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Cardiovascular Drugs 

Adrenoreceptor Drugs 

Pharm-08B3/03B6/99A16. List the anaesthetic related uses of clonidine. What are the effects of 
clonidine on the cardiovascular and central nervous system and how are theses effects mediated? 
Outline the limitations of clonidine for each. 

 
1. Clonidine is a partial α-adrenergic agonist, and which acts preferentially on α2:α1 with affinity 

200:1. It acts on α2 receptors with effects due to Gi protein activation  ↓cAMP.  
a. Peripheral SNS – presynaptic feedback inhibition of NA release 
b. CNS: brain and spinal cord 
c. Platelets: limited clinical role in platelet aggregation 

 
2. Uses: 

Use Mechanism Limitation of Clonidine 

Anti-hypertensive Central inhibition of VMS (lateral 
reticular nucleus)  ↓SNS outflow 
↓ circulating catecholamines 

Rebound hypertension due to 
upregulation of NA with chronic use.  
Initial hypertension with bolus due to α1 
stimulation  ↓HR 
Hypotension and bradycardia. 
Ceiling effect due to α1 stimulation. 

Haemodynamic 
stability 

↓ SNS outflow  Blunts BP responses 
to operative and noxious stimuli  

Long onset action time (90 min IV, 3 
hours PO) 
Dose-limited side-effects 

Post-op Analgesia α2 mediated ↓NA at dorsal horn  ↓ 
gated transmission of pain (↑ 
descending inhibition) 
Augment endogenous opiate release 

Ceiling effect (partial agonist with 
↓potency) 
Dose limited by sedation. 

Opioid withdrawal Synergistic effect with opioids  ↓ 
opioid dose 

Side effects (sedation, dry mouth) 

Neural blockade α2 mediated ↓NA at dorsal horn  ↓ 
gated transmission of pain (secondary 
transmission) 

Ceiling effect (partial agonist with 
↓potency) 
Dose limited by side-effects 

Premediation – 
anxiolytic, 
sedative, anti-
sialogue 

Central NA inhibition  sedation, 
anxiolysis, ↓sympathetic cholinergic 
secretions. 
↓ MAC volatile anaesthetic agents 

Long onset action time (90 min IV, 3 
hours PO) 
Long T1/2 = 9-18 hours. 
High doses  ↑anxiety 

↓IOP / ICP Central SNS inhibition - ↓ MAP  ↓CPP 
↓aquaeous and CSF production 
Premedication to ↓ rise in IOP/ICP 

Long onset action time (90 min IV, 3 
hours PO) 
 

 
3. Pharmacodynamics 

System Effect Mechanism 

CVS ↓MAP, HR Central activation α2-receptors in VMS  central inhibition SNS  
↓ SVR  ↓BP 

Haemodynamic stability Central blunting of SNS response to operative stimuli  ↓BP, HR  

Bolus hypertension IV bolus  activate α1 receptors  ↑SVR  ↑MAP  ↓HR 

Rebound hypertension Prolonged PO use  ↑ circulating catecholamines, upregulation of 
α-adrenoceptors. 

CNS Analgesia ↓NA release at dorsal horn  ↓ gated-transmission, ↑ 
descending inhibition. 

Neuraxial effects ↓ opioid requirement for neuraxial block (1-2mcg/kg) 
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↑duration LA 

Sedation Central α2 activation  ↓NA release 

Anxiolysis Anxiolysis at low doses, anxiogenic high doses 

↓MAC ↓volatile agent requirement 

↓CBF/ICP/IOP 
 

↓MAP  ↓CPP  ↓CBF 
↓CSF production 

Antiemetic Central effect (↓sensitivity CTZ) + ↓LOS tone  ↓intra-gastric 
pressure 

Shivering SC action to ↓ shivering 
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Pharm-05B8/02B7/01B15 Outline the potential pharmacological advantages and disadvantages of 
intra-operative beta-blockade.  

1. β-blockers are competitive antagonists at β-adrenoceptors of which there are 3 types: 
a. β1 – heart, renal artery 
b. β2 – blood vessels in skeletal muscle, liver; bronchial smooth muscle, skeletal muscle;  
c. β3 – adipose tissue 

β-blockers can be: 
d. Non-selective: propanolol, bisoprolol 
e. Selective for β1 receptors: metoprolol, carvedilol, atenolol, esmolol (developed as most 

side effects are mediated by β2 blockade) 
 

2. Clinical uses: 
a. Antihypertensive 
b. Mild-moderate heart failure 
c. Anti-anginal 
d. Portal hypertension 
e. Phaeochromocytoma 
f. Glaucoma 
g. Tremor 
h. Hyperthyroidism 
 

3. β-blocker peri-operative effects 
Advantage Disadvantage 

↓HR, SV, SVR  ↓work and myocardial O2 
consumption (work = contractility x MAP x rate) 

Hypotension difficult to treat (resistant to 
vasopressors) 

↑diastolic time  ↑coronary aa perfusion  ↑O2 
supply 

Severe bradycardia, heart block resistant to 
vasopressors 

Overall ↓ mortality in high risk CV patient with peri-
operative β-blocker use 

Precipitation of severe heart failure, volatiles, 
induction agents, negative inotropes  precipitate 
CCF / APO 

Anti-arrhythmic effect –  
class II anti-arrhythmic with ↓AV node conduction; 
attenuates catecholamine associated arrhythmias 

Bronchospasm – worse in asthmatics 

Haemodynamic stabiliser – blunts sympathetic 
response to surgical stimuli, laryngoscopy  stabilises 
BP. 

Sedation – by lipid soluble drugs (propanolol) 

↑ renal perfusion, inhibit renin-angiotensin system  
↓BP 

Hypoglycaemia (β3 effect) and masking of signs, 
Delayed recognition of diabetes (inhibits β2 activated 
insulin release) 
Altered lipid metabolism  ↑LDL, ↓HDL. 

↓MAC Masks signs of inadequate analgesia, sedation. 

 Crosses placenta (propanolol – lipid soluble) 

 Drug interactions: Ca2+ blockers 

 
4. Beta-blocker side-effects by system 
System Side-Effect Mechanism 

CVS  
Hypotension 
 
Bradycardia, heart block 
Heart failure / APO 

β1 - ↓chronotropy/inotropy/dromotropy/lusitropy, ↓automaticity.  
↓CO, ↓RAS, ↓NA release  ↓↓MAP which is refractory to 
vasopressors 
Profound slowing of conduction can cause bradyarrhythmias 
Severe LVF  precipitate failure due to ↓CO 
Sotalol has additional anti-arrhythmic effects and can produce 
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Torsades de Pointes  VF 

Respiratory Bronchospasm β2 effect - ↑ asthmatics, airway instrumentation 

CNS Sedation Lipid soluble agents (propanolol, metoprolol) – sedation, 
depression, nightmares, hallucination (central β effects) 

GI Dry mouth,   

Renal Urinary retention  

Endocrine Hypoglycaemia 
Mask hypoglycaemia 

Obtunds normal response to exercise / hypoglycaemia 
↑Resting BSLs of diabetics 
↑LDL, ↓HDL  unfavourable metabolic profile 

Obstetric Placental transfer Lipid soluble drugs cross placental barrier and affect foetes 

Other   

Drug 
interaction 

Ca blockers 
Volatiles 
Hypoglycaemics 
MAO inhibitors 

↑ heart block 
 
Mask hypoglycaemia 
Uncontrolled sympathetic blockade 
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Pharm-01A15 Compare and contrast the pharmacology of esmolol and propanolol  

 
Property Propanolol Esmolol 

Physiochemical 
Formulation PO 10,40,80,160mg tablets 

IV mg/mL 
IV only – 2.5 or 100mg/10mLs 

Clinical use HTN, angina, heart failure 
Essential tremor, hyperthyroidism 
Migraine prophylaxis 

Peri-operative HTN, AF, flutter, SVT 
Rapidly acting 

Isomers Racemic mixture 
S-isomer: most effects 
R-isomer: prevent T4T3  

Nil 

Pharmacodynamic 

Mechanism Non-selective β1/2 blocker 
Nil sympathomimetic 
Membrane stabilising activity 

Selective β1 blocker 
Nil sympathomimetic 
Non membrane stabilising 

Dose PO 160-320mg daily 
IV 0.5-10mg titration 

Infusion 50-200µg/kg/min 
Bolus 10mg 

Duration 12 hours 20 min 

CVS β1 :↓SA rate, AV node conduction  ↓HR 
↓ contractility 
↓CO  ↓MAP 
↓CMRO2 

Resp β2: smooth muscle constriction 
↓response to ↑PaCO2  

Minimal 
β2 effect at very high doses 

CNS Central effect, lipid soluble and penetrates 
BBB  Sedation, Anxiolysis, ↓tremor 
MAC sparring 

Minimal central effect 
↓MAP  ↓ICP 

GI ↓ portal pressures Minimal  

Metabolic ↓renin  ↓BP, volume 
↓conversion T4T3  
↓ insulin release (β2 effect) 

↓renin  ↓BP, volume 

Toxicity ↓BP, arrhythmia, heart block 
Precipitate HF / APO 
Bronchospasm 
Nightmares, sedation 
Mask hypoglycaemia, ↑ resting BSL, 
↑LDL 

Less likely to produce CVS heart block 
Less CNS effects 

Obstetric Crosses placental barrier (lipid soluble) Does not cross placental barrier (rapid 
metabolism) 

Pharmacokinetic 

Absorption 90% PO absorption 
F = 30%, extensive 1st pass metabolism 

IV only 

Distribution Lipid soluble 
VD 3.5L/kg 
95% protein bound 

Lipid soluble 
60% protein bound 
VD 3.5L/kg 

Metabolism Hepatic: deamination, Glucoronidation 
Weakly active 4-hydroxyl metabolite 
↓dose liver failure 
CL = 15mL/kg/min 

Red cell esterase: rapid metabolism in 
plasma by hydrolysis 
Metabolite has weak β-blocking activity 
CL = 285mL/kg/min 

Excretion Renal < 1% unchanged 
T1/2 = 3 hours 

Renal < 1% unchanged 
T1/2 = 10 min 
Renal disease – major metabolite renally 
excreted 
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1991 Write short notes on Atenolol (and compare with labetalol) 

 
Property Atenolol Labetalol 

Physiochemical 
Formulation PO 25-100mg tablets 

IV 5mg/10mL 
PO 50-400mg tablets 
IV 5mg/mL  

Clinical use HTN, angina, heart failure HTN, angina 
Intra-operative BP control 
Pre-eclampsia 

Isomers Nil 4 stereoisomers 
SR-Labetalol α1 blockade 
RR-Labetalol β-blockade 

Pharmacodynamic 

Mechanism Selective β1 blocker 
Nil sympathomimetic 
Non membrane stabilising 

Non specific α1 and β antagonist 
α:β ratio = 3:1 (PO), 7:1 (IV) 
Mild sympathomimetic activity (low dose) 
Mild membrane stabilising activity 

Dose PO 50-100mg daily 
IV 2.5mg bolus  

PO 100-800mg bd  
IV 5-20mg bolus 

Duration 12 hours  

CVS β1 :↓SA rate, AV node conduction  
↓HR 
↓ contractility 
↓CO  ↓MAP 
↓CMRO2 

α1: ↓SVR, vasodilation  ↓BP 
β1 :↓SA rate, AV node conduction  ↓HR 
↓ contractility 
↓CO  ↓MAP 
↓CMRO2 

Resp Minimal 
β2 effect at very high doses 

Less likely to cause bronchospasm low dose 
due to sympathomimetic β2 activity 

CNS Minimal central effect 
↓MAP  ↓ICP 

Sedation 
↓MAP  ↓ICP 

GI Minimal  Minimal 

Metabolic ↓renin  ↓BP, volume 
↓ insulin release (β2 effect) 

↓renin ↓BP, volume 

Toxicity ↓BP, arrhythmia, heart block 
Precipitate HF / APO 
Mask hypoglycaemia, ↑ resting BSL, 
↑LDL 

↓BP, arrhythmia, heart block 
Precipitate HF/APO 
Sedation, hallucinations 
Sexual dysfunction 

Obstetric Does not cross placental barrier (lipid 
insoluble) 

Crosses placental barrier (lipid insoluble) 

Pharmacokinetic 

Absorption 50% PO absorption 
F = 50%, no 1st pass 
 

70% PO absorption 
F = 25%, 1st pass extensive 

Distribution Poorly lipid soluble 
5% protein bound 
 

Lipid soluble 
50% protein binding 

Metabolism No hepatic metabolism Hepatic metabolism 

Excretion Renal 100% unchanged 
T1/2 = 7 hours 
Dose reduction renal impairment 

Renal excretion metabolites 
T1/2 = 5 hours 
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Antihypertensives 

1991 Discuss the mechanisms of action of drugs which may be employed to lower blood pressure 
during anaesthesia.  

 
Group Mechanism  

Adrenergic antagonists: 
propanolol, metoprolol 

α receptors in peripheral vessels  vasodilatation  ↓PVR 

β1 receptors in heart  decrease contractility, cardiac output 

β2 receptors in peripheral vessels  vasodilatation  ↓PVR 

Calcium channel 
antagonists:  
verapamil, diltiazem, 
nifedipine 

Ca channel  ↓Ca mediated smooth muscle contraction  vasodilatation 

 ↓PVR 

Ca channel myocyte  ↓inotropic/chronotropic effect  ↓CO 

ACE-inhibitors / ARBs: 
enalapril, captopril, losartan 
 

Reduce production angiotensin II  renal and peripheral vessel  

vasodilatation  ↓PVR 

Antagonise/reduce aldosterone action in DCT  Na/water excretion  

↓intravascular volume  ↓afterload 

Nitrate drugs:  
GTN, isosorbide 
mononitrate 

NO ↓ Ca in venous (and arterial) smooth mm via cGMP  venodilatation  
↓preload 
High doses  vasodilation  ↓afterload 

CNS acting:  
clonidine, methyldopa 

α2 agonists in CNS  ↑NA reuptake  reduce sympathetic outflow from 

CNS to peripheral vessels and heart  vasodilatation, ↓HR/SV/CO 

Vasodilators (direct acting) 
 

Nitroprusside: NO action causing potent arteriole and venodilatation 

Hydralazine: antagonist in IP3 mediated Ca contraction smooth muscle  
peripheral vasodilatation 
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Pharm-08A2/03A7/00B10 List the classes of drugs that are useful in inducing diuresis clinically. 
Outline their mechanism of action.  

1. Diuretics: are drugs that act on the kidney to increase urine production.  
 
Class Mechanism Metabolic effect Clinical Use 

Carbonic 
anhydrase 
inhibitors: 
Acetazolamide 

Non-competitive inhibitor of carbonic 
anhydrase in PCT, ciliary body. 
H2O + CO2  H2CO3  H+ + HCO3

-  
↓H+ secretion via Na/H exchange, 
↑HCO3

- , Na+, water excretion 

Weak diuresis 
Alkaline urine 
Hyperchloraemic 
metabolic acidosis 

Acute mountain 
sickness 
Peri-operative ↓IOP 
Glaucoma 

Loop:  
frusemide 

Competitive inhibitor Na/K/2Cl absorption 
in TALH; secreted into tubule. 
↑Na, K, Cl, water excretion,  
↑ distal Na/K, Na/H exchange 
 
↓ Counter-current multiplier  
↓hypertonicity of medulla  ↓ 
concentration urine 
 
Non-diuretic antihypertensive effect at 
low doses (venodilation) 

Strong diuresis 
Acidic urine 
 
↓Na, K, Mg, Ca 
↑uric acid 
Hypochloraemic 
metabolic alkalosis 
 

Heart failure, HTN, 
renal failure 

Thiazides: 
HCT 

Competitive inhibitor Na/Cl reabsorption 
pump in DCT. 
↑ Na, Cl excretion 
↑ distal Na/K, Na/H exchange 
 
Non-diuretic antihypertensive effect at 
low doses (venodilation) 

Mild diuresis  
Acidic urine 
 
↓Na, K, ↑Ca, urate 
Hypochloraemic 
metabolic alkalosis 
 

Heart failure, HTN, 
renal failure, diabetes 
insipidus 

Potassium 
Sparing: 
Amiloride 

Competitive inhibitor Na/K exchange on 
ENaC channels in CD.  
↑Na, water excretion 
↑ K, H reabsorption 

Weak diuresis 
Hyperkalaemic 
metabolic acidosis 

Heart failure, 
hypertension 
(combination) 

Aldosterone 
antagonist: 
Spironolactone 

Competitive inhibitor aldosterone  
↓expression ENaC channels in CD. 
↓Na/K exchange in CD 
↑Na, water excretion 
↑ K, H reabsorption 

Weak diuresis 
Hyperkalaemic 
metabolic acidosis 

Heart failure, 
hypertension 
(combination), 
hyperaldosteronism 

Osmotic: 
Mannitol 

Freely filtered at glomerulus, not 
reabsorbed  ↑osmolality filtrate  
↓H2O reabsorption  ↑ urine volume. 
Does not cross BBB  osmotic drag of 
brain ECF  plasma 

Moderate diuresis 
↓ICP 

↑ICP 

ADH antagonists: 
Alcohol 

Inhibits ADH release from posterior 
pituitary  diuresis 

Mild diuresis Nil clinical use 

Other (minor) 
β-blockers 
 
ACE inhibitors / 
ARBs 

 
β1 blocker  ↓ renin secretion  ↓ Ang 
II, ↑ renal BF  ↑GFR  ↑ urine volume 
↓ Ang II effect  ↓ aldosterone  ↓ Na 
reabsorption  K sparring diuresis 

 
 

 
Possibly contributes 
to anti-hypertensive 
effect 
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Pharm-07B8/94 Write short notes on anti-hypertensive drugs that exert their action via blocking the 
effects of angiotensin.  

 
1. Angiotensin is a hormone involved in the renin-angiotensin system RAS). This system is generally  

activated in response to relative ↓ circulating blood volume  ↑ renin: 
a. ↑Na/H2O reabsorption 
b. Vasoconstriction  ↑SVR 

The RAS is activated in chronic essential hypertension whereby the baroreceptor set-point is reset. 
Treatment is aimed at ↓ activity of RAS by 2 drug groups: 
Property ACE inhibitors (Captopril) Angiotensin II blockers (Losartan) 

Pharmacodynamics 

Mechanism Competitively inhibits ACE (angiotensin 
converting enzyme) which converts in lung: 
Angiotensin I  angiotensin II 
 
General vasodilation (AT1R) 
↓ aldosterone release from adrenal (AT1R) 
↓ vasopressin release 
↓reabsorption Na from PCT 
↓ circulating catecholamines 
↓ breakdown of bradykinin  cough, 
urticaria 

Competitively inhibits -   
AT1 receptors : 
↓ aldosterone release from adrenal (AT1R) 
↓ vasopressin release 
↓reabsorption Na from PCT 
↓ circulating catecholamines 
 
No effect on bradykinin metabolism 

Clinical Use HTN 
LV dysfunction 
Diabetic nephropathy 

HTN (2nd line, when ACE cough occurs) 
LV dysfunction 
Diabetic nephropathy 

CVS Vasodilation  ↓SVR  ↓afterload > 
preload  ↓BP 
↓ aldosterone  ↑Na, water excretion 
Regression of LV remodelling post-infarction. 

Similar to ACE 

Respiratory Cough Nil 

Renal ↑ renal BF, GFR 
Slows diabetic nephropathy 
Hyperkalaemic metabolic acidosis 
↑ renin (no neg inhibition) 

Similar to ACE 

Toxicity Cough 
Hypotension 
Headache 
Hyperkalaemia 
Acute renal failure  
Foetotoxic  

Similar to ACE without Bradykinin associated 
effects 
 

Drug 
interactions 

K sparring diuretics  ↑K 
NSAIDs - ↓ renal BF  ARF 

Pharmacokinetics: 3 groups of ACE  Captopril has active metabolites, Ramipril/enalapril are prodrugs 
metabolised in liver to active form, Lisinopril is excreted unchanged in urine 

Absorption Well absorbed, F = 70%  F = 30% 

Distribution Low VD, around 1L/kg, 25% protein bound 99% protein bound 

Metabolism Hepatic metabolism inactive metabolites Hepatic metabolism  active metabolite 

Excretion T1/2 = 4 hours T1/2 = 2 hours 
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Pharm-04A6 Outline the circulatory effects of glyceryl trinitrate.  

 
1. Glyceryl trinitrate is an anti-hypertensive, anti-anginal drug from the nitrate group commonly 

used in the treatment of HTN, angina, heart failure, and acute pulmonary oedema. 
 

2. Mechanism of action:  
a. Metabolised in smooth muscle cells by glutathione-S-transferase into NO  
b. NO  binds to nitrate GPCR  activates Guanylyl cyclase  ↑cGMP  intracellular 

protein changes to ↓Ca2+ influx into vascular smooth muscle  relaxation. 
c. Downregulation glutathione groups with ongoing use  tachyphylaxis 

 
3. Circulatory effects: 

 
Organ system Effect 

Vessels Venodilation (major effect)  ↑ venous capacitance, ↓preload/VR 
Vasodilation  ↓SVR  ↓ afterload  ↓ ventricular wall tension 

Coronary Vasodilation  ↑ radius  ↑ blood flow 
Experimental evidence that nitrates divert blood from normal  ischaemic vessels 

Pulmonary Vasodilation  ↓PVR  ↑ capacitance pulmonary vessels  favours absorption of 
interstitial fluid. 
↓ hypoxic pulmonary vasoconstriction  ↑ shunt 

Cerebral Vasodilation  ↑ CBF / ICP  headache 

Uterus Nitric oxide  ↓ uterine tone 
Vasodilation  ↑ blood flow  ↑ risk haemorrhage 

Cardiac ↓↓ preload, ↓ afterload  ↓ cardiac work  ↓myocardial O2 consumption 
↑ coronary blood flow 
↓ wall tension  ↑ subendocardial blood flow 
Overall favourable effect on O2 supply:demand ratio 
Normal: ↓VR  ↓CO 
Heart failure: ↓SVR: ↑ CO due to improved myocardial performance 

Haematological Platelets  ↑cGMP  ↓Ca2+  ↓platelet aggregation.  
Can precipitate methaemoglobinaemia 
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Pharm-99B12 Briefly describe the mechanism and treatment of the toxicity of sodium nitroprusside.   

 
1. Sodium nitroprusside (SNP) is an inorganic complex which functions as a prodrug vasodilator 

through its metabolism to nitric oxide (NO).  
a. Normal dose 0.5-6µg/kg/min. 
b. Toxicity >100µg/mL. 

 
2. Metabolism: 
 

a. In RBC: SNP  NO + 5CN- + metHb (formed from Hb-O2) 
b. CN- metabolised in 3 ways: 

 
𝐌𝐞𝐭𝐇𝐛 + 𝐂𝐍 ⇒ 𝐜𝐲𝐚𝐧𝐨𝐦𝐞𝐭𝐡𝐚𝐞𝐦𝐨𝐠𝐥𝐨𝐛𝐢𝐧 (non-toxic) 
 

𝑪𝑵 + 𝒔𝒖𝒍𝒑𝒉𝒚𝒅𝒓𝒍 ⇒ 𝑺𝑪𝑵 (𝑡ℎ𝑖𝑜𝑐𝑦𝑎𝑛𝑎𝑡𝑒) 
 
𝐂𝐍 + 𝐕𝐢𝐭𝐁𝟏𝟐  ⇒ 𝐜𝐲𝐚𝐧𝐨𝐜𝐨𝐛𝐚𝐥𝐚𝐦𝐢𝐧 (renal excretion) 

 
 

3. Toxicity: related to products of SNP metabolism 
 
Product Toxicity Treatment 

Cyanide Infusion rates > 2mcg/kg/min, exhaustion of sulphur 
/ Met Hb / B12 substrates. 
Binds and inactivates cytochrome oxidase  ↓ 
oxidative phosphorylation, ↑ anaerobic metabolism, 
↑mixed venous O2 content, metabolic acidosis. 
 
Clinical: resistant HTN to normal doses, ↑HR, 
diaphoresis, ↑MV (resp alkalosis), seizure, coma. 
↑ risk with hypothermia (↓ryanodase conversion CN 
 SCN) 

Cease infusion 
O2 therapy 
Correct acidosis: NaHCO3 
 
Give reducing agents for CN-: 
1. Na thiosulphate (150mg/kg 

15 min)  ↑sulfydryl groups 
2. VitB12 (hydroxycolubamin) 
3. Na nitrite  ↑MetHb 

(5mg/kg slow IV) 

 

Thiocyanate 100x less toxic than CN- 
Renal excretion  accumulates with 7-10day 
infusions at 2-5µg/kg/min. 
 
Clinical: N+V, tinnitus, fatigue, hyperreflexia, 
confusion, coma. 

Stop infusion 
O2  
Dialysis 

NO NO  activation of GPCR  ↑guanylyl cyclase  
↑cGMP  ↓Ca2+  
Hypotension due to venodilation and vasodilation. 
Potent and rapidly acting, requiring invasive BP 
monitoring. 
Pulmonary vasodilation  worsens V/Q mismatch 
Cerebral vasodilation  ↑ICP 
Platelets  ↑cGMP  ↓Ca2+  ↓platelet 
aggregation 

Invasive BP monitoring 
↓ rate of infusion 
 
O2 for ↓pulmonary ventilation. 

Methaemoglobin Rarely accumulates over long transfusion times 
Risk: congenital MetHb reductase deficient. 
Dose required > 10mg/kg 
 
Clinical: hypoxia, metabolic acidosis, grey-blue skin 

Cease infusion 
 
Methylene blue (1-2mg/kg) treats 
normal methaemoglobinaemia. 
However, NOT advised in SNP 
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colour aetiology as this ↓MetHb 

available for CN- clearance. 

Decomposed 
solution 

SNP is  a red-brown solution which decomposes 
under light to turn blue-brown  liberation of CN- 
ions  CN toxicity as above. 

Discard solution 
 
Cover bottles with aluminium foil. 
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Pharm-08A8 Define the mechanisms of action and adverse effects of metoprolol, glyceryl trinitrate 
and diltiazem when used to manage myocardial ischaemia.  

1. Myocardial ischaemia is defined as inadequate blood flow to the myocardium. This can be 
classified into: 

a. ↑ myocardial demand  ↑myocardial work: 
𝐰𝐨𝐫𝐤 = 𝐇𝐑 𝐱 𝐜𝐨𝐧𝐭𝐫𝐚𝐜𝐭𝐢𝐥𝐢𝐭𝐲 (𝐒𝐕)𝐱 𝐌𝐀𝐏 (𝐚𝐟𝐭𝐞𝐫𝐥𝐨𝐚𝐝) 

i. HR: tachycardia 
ii. Contractility: exercise, adrenergic / sympathetic drive 

iii. Afterload: hypertension, valvular stenosis 
 

b. ↓myocardial supply:  
i. Coronary aa stenosis 

ii. Tachycardia (↓ diastolic filling time) 
 
 Metoprolol Glyceryl Trinitrate Diltiazem 

Cellular 
mechanism 

β1 blockade: competitive 
selective antagonist at β1 
receptors in heart, JG 
apparatus  ↓adenylyl 
cyclase  ↓cAMP  cellular 
actions. 

GTN  nitrite (nitrite 
reductase, tissue thiols) 
+glycerol dinitrate 
Nitrite   NO  activate 
GPCR  ↑guanylyl cyclase  
↑cGMP  ↓Ca2+, ↑MLCK  
vessel dilatation  

Class III Ca2+ channel blocker: 
blocks L-type Ca2+ channels 
in heart  ↓Ca2+ entry 
phase II depolarisation 
Blocks Ca2+ channels in 
smooth muscle vessels  
muscle relaxation 

CVS effects Heart: 
↓ inotropy  ↓work 
↓ heart rate (AV conduction, 
SA automaticity) 
↑ diastolic filling time  
↑coronary aa perfusion  
 
Kidney: 
↓ renin  ↓ang II 
vasoconstriction  ↓SVR 
↓MAP  ↓afterload 
↓ renin  ↑renal BF  mild 
diuresis  ↓ volume  
↓preload 

Heart:  
Coronary aa vasodilation  
↑coronary blood flow 
Diversion of blood to 
stenosed coronary vessels 
 
Vessels: 
Venodilation  ↓preload  
↓LVEDP, tension 
Vasodilation  ↓ SVR  
↓afterload (higher doses) 
 

Heart: 
↓ inotropy  ↓work 
↓ heart rate (AV conduction, 
SA automaticity) 
↑ diastolic filling time  
↑coronary aa perfusion 
Coronary aa vasodilation  
↑coronary blood flow 
 
Vessels: 
Vasodilation  ↓SVR  
↓afterload 
Venodilation  ↓preload 
 

Adverse 
Effects 

CVS: hypotension, heart 
failure, APO, heart block, 
bradyarrhythmia  
Resp: bronchoconstriction 
(high dose β2 antagonism) 
Endo: mask hypoglycaemia, ↑ 
resting BSL, ↓ insulin, ↑ 
lipids / TGs 
Neuro: nightmares, sexual 
dysfunction. 

CVS: hypotension, reflex 
tachycardia, headache 
CNS: cerebral vasodilation  
headache / ↑ICP 
 
PD: tachyphylaxis due to 
depletion of sulphydryl 
groups: GTN  nitrite.  
 
Iatrogenic: explosion if 
heated, so patches should be 
removed before DC 
cardioversion.  
Haeme: nitrite can oxidise 
oxy-Hb  met-Hb 

CVS: hypotension, heart 
block, bradyarrhythmia, 
peripheral oedema, flushing 
CNS: headache 
GI: constipation 
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1994 Give a brief account of the pharmacological actions and toxicity of nitric oxide  

 
1. Nitric oxide (NO/EDRF) is an endogenous molecule which has multi-system effects and has 

limited therapeutic use in the anaesthetic setting. 
  

2. Synthesis: 
a. Iatrogenic – contaminant of N2O cylinders 
b. Constitutive – from L-arginine, catalysed by nitric oxide synthase 

𝐿 − 𝑎𝑟𝑔𝑖𝑛𝑖𝑛𝑒 ⇒ 𝑁𝑂 
c. Inducible – production in response to inflammatory cytokines, endotoxin by endothelial 

cells, myocytes, macrophages and neutrophils.  
 

3. Pharmacological actions: 
System Action 

CVS NO  activation of GPCR  ↑guanylyl cyclase  ↑cGMP  ↓Ca2+  
Hypotension due to venodilation and vasodilation. 
Specific vessel tone control important in pulmonary vessels, corpus cavernosum. 

Respiratory ↓ pulmonary vascular tone 
Treatment of: 
- pulmonary hypertension neonates 
- ARDS (can ↓V/Q mismatching) 
- R sided heart failure secondary to pulmonary hypertension 

CNS Roles in arousal, pain perception 
Programmed cell death 

Immune Direct toxicity to pathogens – involved in macrophage defence response. 

Haematological ↓ platelet aggregation 
NO causes oxyHb  MetHb  methaemoglobinaemia 
Contraindicated in methaemoglobin reductase deficiency. 

 
4. Toxicity: 

a. Hypotension, circulatory collapse in high doses (>40ppm) 
b. Methaemoglobinaemia 
c. Pulmonary V/Q mismatch 
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Anti-arrhythmic Drugs 

Pharm-10B3/02A13 Describe the mechanism of action, pharmacokinetics and major side effects of 
intravenously administered amiodarone. What problems may develop during concurrent 
anaesthesia? 

 
1. Amiodarone is a benzofuran class III anti-arrhythmic agent. 
 
Property Amiodarone 

Mechanism action 

Class Ia Blocks Na+ channels - ↑threshold potential, prolongs refractory period.  

Class II β-blocker activity (non-competitive) – negative inotrope, chronotrope and dromotrope 

Class III Blocks fast K+ channels – ↑ repolarisation time, ↑AP duration 

Class IV Blocks Ca2+ channels - ↑AV node conduction time, SA automaticity  

α1 - blocking Non-competitive blocker peripheral α1 receptors  vasodilation  ↓SVR  ↓afterload / MAP 

Use SVT, VT, WPW 

Pharmacokinetics 

Absorption Variable absorption 40-70% 

Distribution Protein binding 95%, displaces other protein bound drugs 
Large VD 2-70L/kg  highly soluble in fat, muscle, heart, thyroid 

Metabolism Hepatic metabolism  desmethylamiodarone (mild anti-arrhythmic activity) 
Inhibitor of CYP450 

Elimination Renal excretion 
T1/2  120 days 

Side-effects 

CVS Hypotension 
Arrhythmias: heart block, bradyarrhythmias, ↑QTc, Torsades de Points 

Resp Pulmonary fibrosis, pneumonitis or alveolitis 5-15% chronic use (!0% mortality) 
Chronic: progressive dyspnoea, CXR infiltrates 
Acute: hypoxia mimicking pneumonia, ARDS post-operative 
Evidence suggests high FiO2 is a risk factor 

CNS Corneal microdeposits 
Peripheral neuropathy 

Endocrine Hyperthyroidism 0.9%, hypothyroidism 6% (due to iodine content in amiodarone) 
Blocks peripheral conversion T4  T3  

GI Hepatotoxicity, transaminitis 

Skin Discolouration (blue-grey) 
Photosensitivity 

Drug 
interactions 

Inhibitor of hepatic CYP450 metabolism 
Highly protein bound and displaces other drugs 
Synergistic anti-arrhythmic effect with other anti-arrhythmics, especially Ca2+ and β-blockers. 
↑QTc with TCAs, droperidol, phenothiazines 

Anaesthetic problems 

Hypotension General anaesthesia exacerbates the effects of vasodilation 
IV and volatile anaesthetics ↓direct  contractility, exacerbated by anti-adrenergic effects of 
amiodarone. 
Rapid bolus doses ↓↓BP due to α/β blocking vasodilation. 

AV block Volatile anaesthetics can ↓myocardial conduction 

ARDS ↑FiO2 associated with ↑risk post-operative pneumonitis 
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Pharm-96A15 Describe briefly the pharmacology of adenosine and its potential uses in anaesthesia. 
65%  

1. Adenosine is a naturally occurring purine nucleoside used for the diagnosis and treatment of 
supraventricular tachycardias. 

 
Property Adenosine 

Physiochemical 

Group Adenine (purine base) + D-ribose (pentose sugar) 

Presentation Colourless solution, 3mg/mL 

Isomers None 

Clinical use SVTs – diagnosis and treatment 
Anaesthesia: potential ↓MAP pre-operative, ↓MAC isoflurane, ↓post-op analgesia 

Pharmacodynamic 

Mechanism Agonist at A1 receptors in SA/AV node  GPCR  ↓cAMP, ↑K conductance  cell 
hyperpolarisation. Antagonises cAMP mediated ventricular stimulation of myocardium. 
A2 agonist   coronary aa dilatation  ↑coronary BF 
Small β-blocking effect. 

Dose 6 – 12mg bolus at 1-2 min intervals 

Onset <10sec 

Duration 20-30sec 

CVS Initial bradycardia, with ↑SBP/DBP 
Subsequent ↓SBP/DBP with tachycardia 
Reversion of SVT  SR, Slowing of AF/flutter, No effect on VT/VF 
Overall  ↓SA automaticity, ↓AV dromotropy, ↑AV refractory period (transient 2o block) 

Respiratory ↓PVR in patients with pulmonary HTN 
A2 agonist  ↑TV, RR  ↑MV 
Bronchospasm 

Other Flushing 

Toxicity Profound bradycardia, Heart block requiring pacing 
Contraindicated in 2o/3oHB 
Bronchospasm β2 blocking effect 
Cerebral dilatation  headache, facial flushing, impending sense doom 
N+V 

Interactions Additive slowing AV conduction with β/Ca blockers 
Theophylline ↑cAMP  antagonises effect 
Dipyridamole blocks adenosine reuptake  potentiates effect 

Pharmacokinetic 

Absorption IV only 

Distribution Small VD due to rapid metabolism 

Metabolism Absorbed into RBC 
Phosphorylation  AMP 
Deamination  inosine 
T1/2 = 10 sec 
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1994/93/90 What is meant by the term “calcium channel”? What are the effects of calcium channel 
blocking agents? Write about the pharmacology of nifedipine. What are the effects of calcium 
channel blocking agents? 

1. Calcium channel blockers are competitive blockers of the L-type Ca2+ channels in the conduction 
system, myocardium and peripheral vessels.  

Property Verapamil Nifedipine 

Physiochemical 

Formulation PO 20-240mg tablets, CR available 
IV 2.5mg/mL 

PO 5-10mg capsules, 10-60mg tablets 

Isomers L-verapamil Ca blocking activity 
D-verapamil Na blocking activity – LA effect 

Nil 

Group Phenylalkylamine Dihydropyridines 

Use SVT 
Angina 
Hypertension 

HTN 
Raynaud’s 
Oesophageal spasm 

Pharmacodynamic 

Mechanism Competitive inhibition of α, δ and γ subunits 
of the L-type Ca channels: 
heart (myocytes, pacemaker cells) >  
smooth muscle (peripheral vessels) 
 
Pacemaker cells: ↓ SA node automaticity 
(↓ influx Ca, causing DP – phase 0)  neg 
chronotropic 
Myocytes: ↓Ca influx phase II 
depolarisation  class IV anti-arrhythmic 

Competitive inhibition of α, δ and γ subunits of 
the L-type Ca channels: 
Smooth muscle (peripheral vessels, oesophagus, 
uterus) > heart (myocytes, pacemaker cells) 
 
Smooth muscle myocytes: blocks Ca dependent 
actin-myosin contraction  vasodilatation  
↓PVR 

Dose PO 20-360mg daily 
IV 2.5-5mg bolus  

 

CVS: 
AV velocity 
HR 
Contractility 
SVR 
BP 
Coronary BF 

 
↓ 
↓ 
↓↓ 
↓ 
↓ 
↑ 

 
0 
0  ↑ (compensatory) 
0  ↑ (compensatory) 
↓↓↓ 
↓ 
↑ 

GI Oesophageal relaxation Oesophageal relaxation 

GU Nil Uterine relaxation 

Toxicity Heart block, VT in WPW, hypotension 
Peripheral oedema 
Headache 
Nausea, constipation 

Can worsen myocardial ischaemia 
Peripheral oedema 
Headache  
Nausea, constipation 

Interactions Arrhythmias with other anti-arrhythmics 
Heart block with β-blockers 
Potentiates NMBD 

 

Pharmacokinetic 

Absorption 95% absorption, F = 20% 95% absorption, F = 60% 

Distribution 90% protein binding 95% protein binding 

Metabolism Hepatic  active metabolites Hepatic inactive metabolites 

Excretion Renal  
T1/2 = 6-12 hours 

Renal 
T1/2 = 2-5 hours 
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Pharm-09B7/06B7/05B5 Outline the drug and non-drug treatment of ventricular fibrillation in an 
adult. Briefly describe their mechanisms of action. (Do not discuss basic life support, airway therapies 
and oxygen).  

1. Ventricular fibrillation is a life threatening tachyarrhythmia characterised by: 
a. ECG – rapid irregular ventricular depolarisations 
b. No purposeful cardiac contraction  cardiac arrest 

 
2. Management Algorithm:  the aims of managements are to: 

a. Restore sinus rhythm and ventricular contraction 
b. Maintain perfusion of vital organs 

 

 
Treatment Dose Mechanism Adverse effects 

Defibrillation  Biphasic 200J 
Monophasic 360J 

 Painful 
 

Adrenaline IV 1mg q3min α/β agonist: 
α1  GPCR  ↑IP3/DAG  ↑Ca2+  
strong peripheral vasoconstriction  
↑SVR  rediverts blood flow to 
coronary and cerebral vessels 
β1  GPCR  ↑cAMP  ↑contractility 

Minimal in arrest setting 

Amiodarone IV 300mg Class III anti-arrhythmic 
Class Ia: blocks fast Na channels 
Class III: blocks K channels 
Class IV: blocks L-type Ca channels 
Partial blocker α/β receptors 
Overall: ↓AV conduction, ↑ QT interval, 
↑conduction time, effective reversion of 
ventricular arrhythmias.  

Heart block 
Pulmonary – pneumonitis, 
ARDS association with high 
FiO2.  

Lignocaine IV 1.5mg/kg Class Ib anti-arrhythmic 
Fast Na-channel blockade  ↓rate 
depolarisation, membrane stabiliser 
Specific action on depolarised (ischaemic 
tissue) > normal tissue. 

Nausea 
Heart block 

Vasopressin IV  Direct vasoconstriction vessels Headache 
Water intoxication 

Magnesium IV 5mmol Anti-arrhythmic  

Sodium 
bicarbonate 

IV 1mmol/kg Reversal acidosis 
Metabolic acidosis due to anaerobic 
metabolism pyruvate  lactate 
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