


Boca Raton  London  New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business

Second Edition                  

The Primary FRCA  
Structured Oral  
Examination Study Guide 2                           

Kate McCombe and Lara Wijayasiri

Illustrations by Paul Hatton • Foreword by David Bogod



CRC Press
Taylor & Francis Group
6000 Broken Sound Parkway NW, Suite 300
Boca Raton, FL 33487-2742

© 2016 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works

Printed on acid-free paper
Version Date: 20160307

International Standard Book Number-13: 978-1-78523-105-6 (Paperback)

This book contains information obtained from authentic and highly regarded sources. While all reasonable efforts have been 
made to publish reliable data and information, neither the author[s] nor the publisher can accept any legal responsibility or 
liability for any errors or omissions that may be made. The publishers wish to make clear that any views or opinions expressed 
in this book by individual editors, authors or contributors are personal to them and do not necessarily reflect the views/opinions 
of the publishers. The information or guidance contained in this book is intended for use by medical, scientific or health-care 
professionals and is provided strictly as a supplement to the medical or other professional’s own judgement, their knowledge 
of the patient’s medical history, relevant manufacturer’s instructions and the appropriate best practice guidelines. Because of 
the rapid advances in medical science, any information or advice on dosages, procedures or diagnoses should be independently 
verified. The reader is strongly urged to consult the relevant national drug formulary and the drug companies’ and device or 
material manufacturers’ printed instructions, and their websites, before administering or utilizing any of the drugs, devices 
or materials mentioned in this book. This book does not indicate whether a particular treatment is appropriate or suitable for 
a particular individual. Ultimately it is the sole responsibility of the medical professional to make his or her own professional 
judgements, so as to advise and treat patients appropriately. The authors and publishers have also attempted to trace the copy-
right holders of all material reproduced in this publication and apologize to copyright holders if permission to publish in this 
form has not been obtained. If any copyright material has not been acknowledged please write and let us know so we may rectify 
in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmitted, or utilized in 
any form by any electronic, mechanical, or other means, now known or hereafter invented, including photocopying, microfilm-
ing, and recording, or in any information storage or retrieval system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.com (http://www.copy-
right.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA 01923, 978-750-8400. 
CCC is a not-for-profit organization that provides licenses and registration for a variety of users. For organizations that have 
been granted a photocopy license by the CCC, a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for identifica-
tion and explanation without intent to infringe.

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com

http://www.crcpress.com
http://www.taylorandfrancis.com
http://www.copyright.com/
http://www.copyright.com/
http://www.copyright.com


iii

contents
Foreword v
PreFace vii
contributors ix
acknowledgement xi

PART 01

PhARmAcology 1
1. receptors 2
2. mechanism of drug action 6
3. drug interactions 7
4. drug absorption and bioavailability 9
5. drugs and the liver 14
6. drugs and the kidney 17
7. Variations in drug metabolism 20
8. isomers 22
9. drugs to draw 25

10. exponential functions 28
11. dose–response curves 31
12. First- and zero-order kinetics 35
13. Volume of distribution, clearance and half-life 38
14. compartment models 40
15. total intravenous anaesthesia 42
16. induction agents 45
17. nitrous oxide 50
18. inhalational anaesthetic agents (volatile agents) 53
19. neuromuscular blocking drugs 60
20. cholinesterase inhibitors (anticholinesterases) and reversal agents 69
21. antimuscarinic drugs 74
22. opioids 79
23. local anaesthetics 90
24. antiemetics and prokinetics 93
25. antiarrhythmic drugs 103
26. antihypertensive agents 114
27. diuretics 129
28. non-steroidal anti-inflammatory drugs 137
29. antibiotics 143
30. anticoagulants 148
31. anti-platelet agents 154
32. blood 158
33. Hypoglycaemic agents 162
34. anticonvulsants 166
35. antidepressants 171
36. drugs used to treat asthma 176
37. miscellaneous drugs 181



iv

CONTENTS

PART 02

SPEcIAl PATIENT gRoUPS 201
38. the Jehovah’s witness 202
39. obesity 206
40. Paediatric patient 209
41. Pregnancy 216
42. elderly patient 219
43. down’s syndrome 223
44. sickle cell anaemia 225
45. rheumatoid arthritis 229
46. diabetes 232
47. Hypertensive patient 235
48. chronic obstructive pulmonary disease 238
49. burns and trauma 240
50. brainstem death and organ donation 244

PART 03

cRITIcAl INcIDENTS 249
51. anaphylaxis 250
52. aspiration 252
53. awareness 254
54. blood transfusion error 257
55. bradycardia 260
56. cyanosis 262
57. difficult to ventilate (high airway pressures) 263
58. Failed intubation 265
59. Failure to breathe 273
60. High spinal block 275
61. Hypertension 276
62. Hypotension 277
63. Hypoxia 279
64. intra-arterial injection 281
65. laryngospasm 283
66. local anaesthetic toxicity 284
67. malignant hyperpyrexia 286
68. needlestick injury 288
69. Post-dural puncture headache 290
70. st segment changes 293
71. tachyarrhythmias 294
72. Venous air embolism (Vae) 297

Index 299



v

Foreword
much has happened since i wrote the Foreword to the first edition of this invaluable guide 
to the Primary Frca structured oral examination in 2010. of the three original authors, two 
have married (each other) and produced a baby girl. one of these two has had to relinquish 
the authorship of this new edition, since his promotion to the ranks of Primary examiner 
unsurprisingly bars him from writing a book on how to pass the Primary exam. the two 
remaining authors have both moved up the ranks and been appointed as consultants, 
one with an interest in obstetrics, ethics and law, and the other specialising in vascular 
anaesthesia and the difficult airway. the first edition, meanwhile, has rapidly become the 
best-selling textbook on the Primary soe. if a soap opera was ever to be based around the 
publication of a guide to passing post-graduate anaesthetic exams – admittedly an unlikely 
proposition – the story of mccombe and wijayasiri would surely rival ‘eastenders’ for intrigue 
and plot development.

in this new edition, as well as updating existing topics, the authors have included substantial 
additions to what was already a very comprehensive book, in line with changes made by 
the royal college to the Primary syllabus. the section on ‘special patient groups’ now 
includes paediatrics and the elderly, the latter of increasingly personal interest to this writer. 
the section on physics – often a stumbling block for the Primary candidate – has been 
extensively revised and now covers those perennial favourites of the examiners, arterial 
waveforms and vaporisers; as one reads these, there are frequent ‘aha!’ moments, not 
least with respect to critical damping, the pumping effect and the influence of altitude on 
performance. mindful of the old adage that ‘a picture paints a thousand words’, the authors 
have enhanced the number and quality of diagrams and figures, helping to clarify areas such 
as fetal circulation and the kreb’s cycle.

some aspects of these books remain, thankfully, unchanged, in particular the resolutely 
pragmatic approach that mccombe and wijayasiri take to help readers through the tangled 
thickets of the Primary. Here are the questions the examiners like to ask, the authors 
seem to say, and this is how to answer them. it is, perhaps, a tribute to the exam syllabus 
itself that this approach results in a textbook that is not only very readable but also highly 
educational.

in short, if you are not lucky enough to be working in the same hospital as the authors and 
you cannot approach them for viva practice (or even if you can), then the new edition of this 
book is an essential companion and a true vade mecum. look it up – a bit of latin can still 
impress the examiners!

David Bogod
consultant anaesthetist and ex-editor-in-chief of Anaesthesia

nottingham
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PreFace
during our revision for the primary exam we were advised that the best way to ensure 
success in the structured oral examination (soe) was to prepare answers to all of the 
questions in the back of The Royal College of Anaesthetists Guide to the FRCA Examination, 
The Primary. undoubtedly, this was excellent advice but it proved an enormous task and 
one we simply did not have time to complete before our own exams. However, once they 
were over, we began to answer all those questions in the hope that this might help others to 
prepare for the Primary, or for the basic science component of the Final Frca. Finally then, 
here is the result: the book we wish we’d had.

The Primary FRCA Structured Oral Examination Study Guide provides answers to the 
questions regularly posed by the examiners. we have not attempted to write the next 
great anaesthetic textbook, but rather to collate information and deliver it in a relevant and 
userfriendly layout to make your exam preparation a little easier.

in the soe itself, each topic will be examined for approximately five minutes. many of
these answers contain much more information than could reasonably be expected of you
in that time; however, we have tried to cover several angles of questioning.

we have included the usual chapters on physiology, pharmacology (Study Guide 1) and 
physics (Study Guide 2) and, in addition, have written a section on patients who present the 
anaesthetist with unique problems, ‘special patient groups’ (Study Guide 2). these patients 
tend to appear in the clinical soe before some terrible ‘critical incident’ befalls them. again, 
we have included a section addressing the ‘critical incidents’ beloved of the examiner, with 
advice as to how to approach them in the soe (Study Guide 2).

there is a unique pharmacology section including information on drugs commonly examined 
presented in a spider diagram layout. these extremely visual learning aids allowed us to 
revise the drugs in the necessary detail, and helped us to recall the information even under 
the acute stress of the exam. we hope you find them just as useful.

we wish you every success in what is undoubtedly a rigorous exam. we believe the key to 
this success is to practise presenting the knowledge that you already have, logically and 
concisely. the only way to do this is to practise speaking, even though the possibility of 
exposing any ignorance is daunting. the more you talk, the more you will cover, and every 
question is so much easier to answer in the exam if you have already had a dress rehearsal. 
we hope this book will help you in your preparations.

good luck!
lara Wijayasiri

Kate mccombe
December 2015
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1. REcEPToRS
Define ‘receptor’ and ‘ligand’. Receptors are proteins, usually integral to the cell membrane, with selective 

ligand-binding sites.

a ligand is any substance able to bind to a receptor and bring about 
biological change within the cell. a ligand may be capable of binding to more 
than one receptor and exerting different effects at each different one.

What governs drug–receptor 
interactions?

the law of mass action governs drug–receptor interactions and so the 
rate of interaction is proportional to the concentration of drug and receptor. 
it is a specific, dose-dependent and saturatable interaction.

What are the different classes 
of receptors?

Table 1.1 receptor classes

Receptor
Ligand-gated ion 
channel receptor

G-protein-coupled 
receptor

Tyrosine 
kinase linked 
receptor

Intracel-
lular  nuclear 
receptors

Location Membrane Membrane Membrane Cytosol

Effector Channel Enzyme/Channel Tyrosine kinase Gene transcription

Coupling Direct G protein Direct via DNA

Speed Milliseconds Seconds Minutes Hours

Examples nAChR GABAA mAChR 
Adrenoceptors

Insulin receptor Thyroxine receptor
Steroid receptor

What are the main mechanisms 
of receptor action?

> Altered ion permeability:
•	 Acetylcholine	(ACh)	binds	to	the	two	α subunits of the pentameric 

nicotinic acetylcholine receptor (nachr), causing a conformational 
change, which opens a central pore allowing an influx of na+ ions, 
leading to cell depolarisation.

Acetylcholine binding site

9 nm  
Fig. 1.1 acetylcholine receptor
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•	 Benzodiazepines	bind	to	a	specific	site	on	the	GABAa receptor, 
causing a conformational change, which opens a central pore allowing 
an influx of cl– ions, leading to cell hyperpolarisation.

> Intermediate (secondary) messengers:
•	 There	are	several	types	of	secondary	messengers	including	cyclic	

adenosine monophosphate (camP), cyclic guanosine monophosphate 
(cgmP), inositol triphosphate (iP3), diacylglycerol (dag) and calcium 
ions (ca2+).

•	 These	are	involved	in	signal	transduction	and	signal	amplification,	and	
the rate of production of these second messengers is altered by a 
ligand binding to a g-protein-coupled receptor (gPcr).

•	 They	have	a	diverse	effect	on	the	cell	by	activation	of	protein	kinases	
and modulation of calcium channels.

•	 cAMP	is	activated	by	Gs proteins (e.g. via stimulation of β 
adrenoceptors and glucagon receptors).

•	 cAMP	is	inhibited	by	Gi proteins (e.g. via stimulation of α2 
adrenoceptors and opioid receptors).

•	 IP3 and dag are activated by gq proteins (e.g. via stimulation of α1 
adrenoceptors and muscarinic acetylcholine receptors).

•	 cGMP	is	activated	by	nitric	oxide.
> Regulation of gene transcription:

•	 These	receptors	are	located	intracellularly	and	are	targeted	by	lipid-
soluble ligands, typically hormones (e.g. thyroxine and steroids), that 
can diffuse easily into the cell.

•	 Once	in	the	cytosol,	the	ligands	bind	with	receptors	and	then	the	
ligand–receptor complex enters the nucleus, alters dna transcription 
and therefore protein synthesis.

•	 This	system	operates	over	a	matter	of	hours,	which	explains	
why it takes 6–8 hours to achieve a clinical response following 
hydrocortisone administration in acute asthma.

What is the structure of the 
g-protein-coupled receptor 
(gPcR)?

> gPcr consists of seven α helices, which span the cell membrane 
forming an extracellular site (where the ligand binds) and an intracellular 
site (where the g protein attaches).

> each gPcr can be associated with up to a hundred g proteins, which 
promotes signal amplification.

Extracellular
receptor

Intracellular
portion, coupled to
G-protein

 helix

G-protein
trimer  

Fig. 1.2 schematic representation of a g-protein coupled receptor
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What are g proteins? > g proteins (or gtP-binding proteins) are regulatory proteins, which 
couple the activation of a surface receptor to the activation of an 
intracellular enzyme (e.g. adenylate cyclase) so that a secondary 
messenger can be produced (e.g. camP), allowing signal transduction 
and amplification to occur.

> they are heterotrimeric proteins (i.e. they consist of α, β and γ subunits, 
which join together to form a trimer).

Which different types of g proteins 
are there?

> the main types of g proteins are the ‘stimulatory’ (i.e. gs and gq) and the 
‘inhibitory’ (i.e. gi) proteins.

> gs proteins stimulate adenylate cyclase, causing a rise in camP 
(e.g. β adrenoceptors and glucagon receptor).

> gq proteins stimulate phospholipase c, causing a rise in iP3 and dag 
(e.g. α1 adrenoceptor and muscarinic acetylcholine receptor (machr)).

> gi proteins inhibit adenylate cyclase, causing a fall in camP 
(e.g. α2 adrenoceptors and opioid receptors).

What happens when a gPcR is 
activated?

> when a ligand binds to the extracellular site of a gPcr, it causes a gtP 
molecule to bind to the intracellular α subunit of the g-protein trimer.

> this causes a conformational change within the trimer, resulting in its 
separation from the receptor and dissociation into a βγ and an α-gtP 
complex.

> the α-gtP complex then goes on to activate (or inhibit) the various 
enzymes systems (e.g. adenylate cyclase, guanylate cyclase and 
phospholipase c) resulting in the production of the secondary 
messengers.

> the α subunit has intrinsic gtPase activity and so it converts the gtP 
into gdP.

> once the α subunit is bound only to gdP, it rejoins the βγ units to return 
to its resting state. the reformed g-protein trimer reattaches to the 
intracellular portion of the receptor and the receptor system is ready to 
be stimulated once again.

Membrane
Bound

G-Protein
Receptor
Complex

sub-unit
dissociates

Inactive GDP
dissociates

Active cGTP
associates

Effector

cGTP

sub-unit activates
Effector Protein

(either Adenylate Cyclase
or Phospholipase C)

GDP
(Inactive)

Ligand binds
to receptor

GDP
(Inactive)

G Protein
Receptor
Complex

G Protein
Receptor
Complex

cGTP

Pi

Activation/Inhibition
of enzyme systems

(see Fig. 1.4 for details)  
Fig. 1.3 activation of g-protein coupled receptor
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PIP2
= Phosphatidylinositol 4,5 Biphosphate

IP3

DAG 

= Inositol 1,4,5 Triphosphate

= Diacyl Glycerol

R
Regulating

C
Catalytic

Effector

cGTP

G
s

(e.g. receptors) G
i
(e.g. 2 receptors) G

q
(e.g. 1 receptors)

⬆ Adenylyl Cyclase ⬇ Adenylyl Cyclase ⬆ Activity of
Phospholipase C

⬆ cAMP

⬆ Ca2+

release
in ER

⬇ cAMP PIP
2

IP
3

DAG

Activates
Protein

Kinase C

Phosphorylation
Cascade

cAMP binds to
R sub-unit
revealing C

Protein Kinase A

Exerts biological
effect

 
Fig. 1.4 effects of activating g-protein coupled receptor
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2. mEchANISm 
oF DRUg AcTIoN
how do drugs work? drugs produce their effects by acting on numerous different systems within 

the body. below is a list of the effecter sites at which drugs act, along with 
some clinical examples.

Receptors
> ligand-gated ion channels

•	 Suxamethonium	is	an	agonist	at	nAChR	while	rocuronium	is	an	
antagonist.

•	 Diazepam	is	an	agonist	at	GABAa receptors while flumazenil is an 
antagonist.

> g-protein-coupled receptors
•	 Dobutamine	is	an	agonist	at	β-adrenoceptors while atenolol is an 

antagonist.
•	 Morphine	is	an	agonist	at	opioid	receptors	while	naloxone	is	an	

antagonist.
> tyrosine kinase receptors

•	 Insulin	is	an	agonist	at	insulin	receptors.
> intracellular receptors

•	 Hydrocortisone	is	an	agonist	at	steroid	receptors.

Ion channels
•	 Lignocaine	blocks	the	fast	Na+ channels.
•	 Verapamil	blocks	L-type	Ca2+ channels.

Enzymes
•	 Neostigmine	inhibits	acetylcholinesterase.
•	 Aspirin	inhibits	cyclo-oxygenase	1	and	2.

hormones
•	 Carbimazole	reduces	thyroxine	production.
•	 Metformin	increases	insulin	production.

Neurotransmitters
•	 Ephedrine	increases	presynaptic	noradrenaline	release.
•	 Amitriptyline	and	cocaine	reduce	noradrenaline	reuptake.

Transport systems
•	 Digoxin	inhibits	the	cardiac	Na+/k+ atPase pump.
•	 Furosemide	inhibits	the	Na+/k+/2cl– atPase pump in the loop of 

Henle.

Physicochemical
•	 Sugammadex	chelates	rocuronium.
•	 Antacids	neutralise	gastric	acids.
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3. DRUg INTERAcTIoNS
What is a drug interaction? > a drug interaction occurs when the action of one drug is altered by the 

concurrent or prior administration of another drug.
> it is estimated that one in six drug charts contains a significant drug 

interactions. this is becoming increasingly significant as many patients 
are on multiple drugs, some of which can interfere with anaesthetic 
agents.

how can drug interactions be 
classified?

> Physicochemical drug interactions occur due to the physical properties 
of the drugs themselves.

> Pharmacokinetic drug interactions occur when one drug alters the way 
in which the body handles another.

> Pharmacodynamic drug interactions occur when the action of one 
drug is altered by the administration of another.

give examples of physicochemical 
drug interactions you may 
encounter.

some drug interactions are clinically useful:
> chelation

•	 Sugammadex	and	rocuronium
> Neutralisation

•	 Heparin	and	protamine

others occur inadvertently with undesirable effects:
> Precipitation

•	 Thiopentone	(weak	acid)	and	suxamethonium	(weak	base)
> Adsorption

•	 Halothane	dissolving	into	rubber

give examples of pharmacokinetic 
drug interactions.

these drug interactions can affect drug absorption, distribution, metabolism 
and excretion.

> absorption
•	 Adrenaline	administered	with	local	anaesthetics	reduces	absorption	of	

the local anaesthetic by causing local vasoconstriction
> distribution

•	 Aspirin	(80%	plasma	protein	bound)	displaces	warfarin	(97%	plasma	
protein bound) from plasma proteins, thereby increasing the unbound 
fraction of warfarin and increasing the risk of bleeding.

> metabolism
•	 Phenytoin,	carbamazepine,	rifampicin	and	barbiturates	induce	hepatic	

enzymes, which results in the accelerated breakdown of drugs 
metabolised by these enzymes.

•	 Omeprazole	and	cimetidine	inhibit	hepatic	enzymes,	reducing	the	
breakdown of drugs metabolised by these enzymes.

> excretion
•	 Alkalinising	the	urine	increases	the	renal	excretion	of	salicylates.
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give examples of 
pharmacodynamic drug 
interactions.

> Summation occurs when the action of two or more drugs is additive 
(i.e. 1 + 1 = 2):
•	 nitrous	oxide	and	inhalational	anaesthetic	agents.

> Synergism occurs when the combined action of two or more drugs is 
greater than the sum of their individual effects (i.e. 1 + 1 > 2):
•	 propofol	and	remifentanil

> Potentiation occurs when the action of one drug is increased by the 
administration of another drug:
•	 probenecid	increases	the	action	of	penicillin	by	reducing	its	renal	

excretion
> Antagonism occurs when the action of one drug is blocked or reversed 

by another drug (i.e. 1 + 1 = 0):
•	 morphine	and	naloxone.
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4. DRUg ABSoRPTIoN AND 
BIoAvAIlABIlITy
What factors influence drug 
absorption?

drug absorption describes the passage of a drug into the bloodstream from 
its route of administration. Factors influencing this are as follows:

> Route of administration
> Particle size
> pKa and ionisation: unionised drugs cross membranes more readily 

(see below).
> lipid solubility: the more lipid soluble a drug, the more readily it can 

cross the phospholipid bilayer of cells, and the faster it is absorbed.
> concentration gradient: the higher the concentration gradient 

between the lumen containing the ‘drug load’ and the cells into which it 
is diffusing, the faster it will be absorbed.

> other factors: bacterial overgrowth will reduce drug absorption and 
some drugs will be affected by intake of other substances, e.g. milk 
chelates tetracycline antibiotics and so decreases their availability for 
absorption.

how can manufacturers alter rate 
of drug absorption?

most drugs are taken orally and pass from the mouth into the aqueous and 
acidic environment of the stomach. Here they may dissolve and cross into 
the cells lining the stomach. dissolution and absorption can be altered by 
the manufacturers in several ways:

> Particle size: the larger the particle size (molecular weight) of the drug, 
the more slowly it will dissolve.

> compounds used: different compounds dissolve at different rates. 
modified-release or slow-release drugs can improve the drug profile, 
minimising peaks and troughs in plasma concentration. Patient 
compliance improves with less frequent dosing.

> coating the tablet: enteric coating does not dissolve in acid conditions 
and therefore the drug will pass to the basic intestine before dissolving.

What are the available routes for 
drug administration?

> enteral (variable availability: formulation of drug, pka, gastric pH, gi 
transit time, etc.)

>	 Intravenous	(bioavailability	is	taken	as	1.0	or	100%)
> transdermal (suitable for small, potent, lipophilic drugs)
> intranasal (rich blood supply, avoids first-pass metabolism, variable 

absorption: mucus flow etc.)
> sublingual (rich blood supply, avoids first-pass metabolism, variable 

absorption: saliva flow, swallowing etc.)
> intrapulmonary (conduit for volatile agents to lungs: large surface area, 

rich blood supply)
> intramuscular (variable absorption: regional blood flow, injections can be 

formulated for slow release)
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> epidural (reduced systemic absorption in general, localised effect though 
beware, opioids may still cause respiratory depression)

> subarachnoid (as above)
> rectal (avoids first-pass metabolism, useful when nausea and vomiting 

problematic)
> Vaginal (avoids first-pass metabolism, limited systemic absorption, 

primarily used to administer drugs whose action is on vagina/nearby 
structures)

What is pKa and how does this 
influence drug absorption?

Before answering this question, a reminder of some basic concepts:

> an acid is a proton (H+ ion) donor.
> a base is a proton acceptor (oH–).
> a weak acid/base is one that dissociates in water to form an 

equilibrium with its ions, e.g. H2co3 ⇌ H+ ⇌ Hco3
–.

> a strong acid/base is one that dissociates very readily and does not 
form an equilibrium, e.g. Hcl → H+ + cl–.

> an amphoteric compound has the ability to behave as an acid or a base, 
e.g. water (in some senses, all compounds are amphoteric as they can 
always be (de)protonated by a stronger acid/base). 

> the ka is the dissociation constant and it describes how readily an acid 
in solution gives up its hydrogen ions. 

> it describes the ratio of the products of the reaction, to the concentration 
of the initial reactants.

> it is written:

−
K =

[A ][H ]
[HA]

a

+

where Ha is the acid, a− is its conjugate base (i.e. the product that is now 
able to accept protons) and H+ its proton. the higher the value of ka, the 
more readily the acid gives up its proton and dissociates.

> ka can be expressed in its logarithmic form giving us the pka.
> pka is the negative log of the acid dissociation constant, and is defined as 

–log10 ka.
> pka is used because it yields more convenient units that are easier to 

use for practical purposes.
> the pka of a drug is the pH at which it is exactly half dissociated, i.e. the 

drug	is	50%	ionised	and	50%	unionised.
> the larger the value of pka, the less readily the acid dissociates to 

donate its H+ ion at a given pH, i.e. the weaker the acid. conversely, the 
smaller the value of pka, the more readily the acid donates its proton and 
the stronger the acid.
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> Most drugs are either weak acids or weak bases. Unfortunately, you 
cannot tell from the pKa of a drug whether it is basic or acidic; this is a 
property of each drug you just have to learn.

Bases

Diazepam

Etomidate

Midazolam

Alfentanil

Ketamine

Lignocaine

Bupivacaine

Fentanyl

Morphine

3.7

4.1

6.15

6.5

7.5

7.8

8.2

8.4

8.6

3

3.9

7.6

7.9

8.9

9.5

11

Salicylic Acid

Frusemide

Thiopentone

Methohexitone

Atropine

Paracetamol

Propofol
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Fig. 4.1 pka values of some basic and acidic drugs

at pH < pka, acidic drugs become less ionised:

Ha ⇌ H+ + a–

Putting the acidic drug in a more acidic environment raises H+ concentration 
and so drives the equation to the left.

at pH < pka, basic drugs become more ionised as they accept protons:

b + H+ ⇌ bH+

Putting a basic drug in an acidic environment drives the equation to the right 
as the base (b) ‘accepts’ the protons.

drugs cross membranes in the un-ionised state and so their pka and the pH 
of the surrounding environment affect their rate of absorption. Hence, acidic 
drugs will be more readily absorbed in the highly acidic stomach, whereas 
basic drugs are better absorbed in the intestine where pH is higher.
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(a) THIOPENTONE - weak acid pKa 7.6
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(b) FENTANYL - weak base pKa 8.4

Relationship between pH and the percentage of drug in the un-ionised form,
for (a) a weak acid (thiopentone: pKa 7.6) and (b) a weak base (fentanyl: pKa 8.4)

Fig. 4.2 pH vs. degree of ionisation for thiopentone and fentanyl

What is the henderson–
hasselbalch equation and how 
is it useful in predicting drug 
absorption?

> the Henderson–Hasselbalch equation describes the derivation of pH as 
a measure of acidity. pH is calculated using the pka and the equation 
can be expressed in two ways:

[ ]
[ ]

+pH = pK log
conjugate base

acid
a

 

[ ]+
−

pH = pK log
A

[HA]
a

 

where pka is –log (ka).

> using the non-specific acid–base reaction: Ha + H2o ⇌ a– + H3o+

pka can be substituted into the equation, to give the Henderson–
Hasselbalch equation:

[ ][ ]=– log(K ) –log
H O A

HA
a

3
+ –

 

> this is used to calculate:
•	 pH	of	a	solution
•	 pH	at	which	the	equation	is	in	equilibrium	and	the	drug	exists	as	50%	

ionised and unionised, i.e. the pka of the drug, proportions of ionised 
and un-ionised drug in a solution at a given pH.
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Define bioavailability. > bioavailability describes the fraction of the drug administered that 
reaches the bloodstream.

> if a drug is given intravenously it is introduced straight into the 
bloodstream	and	is	said	to	have	a	bioavailability	of	1	or	100%.

> For drugs given orally, the bioavailability is calculated by comparing the 
plasma concentration of the drug when administered orally to the plasma 
concentration when it is administered intravenously. this is achieved by 
comparing the area under the curve (auc) of the two conditions:

Plasma
concentration

Time

IV

oral

AUC(oral)
AUC(IV)

Bioavailabilty = 

Fig. 4.3 Plasma concentrations of a drug administered intravenously and orally

What is first-pass metabolism? > this refers to the process by which drugs absorbed from the 
gastrointestinal tract enter the hepatic portal circulation and are carried 
to the liver. the liver then metabolises the drug such that only a fraction 
of the original dose is returned to the systemic circulation.

> drugs that undergo extensive first-pass metabolism have low oral 
bioavailability and it may be necessary to find an alternative route of 
administration that allows the drug to enter the systemic circulation 
directly.

can you give examples of 
drugs that undergo first-pass 
metabolism?

>	 Aspirin	(70%)
>	 Codeine	(60%)
>	 Morphine	(40%)
>	 Diltiazem	(40%)
>	 Propranolol	(30%)
>	 Verapamil	(20%)
>	 Hydralazine	(15–30%)
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5. DRUgS AND ThE lIvER
In which ways are drugs 
metabolised by the liver?

the metabolism of drugs in the liver is defined as the modification or 
degradation of drugs in order to activate, deactivate, toxify or detoxify drugs 
in the body.

the majority of metabolic reactions serve to de-activate and aid the excretion 
of the drugs, often by turning a lipophilic compound to a readily excreted 
polar one (see chapter 6: ‘drugs and the kidney’).

the rate at which the drug is metabolised will be an important factor in the 
intensity and duration of the drug’s action.

some drugs are given as pro-drugs that need to be metabolised in order to 
become active, e.g. enalapril, which must be converted to enalaprilat for its 
action. others may have active substrates, such as morphine, or substrates 
with completely different actions.

how are drugs metabolised 
by the liver?

the types of reaction that occur can be classified into phase i or phase ii 
reactions. while they may occur in other parts of the body, the majority take 
place in the smooth endoplasmic reticulum of liver.

Phase I reactions:
> these normally precede phase ii reactions and involve oxidation, 

reduction or hydrolysis of the drug in order to activate or deactivate it.
> the reaction usually adds or unmasks polar bodies in the chemical.
> oxidation and reduction are mainly hepatic, whereas hydrolysis is more 

widespread throughout the body, e.g. by plasma cholinesterase.
> For oxidation reactions the cytochrome P450 system of enzymes is 

particularly important. these enzymes show genetic variability and their 
activity can be induced or inhibited by the presence of certain other drugs 
or chemicals (see table 5.1). this becomes of particular importance when 
the drugs concerned have a narrow therapeutic window and inhibition of 
their metabolism will cause toxicity, or induction of their metabolism will 
render them ineffective.

> drugs undergoing phase 1 reactions include phenothiazines, paracetamol 
and steroids.

> For some drugs, this reaction will be sufficient to allow excretion, but 
others will require further modification and undergo phase ii reactions.
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Table 5.1 list of common drugs that induce or inhibit the hepatic cytochrome 
P450 enzyme system

Inhibitors Inducers

Metronidazole Carbamazepine

Ciprofloxacin Rifampicin

Fluconazole Alcohol (Acute intake)

Erythromycin Phenytoin

Ethanol (Chronic use) Griseofulvin

Dextroproxyphene (co-proxamol) Primidone

Cimetidine Inhalational agents (enflurane, halothane)

Amiodarone Smoking

Ketoconazole Barbiturates

Etomidate Glucocorticoids

Grapefruit

Phase II reactions:
> these involve adding groups to the drugs and are sometimes referred to 

as conjugation or synthetic reactions. these groups increase the water 
solubility of the drugs and allow excretion in the bile or urine. although 
they often follow Phase i reactions they may be the only step in the 
metabolism of drugs.

> Phase ii reactions include glucuronidation, sulphation, acetylation and 
methylation.

Which drugs can cause damage 
to the liver?

drug-induced hepatitis can follow acute or chronic drug exposure. the 
most commonly encountered drug causing direct hepatocellular damage 
is ethanol. chronic alcohol abuse in genetically susceptible individuals can 
cause progressive inflammatory liver damage, which may result in fatty liver 
and cirrhosis.
alcohol damages the liver in several ways:

> ethanol and its metabolite acetaldehyde damage the liver cell and 
mitochondrial membranes.

> Free radicals, superoxides and hydroperoxides generated during ethanol 
metabolism damage the liver.

> alcoholic hepatitis stimulates the immune system, which generates 
autoantibodies.

the volatile anaesthetic agent halothane is also known to cause hepatitis, 
with	a	mortality	rate	of	50%	in	those	affected.

> Halothane can cause a reversible transaminitis as a result of hepatic 
hypoxia.

> it can cause significant centrilobular liver necrosis in what appears to be 
an immune-mediated process.

> Halothane is oxidised, producing trifluroacetyl metabolites, which bind 
to liver proteins. in genetically susceptible individuals this causes an 
autoimmune response and antibodies are generated against the complex.

> risk factors include repeated exposure, female sex, obesity and middle age.

the volatile agents enflurane and isoflurane are also metabolised to 
acetylated	metabolites,	but	this	only	involves	2	and	0.2%	of	the	total	dose	
respectively,	compared	to	20%	of	halothane.
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how does chronic liver disease 
affect the drugs used in 
anaesthesia?

> Porto-caval shunts occurring in cirrhosis reduce hepatic blood flow and 
hence the extraction ratio of the drug. this results in an increased drug 
bioavailability.

> impaired production of albumin results in reduced drug plasma protein 
binding. this leads to an increase in the free, active component of the 
drug.

> ascites and the overall increase in total body water leads to an increase 
in the volume of distribution of drugs.

> reduced metabolic function (phase i and ii reactions) leads to prolonged 
action of hepatically metabolised drugs.

> impaired coagulation (the liver synthesises many of the clotting factors) 
and liver-induced thrombocytopenia may contraindicate the use of central 
neuroaxial blocks.

Benzodiazepines: Metabolism impaired and effects enhanced. These drugs should be avoided.

Opiates: Metabolism impaired and effects enhanced. Use with caution in reduced doses.

Barbiturates: Metabolism impaired, though their effects are terminated by redistribution.

Suxamethonium: Duration of action prolonged as decreased plasma cholinesterases.

Muscle relaxants: Effects enhanced as usually highly protein bound.

Hoffmann degradation of atracurium may be reduced in the lower pH associated with severe 
disease.

Fluid: Extreme care should be used in administering intravenous fluids as oedema and fluid overload are 
likely. Also avoid lactate-containing fluids, e.g. Hartmann’s as lactate metabolism will be impaired.
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6. DRUgS AND ThE KIDNEy
how are drugs excreted from 
the body?

> most drugs are excreted from the body by a combination of metabolism 
by the liver and excretion via the kidneys.

> most parent drug molecules and their phase i metabolites are extensively 
reabsorbed at the level of the kidney tubules, whereas their more water-
soluble phase ii conjugates are only minimally reabsorbed and readily 
excreted.

> some parent drugs are almost exclusively excreted by the kidneys 
without prior detoxification, such that any alteration in kidney function can 
result in toxicity. examples include:
•	 Oxybarbiturates
•	 Gentamicin
•	 Furosemide
•	 Ampicillin
•	 Sotalol
•	 Methotrexate.

Describe how drugs are handled 
as they pass through the kidney, 
illustrating your answer with 
examples.

the kidney affects drug elimination at three main stages:

> glomerular filtration
> active proximal tubular secretion
> Passive distal tubular reabsorption

glomerular filtration
> the rate of filtration is governed by the glomerular filtration rate.
> drugs that are of low molecular weight (<60 000 daltons) and that are 

not plasma protein bound (PPb) are readily filtered, e.g. fluconazole and 
ofloxacin.

> most intravenous anaesthetic agents are of low molecular weight but are 
highly	protein	bound,	e.g.	propofol	(98%	PPB).

> Heparin is a large molecule that cannot be filtered.

Active proximal tubular secretion
> the rate of tubular secretion is governed by renal blood flow.
> it is an energy-dependent process and is carrier mediated.
> two types of carrier exist:

•	 Those	for	acidic	drugs,	e.g.	furosemide,	penicillin,	nonsteroidal	
anti-inflammatory drugs (nsaids) and glucuronide and sulphate 
conjugates

•	 Those	for	basic	drugs,	e.g.	histamine	and	dopamine
> tubular secretion is more important for acidic rather than basic drugs.
> many drugs are actively secreted from the renal blood vessels into the 

proximal	tubules	because	most	of	the	renal	blood	flow	(80%)	escapes	
filtration by the glomeruli, e.g. angiotensin-converting enzyme (ace) 
inhibitors and penicillin.

> some drugs compete for the same carriers and limit the other’s secretion, 
e.g. probenecid administered with penicillin and sulphonamides 
administered with indomethacin.

> tubular secretion can secrete drugs against their concentration gradients. 
it is an efficient system even for highly protein-bound drugs.
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Passive distal tubular reabsorption
> as water is reabsorbed along the tubule, the drug’s increasing 

concentration gradient drives the process of passive reabsorption.
> Highly lipid-soluble drugs, e.g. fentanyl, are reabsorbed into the 

circulation as they pass down the distal convoluted tubule.
> some drugs are too lipid insoluble to undergo reabsorption, e.g. digoxin, 

aminoglycoside antibiotics, and glucuronide and sulphate conjugates 
from phase ii metabolism.

> changes in urine pH can alter the tubular reabsorption of weakly acidic or 
basic drugs by altering their degree of ionisation and consequently their 
lipid solubility. this, in turn, affects their speed of elimination.

> weak bases become more ionised (lipid insoluble) in acidic urine and 
therefore less well reabsorbed.

> weak acids become more ionised in alkaline urine. this is applied 
clinically in the administration of sodium bicarbonate to alkalinise the 
urine in overdoses of aspirin and phenobarbital.

What are the effects of age on 
renal drug metabolism?

renal function, notably gFr decreases with age.

> increasing age is associated with progressive loss of kidney structure and 
function with decreases in glomerular filtration rate (gFr) and renal blood 
flow (rbF). 

> consequently, drug elimination is reduced, and the elderly are at 
increased risk of acute renal failure in the post-operative period.

> gFr (140 ml/min/1.73 m2 in adulthood) and thus creatinine clearance 
declines by about 8 ml/min/1.73 m2 per decade after the age of 40.

> serum creatinine remains within the normal range because although less 
is excreted, less creatinine is also produced (less muscle mass and less 
physical activity).

> rbF is well maintained at 500–600 ml/min until the fourth decade, and 
then	declines	by	about	10%	per	decade.

both structural and haemodynamic changes are responsible.

> Haemodynamic changes: 
•	 Reduced	glomerular	capillary	plasma	flow	rate
•	 Reduced	glomerular	capillary	ultrafiltration	coefficient	(due	to	reductions	

in both the glomerular capillary permeability and the surface area 
available for filtration)

•	 Reduction	in	afferent	arteriolar	resistance,	with	an	increase	in	
glomerular capillary hydraulic pressure, and accompanying proteinuria 
and progressive glomerular sclerosis.

> structural changes:
•	 Reduced	renal	mass,	in	particular	the	cortex	(adult	kidney	400	g,	

declines by eighth decade to 300 g)
•	 Reduced	number	of	glomeruli	(absolute	and	functional)
•	 Hyalinisation	of	afferent	arterioles
•	 Development	of	aglomerular	arterioles	(direct	channels	between	the	

afferent and efferent arterioles)
•	 Increased	percentage	of	sclerotic	glomeruli	(5%	by	30	years;	30%	by	

80 years)
•	 Tubulointerstitial	fibrosis.	

in addition, ageing is associated with other systemic changes that contribute 
to reductions in rbF and gFr:

> altered cardiovascular haemodynamics (reduced cardiac output and 
increased systemic blood pressure)

> altered responsiveness to vasoactive stimuli (vasoconstrictor responses 
are enhanced, while vasodilatory responses are impaired).
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Examples of drugs where elimination may be significantly affected
the above changes decrease renal elimination of many drugs and doses or 
their frequency needs adjusting:

> analgesics: morphine, remifentanil, oxycodone, gabapentin
> neuromuscular blocking agents: aminosteroid group (vecuronium > 

rocuronium > pancuronium)
> neuromuscular blocking agent antagonists: neostigmine and 

sugammadex
> cardiovascular drugs: ace inhibitors, digoxin
> diuretics: furosemide, thiazides, amiloride
> antibiotics: amikacin, gentamicin, ciprofloxacin, levofloxacin, 

streptomycin.

most other anaesthetic agents and adjuvant drugs require dose adjustments 
in the elderly for reasons other than reduced renal elimination.
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7. vARIATIoNS IN DRUg 
mETABolISm
What factors can cause a variable 
biological response to drugs 
amongst patients?

there are several factors that affect drug handling in different patient 
groups, for example:

> age, e.g. elderly patients are often volume deplete and so volume of 
distribution of drug may be decreased.

> race, e.g. there is evidence that ace inhibitors are less effective at 
treating heart failure in black patients than in white.

> sex, e.g. men have higher levels of alcohol dehydrogenase than women
> disease state, e.g. in liver disease decreased production of plasma. 

proteins may alter drug binding; cancer, obesity, heart failure and infection 
among other things can alter the activity of drug-metabolising enzymes.

> genetic polymorphism – see below.

This question is a clear lead into a discussion about suxamethonium 
apnoea, but do not forget about other drugs whose actions are also 
affected by the recipient’s genetics.

genetic polymorphism is a term that describes the difference in people’s 
genotype and subsequent variation in phenotypic expression of these 
genes. the enzymes that metabolise drugs are subject to genetic 
polymorphism, and so there can be differences between individuals in the 
handling of the same drug.

> Suxamethonium:
• suxamethonium is broken down by plasma cholinesterases.
• these enzymes are coded for by autosomal genes on chromosome 3.  

the normal phenotype is eu (usual). a patient with eu:eu will break 
down suxamethonium rapidly so that its duration of action is around 
2–6 minutes.

• there are several variations of these genes and deviation from the 
normal means that the resulting enzyme’s activity is decreased. 
consequently, it takes longer to break down the suxamethonium and 
its duration of action is increased.

• abnormal forms of the gene include ea (atypical), es (silent) and ef 
(fluoride resistant).

• The	most	common	abnormality	is	Ea:Eu.	This	is	carried	by	4%	
of the caucasian population, and their recovery time following 
suxamethonium is extended to around 30 minutes. the incidence of 
this phenotype is higher in asians and lower in afro-caribbeans.

Explain how genetic 
polymorphism influences drug 
metabolism. What clinical effects 
can this have?

incidence and prolongation of block:

Ea:Ea 1/3000 ≥2 hours

Ef: Ef 1/100 000 ≥3 hours

Es:Es 1/250 000 ≥3 hours


