notched or slurred R, RS, rsR′ 
or RSR′ in I, aVL, V5 to V6-M pattern; ST-T 
changes discordant from terminal QRS; with a 
similar ECG pattern and QRS duration 110–
119 ms, incomplete left bundle branch block is 
diagnosed)

• Coronary artery disease
• Hypertensive heart disease
• Dilated cardiomyopathy; myocarditis
• Left ventricular outflow tract obstruction: 

aortic stenosis; coarctation of aorta
• Antero-septal ST elevation myocardial 

infarction
• Idiopathic degenerative disease of the con-

duction system (Lenegre)
• Hyperkalaemia
• Severe left ventricular hypertrophy
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• Right ventricular pacing lead
• Cardiac surgery

Causes of right bundle branch block (QRS 
120 ms or longer; rsr′, rsR′, rSR′, RSR′ or RR′ in 
V1 to V3-M pattern; wide and/or deep slurred S 
in I, V5 to V6-W pattern; with a similar ECG pat-
tern and QRS 110–119 milliseconds, incomplete 
right bundle branch block is diagnosed)

• Normal variant
• Right ventricular hypertrophy
• Pulmonary embolism with right ventricular 

strain
• Cor pulmonale
• Coronary artery disease
• Idiopathic degenerative disease of conduc-

tion system (fibrosis-Lev; sclerosis-Lenegre)
• Rheumatic heart disease
• Atrial septal defect (ostium secundum)
• Brugada syndrome (incomplete RBBB 

with coved ST elevation)
• Myocarditis; cardiomyopathy

Features of fascicular blocks

• Left anterior fascicular block
qR in I, aVL
rS in II, III, aVF
Left axis deviation
QRS duration <120 ms
• Left posterior fascicular block
rS in I, aVL
qR in II, III, aVF
QRS duration <120 ms
Right axis deviation
• Trifascicular block
Right bundle branch block + left anterior/pos-

terior fascicular block + 1st degree AV 
block (prolonged PR interval)

Left bundle branch block + 1st degree AV block

Causes of deep T wave inversion (>5 mm)

• Normal variants: persistent juvenile T wave 
pattern; early repolarisation variants (with 
ST elevation)

• Myocardial ischaemia or infarction; myo-
cardial contusion

• Wellens’ syndrome: angina, associated 
with deep inverted T waves in V3-V5 and 
biphasic T wave in V2 during chest pain-
free intervals, associated with critical ste-
nosis of the proximal left anterior 
descending coronary artery which can pro-
gressive to acute anterior wall myocardial 
infarction

• Cardiomyopathies, including arrhythmo-
genic right ventricular dysplasia

• Cerebrovascular accident (especially intra-
cranial bleeding related to subarachnoid 
haemorrhage) and related neurogenic pat-
terns (eg radical neck dissection, Stokes-
Adams syndrome)

• Left ventricular or right ventricular overload: 
classic left or right ventricular hypertrophy/
enlargement with repolarisation abnormali-
ties (“strain” patterns); apical hypertrophic 
cardiomyopathy (Yamaguchi syndrome)

• Drug effects: digoxin; phenothiazine
• Post-tachycardia T wave pattern
• Idiopathic global T wave inversion syndrome
• Secondary T wave alternans: bundle branch 

block; WPW patterns
• Intermittent LBBB; Ventricular premature 

beats or pacing (cardiac memory T waves)

Causes of tall peaked T wave

• Hyperkalaemia
• Hyperacute myocardial infarction
• Acute posterior myocardial infarction

Causes of long QT syndrome
QT prolongation can be the result of either 
prolonged ST segment duration with normal T 
wave duration, as seen with hypocalcaemia or 
hypomagnesaemia, or widening of the T wave, 
which is associated with the development of 
torsades des pointes. The T on P phenomenon 
is seen in the presence of sinus tachycardia 
when a prolonged QT interval causes the T 
wave to adjoin or overlap the succeeding P 
wave.
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QT prolonging drugs:

• Antiarrhythmic drugs-class Ia (disopyra-
mide, procainamide, quinidine), Ic (fle-
cainide, encainide) and III (amiodarone, 
sotalol)

• Antimicrobials (macrolide antibiotics- 
erythromycin, clarithromycin; azole anti-
fungals: fluconazole, ketoconazole, 
itraconazole; pentamidine; fluoroquino-
lones- ciprofloxacin, levofloxacin, 
moxifloxacin)

• Antihistamines (astemizole, terfenadine, 
loratadine)

• Psychotropic drugs (phenothiazines, halo-
peridol, tricyclic and tetracyclic antide-
pressants, selective serotonin reuptake 
inhibitors, antipsychotics: risperidone, 
lithium, olanzapine)

• Cholinergic agonists (cisapride, 
organophosphates)

• Antimalarial agents: chloroquine; 
mefloquine

• Antiemetics: ondansetron; domperidone
• Protease inhibitors

Bradyarrhythmias: severe bradycardia (eg 
complete AV block)

Electrolyte disorders

• Hypokalaemia
• Hypocalcaemia
• Hypomagnesaemia

Congenital long QT syndromes (inherited ion 
channel disorders which predispose the ventricu-
lar myocardium to catecholamine-induced 
arrhythmias)

• Romano-Ward syndrome(AD), with nor-
mal hearing

• Jervell-Lange-Nielsen syndrome(AR), 
with deafness

Heart disease: acute myocardial ischaemia; con-
gestive heart failure; cardiomyopathy; myocarditis.

Thyroid disease: hypothyroidism.

Cerebrovascular disease: subarachnoid haem-
orrhage; ischaemic stroke.

Causes of prominent U waves

• Hypokalaemia
• Class IA and III anti-arrhythmic drugs
• Thyrotoxicosis
• Severe hypertension

Causes of left axis deviation
(Positive QRS in I and aVL; negative QRS in II 
and aVF)

• Normal variant
• Left anterior hemiblock (anterior fascicular 

block)
• Left bundle branch block
• Left ventricular hypertrophy
• Elevated diaphragm
• Obesity
• Q waves of inferior myocardial infarction
• Paced rhythm
• Hyperkalemia
• Wolff-Parkinson-White syndrome (right 

sided accessory pathway)
• Tricuspid atresia
• Ostium primum atrial septal defect
• Mechanical shift of the heart in the chest 

(lung disease, prior chest surgery)
• Inferior myocardial infarction

Causes of right axis deviation
(Positive QRS in II and aVF; negative QRS in I 
and aVL)

• Normal variant in children and tall thin adults
• Right bundle branch block
• Left posterior hemiblock (posterior fascic-

ular block)
• Right ventricular hypertrophy
• Chronic lung disease
• Acute cor pulmonale-right heart strain/

pressure overload (pulmonary embolism)
• Antero-lateral ST elevation myocardial 

infarction
• Limb lead reversal
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• Dextrocardia
• Wolff-Parkinson-White syndrome (left 

sided accessory pathway)
• Atrial septal defect
• Lateral wall myocardial infarction

Checklist for history taking with 
 palpitations (subjective and uncomfortable 
awareness of one’s own heartbeat)

Palpitations are common, and most often are 
benign and due to non-cardiac conditions. It is 
important to try to recognize cardiac and poten-
tially life-threatening causes of palpitations.

• Mode of onset and offset
• Frequency of episodes
• Rate
• Regularity of rhythm (regular or irregular); 

sensation of missed beats (atrial or ventric-
ular ectopic beats)

• Associated symptoms, suggesting haemo-
dynamic instability: chest pain, shortness 
of breath, light headedness, near syncope 
or syncope

• Precipitating factors: physical exertion; 
change in position; emotional stress

• Relieving factors: Valsalva manoeuvre
• Medications, including over the counter 

drugs and recreational drug use as well as 
prescription medication (beta-agonists, 
calcium channel blockers, anti-arrhythmic 
drugs, thyroxine)

• Lifestyle factors: excessive caffeine intake; 
alcohol abuse

• History of heart disease including heart 
murmurs

• History of thyroid disease
• Family history of recurrent syncope, pre-

mature onset coronary artery disease, pace-
maker or ICD use, or sudden cardiac death 
under the age of 40 years

Clinical and electrocardiographic clues to the 
electrophysiological mechanisms of 
arrhythmias
Automaticity is suggested by:

• Gradual acceleration with a steady “warm-
up” of the rate

• Significant variation in rate that correlates 
with sympathetic tone or body 
temperature

• Slight slowing with vagal manoeuvres
• Gradual deceleration or “cool-down” of an 

arrhythmia

Re-entry is suggested by:

• Usually paroxysmal, with abrupt onset and 
offset (or cessation)

• Usually initiated by a premature beat
• Very regular rate
• Abrupt cessation of a tachycardia, espe-

cially when terminated by an ectopic 
impulse

• Abrupt termination with vagal manoeuvres 
is sometimes successful

• Post-episode diuresis (provoked by atrial 
natriuretic peptide release)

Causes of narrow complex tachycardia
(QRS complex < 120 ms)

 a. Regular
Atrial activity seen
P: QRS 1.
P wave similar to sinus P wave
Physiological sinus tachycardia
Inappropriate sinus tachycardia (persistent; 

no identifiable trigger; hypersensitive 
response to endogenous catecholamines, 
with rapid heart rate rise after minimal 
exercise; seen in young healthy adult 
females)

Sinus node re-entrant tachycardia (normal 
P wave morphology; abrupt onset and 
offset)

P: QRS > 1 (atrial rate > ventricular rate)
Abnormal P wave morphology
Unifocal atrial tachycardia
Flutter waves
Atrial flutter (sawtooth waves; with a fixed 

2:1, 3:1, 4:1 or greater AV block; most 
obvious in II, III and aVF)

No atrial activity (P waves)
AV nodal re-entrant tachycardia (P waves bur-

ied within QRS complex or inscribed in 
terminal portion of QRS as pseudo S′ in III 
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and pseudo R′ in V1; P wave inversion 
(retrograde P waves) in II, III and aVF; 
rate-related ST segment depression; phasic 
variation in QRS amplitude)

Focal junctional ectopic tachycardia
Orthodromic AV re-entrant tachycardia

 b. Irregular
 c. Fibrillation waves
Atrial fibrillation
 d. Flutter waves

Atrial flutter with varying atrio-ventricular block
 e. Abnormal P waves

Atrial tachycardia with variable AV block
 f. 3 or more P wave morphologies

Multi-focal atrial tachycardia (variable P′-P′, 
P′-R and R-R intervals)

Tachycardia with atrial premature complexes, 
ventricular premature complexes and junc-
tional premature complexes

Causes of atrial fibrillation

• Systemic disease: chronic pulmonary dis-
ease (COPD), hyperthyroidism, sepsis 
(pneumonia), pulmonary embolism, drugs, 
acute alcohol ingestion (holiday heart 
syndrome)

• Cardiac disease: ischaemic heart disease, 
valvular heart disease (especially mitral), 
hypertensive heart disease, cardiomyopa-
thy (dilated, hypertrophic, infiltrative), sick 
sinus syndrome, congestive heart failure, 
myocardial contusion, pericarditis, myo-
carditis, pre- excitation syndrome (Wolff-
Parkinson-White syndrome), post-cardiac 
surgery

• Idiopathic

Causes of atrial fibrillation with slow ventric-
ular response (slow resting heart rate <50 bpm, 
or normal resting heart rate with prolonged ven-
tricular pauses)

• Drug effect: digoxin toxicity, beta blocker 
toxicity, calcium channel blockers toxicity

• Atrial fibrillation with AV block due to 
severe AV nodal disease

• Sinus node dysfunction: sick sinus 
syndrome

• Hypothyroidism
• Hypothermia

Presenting rhythms in sick sinus syndrome

• Atrial bradyarrhythmias: sinus bradycardia; 
sinus arrest (ventricular pauses 3 s or more), 
with or without junctional escape rhythm; 
sino-atrial exit block (Mobitz type I or type 
II block); ectopic atrial tachycardia; atrial 
fibrillation with slow ventricular response

• Atrial tachyarrhythmias: atrial fibrillation; 
atrial flutter; atrial tachycardia

• Alternating bradyarrhythmia and 
tachyarrhythmia

• Ventricular escape tachyarrhythmias
• Additionally, there is an absence of increase 

in heart rate in response to physical exer-
cise (chronotropic incompetence)

CHAD2DS2VASc score to estimate stroke risk 
in atrial fibrillation

Risk factor Points

C: Congestive heart failure 1

H: Hypertension 1

A: Age > 75 years 2

D: Diabetes mellitus 1

S: Stroke/embolism 2

V: Vascular disease 1

A: Age > 65 years 1

Sc: Female sex 1

Analysis of narrow complex tachycardia 
based on RP interval
The relationship of P waves to R waves is useful 
in analyzing the type of narrow complex tachy-
cardia. The RP interval reflects time from ven-
tricular activation to atrial activation

Long RP interval (>70 ms): P closer to suc-
ceeding QRS.

AVNRT.
Short RP interval (=<70 ms): P closer to and 

immediately followingpreceding QRS

 a. Short RP-long PR
Sinus tachycardia, sinus node re-entrant 

tachycardia (with relatively prolonged AV 
conduction)
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Atrial tachycardia
Atrial flutter with 2:1 AV block
Junctional ectopic tachycardia with retrograde 

P wave
Typical atrio-ventricular nodal re-entrant 

tachycardia
AV re-entrant tachycardia with relatively 

rapid retrograde conduction
 b. Long RP- short PR

Atrial tachycardia, sinus tachycardia, sinus 
node re-entrant tachycardia

Atypical AV re-entrant tachycardia
Orthodromic atrio-ventricular re-entrant 

tachycardia with slow retrograde 
conduction

Permanent form of junctional reciprocating 
tachycardia

 c. RP equal in length to PR
Typical AV nodal re-entrant tachycardia with 

2:1 AV block
Atrial flutter with 2:1 AV block
Atrial tachycardia, sinus tachycardia, sinus 

node re-entrant tachycardia (with fortu-
itously timed AV conduction)

Sinus tachycardia
The sinus node rate is faster than age-related nor-
mal values. The mechanism is accelerated phase 
4 diastolic depolarization in sinus nodal cells, ie 
enhanced automaticity

Causes of sinus tachycardia
Physiological:Pain; recent physical exertion 
(catecholamine surge); anxiety; pregnancy

Pharmacological:Sympathomimetics (recre-
ational drugs: cocaine, amphetamines); caffeine; 
bronchodilators; high doses of beta-agonist med-
ication; inotrope infusion; alcohol; nicotine

Pathological:Fever; hypoxaemia; hypovolae-
mia; anaemia; shock; sepsis; pulmonary embo-
lism; hyperthyroidism; heart failure; myocardial 
infarction, myocarditis; serotonin syndrome.

Causes of bradycardia

Atrial
Sinus bradycardia (sinus rhythm; <60 beats 

per minute)
Sinus arrest (transient absence of P waves)

Sino-atrial block (sinus node exit block) 
(absence of P waves; the pause is a multi-
ple of the preceding P-P interval)

Sick sinus syndrome
Atrioventricular nodal

Junctional bradycardia
Ventricular

Idioventricular or ventricular escape rhythm

Causes of sinus bradycardia

• Physical conditioning: eg athletes
• Vagal stimulation: eg vomiting
• Carotid sinus pressure/hypersensitivity
• Excess parasympathetic stimulation: acute 

inferior myocardial infarction
• Raised intracranial pressure (Cushing 

response)
• Hypothyroidism
• Hypothermia
• Hypoxaemia
• Drugs: beta blockers; calcium channel 

blockers; digoxin; amiodarone; opiates; 
cholinergic toxicity

• Sinus node disease: sick sinus syndrome
• Severe Gram negative sepsis

Broad complex tachycardia
(QRS complex 120 msor longer)

Regular

• No AV dissociation
Antidromic AVRT
Assess QRS morphology
Typical LBBB or RBBB: probably SVT
Atypical BBB, criteria for aberrancy not seen: 

probably VT
• AV dissociation present
P: QRS <1

Ventricular tachycardia
P: QRS >1

Atrial flutter
Atrial tachycardia

Irregular

• Atrial fibrillation in WPW syndrome: a 
very rapid ventricular response over an 
accessory pathway with short refractory 
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periods can lead to ventricular 
fibrillation

• Atrial fibrillation with bundle branch block
• Atrial fibrillation with aberrancy
• Atrial flutter with variable AV block
• Atrial tachycardia with variable AV block 

with BBB or aberrancy
• Polymorphic VT (torsades de pointes) 

(twisting of the peaks of the QRS com-
plexes around the isoelectric baseline)

Broad complex tachycardia
The default diagnosis when origin of the rhythm 
is unclear is always VT

Favours SVT

• Initiation with a premature P wave
• QRS complexes identical to those in rest-

ing rhythm
• Long-short sequence preceding initiation
• Changes in P-P interval precede changes in 

R-R interval
• QRS contours consistent with aberrant 

conduction (V1, V6)
• Slowing or termination with vagal 

manoeuvres

Favours VT

• History of ischaemic heart disease, conges-
tive heart failure, cardiomyopathy

• Initiation with premature QRS complex
• Tachycardia beats identical to those of ven-

tricular premature beats during sinus rhythm
• Changes in R-R interval precede changes 

in P-P interval
• QRS contours inconsistent with aberrant 

conduction (V1, V6): monophasic or 
biphasic QRS in V1; RS or QS in V6

• AV dissociation or other non 1 A: V relation-
ships; clinical signs of AV dissociation 
include cannon a waves in the jugular venous 
pulse, and varying intensity of the first heart 
sound and in systolic blood pressure

• Fusion beats (intermediate width and mor-
phology to supraventricular and ventricular 
complexes)

• Capture beats (QRS complex of normal 
duration and morphology)

• QRS duration >140 ms (0.14 s)
• Left axis deviation (especially −90 to –180°)
• Concordant R wave progression pattern
• Contralateral bundle branch block pattern 

from resting rhythm
• Absence of rS complex in any precordial lead

Specific syndromes of monomorphic VT 
associated with left and right bundle branch 
block QRS morphologies
Outflow tract ventricular tachycardias are the most 
common type of idiopathic ventricular tachycardia 
in patients with structurally normal hearts.

Differential diagnosis of left bundle branch 
block pattern regular broad complex 
tachycardia

• Ventricular tachycardia
Right ventricular outflow tract tachycardia 

(LBBB with rightward/inferior axis; sensi-
tive to adenosine and verapamil)

Bundle branch re-entrant tachycardia: associ-
ated with dilated cardiomyopathy; bundle 
branch block or intra-ventricular conduc-
tion defect in sinus rhythm

• Pre-excited tachycardia
Mahaim fibre tachycardia: typically, minimal 

or no pre-excitation in sinus rhythm
• Supraventricular tachycardia: any form 

with left bundle branch block; may have 
LBBB in sinus rhythm

Differential diagnosis of right bundle branch 
block pattern regular broad complex 
tachycardia

Idiopathic left posterior fascicular ventricular 
tachycardia

Bundle branch re-entrant tachycardia
Fascicular re-entrant tachycardia (RBBB mor-

phology with left axis deviation)

Causes of ventricular tachycardia
Structural heart disease

• Coronary artery disease
• Cardiomyopathies: dilated cardiomyopa-

thy; hypertrophic cardiomyopathy; arrhyth-
mogenic right ventricular dysplasia

1 Cardiovascular Emergencies



22

• Aortic stenosis
• Complex congenital heart disease
• Cardiac sarcoidosis

Structurally normal heart

• Electrolyte disorders: hypokalaemia; 
hyperkalaemia

• Drugs: digoxin
• Channelopathies: long QT syndrome, 

Brugada syndrome
• Idiopathic ventricular tachycardia: RVOT 

tachycardia, idiopathic left ventricular 
tachycardia

• Long QT syndromes: torsade de pointes
• Neurological disease

Characteristics of ventricular premature 
beats that may need suppression

• Two or more in a row
• Multi-form (multi-focal)
• Increased ventricular ectopic activity with 

exercise
• R on T phenomenon

Causes of accelerated idioventricular  
rhythm

• Drug toxicity: digoxin; cocaine
• Electrolyte abnormalities
• Myocarditis
• Dilated cardiomyopathy
• Athlete’s heart
• Return of spontaneous circulation post- 

cardiac arrest
• Reperfusion following thrombolysis or 

percutaneous coronary intervention after 
acute myocardial infarction

Causes of ST segment elevation

Normal: male pattern: the majority of men have 
ST elevation of 1 mm or more in the precor-
dial leads. The ST segment is concave. This is 
most marked in V2.

Benign early repolarisation pattern (ST elevation 
of normal variant)

Acute trans-mural myocardial infarction 
(STEMI)

Left ventricular aneurysm (dyskinetic area) or 
large scar (akinetic area)-persistent elevation

Coronary artery vasospasm: Prinzmetal’s or vari-
ant angina (recurrent episodes of angina, usu-
ally at rest and often occurring in the early 
morning hours, associated with trasient ST 
elevation, responsive to short-acting nitrates 
and calcium channel blockers)

Trans-mural ischaemia: tight coronary stenosis, 
during exercise testing

Takotsubo cardiomyopathy (transient cardiac 
syndrome presenting with chest pain that 
mimics acute coronary syndrome, often with a 
precipitating emotional or physical stressor; 
regional systolic dysfunction of the left ven-
tricle, including reversible left ventricular api-
cal ballooning, and normal coronary arteries; 
named as the narrow neck and wide base of 
the left ventricle in systole resemble a Japanese 
octopus pot or takotsubo)

Coronary artery dissection (Marfan’s syndrome; 
Ehlers-Danlos syndrome)

Myocardial injury: trauma to ventricle (myocar-
dial contusion)

Left ventricular hypertrophy, in right precordial 
leads with large S waves

Hypertrophic cardiomyopathy
Left bundle branch block, in right precordial 

leads with large S waves
Acute pericarditis
Myocarditis
Aortic dissection
Tumour invading left ventricle
Severe hyperkalemia
Brugada syndrome (RBBB like pattern and ST 

elevation in right precordial leads, associated 
with susceptibility to ventricular tachyar-
rhythmias and sudden cardiac death)

Anomalous origin of left coronary artery from 
pulmonary artery (Q waves, ST elevation and 
T inversion in I, aVL, V4-V6)

Pulmonary embolism
Hypothermia
After DC cardioversion
Intracranial haemorrhage
Hyperkalaemia
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Type 1c anti-arrhythmic drugs
Ventricular paced rhythm

Types of contour of ST segment elevation

Convex upward (coved)
Abrupt takeoff following QRS complex
ST segment rounded in contour
Associated with injury current seen with ST 

elevation myocardial infarction
Concave upward

Takeoff more gradual
ST segment describes much gentler upward 

sloping curve on its way to the
summit of the T wave

Features associated with common causes of 
ST elevation
Acute Myocardial Infarction (STEMI)

Slow ECG evolution with localisation
Convexity upwards, or straightened
Reciprocal ST-T changes
Development of Q waves with QTc prolongation
ST elevation is maximal 1 h after onset. In the 

absence of re-vascularisation, there is a 
gradual return to the baseline over about 
10–20 h

In the presence of left bundle branch block, the 
ST changes in the same direction as the QRS, 
and the ST elevation is more than would be 
expected from LBBB alone, eg>5 mm in V1 
to V3

Acute Pericarditis

• Generalized, non-anatomical ST-T changes 
in all leads except aVR and V1

• Concavity upwards
• Often with normal QTc
• PR segment depression, a manifestation of 

atrial injury
• No reciprocal ST segment depression
• T waves usually low amplitude; ST eleva-

tion >25% of total T height
• Heart rate usually increased

Left Ventricular Aneurysm

• Chronic (>2 weeks after acute myocardial 
infarction) with no evolution

• Localised ST elevation with variable ST-T 
changes

• Often prolonged QTc

Coronary Arterial Spasm (Prinzmetal’s 
Angina)

• Rapid ECG evolution
• Localised ST elevation
• Normal QTc

Early repolarisation

• ST elevation is most prominent in mid- to 
left precordial leads V2-V5. ST elevation 
is less often seen in the limb leads. All 
leads with an upright T have elevated 
ST-T segments, and all leads with nega-
tive T waves have depressed ST-T seg-
ments. This is associated with a relatively 
tall T wave.

• J point elevation above the isoelectric line, 
the J point being the junction where the 
QRS complex ends and the ST segment 
begins (forming a sharp angle with the ter-
minal QRS). It is the first point of inflexion 
on the upstroke of the S wave when the ST 
segment is sloped or the QRS segment is 
wide. The ST segment elevation begins at 
the J point. The ST segment may takeoff 
several mm above the baseline at this point, 
with preservation of the normal upward 
concavity of the initial, up- sloping portion 
of the ST segment/T wave complex. The 
degree of J point elevation is usually less 
than 3.5 mm

• Notching or irregular contour of the J point, 
where the ST joins the QRS. The notch is 
not part of the QRS and should not be 
included in its width.

• Normal corrected QT interval
• Absence of reciprocal ST depression
• Early repolarisation is found in 2–5% of 

the population, mainly in young adult 
males, and there is a similar appearance on 
old ECGs.
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Mnemonic for ST elevation
ELEVATION

E electrolytes
L left bundle branch block
E early repolarisation
V ventricular hypertrophy
A aneurysm
T treatment- pericardiocentesis
I injury (AMI; myocardial contusion)
O  Osborne waves (hypothermia)-a posi-

tive deflection at the J point
N non-occlusive vasospasm

Sgarbossa’s criteria for acute myocardial 
infarction with left bundle branch block

Concordant ST elevation ≥1 mm in leads with a 
positive QRS complex: 5 points

Concordant ST depression ≥1 mm in V1, V2, 
V3: 3 points

Excessively discordant ST elevation >= 5 mm in 
leads with a negative QRS complex: 2 points

3 or more points: 90% specificity for STEMI
(Sgarbossa EB, et al. Electrocardiographic 

diagnosis of evolving acute myocardial 
infarction in the presence of left bundle 
branch block. N Engl J Med. 1996; 
334:481–7)

Localisation of ischaemia in the presence of 
ST elevation

• Anterior wall: V2 toV5
• Antero-septal: V1 toV3
• Lateral: V4 to V6, aVL, I
• Inferior wall: II, III, aVF
• Posterior wall: V7 to V9

Differential diagnosis of ST depression

• Normal variants or artefacts
Pseudo-ST depression (wandering baseline 

due to poor skin-electrode contact)
Physiological J point depression with sinus 

tachycardia
Hyperventilation induced ST depression
• Acute coronary ischaemic syndromes
Sub-endocardial ischaemia

Non-ST segment elevation wave myocardial 
infarction (NSTEMI)

Reciprocal changes in Q wave myocardial 
infarction (sub-epicardial ischaemia from 
distant zone

Acute posterior wall myocardial infarction 
(anterior leads: V1-V3)

Rate-related ST segment depression 
(tachycardia)

Repolarisation effects unrelated to ischaemia

• Digoxin effect: coved ST segment depres-
sion (reverse tick), flattened T wave, 
decreased QTc interval

• Secondary ST segment changes with intra- 
ventricular conduction abnormalities, eg 
RBBB, LBBB, WPW

• Right ventricular hypertrophy (right pre-
cordial leads) or left ventricular hypetro-
phy (left precordial leads, I, 
aVL-repolarisation abnormality (‘strain’ 
pattern)

Miscellaneous

• Hypokalaemia
• Mitral valve prolapse
• CNS disease

Seattle criteria for the categorisation of the 
ECG in athletes
ECG findings which may be normal

Sinus bradycardia: 30 beats per minute or greater
Sinus arrhythmia
Ectopic atrial rhythm
Junctional escape rhythm
1st degree atrio-ventricular block
Mobitz type 1 2nd degree atrio-ventricular block
Incomplete right bundle branch block
Isolated QRS voltage criteria for left ventricular 

hypertrophy (in absence of left atrial enlarge-
ment, left axis deviation, ST segment depres-
sion, T wave inversion or pathological Q 
waves)

Early repolarisation
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Convex ST elevation and T wave inversion in 
leads V1-V4 (in athletes of African origin)

Abnormal ECG findings

• T wave inversion >1 mm in two or more 
leads V2-V6, II and aVF, or I and aVL 
(excludes III, aVR and V1)

• ST depression 0.5 mm or greater in two or 
more leads

• Pathological Q wave: >3 mm in depth or 
>40 msin duration in two or more leads 
(except for III and aVR)

• Complete left bundle branch block
• Intraventricular conduction delay: any 

QRS duration 140 ms or greater
• Left axis deviation: −30° to −90°
• Left atrial enlargement
• Right ventricular hypertrophy pattern
• Ventricular pre-excitation
• Long QT interval (QTc 470 ms or greater- 

males; QTc 480 msor greater-female)
• Short QT interval (QTc 320 ms or less)
• Brugada-like ECG pattern
• Profound sinus bradycardia: <30 beats per 

minute; or sinus pauses 3 s or longer
• Atrial tachyarrhythmias: supraventricular 

tachycardia, atrial fibrillation, atrial flutter
• Ventricular premature beats: 2 or more per 

10 s tracing
• Ventricular arrhythmias: couplets, triplets, 

non-sustained ventricular tachycardia

(Br J Sports Med. 2013;47:122–4)

Causes of sudden cardiac death

• Coronary artery disease: ischaemic heart 
disease; anomalous coronary artery origin; 
coronary spasm

• Cardiomyopathies: hypertrophic cardio-
myopathy; idiopathic dilated cardiomyopa-
thy; arrhythmogenic right ventricular 
dysplasia; infiltrative (sarcoid, amyloid); 
viral myocarditis; commotio cordis

• Valvular heart disease: aortic stenosis; 
mitral valve prolapse

• Wolff Parkinson White syndrome

• Ion channelopathies: long QT syndrome; 
short QT syndrome; Brugada syndrome; 
catecholaminergic polymorphous ventricu-
lar tachycardia; idopathic ventricular 
fibrillation

• High grade atrio-ventricular block
• Sick sinus syndrome

Features associated with sudden arrhythmia 
death syndrome

• Syncope, especially with exercise or severe 
stress

• Family history of sudden unexpected death
• Country of origin in the Pacific Rim: South 

East Asia; Japan; Philippines
• ECG: long QT syndrome; Brugada syn-

drome; torsade de pointes; ventricular 
fibrillation

Pacemaker-related presentations
Pacemaker modes (North American Society of 
Pacing and Electrophysiology/British Pacing and 
Electrophysiology Group (NASPE/BPEG) five- 
letter code or NBG code)

• Chamber paced: atrial (A), ventricular (V), 
or dual (D)

• Chamber sensed: atrial (A), ventricular 
(V), or dual (D)

• Action that the pacemaker takes when 
sensing occurs: trigger (T), inhibition (I), 
dual inhibition and triggering (D), or none 
(0; pacemaker in asynchronous mode)

• Rate responsiveness to activity (0-none or 
R-rate modulation)

• Multi-site pacing (A, V, D and 0)

Chest x-ray features of pacemakers

With a single atrial lead visible on chest x-ray 
the pacing mode is almost certainly AAI®

With a single ventricular lead, the mode is 
almost certainly VVI®, although dual- 
chamber sensing from a single lead is now 
possible. This is termed VDI.

If two leads are attached to the generator the sys-
tem is dual-chamber, usually DDD®, with 
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one lead in the right atrium and the other in the 
right ventricle.A biventricular pacemaker 
(cardiac resynchronization therapy device) 
has one lead in the right ventricle and one in 
the left ventricle.

Characteristics of the pacemaker inpulse

Sharp, narrow, vertically oriented spike less than 
2 ms in duration

If it appears before a P wave, it is pacing the atrium
If it appears before the QRS complex, it is pacing 

the ventricle
The QRS complex that follows a pacing spike 

resembles a LBBB pattern, due to right ven-
tricular stimulation.

There may also be changes in T wave morphol-
ogy, eg T wave inversion and

QT prolongation

Pacemaker problems

 A. Failure to pace: no pacing spikes, when 
there should be

For one or both chambers, either no pacing artefacts 
will be present on the ECG, or artefacts will be 
present for one but not the other chamber.

The pacemaker does not fire when it should. The 
cardiac rhythm is dependent on the patient’s 
native cardiac rhythm.This leads to cerebral 
hypoperfusion, associated with dizziness, pre-
syncope or syncope, and pulmonary venous 
hypertension, causing breathlessness

Causes include: lead fracture or disconnection; 
pulse generator battery depletion; component 
failure: generator malfunction; over-sensing; 
external interference (electromagnetic 
interference)

 B. Failure to sense: spikes occur inappropri-
ately without sensing

Constant pacemaker spikes despite ongoing 
intrinsic cardiac electrical activity (native P 
wave or QRS). Pacemaker spikes occur at 
inappropriate times, eg in the middle of P 
waves or shortly after a normal QRS complex.

The pacemaker does not detect normal cardiac 
activity and fires when it does not need to. 
This is related to
• Low amplitude or slew of intracardiac sig-

nals (low intrinsic QRS current)
• Pacing system problems: lead fracture, 

lead insulation break, lead maturation or 
dislodgement, fibrosis around the lead tip, 
inappropriately programmed sensitivity, 
external interference, pulse generator bat-
tery depletion

 C. Failure to capture: there are pacemaker 
spikes but no subsequent cardiac activity (no 
P wave or QRS complex following it); atrial 
and/or ventricular pacing stimuli are present, 
with persistent or intermittent failure to 
capture
• Increase in atrial or ventricular stimulation 

threshold
Metabolic disturbances: hyperkalaemia, 

hyperglycaemia, alkalosis or acidosis, 
hypoxaemia, hypercapnia.

Drugs: quinidine, procainamide, lidocaine, 
mexiletine, encainide, flecainide.

Myocardial perforation; acute myocardial 
infarction.

Exit block due to fibrosis around lead tip
• Defective pacing leads: fracture, dislodge-

ment or disconnection, insulation break
• Pulse generator battery depletion

 D. Inappropriate pacemaker rate

Usually caused by a pacemaker re-entrant 
tachycardia or endless-loop tachycardia 
(acute termination can be achieved with a 
magnet over the generator), in which the 
 pacemaker forms the anterograde limb of the 
circuit, with retrograde conduction via the 
atrio-ventricular node. Retrograde transmis-
sion of a ventricular impulse that is rapidly 
transmitted to the atrium is sensed by the 
pacemaker as a native P wave. The ventricular 
pacemaker awaits the programmed AV inter-
val and then fires, causing ventricular depo-
larisation. Fast retrograde conduction again 
occurs, creating a self-sustaining circus move-
ment with a rapid, wide QRS complex rhythm
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A runaway pacemaker is caused by pulse genera-
tor discharge at a rate above its preset upper limit. 
It is related to battery failure or malfunction, and 
is resistant to anti-arrhythmic agents, DC shock 
or magnet application. The definitive treatment is 
emergency removal of the pulse generator.

Problems with implantable cardioverter 
defibrillators

• Inappropriate therapy (shocks): oversens-
ing of intra-cardiac signals (T waves or P 
waves) and extra-cardiac noise such as dia-
phragmatic myopotentials. Multiple inappro-
priate ICD shocks in a short period of time 
are a medical emergency, and may result 
from recurrent ventricular arrhythmias (ven-
tricular electrical storm), non-sustained ven-
tricular tachycardia, inappropriate shocks 
caused by supraventricular tachyarrhythmias, 
oversensing of extra-cardiac signals, or ICD 
system malfunction (battery depletion, com-
ponent failure, or under-sensing).

• Therapy failure (failure of arrhythmia 
detection): inadvertent device deactivation- 
interaction with other implanted device or 
external environment; under-sensing of 
fine ventricular fibrillation; delivery of 
ineffective shocks. Failure to capture 
results from lead dislodgement or perfora-
tion. Failure to pace is caused by premature 
battery depletion, random component fail-
ure, or software error.

• Proarrhythmia: sustained ventricular tachy-
cardia or ventricular fibrillation. External 
defibrillation is required in cardiac arrest.

Magnet application will temporarily disable 
the tachyarrhythmia function in all ICD models.

Arterial emergencies
The six Ps of acute arterial ischaemia are:

• Pain
• Pallor
• Paraesthesiae
• Paralysis
• Pulselessness

• Poikilothermia (low skin temperature that 
does not vary with the environmental 
temperature)

Acute arterial ischaemia may be difficult to 
recognize as the presenting features are non- 
specific. The features may be less obvious in the 
presence of chronic peripheral arterial disease 
with collateral vessel formation

Causes of acute upper limb ischaemia
Embolism

• Cardiac: atrial fibrillation; recent myocar-
dial infarction (mural thrombus); left ven-
tricular aneurysm; cardiomyopathies; 
cardiac masses (thrombus, tumour, vegeta-
tion); rheumatic valvular disease; mechani-
cal valve prosthesis

• Aortic arch: atheromatous plaques with 
thrombosis

• Post-stenotic dilatation of subclavian 
artery

• Traumatic aneurysm
• Paradoxical embolism (triad of deep vein 

thrombosis, intra-cardiac communication 
with a right-to-left shunt, and arterial 
embolism)

Iatrogenic injury

• Cardiac catheterisation
• Trans-brachial or trans-radial angiography
• Indwelling arterial lines

Inadvertent intra-arterial injection

• Intravenous drug abuse
• Occupational hazard in anaesthetic 

practice

Trauma

• Shoulder and arm dislocations
• Repetitive external trauma

Medical causes
Arteritis related to collagen vascular disease
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• Scleroderma
• Rheumatoid arthritis
• Systemic lupus erythematosus
• Dermatomyositis

Allergic necrotising arteritis

• Takayasu’s disease
• Giant cell arteritis

Haematological disorders

• Thrombophilias: deficiency of protein C or 
S, or of antithrombin III; factor V Leiden; 
activated protein C resistance, anti-pho-
pholipid syndrome

• Cold agglutinins
• Cryoglobulins
• Polycythaemia vera
• Thrombocytosis

Other syndromes

• Behcet syndrome (triad of recurrent oral and 
genital ulceration and uveitis; skin lesions)

• Anti-phospholipid syndrome

Mechanisms of acute lower limb ischaemia

• Major arterial occlusion: thrombotic; 
embolic

• Small vessel occlusion: blue toe syndrome
• Venous occlusion: phlegmasia cerulea 

dolens

Features suggesting thrombotic arterial 
occlusion

• Preceding history of intermittent 
claudication

• Long history (days to weeks)
• Less severe ischaemia
• Signs of chronic ischaemia

Causes of acute arterial ischaemia of the 
lower limb
Atherosclerosis

• Atherosclerotic peripheral arterial occlu-
sive disease, with acute plaque rupture and 
thrombosis

• Atheroembolism

Thromboembolism

• Cardiac disease: atrial fibrillation; myocar-
dial infarction; endocarditis; valvular dis-
ease (especially mitral)

• Aortic aneurysm
• Peripheral arterial aneurysms
• Proximal critical stenosis

Thrombosed aneurysm with or without 
embolisation

Thrombosis of an arterial bypass graft, endo-
vascular stent

Hypercoagulable states, with spontaneous 
thrombosis

• Natural anticoagulant deficiency (anti-
thrombin III, protein C, protein S)

• Procoagulant excess: polycythaemia, 
thrombocytosis, malignancy, heparin-
induced platelet activation

Aortic/arterial dissection
Arterial trauma: blunt; penetrating
Anatomical or developmental anomalies

• Popliteal entrapment syndrome, with 
thrombosis

• Persistent sciatic artery
• Popliteal adventitial cystic disease, with 

thrombosis
• Fibromuscular dysplasia

Inflammatory conditions (arteritis)

• Thromboangiitis obliterans (Buerger’s 
disease)

• Vasculitis (collagen vascular disease)

Vasospastic conditions

• Raynaud’s phenomenon
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• Ergotism
• Recreational drug infusion

Features of critical lower limb ischaemia

• Rest pain for more than 2 weeks
• Ischaemic ulceration/gangrene of feet or toes
• Absent or diminshed pedal pulses
• Ankle systolic blood pressure <50 mm Hg
• Toe systolic blood pressure <30 mm Hg

Features of irreversible ischaemia of the 
lower limbs

• Fixed skin staining
• Muscle paralysis
• Tense fascial compartments
• Inaudible Doppler arterial and venous signals

Causes of acute aortic occlusion
Aortic occlusive disease

• Thrombosis on pre-existing atherosclerosis 
(commonest cause)

• Aortic embolus (saddle embolus-lodges at 
the aortic bifurcation): usually from left 
ventricle after acute myocardial infarction

• Aortic aneurysm(rare)

Aortic dissection

• Extension of type A or B thoracic aortic 
dissection

• Isolated infrarenal aortic dissection

Iatrogenic

• Angiography
• Intra-aortic balloon pumping
• Bullet embolus
• Retrograde dissection after extracorporeal 

bypass

Trauma

• Thrombosis after intimal tear
• Bullet embolus

Features

• Acute lower limb ischaemia, often with 
neurological dysfunction

• With suprarenal aorta occlusion: gut isch-
aemia; hypertension; anuria

Arterial injury
Potential causes

• Penetrating trauma: stab wound; gunshot 
wound; intravenous drug abuse

• Blunt trauma: associated with fracture or 
dislocation

• Iatrogenic injury: arteriography; cardiac 
catheterization; balloon angioplasty

Hard signs of arterial injury

Active pulsatile external bleeding
Pulsatile or expanding haematoma
Signs of acute limb ischaemia or signs of acute 

compartment syndrome
Reduced or absent distal arterial pulses
Audible bruit
Palpable thrill

Soft signs of arterial injury

• History of arterial bleeding at the scene of 
the injury

• Small stable non-pulsatile haematoma
• Neurological deficit
• Hypotension; shock
• Proximity of wound to a major artery

It is important not to rely on capillary refill or 
the presence of a Doppler signal to exclude arte-
rial injury

Acute compartment syndrome
Clinical features

• Pain disproportionate in severity with rela-
tion to findings on physical examination

• Pain increased by passive stretch of mus-
cles within compartment
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• Paraesthesiae
• Pallor
• Paralysis
• Pulselessness
• Poikilothermia (perishingly cold)

Potential causes
Reduced compartment size

• Tight constrictive dressing, bandage or POP 
cast

• Localised external pressure-prolonged 
tourniquet use

• Prolonged limb compression (sleep; altered 
level of consciousness-alcohol, drugs)

Increased compartment contents

• Bleeding:
Arterial injury
Coagulopathy; anticoagulation
• Increased capillary permeability
Trauma: crush injury; fractures (open/

closed)
Burns; electrical injury
Severe exertion
Intravenous fluid/medication extravasation 

(resistance to intravenous injection or infu-
sion; pain, swelling, induration, erythema, 
venous discoloration and blanching)

High-pressure injection injuries
Intravenous drug abuse
Snake/insect bite
Ischaemic reperfusion post-injury

Heart failure
Acute heart failure has been defined as “a change 
in heart failure signs and symptoms resulting in 
the need for urgent therapy”

The patient in acute heart failure can be cate-
gorised on the basis of haemodynamic profiles as 
warm + wet, cold + wet, cold + dry or warm + 
dry, as defined by peripheral perfusion (warm/
cold) and lung auscultation (wet/dry)

European society of cardiology classification 
of acute heart failure syndromes

• Acute decompensated heart failure (de novo 
or decompensated chronic heart failure)

• Hypertensive acute heart failure
• Acute heart failure with pulmonary oedema
• Cardiogenic shock
• High output heart failure

Presenting symptoms and signs of heart 
failure include

• Breathlessness; exercise intolerance; 
orthopnoea; paroxysmal nocturnal 
dyspnoea

• Raised jugular venous pressure, peripheral 
oedema (ankles, sacrum, genitalia); gallop 
rhythm (S3); lateral displacement of the apex 
beat; bilateral crackles in the lungs; hepato-
megaly; ascites; gain in body weight

• A single measurement in the untreated 
patient of BNP (B-type natriuretic peptide) 
<100 ng/L or NT-proBNP (N-terminal pro-
BNP) <300 ng/L makes the diagnosis of 
heart failure unlikely

New York Heart Association Classification of 
Heart Failure (functional characterisation of 
patients with chronic heart failure)

Class I
No limitation: ordinary physical exercise does 

not cause fatigue, dyspnoea or palpitations
Class II
Slight limitation of physical activity: comfort-

able at rest but ordinary activity results in fatigue, 
palpitations, dyspnoea or angina

Class III
Marked limitation of physical activity: com-

fortable at rest but less than ordinary activity 
results in symptoms

Class IV
Unable to carry out any physical activity with-

out discomfort: symptoms of heart failure are 
present even at rest with increased discomfort 
with any physical activity

Causes of Acute Heart Failure
Depressed Ejection Fraction (<40%): Systolic 
dysfunction (impaired contractility with abnor-
mal emptying)

• Myocardial damage: coronary artery dis-
ease with contractile dysfunction: acute 
coronary syndromes (myocardial infarc-
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tion; NSTE- ACS); mechanical complica-
tions of acute myocardial infarction; right 
ventricular infarction

• Systolic pressure overload: hypertension- 
hypertensive crisis; obstructive valvular 
disease (aortic stenosis; mitral stenosis)

• Systolic volume overload: regurgitant val-
vular disease (endocarditis; rupture of 
chordae tendinae-acute aortic and acute 
mitral regurgitation); intra-cardiac (left to 
right) shunting (ventricular septal rupture); 
extra-cardiac shunting

• Reduced global myocardial function: non- 
ischaemic dilated cardiomyopathy

• Disorders of rate and rhythm: chronic 
tachyarrhythmias; chronic bradyarrhythmias

Preserved Ejection Fraction (40–50%): 
Diastolic dysfunction (limitation in diastolic fill-
ing; elevated filling pressures; limitation in forward 
output due to increased ventricular stiffness):

Primary disorder

• Obstruction to filling: mitral stenosis, left 
atrial myxoma

• Reduced distensibility: hypertrophic car-
diomyopathy; restrictive cardiomyopathies 
(infiltrative and storage disorders-amyloi-
dosis, sarcoidosis); fibrosis; endomyocar-
dial disorders

• Impaired relaxation: familial hypertrophic 
cardiomyopathy for HCM, ischaemia

• External compression: constrictive pericar-
ditis, cardiac tamponade, cor pulmonale

Secondary

• Systolic dysfunction

Pulmonary heart disease

• Cor pulmonale (peripheral oedema; raised 
jugular venous pressure; systolic paraster-
nal heave; loud pulmonary component of 
second heart sound)

• Pulmonary vascular disorders

High-output states (associated with widening 
of pulse pressure to greater than 50% of systolic 
blood pressure)

• Metabolic disorders: thyrotoxic crisis; 
nutritional disorders: beri beri

• Excessive blood flow requirements: sys-
temic arterio-venous shunting; chronic 
anaemia; Paget’s disease of bone

Causes of pulmonary oedema alone (without 
hypotension) in acutely ill patients
Non-cardiac:

• Volume overload
• Acute respiratory distress syndrome
• Reduced tissue oncotic pressure

Cardiac:

• Left ventricular systolic failure
• Left ventricular diastolic dysfunction in 

absence of systolic dysfunction

Causes of pulmonary oedema and 
hypotension in acutely ill patients
Non-cardiac:

• Septic or neurogenic shock with acute respira-
tory distress syndrome

Cardiac:

• Left ventricular systolic failure
• Ventricular septal rupture
• Acute mitral regurgitation
• Acute aortic regurgitation

Causes of pulmonary oedema according to 
aetiology
Non-cardiogenic

• Volume overload: acute kidney injury
• Aspiration of fluid: fresh or salt water near 

drowning; gastric fluid aspiration 
(Mendelson syndrome)

• Asphyxia
• Upper airway obstruction
• High altitude
• Acute glomerulonephritis
• Neurogenic pulmonary oedema (related to 

massive sympathetic discharge with pul-
monary and systemic vasoconstriction): 
suarachnoid haemorrhage; intracranial 
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haemorrhage; head injury; spinal cord 
trauma; acute hydrocephalus; seizures; col-
loid cyst of third ventricle

• Re-expansion pulmonary oedema
• Inhalation of noxious gases: smoke inhala-

tion; nitrous dioxide (silo filler’s disease); 
sulphur dioxide; chlorine

• Drugs: aspirin; valium, Librium; barbitu-
rates; heroin; cocaine; methadone

• Poisons: parathion
• Blood transfusion reaction
• Contrast media reaction
• Adult respiratory distress syndrome

Cardiogenic

• High cardiac output: anaemia; shunts: car-
diac; pulmonary; peripheral; hyperthyroid-
ism; beri beri

• Systolic dysfunction (low cardiac output): 
coronary artery disease; hypertension; 
arrhythmia-mediated (tachy- or bradyar-
rhythmia); peri-partum; toxins: eg, alcohol; 
viral myocarditis; hypothyroidism; 
idiopathic

• Diastolic dysfunction (normal to high car-
diac output): ischaemia; hypertension

Causes of unilateral pulmonary oedema
Ipsilateral

• Rapid removal of large volume of pleural 
fluid (>1500 ml) by thoracentesis or tube 
thoracostomy

• Rapid evacuation of a pneumothorax (large 
pneumothorax; affected lung collapsed 
more than 3 days)

• Prolonged dependency related to adoption 
of the lateral decubitus position (eg metha-
done induced pulmonary oedema)

• Pulmonary contusion
• Postoperative systemic-pulmonary arterial 

shunts for congenital heart disease
• Bronchial obstruction (drowned lung)
• Relief of endobronchial obstruction fol-

lowing endobronchial stent placement or 
bronchoscopic removal of mucus plug

• Unilateral veno-occlusive disease
• Unilateral aspiration

• CVP catheter misdirected into a pulmonary 
artery

Contralateral

• Perfusion defects
Unilateral pulmonary emphysema
Congenital absence/hypoplasia of a pulmo-

nary artery
Swyer-James syndrome
Pulmonary thrombo-embolism involving an 

entire lung
Lobectomy
• Re-expansion of pneumothorax in a patient 

with left heart failure

Radiological stages of congestive heart failure

• Redistribution (PCWP 13–18 mm Hg) 
(pulmonary venous hypertension): redistri-
bution of pulmonary blood flow from lower 
zones to upper zones (upper lobe diver-
sion); upper zone veins equal in size to, or 
larger in diameter than, lower zone veins 
(cephalization)

• Interstitial oedema (PCWP 18–25 mm 
Hg): peribronchial cuffing; haziness of 
vessels (perihilar haze); Kerley B lines 
(septal lines); thickening of interlobar 
fissures

• Alveolar oedema (PCWP > 25 mm Hg): peri-
hilar batwing pattern of consolidation and air 
bronchogram; bilateral pleural effusions

Radiological features of cardiogenic 
pulmonary oedema

• Cardiomegaly
• Upper lobe diversion of blood flow (pul-

monary venous hypertension)
• Septal lines
• Pleural effusions
• Peribronchial cuffing

Checklist for factors causing decompensation 
in chronic congestive heart failure

• Cardiac arrhythmia
• Conduction disorder
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• Acute coronary syndrome
• Pulmonary embolism
• Progression of valvular heart disease, 

 including endocarditis
• Systemic infection
• Anaemia
• Renal dysfunction
• Thyroid disorder: hypothyroidism; 

hyperthyroidism
• Drug therapy: NSAIDs, glucocorticoids, 

glitazones, excessive beta blockade
• Non-compliance with treatment; inappro-

priate reduction of maintenance therapy
• Alcohol abuse

Causes of elevated BNP (brain-type natriuretic 
peptide, which is released in response to volume 
expansion)

• Congestive heart failure (in the presence of 
new suspected acute heart failure, a serum 
BNP level less than 100 ng/L or a serum 
N-terminal pro-B-type natriuretic peptide 
(NT-proBNP) level less than 300 ng/L rules 
out the diagnosis of heart failure

• Left ventricular/right ventricular dysfunction
• Coronary artery disease
• Pulmonary embolism
• COPD with cor pulmonale
• Primary pulmonary hypertension
• Adult respiratory distress syndrome
• Septic shock
• Acute kidney injury
• Cirrhosis of the liver
• Ischaemic/haemorhagic stroke; subarach-

noid haemorrhage
• Hyperthyroidism

Causes of acute pulmonary hyperten-
sion (presents with refractory systemic arterial 
hypotension, severe hypoxaemia, and right ven-
tricular dysfunction and failure)

• Mediator induced or hypoxic vasoconstric-
tion: ALI/ARDS; Gram negative sepsis; 
obstructive sleep apnoea

• Loss of vascular architecture: chronic lung dis-
ease (COPD; interstitial pulmonary fibrosis)

• Obstruction of vessels

• Pulmonary arteries: massive pulmonary 
thromboembolism; vasculitis; mediastinal 
tumour/fibrosis

• Pulmonary veins: pulmonary veno-occlu-
sive disease

Causes of acute right ventricular failure
Right ventricular pressure overload

• Massive pulmonary embolism
• Pulmonary arterial hypertension
• Positive pressure ventilation

Right ventricular volume overload

• Valvular disease: tricuspid regurgitation; pul-
monary regurgitation

Reduced contractility of right ventricle

• Coronary artery disease: right ventricular 
myocardial ischaemia/infarction

• Arrhythmia
• Sepsis

ECG features of right ventricular strain

• Right axis deviation
• S1Q3T3 pattern
• Right ventricular hypertrophy: dominant R 

wave in V1 and V2 with prominent S waves 
in V5 and V6

Causes of chronic cor pulmonale (combina-
tion of lung disease and right ventricular failure)

Diseases leading to hypoxic vasoconstriction

• COPD
• Chronic pulmonary hypertension: obesity; 

neuromuscular disease; chest wall 
dysfunction

• High altitude living

Diseases causing pulmonary vascular bed 
occlusion

• Recurrent pulmonary thrombo-embolism 
(chronic thrombo-embolic pulmonary 
hypertension)
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• Primary pulmonary hypertension
• Veno-occlusive disease
• Collagen vascular disease
• Drug-induced vascular disease

Pulmonary parenchymal disease

• COPD
• Bronchiectasis
• Cystic fibrosis
• Pneumoconiosis
• Sarcoidosis
• Idiopathic pulmonary fibrosis

Causes of cardiac tamponade (compression of 
the heart due to pericardial accumulation of fluid, 
pus, blood, clots, or gas. This may be associated 
in the presence of acute cardiac tamponade with 
Beck’s triad of hypotension, raised jugular 
venous pressure and diminished heart sounds).

Acute tamponade

• Cardiac trauma
• Iatrogenic: cardiac surgery; cardiac cathe-

terisation; cardiac pacing
• Aortic dissection
• Spontaneous bleeding: anticoagulation; 

uraemia; thrombocytopenia
• Cardiac rupture post-myocardial infarction

Sub-acute tamponade

• Malignancy
• Idiopathic pericarditis
• Infections: bacterial, tuberculosis
• Radiation
• Hypothyroidism
• Post pericardiotomy
• Systemic lupus erythematosus

Causes of hypotension with raised jugular 
venous pressure

• Cardiac tamponade (triad of hypotension, 
jugular venous distension and muffled heart 
sounds; associated with pulsus paradoxus-
an inspiratory fall in systolic blood pressure 
>10 mm Hg and in pulse wave amplitude)

• Constrictive pericarditis (dyspnoea; periph-
eral oedema; ascites; hepatomegaly)

• Restrictive pericarditis
• Severe biventricular failure
• Right ventricular infarction
• Pulmonary embolism
• Tension pneumothorax
• Acute severe asthma
• Malignant superior vena caval obstruction

Causes of pericardial effusion (200–250 ml 
fluid causes a globular appearance of the cardiac 
silhouette on chest xray)

Serous

• Acute pericarditis
• Hypoalbuminemia
• Myxoedema
• Post-myocardial infarction syndrome 

(Dressler’s syndrome)

Serofibrinous

• Rheumatic fever
• Viral: Coxsackie, Echo
• Tuberculosis
• Chronic kidney disease

Suppurative

• Post-pneumonia
Pneumococcus
Staphylococcus

Haemorrhagic

• Aortic root dissection
• Cardiac rupture: post-myocardial infarction
• Trauma
• Metastases

Features of pericardial effusion on bedside 
ultrasound

• Anechoic pericardial space, separating the 
bright white highly echogenic parietal peri-
cardium from the heterogeneous grey 
myocardium.
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• A volume greater than 100 ml leads to cir-
cumferential fluid filling the entire pericar-
dial space, thereby circumscribing the 
entire heart

• The collection is larger posterior to the left 
heart than anterior to the right heart in 
supine patients

• A haemodynamically significant pericar-
dial effusion causes right ventricular dia-
stolic collapse –persistent inward of the 
right ventricular free wall during diastole; 
right atrial systolic collapse; a dilated non-
collapsible inferior vena cava without par-
tial collapse with inspiration; and 
inter-ventricular septal flattening

Superior vena caval obstruction
Clinical features

• Facial oedema and plethora
• Conjunctival congestion
• Venous distension in neck, upper chest and 

arms
• Upper limb oedema
• Upper airway obstruction: dyspnoea, stridor
• Cerebral oedema: headache, confusion, 

depressed level of consciousness
• Chest xray typically reveals a right upper 

thoracic or paratracheal mass

Causes

Malignant mediastinal tumours: bronchogenic 
carcinoma; non-Hodgkin lymphoma; Hodgkin 
lymphoma, metastatic tumours; acute lym-
phoblastic leukaemia

Mediastinal fibrosis
Vascular diseases: aortic aneurysm; vasculitis; 

arterio-venous fistulas
Infections: tuberculosis, histoplasmosis, syphilis, 

actonomycosis
Benign mediastinal tumours: thymoma, 

teratoma
Cardiac causes: pericarditis; atrial myxoma
Thrombosis caused by central vein catheters

Causes of upper limb oedema
Unilateral

Acute deep vein thrombosis of the upper limb: 
axillary vein thrombosis

Primary

• Spontaneous
• Effort-induced (Paget-Schroetter disease)-

associated with strenuous and repetitive 
activity of the upper limbs, associated with 
anatomical abnormalities at the thoracic out-
let (eg cervical rib, scalenus tendon hypertro-
phy), eg weightlifting, rowing, wrestling, 
baseball pitching

Secondary

• Iatrogenic: central venous catheters (PICC; 
tunneled catheters); implanted vascular 
access devices-catheters, ports; pacemakers

• Malignancy

Miscellaneous

• Lymphatic obstruction
• Superior vena cava syndrome
• Complex regional pain syndrome

The features of effort-induced axillary vein 
thrombosis include:

• Acute onset of pain and swelling in the 
shoulder and arm

• A cyanotic appearance of the upper limb 
with prominent superficial veins

• Tenderness in the deltopectoral groove
• A palpable tender axillary cord
• Normal arterial pulses
• The dominant upper limb is affected

Percutaneously inserted central venous 
catheter (PICC) line complications presenting 
in emergency practice

• Infection: fever with chills; malaise; myal-
gia; swelling, redness, induration, purulent 
discharge at insertion site; arm swelling

• Phlebitis (mechanical or chemical): red-
ness, pain at insertion site; palpable venous 
cord
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• Blocked line: blood clot; fibrin sheath; 
malposition; drug precipitation

Potential presentations with groin complica-
tions following angiography (bedside ultra-
sound may be helpful)

• Arterial haematoma
• Pseudoaneurysm: palpable pulsatile mass 

with bruit
• Arteriovenous fistula
• Femoral artery thrombosis
• Femoral vein thrombosis
• Nerve compression: femoral nerve; lateral 

femoral cutaneous nerve
• Acute leg ischaemia
• Retroperitoneal bleeding: hypotension; 

loin pain; falling haemoglobin

Risk factors for complications

• Multiple arterial punctures
• Low puncture site (>2 cm below inguinal 

ligament)
• Large sheath size
• Hypertension
• Obesity
• Arterial calcification
• Anticoagulation

Causes of unilateral lower limb swelling

• Venous: chronic venous insufficiency; deep 
vein thrombosis (May-Thurner syndrome: 
chronic compression of left common iliac 
vein by the overlying right common iliac 
artery)

• Lymphatic: lymphatic obstruction
• Infection: cellulitis
• Iliac vein obstruction: abdominal/pelvic 

tumour; retroperitoneal fibrosis

Causes of bilateral lower limb swelling

Cardiac
Congestive heart failure
Constrictive pericarditis

Renal

Nephrotic syndrome
Hepatic

Liver failure
Budd-Chiari syndrome (triad of abdominal 

pain, ascites and hepatomegaly associated 
with hepatic vein thrombosis)

Venous
Chronic venous insufficiency

Hypoalbuminaemia
Increased protein loss: proteinuria; protein- 

losing enteropathy; gastrointestinal 
fistulas

Reduced liver synthesis: acute or chronic liver 
disease

Causes of leg ulceration

Venous disease: chronic venous insufficiency 
(oedema, hyperpigmentation from haemosid-
erin deposition, eczematous dermatitis, indu-
ration with lipodermatosclerosis, recurrent 
cellulitis and superficial thrombophlebitis, 
venous claudication); 95% of ulcers are in the 
gaiter area, around the malleoli

Arterial disease: chronic arterial insufficiency 
(symptomatic with intermittent claudication; 
critical leg ischaemia); punched-out ulcers 
with well demarcated edges and a pale, non- 
granulating, and sometimes necrotic base, 
located over the heel or above lateral malleo-
lus; painful at night or in bed with the legs 
elevated

Infection
Vasculitis: rheumatoid arthritis; polyarteritis 

nodosa
Skin malignancy: basal cell carcinoma; squa-

mous cell carcinoma; malignant melanoma
Neuropathic: diabetes mellitus

Risk factors for venous ulceration

Chronic venous insufficiency
Varicose veins
Prior deep vein thrombosis, with post-phlebitic 

syndrome
Thrombophlebitis
Arterio-venous fistulae
Prior leg fracture
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Syncope
The characteristic features of syncope include:

• Transient loss of consciousness, with loss 
of postural tone which can lead to falling

• Rapid onset and short duration
• Spontaneous and complete recovery
• Myoclonic jerks of the limbs can be noted
• Urine incontinence can occur with a full 

bladder
• Post-ictal confusion and drowsiness are not 

seen

Pre-syncope is characterized by lightheaded-
ness, dizziness, visual blurring, tinnitus, general-
ized muscle weakness and gastrointestinal 
symptoms.

Causes of syncope
Cardiovascular

Neurally mediated or neuro-cardiogenic 
syncope (exaggerated or overly compensating 
inherent autonomic reflexes): (the 4 relevant Ps 
are posture, prodromal symptoms, provoking 
factors and prompt recovery, associated with 
post-episode fatigue)

• Vasovagal syncope (triggered by emotional 
stress, pain, sight of blood, prolonged 
standing)

• Carotid sinus hypersensitivity (unexplained 
recurrent syncope, drop attacks and falls; 
may be precipitated by head turning, cir-
cumferential neck compression by tight 
collar or necktie, or neck tumour or scar-
ring (post-radiation or neck dissection); 
cardio—inhibitory, vasodepressor or mixed 
responses within 5–10 s of supine and 
standing carotid sinus massage)

• Postural hypotension: volume depletion; 
primary autonomic failure; secondary 
autonomic failure; drug induced

• Situational syncope: gastrointestinal stimu-
lation (deglutition or swallow, defaecation, 
post-prandial); post-micturition syncope; 
post-exercise syncope (following intense 
exercise); cough syncope

• Hyperventilation and Valsalva manoeuvre

• Others: brass instrument playing, weight-
lifting, hair-grooming

Cardiogenic

• Structural heart disease (obstructive)
• Valvular heart disease: aortic stenosis; pul-

monic stenosis; mitral valve prolapse; 
prosthetic valve dysfunction

• Cardiomyopathies: hypertrophic cardio-
myopathy; dilated cardiomyopathy; 
arrhythmogenic right ventricular dysplasia

• Ischaemic heart disease: myocardial isch-
aemia/infarction

• Atrial myxoma
• Massive pulmonary embolism
• Prmary pulmonary hypertension
• Aortopathies: aortic dissection
• Tetralogy of Fallot
• Coronary artery anomalies
• Post-corrective repair of tetralogy of Fallot/

transposition of the great arteries/aortic 
stenosis

• Dysrhythmic:
• Bradyarrhythmias
• Profound sinus bradycardia
• Sick sinus syndrome
• Atrio-ventricular block
• Pacemaker malfunction; pacemaker 

syndrome
• Tachyarrhythmias: supraventricular tachy-

cardia; ventricular tachycardia
• Channelopathies

 – Long QT syndromes; torsades de 
pointes

 – Brugada syndrome
 – Familial catecholaminergic polymor-

phic ventricular tachycardia
 – Congenital short QT syndrome

• Pre-excitation syndromes

Non-cardiovascular

• Neurological: raised ICP (posterior fossa 
lesion; colloid cyst of 3rd ventricle with 
intermittent hydrocephalus); subarchnoid 
 hemorrhage; sleep disorders (narcolepsy; 
cataplexy); basilar artery migraine
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• Psychiatric
• Metabolic: hypoglycaemia; hypoxia; 

hyperventilation
• Unexplained

Warning symptoms in syncope

• Sudden syncope without preceding 
symptoms

• Syncope in response to loud noise, fright, 
or extreme emotional stress

• Syncope during exercise
• Syncope while supine
• Syncope with chest pain
• Family history of sudden death in young 

persons less than 30 years in age
• Syncope with an atypical history

Factors associated with increased risk in 
syncope

• Age greater than 60 years, and associated 
co-morbidities

• History of ischaemic heart disease
• Exertional dyspnoea
• Family history of sudden cardiac death
• Systolic blood pressure less than 90 mm 

Hg
• Anaemia
• Heart failure
• Systolic heart murmur
• Abnormal ECG

Features suggestive of cardiogenic syncope

• Occurrence during exertion
• Associated palpitations
• No prodrome
• Required cardiopulmonary resuscitation
• Resulted in bodily or neurological injury
• Family history of long QT syndrome, drown-

ing, sudden death, or unexplained seizures

ECG abnormalities suggesting an arrhythmic 
syncope

• Bi-fascicular block: either LBBB, or 
RBBB combined with left anterior or left 
posterior fascicular block

• Trifascicular block: alternating complete 
left and right bundle branch block; new 
RBBB with prolonged PR interval and left 
anterior or posterior fascicular block; 
LBBB and prolonged PR interval;

• Other intra-ventricular conduction abnor-
malities: QRS duration ≥0.12 s

• Mobitz type 2 2nd degree AV block
• Asymptomatic sinus bradycardia 

(<50 bpm), sino-atrial block, or sinus pause 
≥3 s in the absence of negatively chrono-
tropic medications (eg beta blockers) or 
physical training

• Wolff-Parkinson-White syndrome: pre- 
excited QRS complexes

• Long/short QT interval (corrected QT 
>450 ms or <350 ms)

• RBBB pattern with ST elevation in leads 
V1-V3 (Brugada syndrome)

• Incomplete RBBB pattern suggestive of 
arrhythmogenic right ventricle dysplasia; 
negative T waves (inversion) in right prae-
cordial leads (V1-V3), epsilon waves, and 
ventricular late potentials suggestive of 
arrhythmogenic right ventricular dysplasia

• Q waves suggesting myocardial infarction
• Hypertrophic cardiomyopathy
• Non-sustained VT

Carotid sinus hypersensitivity
Features include:

• Age usually greater than 50 years
• Recurrent pre-syncope or syncope related 

to turning the head, looking up, or wearing 
tight collars

• Prodromal symptoms are commoner with 
vasodepressor syncope

• Recurrent unexplained falls
• There may be retrograde amnesia for the 

syncopal episode

Diagnosis is achieved by firm steady massage 
to the right and left carotid sinus separately for 
5 s while monitoring ECG and blood pressure. 
The diagnostic haemodynamic response may be 
cardio-inhibitory, vasodepressor, or mixed

Cardio-inhibitory response: 3 s or more ven-
tricular asystolic pause
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Vasodepressor response: 50 mm Hg or greater 
fall in systolic blood pressure without significant 
bradycardia

Disorders commonly misdiagnosed as 
syncope, including other causes of transient 
loss of consciousness

• Carotid or vertebro-basilar transient isch-
aemic attacks

• Hypoglycaemia and other metabolic 
disorders

• Seizure: generalized clonic-tonic seizures; 
absence seizures; complex partial seizures

• Alcohol and other intoxication
• Transient increase in intracranial pressure: 

intermittent hydrocephalus associated with 
periodic CSF compression (colloid cyst of 
third ventricle; aqueduct stenosis)

• Hyperventilation with hypocapnia
• Non-epileptic attack disorder
• Concussion following head injury

Causes of exercise associated collapse

• Hypothermia (temperature <35 °C)
• Hyperthermia (temperature >40 °C) and 

exercise induced heat stroke
• Exertional hyponatraemia (excessive 

ingestion of hypotonic fluids during after 
period of exertion, often with slow running 
speed and longer race time, commoner 
with female sex and low body mass index; 
due to dilutional hyponatraemia and exces-
sive vasopressin secretion)

• Cardiogenic syncope

Postural hypotension a fall in systolic blood 
pressure of at least 20 mm Hg and in diastolic 
blood pressure of at least 10 mm Hg within 3 min 
of standing up from the sitting or supine position. 
Associated symptoms include:

• Dizziness
• Blurred vision
• Distortion or loss of hearing
• Headache
• Fatigue
• Weakness

• Dyspnoea
• Sweating
• Coathanger pain: sub-occipital and para-

cervical pain in a coathanger distribution
• Syncope or pre-syncope

Causes of postural hypotension

• Intravascular volume depletion: concealed 
or overt blood loss; dehydration

• Drugs: alpha 1 adrenergic blocking agents, 
tricyclic antidepressants, monoamine oxi-
dase inhibitors, beta blockers, vasodilators 
(nitrates)

• Endocrine: adrenocortical insufficiency; 
diabetes insipidus

• Venous pooling: post-prandial 
hypotension

• Autonomic disorders:
• Primary: acute/subacute dysautonomias 

(pure pandysautonomia); chronic auto-
nomic failure syndromes (pure autonomic 
failure; multiple system atrophy; Parkinson’s 
disease with autonomic failure)

• Secondary: metabolic (diabetes mellitus; 
chronic renal failure); inflammatory 
(Gullain- Barre syndrome; transverse 
myelitis); infections (bacterial-tetanus; 
viral-HIV infection); neoplasm (brain 
tumours, especially of posterior fossa); 
trauma (spinal cord transaction); heredi-
tary (familial dysautonomia)

• Deconditioning and prolonged bed rest
• Post-prandial

Features of postural orthostatic tachycardia 
syndrome

• An increase in heart rate by at least 30 
beats per minute or to greater than 120 
beats per minute within the first 10 min of 
assuming an upright posture, with no asso-
ciated drop in blood pressure.

• Symptoms of postural intolerance can be 
cardiac (palpitations, chest discomfort, 
dyspnoea, presyncope or syncope, effort 
intolerance) or non-cardiac (nausea, light-
headedness, blurred vision, tremulousness, 
weakness)
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• There may be evidence of dependent acro-
cyanosis (red-blue discolouration of the 
legs) with prolonged standing

Causes of hypotension

• Vasodilatory (distributive): anaphylaxis, 
sepsis, neurogenic shock, adrenocortical 
insufficiency

• Obstructive (mechanical obstruction 
impeding venous return): right heart inflow 
obstruction: cardiac tamponade, tension 
pneumothorax, constrictive pericarditis, 
large diaphragmatic hernia with tension 
gastrothorax; right heart outflow obstruc-
tion: massive pulmonary embolism (saddle 
embolism)

• Hypovolaemic: haemorhage (chest, abdo-
men, retroperitoneum, gastrointestinal tract, 
thigh, external); gastrointestinal losses (diar-
rhoea and vomiting, fistula); diuresis; third 
space losses (pancreatitis, burns)

• Metabolic: adrenocortical insufficiency; 
hypo/hyperthyroidism

• Cardiogenic (reduced myocardial contrac-
tility): tachyarrhythmia, acute myocardial 
ischaemia/infarction, valvular heart disease 
(papillary muscle rupture), cardiomyopa-
thy, myocarditis

• Toxic: beta blockers, calcium channel 
blockers, opiates, sedatives, tricyclic 
antidepressants

Causes of hypotension with bradycardia

• Cardiac: inferior ST elevation myocardial 
infarction with cardiogenic shock

• Metabolic: hyperkalaemia
• Neurological: acute cervical or high tho-

racic spinal cord injury
• Overdose: beta blocker, calcium channel 

blocker, digoxin

Checklist for unexplained hypotension

• Sepsis, including toxic shock syndrome
• Painless myocardial infarction
• Occult blood loss (chest; abdomen)

• Anaphylaxis
• Poisoning
• Pulmonary embolism
• Adrenocortical insufficiency
• Cardiac tamponade
• Autonomic dysfunction

Signs of shock
Early

• Tachycardia
• Tachypnoea
• Difference between central and peripheral 

pulses
• Weak or bounding peripheral pulses
• Reduced skin perfusion: capillary refill 

time <2 s; pale and cool skin
• Narrowed pulse pressure
• Oliguria
• Lactic acidosis
• Elevated base deficit

Late

• Depressed level of consciousness
• Weak or absent central pulses
• Hypotension

Classes of hypovolaemic shock

Abdominal and cardiac evaluation with 
sonography in shock (ACES) protocol

• Focused view of the heart
• Inferior vena caval view: diameter and col-

lapse index
• Focused assessment of abdominal aorta by 

sliding transverse view from diaphragm to 
bifurcation

• Right and left flank views for peritoneal 
and pleural fluid

• Pelvic view for bladder size and free fluid

Hypertensive emergencies
A hypertensive crisis is a severe elevation of dia-
stolic blood pressure >120–130 mm Hg, which 
can be emergent or urgent. A hypertensive emer-
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gency (see below) warrants immediate blood 
pressure reduction, to avoid serious end-organ 
damage, generally by intravenous therapy in an 
intensive care unit setting

Hypertensive urgency
BP > 180/120 mm Hg without impending or 

progressive end-organ damage (eg headache, 
shortness of breath, epistaxis)

Remember to “treat the patient, not the num-
bers”. A hypertensive urgency requires gradual 
blood pressure reduction over 12–24 h

Hypertensive emergencies
Moderate to severe elevation of arterial pressure 
which can be associated with impending or pro-
gressive end-organ damage

End-organ damage may be:

• Neurological
Hypertensive encephalopathy (seizure, visual 

disturbance, altered level of consciousness, 
transient focal neurological deficits; triad 
of hypertension, altered mental state, and 
papilloedema)

Acute athero-thrombotic cerebral infarction 
(ischaemic stroke)

Subarachnoid haemorrhage
Acute intracerebral haemorrhage
• Cardiovascular
Acute coronary syndrome; acute myocardial 

infarction
Acute pulmonary oedema, including flash pul-

monary oedema, secondary to left ventric-
ular failure

Aortic dissection
• Renal
Acute kidney injury

Haematuria
• Retinopathy (Grade 3 or 4)
New flame-shaped haemorrhages, exudates, 

papilloedema (malignant hypertension)
• Eclampsia
• Microangiopathic haemolytic anaemia
• Severe epistaxis

Causes of hypertensive emergencies

Primary hypertension
Renal: renovascular hypertension (renal artery 

stenosis), glomerulonephritis
Pregnancy related: pre-eclampsia, eclampsia
Endocrine: Cushing’s syndrome; primary hyper-

aldosteronism; renin-secreting adenomas
Excess circulating catecholamines (adrenergic 

crisis):
Phaeochromocytoma crisis
Food/drug interactions with monoamine oxi-

dase inhibitors
Sympathomimetic drug use: cocaine; 

amphetamine
Autonomic hyper-reflexia after spinal cord 

injury
Rebound hypertension after sudden cessation 

of antihypertensive therapy (alpha-agonist/
beta blocker withdrawal)

Drug induced: amphetamines, cocaine, phency-
clidine, oral contraceptive pill

Checklist for evaluation of hypertensive 
emergencies

• Supine and standing blood pressure (vol-
ume depletion)

• Blood pressure in both arms

Class I II III IV

Blood loss <750 ml 750–1500 ml 1500–2000 ml >2000 ml

Blood loss as <15% 15–30% 30–40% >40%

%age total blood volume

Pulse rate <100 >100 >120 >140

Blood pressure Normal Normal Decreased Decreased

Pulse pressure Normal or 
increased

Decreased Decreased Decreased

Respiratory rate 14–20 20–30 30–40 >35
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• Peripheral pulses in all limbs
• Focused neurological examination
• Funduscopy
• Renal bruits

Markers of target organ damage in 
hypertension
Cardiac

• Clinical, ECG or radiological evidence of 
coronary artery disease

• Left ventricular hypertrophy or strain on 
ECG

• Left ventricular hypertrophy on 
echocardiography

• Left ventricular dysfunction or cardiac 
failure

Cerebrovascular

• Transient ischaemic attack
• Stroke

Peripheral Vascular

• Absence of one or more major pulses with 
or without intermittent claudication

• Aortic aneurysm

Renal

• Creatinine > 130 μmol/L.
• Proteinuria
• Microalbuminuria

Retinopathy

• Haemorrhages or exudates
• Papilloedema

Causes of secondary hypertension

• Renal parenchymal disease (raised serum 
creatinine, abnormal urine sediment; his-
tory of urinary tract infections, haematuria, 
obstructive uropathy, analgesic abuse); glo-
merulonephritis; chronic pyelonephritis; 
polycystic kidney disease

• Renal vascular disease: renal artery steno-
sis; fibromuscular dysplasia

• Endocrine: phaeochromocytoma; 
Cushing’s syndrome; primary aldosteron-
ism (weakness, spontaneous or provoked 
muscle cramps, hypokalaemia); renin-
secreting tumours

• Coarctation of the aorta (hypertension in 
upper limbs and reduced blood pressure in 
lower limbs; radio-femoral delay; inter-
scapular systolic murmur)

• Sleep apnoea (obesity, prominent snoring, 
daytime somnolence)

• Drugs: oral contraception, glucocorticoids 
and mineralocorticoids, NSAIDs, sympa-
thomimetic agents, interaction of tyramine- 
containing foods with monoamine oxidase 
inhibitors

• Pregnancy-induced hypertension: pre- 
eclampsia and eclampsia

Transient hypertension may be associated with:

• Sympathomimetic toxidromes, including 
recreational drug use (cocaine, 
amphetamines)

• Abrupt withdrawal of anti-hypertensive 
medication

• Alcohol withdrawal

Features suggesting secondary hypertension

• Age of onset <30 years or >60 years
• Hypertensive crisis
• Hypokalaemia
• Renal impairment
• Family history of early onset hypertension
• Treatment-resistant hypertension (three or 

more anti-hypertensive medications)

Features of phaeochromocytoma

• Triad of episodic headache, sweating and 
tachycardia

• Sustained or paroxysmal hypertension
• Postural hypotension in the absence of 

anti- hypertensive medication
• Marked variability of blood pressure
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• Weight loss
• Hyperglycaemia
• Abdominal pain (haemorrhage into 

tumour)
• Positive family history
• Crises: hypertensive crisis; cardiogenic 

shock

Clues to renovascular hypertension

New onset or drug resistant hypertension under 
the age of 30 years or over the age of 50 years

Accelerated or malignant hypertension
Progressively worsening renal function in 

response to therapy with ACE inhibitors or 
angiotensin II-receptor blockers

Recurrent flash pulmonary oedema with normal 
left ventricular function

Flank bruit

Causes of hypertension associated with 
hypokalaemia

• Primary hypertension, when associated 
with diarrhea and vomiting, diuretic ther-
apy, oral contraceptive or steroid therapy

• Renal disease: renovascular hypertension; 
potassium-losing nephropathy; renin- 
secreting renal tumour

• Adrenocortical dysfunction: primary aldo-
steronism; Cushing’s syndrome; exoge-
nous mineralocorticoid administration

Causes of cardiac murmurs

• Continuous: patent ductus arteriosus, 
 coronary arterio-venous fistula, aorto-pulmo-
nary  connection, venous hum, ruptured sinus 
of Valsalva (right ventricle/right atrium)

• Ejection or mid-systolic: aortic stenosis 
(valvular, supravalvular or subvalvular), 
pulmonary stenosis, hypertrophic cardio-
myopathy, pulmonary flow murmur in 
atrial septal defect; aortic flow murmur 
with aortic regurgitation

• Pansystolic: mitral regurgitation, tricuspid 
regurgitation, ventricular septal defect, 
aorto- pulmonary shunts

• Late systolic murmur: mitral valve prolapse
• Early diastolic murmur: aortic regurgita-

tion, pulmonary regurgitation (pulmonary 
hypertension)

• Mid-diastolic murmur: mitral stenosis, tri-
cuspid stenosis, atrial myxoma, Austin 
Flint murmur (aortic regurgitation), Carey 
Coombs murmur (acute rheumatic fever)

Characteristics of innocent heart murmurs

• Soft
• Systolic
• Short
• Sounds (S1, S2) normal; no clicks
• Special tests normal (CXR; 12 lead ECG)
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