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The aim of this book is to help trainees who are sitting their anaesthetic
examinations. The book enables candidates to assess their knowledge
and skills within certain time limits. A thorough revision of the book should
enable the trainee to understand their strengths and weaknesses in areas
of clinical knowledge, clinical skills, technical skills, problem solving,
organisaton and planning.

We are grateful for the feedback and suggestions provided by trainees
who attended the examination preparation courses at Coventry. We
sincerely hope that the information in this book will be beneficial to
trainees in their preparation for postgraduate examinations and
competency assessments.

We wish you good luck with your revision and the exam.

Cyprian Mendonca MD, FRCA, Consultant Anaesthetist
University Hospitals Coventry and Warwickshire, Coventry, UK
Carl Hillermann FRCA, Consultant Anaesthetist
University Hospitals Coventry and Warwickshire, Coventry, UK
Josephine James FRCA, Consultant Anaesthetist

Heart of England Foundation Trust, Birmingham, UK

GS Anil Kumar FCARCSI, Specialist Registrar
Warwickshire School of Anaesthesia, UK



We are indebted to Dr Shyam Balasubramanian, Consultant Anaesthetist,
University Hospitals Coventry and Warwickshire, who critically reviewed
the entire manuscript and also for permission to use some of the
illustrations from The Objective Structured Clinical Examination in
Anaesthesia - Practice papers for Teachers and Trainees (ISBN 978-1-
903378-56-4).

We are grateful to Mr Jason McAllister, Graphic Designer, University
Hospitals Coventry and Warwickshire, for his help with the illustrations, to
Dr Madhu Varma Chittari, Specialist Registrar in Cardiology, University
Hospitals Coventry and Warwickshire, for his help with ECG
interpretation, and to Dr Vandana Gaur, Consultant Radiologist, for her
assistance with chest X-rays. We also thank Nikki Bramhill, Director, tfm
publishing, for critically reviewing the manuscript and for permission to use
some of the illustrations from The Objective Structured Clinical
Examination in Anaesthesia - Practice papers for Teachers and Trainees.

We also extend our thanks to the following who contributed questions and
case scenarios to the various sections on this book:

Dr Billing John

Dr Mohan Ranganathan

Dr Seema Quasim

Dr Priya Kothare

Dr Sridhar Gummaraju

Dr Parag Shastri

Dr Raja Lakshmanan

Dr Rathinavale Shanmugam
Dr Janardhan Baliga



Acknowledgements

Dr P Sathya Narayanan
Dr Soorly Sreevathsa
Dr Nicholas Crombie
Dr Vanessa Hodgetts

We are grateful to all the trainees who attended the examination
preparation courses at Coventry and who provided their suggestions and
feedback to improve the manuscript.



AAA
AAl
AAS
AAT
ACA
ACE
AChR
ACS
ACTH
ADH
ADP
AEP
AF
AHI
AICD
AKI
ALl
ALS
ALT
AMP
AMPA
ANP
AP
APACHE
APL
APLS
APTT
ARDS
ASA
AT
ATN
ATP
AV
AVA

Abdominal aortic aneurysm
Atlanto-axial instability

Atlanto-axial subluxation

Alpha-1 antitrypsin

Anterior cerebral artery
Angiotensin-converting enzyme
Acetylcholine receptors

Abdominal compartment syndrome
Adrenocorticotrophic hormone
Anti-diuretic hormone

Adenosine diphospate

Auditory evoked potential

Atrial fibrillation

Apnoea/hypopnoea index

Automated implantable cardioverter-defibrillator
Acute kidney injury

Acute lung injury

Advanced life support

Alanine transaminase

Adenosine monophosphate
o.-amino-3-hydroxyl-5-methyl-4-isoxazole-propionate
Atrial natriuretic peptide
Anteroposterior

Acute Physiology and Chronic Health Evaluation
Adjustable pressure limiting

Advanced Paediatric Life Support
Activated partial thromboplastin time
Acute respiratory distress syndrome
American Society of Anesthesiologists
Anaerobic threshold

Acute tubular necrosis

Adenosine triphospate

Atrioventricular

Aortic valve area



BD
BE
BIS
BP
BSE
BURP
CABG
CBF
ccB
CCK
CGRP
cl
cicv
CK

c
CMRO,
CNS
co
COAD
comT
CPAP
CPET
CPK
CPP
CPR
CSF
cT
(3 vi
CVA
CVP
DES
DI
DIC
DINAMAP
DIT
DVT
ECF
ECG
ECT
EDV
EEG

Abbreviations

Twice a day

Base excess

Bispectral Index Score

Blood pressure

Bovine spongiform encephalopathy
Backward, upward and right-sided pressure
Coronary artery bypass grafting
Cerebral blood flow

Calcium channel blocker
Cholecystokinin

Calcitonin gene-related peptide
Cardiac index

Cannot intubate, cannot ventilate
Creatine kinase

Chloride

Cerebral metabolic rate for oxygen
Central nervous system

Cardiac output

Chronic obstructive airway disease
Catechol-O-methyl transferase
Continuous positive airway pressure
Cardiopulmonary exercise testing
Creatinine phosphokinase
Cerebral perfusion pressure
Cardiopulmonary resuscitation
Cerebrospinal fluid

Computer tomography
Chemoreceptor trigger zone
Cerebrovascular accident

Central venous pressure
Drug-eluting stents

Diabetes insipidus

Disseminated intravascular coagulation
Device for indirect non-invasive automated mean arterial pressure
Diiodotyrosine

Deep vein thrombosis

Extracellular fluid
Electrocardiogram
Electroconvulsive therapy
End-diastolic volume
Electroencephalogram



b \%
The Structured Oral Examination in Clinical Anaesthesia Practice examination papers

EMG Electromyography

EMI Electromagnetic interference
EMLA Eutectic mixture of local anaesthetic
EOG Electro-oculogram

ERV Expiratory reserve volume

ESR Erythrocyte sedimentation rate
ETCO, End-tidal CO,

ETT Endotracheal tube

EVAR Endovascular aneurysm repair
FEF Forced expiratory flow

FEV Forced expiratory volume

FFP Fresh frozen plasma

FGF Fresh gas flow

FID Functional iron deficiency

FID Foot impulse device

FRC Functional residual capacity

FVC Forced vital capacity

GA General anaesthesia

GABA Gamma aminobutyric acid

GCS Glasgow Coma Scale

GFR Glomerular filtration rate

GH Growth hormone

H Hydrogen

Hb Haemoglobin

HBO Hyperbaric oxygen therapy

HCO, Bicarbonates

Hct Haematocrit

HDU High dependency unit

HIV Human immunodeficiency virus
HOCM Hypertrophic obstructive cardiomyopathy
HPA Hypothalamic-pituitary adrenal
HPV Hypoxic pulmonary vasoconstriction
HR Heart rate

5-HT 5-hydroxytryptamine

IAP Intra-abdominal pressure

IBD Inflammatory bowel disease

ICA Internal carotid artery

ICP Intracranial pressure

ICU Intensive care unit

IDDM Insulin-dependent diabetes mellitus

IHD Ischaemic heart disease



v
ILMA
INR
INVCT
IOP
IPP
IPPV

JVP

KCI

LA
LAD
LBBB
LCA
LDH
LFT
LGL
LiDCO
LMA
LMWH
LOS
LVEDP
LVH
MAC
MAO
MAP
MCA
MCHC
MCV
MEAC
MEN
MEP
MET
MgSO,

MIBG
MIP
MIT
MOI
MPAP

Internal jugular vein

Intubating laryngeal mask airway
International normalised ratio

In vitro contracture testing
Intra-ocular pressure

Inspiratory plateau pressure
Intermittent positive pressure ventilation
Intravenous

Jugular venous pressure/pulse
Potassium

Potassium chloride

Local anaesthesia

Left anterior descending

Left bundle branch block

Left coronary artery

Lactate dehydrogenase

Lacrimal, frontal and trochlear nerves
Lown-Ganong-Levine

Lithium indicator dilution cardiac output
Laryngeal mask airway
Low-molecular-weight heparin

Lower oesophageal sphincter

Left ventricular end-diastolic pressure
Left ventricular hypertrophy

Minimum alveolar concentration
Monoamine oxidase

Mean arterial pressure

Middle cerebral artery

Mean corpuscular haemoglobin concentration
Mean corpuscular volume

Minimum effective analgesic concentration
Multiple endocrine neoplasia

Maximal expiratory pressure
Metabolic equivalent

Magnesium sulphate

Malignant hyperthermia
Meta-iodo-benzyl guanidine

Maximal inspiratory pressure
Monoiodotyrosine

Monoamine oxidase inhibitor

Mean pulmonary artery pressure

Abbreviations

XV



Xvi

The Structured Oral Examination in Clinical Anaesthesia Practice examination papers

MRA
Na
NASCET
nCPAP
NDNMB
NIBP
NICE
NIDDM
NMDA
NMJ
NMS
N,O
NO
NO,
NRTI
NSAID
NSTEMI
oD
OSA
OSAHS
PA
PAOP
PAP
PAWP
PCA
PCC
PCI
PCT
PCWP
PDPH
PE
PEEP
PEFR
PEP
PET
PHN

Pl

PMH
PNMT
PONV
PPF

Magnetic resonance angiography

Sodium

North American Symptomatic Carotid Endarterectomy Trial
Nasal continuous positive airway pressure
Non-depolarising neuromuscular blocker
Non-invasive blood pressure

National Institute for Health and Clinical Excellence
Non-insulin dependent diabetes mellitus
N-methyl-D-aspartate

Neuromuscular junction

Neuroleptic malignant syndrome

Nitrous oxide

Nitric oxide

Nitrogen dioxide

Nucleoside reverse transcriptase inhibitors
Non-steroidal anti-inflammatory drugs
Non-ST elevation myocardial infarction
Once a day

Obstructive sleep apnoea

Obstructive sleep apnoea hypopnoea syndrome
Postero-anterior

Pulmonary artery occlusion pressure
Pulmonary artery pressure

Pulmonary artery wedge pressure
Patient-controlled analgesia

Prothrombin complex concentrate
Percutaneous coronary intervention
Proximal convoluted tubule

Pulmonary capillary wedge pressure
Post-dural puncture headache
Pulmonary embolism

Positive end expiratory pressure

Peak expiratory flow rate

Post-exposure prophylaxis

Positron emission tomography
Post-herpetic neuralgia

Protease inhibitors

Past medical history
Phenyl-ethanolamine-N-methyltransferase
Postoperative nausea and vomiting
Plasma protein fraction



PPH
PPM
PSG
PT
PVR
PVRI
QDS
RAP
RAST
RBBB
RBC
rEPO
rFVila
rhAPC
RSBI
RV
SA
SAB
SAH
SAYGO
SBP
SBT
SC
SCM
SF
SNRI
SPECT
SSRI
STEMI
Svi
SVR
SVRI
TBSA
BW
TCA
TCI
TDS
TENS
TF
TFPI
TIBC

xvii
Abbreviations

Primary postpartum haemorrhage

Parts per million

Polysomnography

Prothrombin time

Pulmonary vascular resistance
Pulmonary vascular resistance index
Four times a day

Right atrial pressure
Radio-allergosorbent testing

Right bundle branch block

Red blood cell

Recombinant erythropoietin
Recombinant activated factor VII
Recombinant human activated protein-C
Rapid shallow breathing index

Residual volume

Sino-atrial

Subarachnoid block

Subarachnoid haemorrhage

Spray as you go

Systolic blood pressure

Spontaneous breathing trial
Subcutaneous

Sternocleidomastoid

Serum ferritin

Serotonin and norepinephrine reuptake inhibitor
Single photon emission computed tomography
Selective serotonin reuptake inhibitor
ST-segment elevation myocardial infarction
Stroke volume index

Systemic vascular resistance

Systemic vascular resistance index
Total body surface area

Total body water

Tricyclic antidepressant

Target controlled infusion

Three times a day

Transcutaneous electrical nerve stimulation
Tissue factor

Tissue factor pathway inhibitor

Total iron binding capacity



Xviii
The Structured Oral Examination in Clinical Anaesthesia Practice examination papers

TIVA Total intravenous anaesthesia

TLC Total lung capacity

TLCO Transfer factor for carbon monoxide
TNF Tumour necrosis factor

TOE Transoesophageal echocardiography
TPN Total parenteral nutrition

TRALI Transfusion-related acute lung injury
TSAT Transferrin saturation

TSH Thyroid stimulating hormone

TURP Transurethral resection of the prostate
VAS Visual Analogue Score

VC Vital capacity

vCJD Variant Creutzfeldt-Jakob disease

VF Ventricular fibrillation

VIP Vasoactive intestinal peptide

VMA Vanillyl mandelic acid

VT Ventricular tachycardia

WBC White blood cell

WFNS World Federation of Neurosurgeons

WPW Wolff-Parkinson-White



Long case 1
Information for the candidate
History

A 70-year-old male patient underwent elective abdominal aortic aneurysm
repair 24 hours ago. His past medical history includes hypertension and
ischaemic heart disease. His medications up to the day of surgery
included simvastatin 30mg o.d., enalapril 10mg o.d., atenolol 50mg o.d.
and aspirin 75mg o.d. He smoked 20-30 cigarettes until 6 months ago,
after which he completely stopped.

The intra-operative blood loss was 1.2 litres with an aortic cross-clamp
time of 65 minutes. The average urine output during the intra-operative
period was 90ml/hour. Following the release of the aortic clamp, he
required inotropic support for a brief period. He was transferred to the
intensive care unit and ventilated overnight. Postoperative pain relief is still
provided with epidural infusion of 0.125% bupivacaine and fentanyl
2ug/ml. He was weaned off the ventilator and extubated 4 hours ago.

You have been called to see the patient as he has developed shortness of
breath.

Clinical examination

He is conscious, breathless, sweaty and clammy. His peripheral oxygen
saturation is 94% whilst breathing spontaneously 60% oxygen. On
examining the chest there is bilateral equal air entry with crackles at both
bases.
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Table 1.1 Clinical examination.

Weight 78kg

Height 170cm
Heart rate 120 bpm
Blood pressure 95/65mmHg
Temperature 36.9°C

Investigations

Table 1.2 Biochemistry.

Sodium 138mmol/L
Potassium 3.2mmol/L
Urea 14.5mmol/L
Creatinine 123umol/L

Blood glucose 8.5mmol/L

Normal values
135-145mmol/L
3.5-5.0mmol/L
2.2-8.3mmol/L
44-80umol/L
3.0-6.0mmol/L

Table 1.3 Haematology.

Hb 11.3g/dL
Haematocrit  0.24

RBC 2.75 x 10'?/L
WBC 7.5 x 109/L
Platelets 206 x 109/L
INR 1.4

PT 14.4 seconds

APTT ratio 1.4

Normal values

11-16g/dL

0.4-0.5 males, 0.37-0.47 females
3.8-4.8 x 10'?/L

4-11 x 109/L

150-450 x 109/L

0.9-1.2

11-15 seconds

0.8-1.2
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Figure 1.1 Chest X-ray.
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Examiner’s questions

Please summarise the case

A 70-year-old male patient, known to have hypertension and ischaemic
heart disease, recovering in intensive care following AAA repair, has
developed hypotension and hypoxia at 24 hours postoperatively following
tracheal extubation. His biochemistry results suggest impaired renal
function and hypokalaemia.

What is the differential diagnosis?

The important causes of postoperative hypotension and hypoxia in this
patient can be listed systematically as follows.

Cardiovascular system

¢ Myocardial infarction.
¢ Left ventricular failure or congestive cardiac failure.
¢ Arrhythmias such as atrial fibrillation (AF).

Respiratory system

Pulmonary embolism.

Pleural effusion.

Pneumothorax.

Transfusion-related acute lung injury (TRALI).

* ¢ o o

Metabolic causes

¢ Electrolyte imbalance.

Infection

+ Severe systemic infection (sepsis).

Analgesia-related

+ High level of epidural blockade.
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What are the abnormal findings in the ECG?

The ECG shows atrial fibrillation as the rhythm is irregularly irregular with
absent P waves and the heart rate is approximately 120 bpm. There is left
ventricular hypertrophy and left axis deviation suggesting longstanding
hypertension.

What are the causes of atrial fibrillation (AF)?
Cardiac causes

Ischaemic heart disease.

Mitral valve disease.

Hypertension.
Cardiomyopathy.

L 2R 2R N 2

Non-cardiac causes

Hypoxia.

Acute hypovolaemia.

Sepsis.

Electrolyte disturbances - potassium, magnesium and phosphate.
Pulmonary thromboembolism.

Thyrotoxicosis.

L 2R 2BE JBR JER R 4

In this patient the cause of AF is likely to be ischaemic heart disease,
pneumonia and an electrolyte imbalance (low potassium).

How would you ireat fast atrial fibrillation?

¢+ Ensure adequate airway and breathing, and administer 100% oxygen.

¢ Establish continuous ECG, blood pressure and pulse oximetry
monitoring.

+ Correct any precipitating factors where possible.

¢ Determine if the patient is stable or not.

If the patient is unstable, he should be treated with synchronised DC
cardioversion with shocks up to three attempts. If there is no response,
intravenous amiodarone 300mg should be administered over 10-20
minutes and the shock repeated if needed, followed by an amiodarone
900mg IV infusion over 24 hours.
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In stable patients the rate should be controlled with a beta-blocker or
digoxin administered intravenously.

If the onset of AF is within 48 hours, consider amiodarone 300mg IV over
20-60 minutes followed by amiodarone 900mg over 24 hours. In general,
patients who have been in AF for more than 48 hours should not be
treated by cardioversion (electrical or chemical) until they have been fully
anticoagulated for at least 3 weeks, or unless transoesophageal
echocardiography has shown the absence of atrial thrombus.

How would you determine whether the patient is stable or not?
Signs of instability include:

A reduced level of consciousness.

Chest pain.

Systolic BP <90mm Hg.
Heart failure.

* 6 o o

Signs of instability are uncommon at rates less than 150 bpm.
How would you correct hypokalaemia and hypomagnesaemia?
Potassium

¢ |V via peripheral venous access: maximum concentration is 40mmol
KCl/litre over 4-6 hours.

¢ IV via central venous access: maximum 40mmol KCI in 100ml of 0.9%
saline, with ECG monitoring, in the ICU/HDU/theatre environment
(usually at a rate of 20mmol/hour).

¢ Recheck plasma potassium at least hourly during the rapid
replacement phase.

Magnesium

+ bg of magnesium sulphate (20mmol of Mg*+) should be administered
intravenously over 20 minutes followed by 1g/hour as an IV infusion.
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What are the clinical features of hypermagnesaemia?

The effects are essentially those of a calcium channel blocker combined
with a membrane stabiliser. Magnesium binds to many calcium binding
sites and therefore blocks the effect of calcium in a number of enzyme
systems. A serum concentration of at least 2mmol/L is necessary to
produce clinical effects.

Cardiovascular effects

+ ECG:
- <Bmmol/L - delayed interventricular conduction, prolonged QT

interval;

>5mmol/L - first and second-degree atrioventricular (AV) block;

>12.5mmol/L - complete AV block and asystole.

Hypotension is usually only transient. Except in severe toxicity or following
rapid parenteral administration of MgSO,, hypermagnesaemia does not

usually produce a profound reduction in systemic vascular resistance
(SVR).

Neurological effects

¢ Varying degrees of neuromuscular block by decreasing impulse
transmission across the neuromuscular junction.

¢ A decrease in post-synaptic membrane responsiveness and an
increase in the threshold for axonal excitation also occur.

+ One of the earliest clinically noticeable signs of magnesium toxicity is
diminution of deep tendon reflexes. Hypoventilation may occur due to
respiratory muscle paralysis. High levels of magnesium may lead to
somnolence and coma.

How would you manage hypermagnesaemia?

Stop administration of magnesium. If the patient is haemodynamically
stable, with no evidence of respiratory depression and reflexes are
present, simply observe for further symptoms and maintain urine output. If
there are signs of severe systemic effects, the effect of magnesium can be
antagonised by IV calcium gluconate in bolus doses of 2.5-5mmol.
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In life-threatening complications or in patients with renal impairment,
magnesium excretion may also be enhanced by dialysis with magnesium-
free dialysate.

Can you comment on the chest X-ray?

The chest X-ray shows cardiomegaly with signs of congestive cardiac
failure (hilar congestion and upper lobe diversion of blood vessels). There
is a central line inserted via the right internal jugular vein which is correctly
positioned. There is haziness at both costophrenic angles.

How would you manage cardiac failure in this patient?

¢ Check the airway, breathing and circulation.

+ Keep the patient in a head-up position and administer 100% oxygen.

¢ Administer morphine 5-10mg or diamorphine 2.5-5mg, as an IV slowly.
This relieves anxiety and pain, and also produces transient
venodilation and reduces myocardial oxygen demand.

¢ Administer furosemide 40-80mg IV slowly; this produces transient

venodilation and subsequent diuresis.

Check blood gases.

Non-invasive ventilation with continuous positive airway pressure (CPAP).

Invasive ventilation by reintubation and ventilation.

Monitor the patient in a critical care environment.

Monitor central venous pressure (CVP), invasive blood pressure,

cardiac output, fluid balance and urine output.

+ Vasodilatory/inotropic support may be required.
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After 2 hours of resuscitation, the urine output has fallen to 10ml over the
past 2 hours. The CVP is 15mm Hg, BP is maintained at a mean arterial
pressure (MAP) of 80-90mm Hg, the heart rate is 90 bpm and there is
sinus rhythm.

What are the causes of renal failure?

The causes of renal failure can be classified as pre-renal, renal and post-
renal.



Structured Oral Examination 1

Pre-renal

Pre-renal failure is caused by renal hypoperfusion, e.g. blood loss,
hypovolaemia, cardiac failure, renal artery stenosis or due to decreased
renal perfusion as a result of increased intra-abdominal pressure
(abdominal compartment syndrome).

Renal

Renal failure causes can be of glomerular or tubular origin. Glomerular
causes include glomerulonephritis, amyloidosis and diabetes mellitus.

Tubular and interstitium-related causes include acute tubular nephritis,
drugs (NSAIDs, aminoglycosides, acyclovir, radio contrast dyes) and
tubular obstruction, e.g. myeloma.

Nearly 90% of intrinsic acute kidney injury (AKI) cases are caused by
ischaemia or toxins, both of which lead to acute tubular necrosis (ATN).
Ischaemic acute renal failure is associated with reduced blood flow to the
kidneys (renal hypoperfusion), which leads to tissue death and irreversible
kidney failure.

Post-renal

Post-renal failure causes include obstruction in the urinary collection
system, such as bladder outlet obstruction due to an enlarged prostate
gland or a bladder stone and renal stones in both ureters. A neurogenic
bladder (over-distended bladder) is caused by an inability of the bladder to
empty. Retroperitoneal fibrosis can cause obstruction of the ureters and
result in renal failure. When there is complete absence of urine,
mechanical obstruction of the catheter should be ruled out.

This patient has a tense distended abdomen. Is there anything
else which may result in acute kidney injury?

This patient is at risk of developing abdominal compartment syndrome.
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What is the pathophysiology of acute kidney injury in abdominal
compartment syndrome?

The mechanism for renal failure with an elevated intra-abdominal pressure
(IAP) is multifactorial. There is a decrease in renal plasma flow and
glomerular filtration rate and an increase in renal vascular resistance which
may lead to low urine output and subsequently cause acute kidney injury.

Magnesium therapy in critically ill patients

To maintain normal serum magnesium levels in critically ill patients, serum
magnesium and creatinine levels should be measured daily. The table
below incorporates the volume and delivery for infusion via a central
venous catheter.

Magnesium can be administered according to the chart below once daily
until the serum level of magnesium is >1.0mmol/L. Magnesium can be
diluted either with sodium chloride 0.9% or 5% glucose.

Table 1.4 Magnesium therapy.
Serum magnesium Serum creatinine
<150umol/L 150-250umol/L 250-400pmol/L
>1.0mmol/L None None None
0.55-0.99mmol/L 5g in 50ml 2.5g in 50ml None
over 1 hour over 1 hour
0.40-0.5mmol/L  7.5g in 50ml  5g in 50ml 2.5g in 50ml
over 2 hours over 1 hour over 1 hour
<0.40mmol/L 10g in 50ml 7.5g in 50ml 5g in 50ml
over 2 hours  over 2 hours over 1 hour

Each 10ml vial of magnesium sulphate contains 5g of magnesium sulphate
which equals approximately 20mmol of magnesium (2mmol/ml).
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Abdominal compartment syndrome

Abdominal compartment syndrome (ACS) can be defined as an increased
intra-abdominal pressure associated with organ dysfunction. It is
associated with significant morbidity and mortality. An intra-abdominal
pressure greater than 25mm Hg leads to respiratory, cardiovascular and
renal dysfunction. Prompt recognition and management by abdominal
decompression and fluid resuscitation is likely to improve the prognosis.

The risk factors for the development of ACS include:

Severe penetrating and blunt abdominal trauma.
Ruptured abdominal aortic aneurysm.
Retroperitoneal haemorrhage.
Pneumoperitoneum.

Neoplasm.

Pancreatitis.

Massive ascites.

Liver transplantation.

L 2ER 2R JEE JEE R R 2R 2

The exact incidence of ACS in critically ill patients is not known. Among
the trauma population, the reported risk is approximately 14%. Patients
undergoing ‘damage control’ laparotomy, especially with intra-abdominal
packing are at a greater risk. The incidence following primary closure
following repair of a ruptured abdominal aortic aneurysm is reported in one
series at 4%.

Pathophysiology

Increased intra-abdominal pressure exerts adverse physiological effects
on the cardiovascular, respiratory and renal system. It reduces cardiac
output by the following mechanisms:

¢ A decrease in venous return (compression of inferior vena cava causing
a reduction in venous return from the lower portion of the body).

¢ An increase in afterload (direct compression of blood vessels and
vascular beds).

+ Changes in ventricular compliance (diaphragmatic elevation which
causes distortion of ventricular compliance).

11
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Transmission of IAP to the vena cava and vascular beds causes an
increase in CVP and pulmonary artery occlusion pressure (PAOP) and
hence CVP and PAOP are not good indicators of fluid status in these
patients. There is also an increased risk of venous thrombosis due to
venous stasis. These derangements are exacerbated by concomitant
hypovolaemia.

An increased intra-abdominal pressure decreases respiratory compliance
with a progressive reduction in residual volume, functional residual
capacity (FRC) and total lung capacity (TLC). Pulmonary vascular
resistance increases due to hypoxia and increased intrathoracic pressure.

An increase in IAP is transmitted to the central nervous system via CVP
and results in an increased intracranial pressure (ICP).

An increased IAP results in reduced gut perfusion, mucosal ischaemia and
bacterial translocation.

Measurement of infra-abdominal pressure

Intra-abdominal pressure can be measured either directly or indirectly:

+ Direct - direct measurement at laparoscopy.

¢ Indirect - transduction of pressure from the femoral vein, stomach,

rectum and bladder.

The most commonly used method is measurement of intravesical pressure
via a Foley catheter.

Abdominal compartment syndrome is graded into four grades depending
on the intra-abdominal pressure (Table 1.5).
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Table 1.5 Grades of abdominal compartment syndrome.
Grade Bladder pressure Recommendation
(mmHg)
I 10-15 Maintain normovolaemia
Il 16-25 Hypervolaemic resuscitation
I 26-35 Decompression
vV >35 Decompression and re-exploration

The principle of management includes early surgical decompression and
aggressive fluid resuscitation.

Key points

¢+ Postoperative hypotension and hypoxia are common following major
intra-abdominal surgery.

¢ Pre-operative blood loss, hypotension, hypoxia and electrolyte
imbalance can predispose to cardiac arrhythmias in patients with pre-
existing ischaemic heart disease and subsequently lead to cardiac
failure.

¢ There is a risk of acute kidney injury and abdominal compartment
syndrome following repair of an abdominal aortic aneurysm.

Further reading

1. Bailey J, Shapiro MJ. Abdominal compartment syndrome. Critical
Care 2000; 4: 23-9.

2. Flesher ME, Archer KA, Leslie BD, et al. Assessing the metabolic and
clinical consequences of early enteral feeding in the malnourished
patient. Journal of Parenteral and Enteral Nutrition 2005; 29: 108-17.

3. Hopkins D, Gemmell LW. Intra-abdominal hypertension and the
abdominal compartment syndrome. British Journal of Anaesthesia
CEPD review 2001; 1: 56-9.
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Short case 1.1: Pyloric stenosis

A 4-week-old male child presents with projectile vomiting for the past 5
days and has generally been unwell since birth. The mother gives a history
of vomiting from very early on after birth which now has progressed to
being projectile in nature. The baby also has constipation.

What do you think is the most likely diagnosis?
Infantile (congenital) pyloric stenosis.
What is the incidence of pyloric stenosis?

¢ The worldwide incidence is 3 per 1000 live births.
¢ Male preponderance with a male: female ratio of 4:1.
¢ Usually presents between the 3rd and 5th week of life.

What is the metabolic disturbance expected in this condition?

The classical metabolic picture is hypochloraemic, hypokalaemic,
hyponatraemic metabolic alkalosis. The urine is initially alkaline which later
on becomes acidic (paradoxical aciduria).

Describe the pathophysiology of these biochemical changes

As a result of vomiting, gastric acid (H* and CI), water, Na* and K* are
lost. Normally gastric acid is neutralised by pancreatic HCO, as it crosses
the duodenum. In the case of vomiting with an intact stomach and
duodenum, both acid and HCO; are lost. However, in cases of pyloric
stenosis, only H* is lost, resulting in a net increase in HCOS-. Increased
HCO, reaches the proximal convoluted tubule (PCT) of the kidney and
overwhelms the reabsorptive capacity, resulting in a loss of HCOj in urine
(alkaline urine of early stages).

Extracellular fluid (ECF) volume depletion causes the kidney to conserve
Na* by stimulating aldosterone secretion and causing kaliuresis (loss of K*
ions in the urine). Loss of K* in vomiting and an extracellular to intracellular
shift of K* due to plasma alkalosis causes significant hypokalaemia.
Hypokalaemia forces Na* absorption in exchange for H*, resulting in
acidic urine (paradoxical aciduria). CI- loss occurs as a result of vomiting.
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Therefore, the final metabolic derangement is hypochloraemic,
hypokalaemic, hyponatraemic metabolic alkalosis.

How would you assess fluid loss?

The severity of dehydration is assessed with clinical examination. The
severity can be graded as mild, moderate and severe (Table 1.6). The fluid
deficit in millilitres can be calculated following an estimation of the degree
of dehydration expressed as a percentage of body weight, e.g. a 10kg
child who is 5% dehydrated has a water deficit of 500ml.

Table 1.6 Severity of fluid loss.

Severity Mild Moderate Severe

Fluid loss 5% 10% 15%

(% of body wt.)

Anterior fontanelle Normal Sunken Markedly depressed
Skin turgor Normal Decreased Greatly decreased
Mucous membrane  Moist Dry Very dry

Eyes Normal Sunken Markedly sunken
Pulse Normal Increased Greatly increased
Respiration Normal Tachypnoea Rapid and deep
Urine output <2 <1 <0.5

(ml/kg/hour)

How would you resuscitate this patient?

Ensure that the dehydration and electrolyte imbalance are corrected prior
to surgery. Venous access should be secured and the baseline
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haemoglobin and electrolytes should be measured. Serum HCO;, is
measured from a capillary blood sample. A nasogastric tube should be
inserted and gastric washouts performed at least 4-hourly using saline until
the aspirate is clear. Metabolic targets for resuscitation include:

Serum CI- - >100mmol/L.
Serum Na* - >135mmol/L.
Serum HCOj, - <26mmol/L.
Urine CI' - >20mmol/L.
Urine output - >1ml/kg/hour.
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Intravenous fluids

For moderate to severe dehydration with hypochloraemic alkalosis, a fluid
bolus of 20ml/kg (0.9% sodium chloride) is administered to correct
intravascular fluid deficits. Further fluid replacement should be continued
with 0.45% sodium chloride in 5% dextrose at a rate of 6-8ml/kg/hour.

Once urine output is established, potassium chloride 20mmol/L can be
added to the replacement fluid. Once the metabolic targets are nearly
achieved, maintenance fluid is administered at a rate of 4ml/kg/hour.

Nasogastric losses should be replaced with 0.9% sodium chloride
(normal saline) ml for ml. Serum electrolytes should be checked every 6-
12 hours until the resuscitation target is achieved, and then every 24 hours
for the duration of fluid therapy.

How would you anaesthetise this patient?

Ensure that the child has been appropriately resuscitated to correct the
electrolyte and acid base imbalance, and that senior help is available.

Intra-operative management

Monitoring includes peripheral oxygen saturation (pulse oximetry), ECG
and non-invasive blood pressure. The stomach should be emptied using
nasogastric suction. To prevent hypothermia, operating room temperature
should be maintained at 20-22°C and a warming mattress should be used
along with skin temperature monitoring.
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In the presence of pre-existing patent intravenous access, following pre-
oxygenation, intravenous induction is performed with thiopentone 5-7mg/
kg and succinylcholine 2mg/kg. Tracheal intubation is performed with an
uncuffed tube (3-3.5mm size). Anaesthesia is maintained with oxygen,
sevoflurane (or isoflurane), nitrous oxide and a non-depolarising muscle
relaxant (e.g. atracurium 0.3-0.5mg/kg). Atropine 20ug/kg can be used at
induction to obtund vagal reflexes.

Induction

IV fluids
0.45% saline in 5% dextrose at 4ml/kg/hour is used as maintenance fluid.
Analgesia

Paracetamol at a rectal loading dose of 30-40mg/kg, then 15-20mg/kg
orally, 4-6 hourly, up to a maximum of 90mg/kg/day. The surgical wound is
infiltrated with 0.25% bupivacaine at a dose not exceeding 2mg/kg. At the
end of the procedure the muscle relaxant is reversed with neostigmine
(50ung/kg) and glycopyrrolate (10pg/kg) and the child is extubated when
fully awake.

Postoperative management

Supplemental oxygen.

Apnoea monitor for 6-12 hours.

Gradual feeding commenced 12 hours postoperatively.

Maintenance intravenous fluids continued until feeding is established
to prevent hypoglycaemia.
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Anatomy and physiology of neonates and infants

Infants differ from adults both anatomically and physiologically.
The respiratory system

Anatomically, infants have a large head, a short neck, a large tongue and
a small mouth. They have narrow, easily blocked nasal passages. They are
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obligatory nose breathers, so that maintaining patency of nasal air passage
is important. The epiglottis is floppy and U-shaped. The larynx is positioned
higher than in the adult (at the level of C4 in a child, C5 in an adult). The
narrowest part of the airway is at the level of the cricoid cartilage in
children. In adults it is at the level of the vocal cords. The mucosal lining
at the cricoid cartilage is pseudostratified ciliated epithelium which is
loosely bound to areolar tissue. Any trauma can easily result in oedema.
The trachea is short and this predisposes to endobronchial intubation.
Infants have a limited ability to increase tidal volume because of a
horizontal rib cage. In adults the bucket handle effect of the rib cage allows
significant increase in the anteroposterior diameter. Children have a more
compliant chest wall and relatively low FRC. They have a high metabolic
rate. Oxygen consumption is two to three times higher in infants. On a
ml/kg bodyweight basis, tidal volume is about the same as an adult, so the
respiratory rate is two to three times faster. Due to a low FRC, they have
less oxygen reserve, resulting in hypoxia and bradycardia during airway
obstruction. The closing volume is relatively larger in infants and
encroaches on the tidal volume. Atelectasis and hypoxia develop more
easily than in an adult.

Cardiovascular system

The stroke volume is relatively fixed, therefore, cardiac output is
dependent upon the heart rate. The cardiovascular response to hypoxia in
neonates is bradycardia with pulmonary and systemic vasoconstriction.

Renal system

Renal blood flow and glomerular filtration rate are low in infants. Both fluid
overload and dehydration is poorly tolerated in children.

Temperature control
Children have a large body surface area to weight ratio. The shivering

mechanism is poorly developed. Peri-operative hypothermia is more likely
and measures should be taken to prevent hypothermia.
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Fluid management in infants
Fluid therapy can be divided into three parts:

+ Replacement of any fluid deficit.
+ Administration of maintenance fluid.
¢ Replacement of any losses.

The fluid used to replace the deficit should be isotonic fluid - such as 0.9%
sodium chloride or Ringer lactate (Hartmann'’s) solution. Hypovolaemia
should be corrected with an initial fluid bolus of 10-20ml/kg of an isotonic
fluid or colloid, repeated as necessary as per the Advanced Paediatric Life
Support (APLS) guideline. In severe blood loss, transfusion will be required.

The hourly requirement of maintenance fluid can be calculated using the
4-2-1 rule.

Table 1.7 Maintenance fluid: 4-2-1 rule.

Weight Rate of intravenous fluid infusion
10kg 4ml/kg/hour
11-20kg 40+ 2ml/kg/hour for every 1kg of weight over 10kg

>20kg 60+ 1ml/kg/hour for every 1kg weight over 20kg

During the intra-operative period the majority of children should be given
fluids without dextrose. Blood glucose should be monitored if no dextrose
is given. The maintenance fluid used during surgery should be isotonic,
such as 0.9% sodium chloride or Ringer lactate/Hartmann’s solution.
Neonates in the first 48 hours of life should be given dextrose during
surgery.

Third space loss is difficult to quantify and normally an estimate is made
with 1-2ml/kg/hour given for superficial surgery, 4-7ml/kg/hr given for
thoracotomy and 5-10ml/kg/hour given for abdominal surgery. Clinical
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signs such as heart rate, blood pressure and capillary refill time should be
assessed to ensure adequate fluid replacement.

All' losses during surgery should be replaced with an isotonic fluid such as
0.9% sodium chloride, Ringer lactate or Hartmann's solution, a colloid or a
blood product, depending upon the child’'s haematocrit. In stable, critically ill
children, a haemoglobin threshold of 7g/dl for red cell transfusion can
decrease transfusion requirements without increasing adverse outcomes.

Key points

+ Infantile pyloric stenosis usually presents at the 3rd to 5th week of life.

¢ The classical metabolic derangement is hypochloraemic,
hypokalaemic, hyponatraemic metabolic alkalosis.

¢ All measures should be taken to correct acid base and electrolyte
abnormalities prior to surgery.

Further reading
1. Fell D, Chelliah S. Infantile pyloric stenosis. British Journal of

Anaesthesia CEPD review 2001; 1: 85-8.
2. APA consensus guideline on preoperative fluid management in

children, 2007. http://www.apagbi.org.uk/docs/Perioperative_Fluid—
Management_2007.pdf.

Short case 1.2: Difficult airway

You are asked to anaesthetise a patient for an elective laparoscopic
cholecystectomy. After induction, initial laryngoscopy reveals an
unexpectedly poor view of the larynx.

How would you grade the laryngoscopic view?

By using the Cormack and Lehane grading of laryngoscopic views:

¢ Grade 1: complete visualisation of vocal cords.
¢ Grade 2: only posterior portion of laryngeal aperture seen.
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+ Grade 3: only the epiglottis seen.
+ Grade 4: not even the epiglottis seen.

You have a grade 3 view of the larynx in this patient. What can
be done to improve the view?

Optimising the head and neck position, use of an optimum external
laryngeal manoeuvre and use of an alternate laryngoscope blade can be
helpful in improving the laryngoscopic view. The optimum head and neck
position is achieved by extension of the neck at the atlanto-occipital joint
and slight flexion of the neck on the chest.

The procedure of direct laryngscopy involves alignment of three anatomic
axes: the laryngeal axis, the pharyngeal axis and the oral axis for the
successful visualisation of glottic opening. The pharyngeal and laryngeal
axes are brought into alignment with each other by flexion of the neck. The
oral axis is brought into alignment with others by extension of the head.
Flexion of the neck is achieved by elevating the head by about 10cm

Optimum external laryngeal manipulation or the BURP (backward, upward
and right-sided pressure on the thyroid cartilage) manoeuvre should be
applied to improve the laryngeal view. This is more successful when the
laryngoscopist himself applies the pressure to determine the optimal
direction, and then asks the assistant to perform the same manoeuvre. If
these measures fail, a different laryngoscope should be used. The McCoy
laryngoscope or a laryngoscope with a straight blade has been proven to
help.

What properties would an ‘ideal pillow’ have for aiding
intubation?

The pillow should elevate the head approximately 10cm above the table,
should extend down to support the shoulders, and provide a ‘sniffing the
morning air’ position; it should be mouldable to maintain stability.

Describe the McCoy laryngoscope

It is a long Macintosh blade with a distally hinged tip, operated by a lever
adjacent to the laryngoscope handle. The lever when operated will provide
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vertical force to the epiglottis, lifting it out of the way of the vocal cords.
This is of use when a large epiglottis obscures the cords. It can convert a
Cormack and Lehane grade 3 view into a grade 2 view. It will not improve
a grade 4 view.

Figure 1.3 McCoy laryngoscope.
1. Laryngoscope handle; 2. Lever; 3. Spring-loaded drum; 4. Connecting shaft;
5. Hinged tip.

After optimum positioning and with a McCoy laryngsocope you
have a grade 3 view. What adjunct would you choose to
facilitate tracheal intubation?

A gum elastic bougie can be passed under the edge of the epiglottis into
the trachea and the endotracheal tube is railroaded over the bougie.
Presence of clicks as the bougie slides down the trachea over the tracheal
rings or distal hold up and slight resistance at a distance of 45cm or
coughing (if the patient is not fully paralysed) indicate the correct position
of the bougie in the trachea.
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With all of the above measures there is no improvement in the
view. What would you do?

This is an unexpected failed intubation and it is important to summon for
senior help. In the mean time, the primary aims should be:

+ To provide oxygenation.
+ To ensure hypnosis until the muscle relaxant effect wears off.

A bag and mask ventilation with 100% oxygen should be attempted.
Inserting an oropharyngeal airway would be helpful. Having two persons,
one to hold the mask and another to squeeze the bag, can make the
ventilation more effective.

Plan B is then attempted with secondary tracheal intubation, which firstly
involves insertion of a laryngeal mask airway (LMA) or intubating laryngeal
mask airway (ILMA). After confirming adequate ventilation and
oxygenation, tracheal intubation is attempted preferably guided through a
fibreoptic scope. Intubation should only be attempted once.

You have inserted an ILMA and are able to ventilate but you
have failed to intubate. What would you do next?

In this scenario surgery should be postponed, ventilation and oxygenation
continued and anaesthesia should be maintained until the muscle
relaxation wears off.

What would you do if you failed to oxygenate via an ILMA?

Revert back to face mask ventilation, preferably as a two-person technique
using the oropharyngeal or nasopharyngeal airway and then the patient
should be woken up.

What options are available at this stage if you are not able to
ventilate and the patient desaturates?

This is a ‘cannot intubate, cannot ventilate scenario’. If the patient
continues to desaturate, resort to an emergency cricothyroidotomy.
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How would you predict a difficult airway?

The possibility of a difficult airway can be predicted by the history, clinical
examination and investigations:

*

History: a previous history of a difficult airway, surgery or injury to the
head and neck region, radiotherapy, history of snoring and obstructive
sleep apnoea.
Examination: anatomical abnormalities around the head and neck
region, a short neck and obesity.
Inter-incisor gap: with the mouth maximally open, the gap between the
incisors. If this is <3cm, a difficult laryngoscopy is likely.
Mandibular protrusion:
- Class A - able to protrude the lower incisors anterior to the upper
incisors;
- Class B - lower incisors just reach the margin of the upper
incisors;
- Class C - lower incisors cannot protrude to the upper incisors.
Classes B and C are associated with more risk of a difficult
laryngoscopy.
Thyromental distance (Patil test): the distance between the tip of the
thyroid cartilage to the tip of the mandible, with the neck fully
extended. If <6cm, this predicts a difficult laryngoscopy.
Sternomental distance: the distance between the upper border of the
manubrium to the tip of the mandible, with the neck fully extended and
mouth closed. If <12.5¢cm, this predicts a difficult laryngoscopy.
Movement of the cervical spine: flexion and extension movements of
the cervical spine. With a finger on the patient’s chin and the other one
on the occipital protuberance, the head is extended maximally and the
position of the chin in relation to the occipital protuberance is noted. If
the chin is higher than the occipital protuberance, there is normal
cervical spine mobility. If the two fingers are at the same level, there is
moderate limitation of cervical spine mobility. If the chin is lower than
the occipital protuberance, there is a severe limitation of cervical spine
mobility.
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What scoring systems do you know for predicting a difficult
airway?

There are several scoring systems to assess a difficult airway, but none are
reliable in predicting this and so they should be used in combination, as
this provides a better overall assessment of the airway.

Modified Mallampati (with Samson and Young'’s modification)

The test is performed with the patient sitting opposite to the anaesthetist
with their mouth open as wide as possible and the tongue protruded.
Depending on the pharyngeal structures visualised, four classes are
described:

¢ Class 1: faucial pillars, soft palate and the uvula are visible.

¢ Class 2: faucial pillars and soft palate are visible, but the base of the
tongue masks the uvula.

¢+ Class 3: only soft palate is visible.

¢ Class 4: even soft palate is not visible.

Classes 3 and 4 are associated with difficult intubation. The test is prone
to inter-observer variation. The modified test has a sensitivity of 68% and
specificity of 53% in predicting difficult intubation (laryngoscopic view of
grades 3 or 4).

Wilson risk sum score
The Wilson risk sum score includes five risk factors (Table 1.8).

The total possible score is 10; a total score of >3 predicts 75% of difficult
intubations; a total score of >4 predicts 90% of difficult intubations.

A combination of the above tests has a better predictive value. The
modified Mallampati test, thyromental distance, ability to protrude the
mandible and movement of the cervical spine are commonly used.
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Table 1.8 Wilson risk sum score including five risk factors.

Risk factor Score
Weight (kg) <90 0
90-110 1
>110 2
Head and neck movement (degrees) >90 0
~90 1
<90 2
Jaw movement Incisor gap >5cm 0]
or subluxation >0
Incisor gap <5cm 1

and subluxation = 0
Incisor gap <5cm and 2
subluxation <O

Receding mandible Normal 0
Moderate 1
Severe 2
Buck teeth Normal 0
Moderate 1
Severe 2

What are the predictors of difficult bag and mask ventilation and
oxygenation?

The five predictors of difficult bag and mask ventilation and oxygenation
can be summarised in the word ‘OBESE":

Obese (body mass index >26kg/m2).
Bearded.

Elderly.

Snorers.

Edentulous.

* 6 6 0 o
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Guidelines for the management of unanticipated difficult intubation

The Difficult Airway Society guidelines for an unanticipated difficult
intubation include a series of plans that can be implemented when a
primary technique fails. The basic structure of flow charts contains:

¢ Plan A: initial tracheal intubation plan.

+ Plan B: secondary tracheal intubation plan, when plan A has failed.

¢ Plan C: maintenance of oxygenation and ventilation, postponement of
surgery and awakening the patient when earlier plans fail.

¢ Plan D: rescue techniques for a cannot intubate, cannot ventilate
(CICV) scenario.

The progress of the above plans depends upon the nature of the clinical
scenario. During initial tracheal intubation, optimum head and neck position,
appropriate laryngoscopic technique and external laryngeal manipulation
should be considered. The secondary tracheal intubation plan involves use
of a dedicated airway device such as LMAs or ILMAs. When both plan A
and plan B fail, ventilation and oxygenation should be continued with a
dedicated airway device. It is important to avoid trauma to the airway.
Elective surgery should be cancelled. If ventilation is impossible and serious
hypoxaemia is developing, then plan D should be implemented.

Emergency cricothyroidotomy

Emergency cricothyroidotomy is performed in a CICV scenario to
oxygenate the patient. The following are the three different techniques for
emergency cricothyroidotomy.

Needle cricothyroidotomy and transtracheal jet ventilation

A 13G cricothyroidotomy cannula or a 14G venflon is commonly used. The
small cannula (2-3mm internal diameter) has a high resistance, and needs
a high pressure oxygen source to ventilate. A jet injector at 1-4 bar
pressure (Sanders injector or VBM Manujet) is used. Exhalation is passive
and must occur through the pharynx and larynx. Some degree of upper
airway patency is essential to facilitate exhalation. In the case of complete
airway obstruction, a second cannula through the cricothyroid membrane
may be required to facilitate exhalation.

27
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Large purpose made cannula with an internal diameter of 4mm or more

The lungs can be ventilated using an anaesthetic breathing system. Both
cuffed and uncuffed versions of cannula-over-needle-type devices are
available.

Surgical cricothyroidotomy: rapid four-step technique

This involves:

L 2

Palpation of the cricothyroid membrane.

Horizontal stab incision over the cricothyroid space.

Traction with a tracheal hook. A scalpel handle inserted through the
skin incision is then rotated 90°.

Downward traction with a tracheal hook and intubation with a 6mm
cuffed tracheostomy tube.

The early complications of cricothyroidotomy include bleeding, posterior
tracheal wall perforation, pneumothorax, vocal cord injury, oesophageal
perforation and failure of the procedure. The late complications are
tracheal or subglottic stenosis, tracheo-oesophageal fistula, infection and
tracheomalacia.

Key points

¢ History and clinical examination are important components of
prediction of difficult intubation.

+ Successful airway management requires a careful primary plan with an
adequate back-up plan when the primary plan fails.

¢ During initial tracheal intubation, optimum head and neck position, the
BURP manoeuvre and an alternate laryngoscope blade should be
considered.

¢ A secondary tracheal intubation plan involves intubation through an
LMA or ILMA, preferably using fibreoptic-assisted intubation.

¢ Failed intubation with increasing hypoxaemia and difficult mask

ventilation requires an emergency cricothyroidotomy for rapid
reoxygenation of the patient.
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Further reading

®

Short case 1.3: Tension pnuemothorax

A 56-year-old trumpeter collapsed while playing at a concert. On arrival at
the emergency department he appears pale and breathless. A chest X-ray
has been taken. His pulse is 110/minute, BP is 82/61mm Hg, SpO, is
89% and the GCS is 14/15.

Figure 1.4 Chest X-ray.
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What is your diagnosis?

The patient is tachycardic, hypoxic and hypotensive. The chest X-ray
shows a right-sided tension pneumothorax with a shift of the mediastinum
to the left side.

How would you classify pneumothoraces?

Free gas, usually air, within the pleural cavity is called a pneumothorax. It
can be classified based on whether the gas is under tension or not.

A simple pneumothorax occurs where gas is not under tension, which can
be an open simple pneumothorax (the communication between the gas
source and pleura still persists) or a closed simple pneumothorax (the
communication between the gas source and the pleura has closed off).

A tension pneumothorax occurs where gas is under tension as the flow of
gas within the pleural cavity is unidirectional and a valve effect prevents its
release. The tension may cause a mediastinal shift.

What are the possible mechanisms by which a pneumothorax
can occur?

There are three possible mechanisms by which a pneumothorax can
occur:

¢ Damage to the parietal pleura: chest trauma causing an open chest
wound, during central venous cannulation and during operative
procedures such as nephrectomy, tracheostomy, laparoscopy.

+ Damage to the visceral pleura: fractured ribs, spontaneous rupture of
the emphysematous bullae, during central venous cannulation, during
regional anaesthetic procedures such as interscalene supraclavicular,
intercostal and paravertebral nerve blocks.

¢ Intrapulmonary rupture: high inflation pressures during positive
pressure ventilation or high pressure jet ventilation, severe cough and
in chronic lung diseases such as asthma.
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Explain the pathophysiology underlying a tension pneumothorax

Lung, chest wall injury or rupture of an emphysematous bulla, may result
in a one-way valve effect. With each breath, more gas moves into the
pleural cavity which ultimately results in an increase in intrathoracic
pressure and compression of structures. Compression of the great veins
leads to reduced venous return and cardiac filling, resulting in tachycardia
and hypotension. Collapse of one lung will also create a large shunt with
a percentage of blood passing through the lung without taking up oxygen.
This leads to decreased oxygen saturation as the deoxygenated blood
mixes with oxygenated blood. Hypotension and hypoxaemia may lead to a
reduced conscious level.

How would you treat a tension pneumothorax?

It is a life-threatening emergency and the gas under tension in the pleural
cavity needs to be released urgently.

Treatment of a tension pneumothorax involves:

+ Circulatory support with intravenous fluid and vasopressor drugs.

¢ Decompression of the pneumothorax by inserting a large-bore cannula
at the second intercostal space in the mid-clavicular line.

+ A chest drain must be inserted following needle thoracocentesis.

Once the intrathoracic pressure is reduced, venous return increases
which increases cardiac output and improves gas exchange.

Describe how you would insert a chest drain

The patient is positioned in the supine position with their arm on the side
of the lesion behind the patient’s head to expose the axillary region.

The drain insertion site is in the mid-axillary line through the ‘safe triangle’.
This is a triangle bordered by the anterior border of latissimus dorsi, the
lateral border of the pectoralis major muscle, a line superior to the
horizontal level of the nipple, and the apex below the axilla.
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An aseptic technique should be employed and local anaesthetic should be
infiltrated into the site of insertion of the drain. The skin should be incised
over the upper border of the lower rib to avoid injury to the neurovascular
bundle which runs along the inner aspect of the lower border of the rib.
Although a rigid trochar is provided along with the chest drain tube, its use
should be avoided as it increases the likelihood of injury to the lung. After
incising the skin and deep tissues, blunt dissection is achieved using
artery forceps. Once the pleura is punctured, a finger tip should be
inserted to sweep the lung away from the insertion site. The chest drain
tubes have side holes to facilitate drainage and a radio-opaque line so that
the position can be checked using a chest X-ray.

The tip of the chest drain should be aimed apically for a pneumothorax and
basally for fluid. Two sutures are usually inserted: a closure suture to assist
later closure of the wound after the drain removal and a stay suture to
secure the drain. The drain should be connected to a drainage system
which allows unidirectional flow, e.g. an underwater seal bottle or a flutter
valve. A chest X-ray should be performed post-insertion.

What are the physical principles of draining air or fluid from the
pleural cavity?

Air in the pleural space is moist and flow is turbulent. Flow depends on the
Fanning equation:

Flow = nrSP/Al
where r = radius, P = pressure gradient, f = frictional factor, | = length.
What pressure gradient decides the flow?
Flow = P/R
where R = resistance and P = pleural pressure - pressure in the

underwater seal collection system. It is the pressure gradient between
pleural pressure and pressure in the underwater seal device.
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What are the features of an underwater seal device?

The chest drain is usually attached to a drainage system which allows only
one direction of flow. This is usually the underwater seal bottle (Figure 1.5)
and it should have the following features:

¢ The tube must be wide enough to minimise resistance.

¢ The total volume of the water in the bottle should be more than the
volume of the drainage tube so that with maximum negative pressure,
despite water being sucked in the tube, there is enough in the bottle
to maintain an underwater seal.

¢ The tube should be approximately 3cm below the surface of the water.
If it is more than 5cm, it increases the resistance to air or fluid
escaping from the pleural cavity.

¢ The bottle should be at least 45cm below the level of the patient's
chest. Water may be drawn into the pleural cavity during maximal
negative inspiratory effort if it is more close to the patient.

¢ The chest drain bottle should always be kept below the level of the
patient. If suction is required, a low pressure high volume suction (-10
to -20cm H,O) should be used. It should only be used for a non-
resolving pneumothorax.

In a single-bottle system, as the chamber is filled with fluid or blood, the
resistance increases. In haemopneumothorax, a two or three-bottle
system is used. In a two-bottle system, the first bottle acts as a collection
chamber and the second bottle acts as an underwater seal. The
disadvantage of this system is that the air in the fluid trap forms an
extension of the patient’s pleural space and increases the total air dead
space. This reduces the drainage efficiency and may impede re-
expansion of the lung. Applying negative pressure to the collection
chamber will increase the pressure difference between the pleural space
and the collection chamber. The safest method of regulating suction
pressure is to add a control bottle between the underwater seal and
suction device. In a three- bottle system, the first bottle acts as a
collection chamber, the second bottle acts as an underwater seal and the
third bottle is used for suction control.

33



34

The Structured Oral Examination in Clinical Anaesthesia Practice examination papers

Iﬂll
|

11
1

:

Figure 1.5 Single-bofttle underwater seal system.
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Figure 1.6 Three-bofttle underwater seal system.
A. Suction confrol bottle; B. Underwater seal bottle; C. Fluid trap.
1. Confrol fube; 2. Suction attachment; 3. Air inlet; 4. Chest drain tube inlet.
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According to British Thoracic Society (BTS) guidelines, a chest drain may
be helpful in the following settings:

Indications for insertion of a chest drain

¢ Pneumothorax in any ventilated patient.

+ Tension pneumothorax after initial needle thoracocentesis.

+ Persistent or recurrent pneumothorax after simple aspiration.

¢ Large secondary spontaneous pneumothorax in patients over 50
years.

¢+ Malignant pleural effusion.

¢ Empyema and complicated parapneumonic pleural effusion.

¢ Traumatic haemopneumothorax.

¢ Postoperative - thoracotomy, oesophagectomy, cardiac surgery.

Complications of chest drain insertion

Visceral injury: laceration of lung, liver, pericardium, heart.
Injury to intercostal vessels and nerve.

Haemothorax.

Subcutaneous emphysema.

Infection.

Incorrect tube position, kinking of tube, tube blockage.

® ¢ 6 6 0 o

Key points

¢ A tension pneumothorax results in hypoxia and severe hypotension.
¢ Treatment of a tension pneumothorax includes immediate needle
thoracocentesis followed by insertion of a chest drain.

Further reading

1. Kam AC, O'Brien M, Kam PCA. Pleural drainage systems.
Anaesthesia 1993; 48: 154-61.

2. Laws D, Neville E, Duffy. BTS Guidelines for the insertion of a chest
drain. Thorax 2003; 58: ii53.
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Applied anatomy 1.1: Anatomy for ophthalmic
anaesthesia

A 75-year-old lady is to undergo cataract surgery to her left eye. She has
a past medical history of angina and insulin-dependent diabetes mellitus
for which she is on appropriate therapy.

What types of regional anaesthetic blocks can you use to
provide adequate anaesthesia for cataract surgery?

Peribulbar block.

Sub-Tenon's block.

Retrobulbar block.

Subconjunctival infiltration.

Topical corneoconjunctival anaesthesia.

* 6 O 0 o

Describe the anatomy of the orbital cavity, extra-ocular muscles
of the eye and their nerve supply

The bony orbit contains the eye and the extra-ocular muscles of the eye. It
is pyramidal in shape with the base at the front and apex pointing towards
the middle cranial fossa. The orbit is separated into two major
compartments, the intraconal space and the extraconal space. The
intraconal space is bounded by four rectus muscles, extends from the
annulus of Zinn at the orbital apex to their penetration through the Tenon's
capsule. The extraconal space is outside the muscle cone within the bony
orbit.

The margins of the orbit are:

¢+ Roof: orbital plate of the frontal bone.

¢ Floor: maxilla and zygoma.

¢ Medial: frontal process of the maxilla and lacrimal bone (anterior);
orbital plate of the ethmoid and body of the sphenoid (posterior).

¢ Lateral: zygoma and greater wing of the sphenoid.
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Figure 1.7 Anatomy of the orbit.
1. Optic foramen; 2. Superior orbital fissure; 3. Inferior orbital fissure.

The orbit has three openings: the superior and inferior orbital fissures and
the optic canal.

The superior orbital fissure carries the lacrimal, frontal, nasociliary
(branches of the ophthalmic division of the trigeminal nerve), oculomotor,
trochlear, abducens nerves and superior ophthalmic vein. Lacrimal, frontal
and trochlear (LFT) nerves lie outside the muscle cone.
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Figure 1.8 Contents of the superior orbital fissure.

1. Lacrimal nerve; 2. Frontal nerve; 3. Trochlear nerve; 4. Optic nerve; 5. Optic
foramen; 6. Ophthalmic artery; 7. Ring formed by muscle tendons; 8. Superior
ophthalmic vein; 9. Superior oculomotor nerve; 10. Nasociliary nerve; 11.
Abducens nerve; 12. Inferior oculomotor nerve; 13. Inferior ophthalmic vein.
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The contents of the inferior orbital fissure carries the maxillary division of
the trigeminal nerve, inferior ophthalmic vein and infra-orbital artery.

The contents of the optic canal transmits the optic nerve and the
ophthalmic artery.

The eye globe occupies the anterior part of the orbit and normally has an
axial length of 24mm (20-25mm). In myopic individuals it is usually
elongated (more than 26mm). The globe has three layers: the innermost is
made up of neural tissue-retina; the middle layer is the vascular layer and
contains choroid, ciliary body and the iris; and the outermost layer of
cornea and sclera. Tenon's capsule is a thin layer which encapsulates the
globe and extends all the way from the optic nerve to fuse with the
conjunctiva anteriorly.

Tenon's capsule invests the globe and extra-ocular muscles in the anterior
central orbit. It extends from the corneal limbus anteriorly to the optic nerve
posteriorly. Anteriorly it is penetrated by the four rectus muscles and by
two oblique muscles, prior to their insertion to the sclera.

Extra-ocular muscles

There are six extra-ocular muscles which help to control the movements of
the eye: four rectus muscles (superior, inferior, lateral and medial) and two
oblique muscles (superior and inferior obliques). The rectus muscles
congregate at the apex of the orbit to form a fibrotendinous ring, the annulus
of Zinn. Bands of connective tissues merge with the extra-ocular muscles to
form the cone in which the sensory supply to the globe is embedded.

Nerve supply

+ The motor nerve supply to the extra-ocular muscles is by the third,
fourth and sixth cranial nerves.

¢ Lateral rectus is supplied by the abducens nerve (sixth cranial nerve).

¢ Superior oblique is supplied by the trochlear nerve (fourth cranial
nerve).

+ Superior, inferior and medial rectus, and inferior oblique are supplied
by the oculomotor nerve (third cranial nerve).

N.B. A mnemonic is LR6 SOA4.
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Sensory innervation to the eye is by supratrochlear and lacrimal
branches of the ophthalmic division of the trigeminal nerve (fifth cranial
nerve).

Autonomic innervations are via the parasympathetic supply from the
Edinger Westphal nucleus, accompanying the third cranial nerve to
the synapse with the short ciliary nerves in the ciliary ganglion.

The sympathetic fibres are from the first thoracic sympathetic outflow,
synapses in the superior cervical ganglion before joining the long and
short ciliary nerves.

Which nerve supplies levator palpebrae superioris?

Superior branch of the oculomotor nerve.

Describe the procedure of peribulbar block

*

Preparation includes explanation to the patient, local anaesthetic
agents, equipment check, intravenous access and monitoring (oxygen
saturation, ECG and non-invasive blood pressure).

Contraindications include anticoagulation with an INR >2.5, an axial
length >26mm (sausage-shaped eyeball in severely myopic patients),
infection of the eye and when the patient is unable to lie flat or still.

A local anaesthetic mixture with 5ml of 0.75% bupivacaine, 75 units of
hyaluronidase and 5ml of 1% lignocaine with 1:200,000 epinephrine
is commonly used.

Topical anaesthesia is achieved by applying benoxinate or
amethocaine solution on the conjuctiva.

With the patient lying supine ask the patient to look straight ahead and
focus on a point on the ceiling.

Inferolateral injection is performed at the junction of the medial two-
thirds and lateral third of the inferior orbital rim. Just lateral to the
groove on the inferior orbital rim and 1mm above the orbital rim, a
needle (25G, 25mm) is inserted either through the conjunctival
reflection or percutaneously. 5-6ml of local anaesthetic is injected after
careful aspiration while trying to assess the globe tension by the other
hand. Following injection, light pressure is applied to the eye with a
soft pad or compression device (Honan balloon) to dissipate the local
anaesthetic solution.
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¢ Medial injection: at times a second injection is needed to provide a

greater degree of akinesia. A needle is passed through the conjunctiva
in the medial canthus, medial to the caruncle and directed straight
back parallel to the medial wall of the orbit pointing 20° cephalad until
the hub of the needle is at the level of the iris. 4-5ml of local
anaesthetic is injected.

What nerves would you block with inferolateral injection?

This blocks the ophthalmic division branches (nasociliary, lacrimal, frontal,
supra-orbital and supratrochlear branches) and the maxillary division
branches (infra-orbital branch) of the 5th cranial nerve (trigeminal).

What nerves would you block with medial injection?

This blocks the nasociliary nerve, long ciliary nerve, infratrochlear and
supra-orbital nerve.

Why is pressure applied and how much pressure is used?

After injecting the local anaesthetic solution, the eye is closed and
pressure is applied for 10 minutes. This is to lower intra-ocular pressure
by reducing aqueous humour production and increase its reabsorption
and to dissipate the local anaesthetic

What are the signs of a successful block?

*
*
L 4

Ptosis.
Akinesia of the eye.
Inability to close the eye once opened.

What are the complications of peribulbar block?

L R 2R 2R JER 2

Intravascular injection.

Anaphylaxis.

Haemorrhage.

Penetration/perforation of the globe.

Central spread of local anaesthetic via the dural cuff accompanying
the optic nerve.
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¢ Oculocardiac reflex.
+ Penetration of the optic nerve sheath causing optic nerve atrophy.

Who is more likely to get a globe perforation?

Normally the eye has an axial length of 24mm (20-25mm). In myopic
individuals it is usually elongated (more than 26mm) and they are
predisposed to thin-walled protuberances of the scleral wall which can be
perforated during the peribulbar block. Myopic patients are therefore more
prone to perforation.

What is the oculocardiac reflex?

Bradycardia following traction on the eye, especially the medial rectus or
due to pressure on the globe. It is particularly active in children. In some
instances the bradycardia may cause asystole. It usually resolves
immediately after the stimulus is removed

What is the mechanism for oculocardiac reflex?

Afferent impulses travel via the long and short ciliary nerves, via the ciliary
ganglion, to the trigeminal (gasserian) ganglion through which the sensory
fibres pass. Efferent impulses pass via the vagus nerve to the sino-atrial
node.

How can it be treated?

o+ Stop the surgery.

¢ Relieve pressure on the globe and release traction on the extra-ocular
muscles.

+ Atropine or glycopyrrolate should be administered.

t may be prevented by avoiding pressure on the globe, the use of
prophylactic anti-emetics, giving pre-operative anticholinergic drugs such
as atropine, avoiding opioids and avoiding hypercapnia, hypoxia and light
levels of anaesthesia.
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Eye blocks

In retrobulbar block, the needle is inserted into the intraconal space
behind the globe. As the local anaesthetic is deposited close to the motor
and sensory nerves, a small volume (1.5-4ml) of local anaesthetic is
adequate to produce a satisfactory block.

In peribulbar block, the needle is placed outside the muscle cone, further
away from the apex. A larger volume of local anaesthetic (6-10ml) is
required to produce satisfactory block.

In sub-Tenon'’s block, Tenon’s capsule is elevated from the sclera and local
anaesthetic is deposited into the sub-Tenon's space (episcleral space).
The sub-Tenon's space is accessed by dissecting at the inferonasal
quadrant. After topical anaesthesia to the conjunctiva using amethocaine
or benoxinate, the patient is asked to look upwards and outwards. A fold
of conjunctiva is drawn upwards at the inferonasal quadrant with forceps.
A small incision at the base of the fold with surgical scissors creates
access to the sub-Tenon's space. A blunt cannula is then inserted into the
space and directed backwards following the contour of the globe. 3-5ml
of local anaesthetic solution is injected.

Complications related to ophthalmic regional block are:

Retrobulbar haemorrhage.

Subconjuctival haemorrhage.

Subconjuctival oedema (chemosis).

Optic nerve damage.

Globe perforation.

Intravascular injection.

Central spread of local anaesthetic with clinical features including
drowsiness, vomiting, convulsions and cardio-respiratory arrest.

¢ Oculocardiac reflex due to traction on the eye, rapid distension of
tissues by local anaesthetic or by haemorrhage.

L 2R ZER JEE 2R K 2R 2
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Key points

¢ The optic nerve, ophthalmic artery and central retinal vein pass
through the optic foramen.

¢ The lacrimal, frontal and trochlear (LFT) nerves pass through the
superior orbital fissure and lie outside the muscle cone.

¢ The inferior orbital fissure transmits the infra-orbital nerve, infra-orbital
artery and infra-orbital vein.

¢ The motor nerve supply to the extra-ocular muscles is by the third,
fourth and sixth cranial nerves. A mnemonic is LR6 SO4.

Further reading

1. Johnson RW. Anatomy for ophthalmic anaesthesia. British Journal of
Anaesthesia 1995; 75: 80-7.

2. Hamilton RC. Techniques of orbital regional anaesthesia. British
Journal of Anaesthesia 1995; 75: 88-92.

3. Varvinski AM, Eltringham R. Anaesthesia for ophthalmic surgery.
Update in Anaesthesia 1996; 6(3). (http://www.nda.ox.ac.uk/wfsa/
html/u06/u06-012.htm).

Applied physiology 1.2: Pulmonary vascular resistance

A 52-year-old male patient is admitted to undergo elective
cholecystectomy. He has been a heavy smoker in the past. His lung
function tests are suggestive of moderate to severe obstructive airway
disease. On cardiac catheterisation his pulmonary vascular resistance
(PVR) is calculated to be at 320 dynes.s.cm™.

Can you comment on the pulmonary vascular resistance of this
patient?

The normal PVR is 100-200 dynes.s.cm™®. This patient has a high PVR.
This could be due to hypoxia, hypercapnia and acidosis associated with
his chronic obstructive airway disease.
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What are the factors affecting pulmonary vascular resistance?

Pulmonary vascular resistance is the relationship between the pulmonary
driving pressure and cardiac output:

PVR = 80 x (MPAP - PCWP) / CO

where MPAP = mean pulmonary arterial pressure, PCWP = pulmonary
capillary wedge pressure, CO = cardiac output.

Table 1.9 Vascular resistance range.

Measurement Reference range
Systemic vascular resistance 900-1200 dynes.s.cm®
Pulmonary vascular resistance 100-200 dynes.s.cm™®

Factors affecting PVR

There are passive and active factors that control PVR. Pulmonary vascular
resistance is influenced by passive factors such as alveolar pressure and
volume.

Effect of lung volume

PVR is lowest at lung volume close to FRC and increases with low or high
lung volumes. At high lung volumes, the alveolar capillaries are
compressed and PVR increases. At low lung volumes, compression of
corner capillaries (the capillaries that lie within the junction between three
or more alveoli) and extra-alveolar capillaries results in increased PVR.

Active factors
There are several mechanisms that control PVR. Pulmonary vasculature is
normally kept in a state of active vasodilatation:

¢ Hypoxia increases PVR.
¢ Acidosis and hypercapnia increase PVR.
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¢ Alkalosis and hypocapnia reduce PVR.

+ Vasodilator drugs such as nitric oxide, prostacyclin, ACE inhibitors
and phopshodiesterase inhibitors decrease PVR.

¢ Sympathetic stimulation increases PVR.

¢ Parasympathetic stimulation decreases PVR.

+ Catecholamines such as epinephrine and related inotropes such as
dopamine increase PVR.

¢+ Histamine relaxes the pulmonary vascular smooth muscle, whereas
serotonin (5-HT) is a potent vasoconstrictor.

What is hypoxic pulmonary vasoconsiriction (HPV) and what is
the mechanism?

Reduced partial pressure of oxygen in the alveoli (PAO, <9kPa) causes
reflex vasoconstriction of pulmonary arterioles. It occurs rapidly, within
seconds of a decrease in PAO,,. It is significant during one lung ventilation.
In left ventricular failure it may cause vasoconstriction in the bases and
divert the blood flow to upper lobes away from the hypoxic basal area. It
is a biphasic phenomenon: in the first phase there is return of the
pulmonary vascular resistance to baseline and the second phase which is
usually slower and is characterised by a much sustained vasoconstriction.

The exact mechanism is unknown but it may involve the release of
chemical mediators. It is not neurally mediated since it occurs in
denervated isolated lungs. Nitric oxide contributes to the normal
vasodilatation of pulmonary vasculature; reduced nitric oxide production
secondary to hypoxia will lead to vasoconstriction. Hypoxia may stimulate
production of endothelin, a vasoconstrictor peptide. Hypoxia may alter the
response of oxygen-sensitive potassium channels and lead to opening of
calcium channels which results in smooth muscle contraction. Cyclo-
oxygenase activity is inhibited by hypoxia, which may diminish the effects
of vasodilator products such as prostacyclin.

The mechanism of hypoxic pulmonary vasoconstriction is multi-factorial
and most likely results from a combination of the direct effect of hypoxia
on smooth muscle modulated by endothelium-dependent factors.
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Are there any benefits of HPV?

Hypoxic vasoconstriction is beneficial as it improves the match between
perfusion and ventilation by diverting flow from poorly ventilated areas to
better ventilated areas. It maintains this balance of ventilation to perfusion
on a breath to breath basis.

What happens to PVR in a neonate soon after birth?

During transition from fetal to neonatal circulation, the first breath increases
alveolar PO, and is partially responsible for the decreased PVR at birth.

What are the effects of general anaesthesia on HPV?

Intravenous anaesthetics have generally been found to have no effect on
HPV, except for ketamine which increases the PVR.

Inhaled anaesthetics have been reported to inhibit HPV in a variety of in
vitro experimental preparations. For example, in isolated rat lungs, in vitro,
halothane, enflurane, and isoflurane inhibit HPV. In more intact animal
preparations and in patients, a concentration of more than one minimal
alveolar concentration (MAC) is needed to inhibit HPV.

Which pulmonary vessels (size of the vessel) are responsible for
HPV?

Hypoxic vasoconstriction mainly occurs in small pre-capillary arterioles but
small pulmonary veins also constrict in response to hypoxia, although not
more than 20% of the total change in PVR.

What is the clinical application of pulmonary vasodilatotors?

Pulmonary vasodilators, such as nitric oxide and prostacyclin, are used for
correction of hypoxaemia in patients with acute respiratory distress
syndrome (ARDS) to vasodilate the most healthy well ventilated lung
regions.
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What is the dose of nitric oxide?

It is usually started at a dose of 5-6ppm. If no response is recorded, the
dose may be increased gradually to a maximum dose of 80ppm. The
normal dose used throughout treatment is between 5-20ppm. When the
maximum dose is achieved and no response is noted, then the patient is
discontinued from this course of therapy and is considered a non-
responder to inhaled nitric oxide.

What are the complications of inhaled nitric oxide?

Nitric oxide in the presence of oxygen will, in most instances, combine to
become nitrogen dioxide (NO,). High levels of NO, have produced
pulmonary oedema when extremely high doses of inhaled nitric oxide are
used. For this reason the monitoring of NO/NO, is very important. Nitric
oxide has been found to have an affinity for haemoglobin that is 280 times
greater than carbon monoxide; therefore, continuous monitoring is
essential. High levels of methaemoglobin can potentially interfere with
tissue oxygen delivery and result in hypoxia. One other potential
complication is the possible effect on coagulation caused by decreased
platelet aggregation.

Pulmonary vascular resistance (PVR)

PVR is controlled by both passive and active factors. Lung volume is one
important passive factor that determines pulmonary vascular resistance.
PVR is lowest at lung volume close to FRC and increases both at low and
high lung volumes. If alveolar pressure rises, capillaries tend to be
squashed and their resistance increases. At high altitude, hypoxic
pulmonary vasoconstriction increases PVR.

There are several substances that act on various receptors in the
pulmonary vasculature to control the vascular tone. Substances known to
increase pulmonary vascular resistance include serotonin and
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Figure 1.9 Pulmonary vascular resistances in relation fo lung volume.

norepinephrine. Substances known to relax pulmonary vascular smooth
muscle include isoproterenol, nitric oxide, prostacyclin and acetylcholine.
Inhaled nitric oxide and prostacyclin (PGl,) reduce PVR and increase
alveolar perfusion in the ventilated regions of the lung. This improves the
VA/Q (VA = alveolar ventilation, Q = perfusion) matching by a
redistribution of perfusion to the lung regions with better ventilation and
increases the PaO,,.
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Table 1.10 Effects of various substances on pulmonary vascular
resistance.

Substance Receptor group Effect
Epinephrine Beta 2 Dilatation
Norepinephrine  Alpha 2 Dilatation
Acetylcholine M3 cholinergic Dilatation
Histamine H2 Dilatation
Prostacyclin - Dilatation
Substance P NK1 Dilatation
Vasopressin \'Al Dilatation
Bradykinin B2 Dilatation
Angiotensin AT Constriction
Neurokinin A NK2 Constriction
Norepinephrine  Alpha 1 Constriction
Thromboxane A, - Constriction
Key points

¢ PVR is lowest at lung volume close to FRC.

¢ Hypoxia, hypercapnia and acidosis associated with chronic
obstructive airway disease, increase PVR.

¢ Hypoxic vasoconstriction is beneficial as it improves the match
between perfusion and ventilation in the lungs.

¢ The mechanism of hypoxic pulmonary vasoconstriction is
multifactorial; a combination of the direct effect of hypoxia on smooth
muscle and modulation by endothelium-dependent factors.

Further reading

1. Yuan JXJ. Hypoxic pulmonary vasoconstriction: cellular and molecular
mechanisms. Springer, 2004.
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Applied pharmacology 1.3: Calcium channel blockers

A 65-year-old male patient, scheduled for an inguinal hernia repair, was
diagnosed to be hypertensive at the pre-operative assessment clinic. He
has never been on any medication. His blood pressure is 180/100mm Hg.

What is the drug of choice for initiating antihypertensive therapy?

The NICE guidelines state that a calcium channel blocker (nifedipine or
amlodipine) or a thiazide diuretic is the drug of choice for initial therapy.

What are the other indications for the use of calcium channel
blockers?

Angina.

Migraine.

Prevention of vasospasm in subarachnoid haemorrhage.
Arrhythmias (certain supraventricular arrhythmias).
Raynaud's syndrome.

Pulmonary hypertension.

® 6 6 6 o o

How do they work and what is the mechanism of action?

There are numerous calcium channels across the cell and other
membranes. They are either triggered by chemical mediators (ligand-
gated calcium channels) or voltage changes (voltage-gated calcium
channels). Calcium channel blockers (CCBs) work by blocking L-type
voltage-gated calcium channels while leaving T-, N- and P-type calcium
channels unaffected. There is variable affinity of CCBs for the L-type
channels in myocardial, vascular smooth muscle and nodal tissue and this
results in variable effects. This reduces calcium levels in the cells, leading
to less muscle contraction.

In the heart, a decrease in calcium causes slowing of the conduction of
action potentials at the sino-atrial (SA) and atrioventricular (AV) nodes,
resulting in reduced heart rate and contractility.
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In the blood vessels, a decrease in calcium results in less contraction of
the vascular smooth muscle and therefore an increase in vasodilation.

Vasodilation decreases total peripheral resistance, while a decrease in
cardiac contractility decreases output. Since blood pressure is determined
by cardiac output and peripheral resistance, blood pressure drops. With a
relatively low blood pressure, the afterload on the heart decreases; this
decreases the amount of oxygen demand. This can help ameliorate
symptoms of ischaemic heart disease such as chest pain.

How do they differ from beta-blockers?

Unlike beta-blockers, calcium channel blockers do not decrease the
responsiveness of the heart to input from the sympathetic nervous system.
Since moment-to-moment blood pressure regulation is carried out by the
sympathetic nervous system (via the baroreceptor reflex), calcium channel
blockers allow blood pressure to be maintained more effectively than by
beta-blockers.

How are calcium channel blockers classified?

There are three main groups of calcium channel blockers:

+ Dihydropyridine - nifedipine and amlodipine. Dihydropyridine calcium
channel blockers are often used to reduce systemic vascular
resistance (SVR) and hypertension. They are not used to treat angina
because vasodilation and hypotension can lead to reflex tachycardia.

+ Phenylalkylamine - verapamil. Phenylalkylamine calcium channel
blockers are relatively selective for myocardium, reducing myocardial
oxygen demand and reversing coronary vasospasm, and are often
used to treat angina. They have minimal vasodilatory effects compared
with dihydropyridines.

¢ Benzothiazepine - diltiazem. Benzothiazepine calcium channel
blockers are an intermediate class between phenylalkylamine and
dihydropyridines in their selectivity for vascular calcium channels. They
have both cardiac depressant and vasodilator actions. They are able
to reduce arterial pressure without producing the same degree of
reflex cardiac stimulation caused by dihydropyridines.
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Table 1.11 Cardiovascular effects of calcium channel blockers.

Nifedipine Verapamil Diltiazem

Reduction in SVR ++ + ++ +
Coronary vasodilatation ++ + + +
Reduction in contractility + + + 0
Reduction in blood pressure + + + 0

Reflex increase in + + + 0]
sympathetic tone

Slowing of AV 0 ++ 4+ + +

nodal conduction

What are the side effects of calcium channel blockers?

Calcium channel blockers have the following four cardiovascular effects:

L 2R JBR 2B 2

Peripheral vasodilatation.

Negative chronotropy (decreased heart rate).
Negative inotropy (decreased cardiac contractility).
Negative dromotropy (decreased cardiac conduction).

Because of these actions it can lead to various degrees of heart block or
cardiac failure.

Other side effects include:

*
*
*

Flushing.

Headache.

Palpitations - reflecting the reflex tachycardia in response to
vasodilatation.

Pedal oedema - dilatation of the precapillary ‘sphincters’ and not
generally a reflection of worsening heart failure.
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Name some other drugs that may interact with calcium channel
blockers

Calcium channel blockers may interact with a number of other drugs:

*

Diuretics may cause enhanced hypotensive effects when given with
calcium channel blockers.

Beta-blockers taken along with calcium channel blockers may
increase the effects of both drugs; they can cause worsening of
cardiac failure and may cause severe hypotension.

Digoxin with calcium channel blockers may increase the plasma
concentration of digoxin.

Carbamazepine may cause a reduction in the effect of calcium channel
blockers.

Cyclosporine may increase the plasma concentration of some calcium
channel blockers.

Grapefruit juice may increase the effects of some calcium channel
blockers by increasing its plasma concentration.

Antihypertensive drugs

Antihypertensive drugs can be classified based on their site and
mechanism of action:

*

*

Thiazide and loop diuretics reduce the extracellular fluid volume.
Thiazide diuretics also produce peripheral vasodilatation.
Vasodilators act on the smooth muscle either directly or indirectly.
Direct acting vasodilators include hydralazine and sodium
nitroprusside. Beta-blockers with selective properties (acebetalol,
atenolol, metoprolol) bind to betal receptors in the heart and non-
selective beta-blockers (propranalol, labetolol) bind both to betat
receptors in the heart and beta2 receptors in the vascular and
bronchial smooth muscles. Calcium channel blockers produce
arteriolar vasodilatation.

Angiotension-converting enzyme inhibitors, such as captopril, enalapril
and lisinopril, prevent the conversion of angiotensin | to angiotensin II.
Angiotensin Il receptor antagonists, such as valsartan and irbesartan,
block the angiotensin1 (AT1) receptors.
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¢ Alphatl adrenergic receptor antagonists, such as prazosin, terazocin
and doxazocin, produce vasodilatation of both arterial and venous
vasculature by inhibiting the activation of alpha adrenoreceptors by
catecholamines.

¢ Centrally acting drugs include methyldopa and clonidine, reduce
sympathetic activity.

NICE guidance on antihypertensive therapy

In hypertensive patients aged 55 or older or black patients of any age, the
first choice for initial therapy should be either a calcium channel blocker or
a thiazide-type diuretic. For this recommendation, black patients are
considered to be those of African or Caribbean descent, not mixed-race,
Asian or Chinese.

In hypertensive patients younger than 55, the first choice for initial therapy
should be an angiotensin-converting enzyme (ACE) inhibitor (or an
angiotensin-Il receptor antagonist if an ACE inhibitor is not tolerated).

Key points

¢ Calcium channel blockers have wide clinical application, most
important of which is use as an antihypertensive agent.

+ They exert their action by blocking L-type calcium channels.

+ They cause peripheral vasodilatation, decrease heart rate, decrease
cardiac contractility and decrease cardiac conduction.

Further reading

1. NICE clinical guideline 34: Hypertension: management of
hypertension in adults in primary care. http://www.nice.org.uk/
nicemedia/pdf/CG034NICEguideline.pdf.

2. British Hypertension Society recommendations for combining blood
pressure lowering drugs. Better blood pressure control: how to
combine drugs. Journal of Human Hypertension 2003; 17: 81-6.



56
. The Structured Oral Examination in Clinical Anaesthesia Practice examination papers

Equipment, clinical measurement and monitoring 1.4:
Ayre’s T-piece
An 8-month-old boy weighing 9kg is scheduled for a herniotomy.

What breathing systems would you use?

In an infant weighing 9kg the following breathing systems can be used:

¢ The most commonly used breathing system is an Ayre's T-piece with
a Jackson-Rees modification (Mapleson F breathing system).

Other breathing systems that can be used include:
+ Ayre's T-piece (Mapleson E).

¢ Humphrey ADE system - the E mode is similar to the T-piece.
¢ Paediatric circle system (suitable for children over 5kg).

What are the components of an Ayre’s T-piece?

Figure 1.10 Ayre's T-piece system.
1. Patient end; 2. FGF inlet; 3. Expiratory limb; 4. Reservoir tube; 5. Breathing bag.
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Dr Philip Ayre first used this in infants in 1937. It is a T-piece with three
components:

¢ Fresh gas flow (FGF) inlet from the anaesthesia machine.

¢+ Reservoir tube, the length of which decides re-breathing or waste of
FGF.

¢ The patient end decides the amount of dead space.

The original T-piece consisted of a straight metal tube with a sidearm,
forming the shape of a T. Later in 1950 it was modified by Jackson-Rees.
He added a double-ended bag at the end of the reservoir tube so that
respiration could be better monitored, intermittent positive pressure
ventilation (IPPV) could be delivered more effectively and CPAP could be
applied.

What are the advantages of this system?

¢ ltis a compact, valveless and low resistance system.

¢ Can be used both for spontaneous and assisted ventilation.

¢ Can be used as a monitor of spontaneous respiration (rate and tidal
volume).

+ Can be used for applying CPAP.

How does it work and can you describe the mechanism?

¢ During inspiration: the patient inspires fresh gas from the reservoir
tube.

¢ During expiration: the patient expires into the reservoir tube. Although
fresh gas is still flowing into the system at this time, it is wasted as it
is contaminated by expired gas.

¢ Expiratory pause: fresh gas washes the expired gas out of the
reservoir tube, filling it with fresh gas for the next inspiration.

What are the clinical uses of this system?

¢ In children up to 25-30kg body weight, it can be used for spontaneous
or assisted and mechanical ventilation.

¢ It can be used for applying CPAP (CPAP to the non-dependent lung
during one lung ventilation).
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What FGF is required for this system?

The FGF for it depends on the mode of ventilation. If spontaneously
ventilating then the FGF required to prevent rebreathing is 2-3 times
minute ventilation. If there is evidence of rebreathing, then the FGF can be
increased. If used with controlled ventilation with an expiratory pause then
the recommended FGF is equal to the patient’s minute ventilation.

What should be the volume of the reservoir tube?

The volume of the reservoir tube should be equal to the tidal volume. If a
small reservoir tube is used then there can be air entrainment; if a large
reservoir tube is used then rebreathing of expired gases may occur.

What are the disadvantages of the Ayre’s T-piece?

+ Scavenging is not always possible, so air pollution can occur.

+ If a small reservoir tube is used then there can be air entrainment.

¢ If alarge reservoir tube is used then rebreathing of expired gases can
occur.

¢ It requires high FGF during spontaneous respiration to prevent
rebreathing.

Anaesthetic breathing systems

Breathing systems deliver oxygen and gases to the patient and help to
eliminate carbon dioxide from the alveolar gas. They are broadly classified
into rebreathing and non-rebreathing systems. In a rebreathing system,
rebreathing is normally prevented by use of high FGF. A non-rebreathing
system either uses a carbon dioxide absorber or a unidirectional valve to
prevent rebreathing.

An ideal breathing system:

Should be easy to use, fail safe and reliable.

Should have low dead space.

Should not impose any additional inspiratory or expiratory resistance.
Should be efficient both for spontaneous and controlled ventilation.
Should be economical in using FGF and volatile agents.

Should be efficient for both adults and children.
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The main components of breathing systems include a reservoir bag, flexible
hosing, an adjustable pressure limiting (APL) valve and a face mask.

In the Mapleson A system, the APL valve is located close to the face mask
and the reservoir bag is situated near the machine end. A corrugated tube
with a minimum length of 110cm (with an internal tidal volume of 550ml)
connects the machine end to the mask. This system was designed by Sir
Ivan Magill and hence is known as the Magill system. An FGF rate equal
to 70-90% of minute volume is needed to prevent rebreathing during
spontaneous ventilation. It is less efficient for controlled ventilation. The
Lack system is a coaxial Mapleson A system in which exhaled gases travel
through the inner tube and FGF is delivered through the outer tube.

The Bain system is a co-axial Mapleson D system. Fresh gas flow is
delivered through the inner tubing, and expiratory gases carried through
the outer tubing. The APL valve is located close to the reservoir bag. It is
less efficient for spontaneous ventilation than the Mapleson A system but
it is more efficient for controlled ventilation. In adults, a FGF of 70-
80ml/kg/minute is required to maintain normocapnia. Mapleson E and F
systems perform similarly to the Mapleson D system.

Key points

¢ The T-piece is a Mapleson E breathing system; the Jackson-Rees
modification is a Mapleson F breathing circuit.

¢ The T-piece system is a valveless and low resistance system for
children weighing up to 25-30kg.

¢ When using the T-piece system a FGF rate of 2-3 times the minute
ventilation should be used during spontaneous ventilation and a flow
rate equal to the minute ventilation during IPPV.

¢ The Mapleson A system is an efficient system for spontaneous
ventilation; the Mapleson D is very efficient for controlled ventilation.

Further reading

1. Mapleson WW. Anaesthetic breathing systems - semi-closed systems.
British Journal of Anaesthesia CEPD review 2001; 1: 3-7.
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2. Brooks W, Stuart P, Gabel PV. The T-piece technique in anesthesia;
an examination of its fundamental principle. Anesthesia Analgesia
1958; 37: 191-6.



Long case 2
Information for the candidate
History

A 68-year-old male patient presents on the trauma list for hemi-
arthroplasty. He had an episode of loss of consciousness 3 days ago, and
sustained a fracture to the neck of the femur.

His past medical history includes the following:

He suffered from rheumatic heart disease as a child and had an aortic
valve replacement 5 years ago. Postoperatively, he developed a stroke
from which he has made a good recovery. Before this recent episode he
was able to walk for about 100 metres using a stick before getting
breathless.

His current medication includes bumetanide 1mg o.d., spironolactone
25mg o.d., digoxin 62.5ug o.d. and dihydrocodeine 30mg g.d.s. for pain
in his knees. He also takes a variable dose of warfarin.

Clinical examination

He is a frail 68-year-old man, fully conscious and not confused. He has
numerous bruises and is complaining of pain from his fractured femur.
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Table 2.1 Clinical examination.
Weight ~50kg

Height ~170cm
Heart rate 60 bpm
Blood pressure 130/65mmHg
Resp rate 22/minute
SpO, on air 94%
Temperature 37.2°C

Chest expansion is bilaterally symmetrical. Breath sounds are vesicular
with crackles heard over both lung bases. The apex beat is palpable in the
6th intercostal space. His first heart sound is faint but he has an audible
‘clicking’ second heart sound. No murmurs are audible. Neurological
examination reveals a weakness in the right arm, which the patient is not
aware of.

Investigations

Table 2.2 Biochemistry.

Normal values

Sodium 128mmol/L 135-145mmol/L
Potassium 4.2mmol/L 3.5-5.0mmol/L
Urea 12.4mmol/L 2.2-8.3mmol/L
Creatinine 132umol/L 44-80umol/L
Blood glucose  8.6mmol/L 3.0-6.0mmol/L
LDH 310 IU/L 70-250 1U/L
CK 190 IU/L 25-170 1U/L

Troponin T 1.5ug/L <0.01pg/L
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Table 2.3 Hoematology.

Hb
Haematocrit
RBC

WBC
Platelets
MCV
MCHC

INR

PT

APTT ratio

10.3g/dL
0.34

2.75 x 1012/L
6.5 x 109/L
296 x 109/L
88.4fL
33.2g/dL

3.6

11.4 seconds
1.1

Normal values
11-16g/dL
0.4-0.5 males, 0.37-0.47 females
3.8-4.8 x 10'2/L
4-11 x 109/L
150-450 x 109/L
80-100fL
31.5-34.5g/dL
0.9-1.2

11-15 seconds
0.8-1.2
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Figure 2.1 ECG.
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Figure 2.2 Chest X-ray.

Examiner’s questions
Please summarise the case

This is a frail elderly man with cardiac problems. In the past he has
suffered a cerebrovascular accident. His ECG shows ischaemic changes
and atrial fibrillation; he is probably suffering from congestive cardiac
failure. He has renal impairment as suggested by blood results. Prior to his
surgery he needs optimisation of his cardiac function and control of his
coagulation status.
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Comment on his chest X-ray
The abnormal findings in the chest X-ray are:

¢ Cardiomegaly.
¢+ Presence of sternal wires and prosthetic valve (aortic).
+ Haziness of both costophrenic angles.

Can you interpret this ECG?
Confirm the patient's name, age and the date of the ECG.

Heart rate: about 60 bpm.

Rhythm: irregular with absence of P waves; atrial fibrillation.
Axis: normal axis.

QRS complex: normal duration, <0.12 seconds.

ST segment: ST depression in leads Il, 1ll, V4-V6.

T wave: T-wave inversion in leads Il, lll, avF, V4-V6.
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The ECG shows atrial fibrillation (rate controlled) and ischaemic changes
in the lateral leads. The abnormal findings in the ECG along with the
history of loss of consciousness and elevated troponin T suggests that this
patient might have had non-ST elevation myocardial infarction (NSTEMI) 3
days ago.

Describe the ECG changes following myocardial infarction

Classically, the following ECG changes are seen after a myocardial
infarction:

+ Hyperacute changes (within minutes): tall T waves and progressive ST
elevation.

+ Acute changes (minutes to hours): obvious ST elevation and gradual
loss of R wave.

+ Early changes (hours to days) within 24 hours: the T wave inverts as
the ST elevation begins to resolve and within days the pathological Q
wave begins to form.

¢ Indeterminate changes (days to weeks): Q waves and persistent T
wave inversion.
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+ Old changes (weeks to months): persisting Q waves and normalised
T waves.

In acute coronary syndrome, ST depression, T-wave inversion, new left
bundle branch block (LBBB) formation and non-specific changes may
occur. In 20% of myocardial infarctions, the ECG may initially be normal.

Comment on his blood results

The blood results show elevated cardiac enzymes, hyponatraemia,
elevated urea and creatinine, anaemia and abnormal clotting.

His cardiac enzymes, lactate dehydrogenase (LDH), creatine kinase (CK)
and troponin T are elevated.

Why are these cardiac enzymes elevated?

These enzymes are elevated when cardiac muscle is damaged and these
substances are released into the bloodstream.

The cardiac causes of elevated cardiac enzymes are:

+ Acute coronary syndromes - STEMI and NSTEMI.
¢ Myocardial contusion.

Which of these enzymes are the most specific to cardiac
damage?

Troponins | and T.

What is troponin?

Troponin is a calcium binding protein present in thin filaments of myofibrils.
It consists of three subunits: troponin |, troponin T and troponin C.

Following myocardial damage troponin T is slowly released into the blood
stream; it peaks after 12 hours of myocardial infarction and is highly
specific for cardiac injury. Troponin T may remain elevated for 7-10 days
following a cardiac event.
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What are the other causes of elevated troponin levels?

The causes of troponin elevation:

Cardiac failure.
Arrhythmias.

Renal failure.
Pulmonary embolus.

* ¢ o o

What is creatine kinase?

Creatine kinase (creatine phosphokinase; CK or CPK) is an enzyme which
catalyses the conversion of creatine to phosphocreatine consuming
adenosine triphospate (ATP) and generating adenosine diphospate (ADP).
There are three iso-enzymes: CK-MM, CK-MB, and CK-BB. They are non-
specific cardiac markers and are elevated within 2-4 hours of myocardial
damage.

Which iso-enzymes of creatine kinase are expressed in the
myocardial muscle?

¢ Myocardial muscle expresses 60-70% CK-MM and 30-40% CK-MB.
¢ Skeletal muscle expresses 99% CK-MM.

What are the causes of an elevated CK?

Muscle injury.
Rhabdomyolysis.
Myocardial infarction.
Muscular dystrophy.
Myositis.

Myocarditis.

Malignant hyperthermia.
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Hyponatraemia

The serum sodium is low: 128mmol/L. In this patient the causes of
hyponatraemia include diuretic therapy, cardiac failure or osmolar diuresis
due to raised glucose.
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How would you treat hyponatraemia?

The presence of symptoms, duration of the hyponatraemia and the state
of hydration will influence treatment. In chronic hyponatraemia, fluid
restriction should be considered. In a hypovolaemic patient, isotonic saline
should be administered to correct dehydration.

Acute hyponatraemia may be treated with normal saline. A symptomatic
patient with acute hyponatraemia is in danger of developing cerebral
oedema.

In a patient with chronic hyponatraemia, correction of serum sodium that
is too rapid may precipitate severe neurologic complications, such as
central pontine myelinosis, which can produce spastic quadriparesis, a
swallowing dysfunction, pseudobulbar palsy, and mutism. In chronic
severe symptomatic hyponatraemia, the rate of correction should not
exceed 0.5-1mmol/L/hour, with a total increase not to exceed 10-
12mmol/L per day.

Haemoglobin

He is anaemic with a haemoglobin of 10.3g/dL. Since mean corpuscular
volume (MCV) and mean corpuscular haemoglobin concentration (MCHC)
are within normal limits, this is normocytic normochromic anaemia.

What could be the cause of his anaemia?

The anaemia could be due to acute blood loss from the fractured femur or
due to a chronic condition with a normal MCV:

Anaemia of chronic disease.
Renal failure.
Hypothyroidism.
Haemolysis.

* 6 o o

Abnormal clotting

This patient has a high INR of 3.6 due to his oral anticoagulation therapy;
this level increases the risk of moderate to high intra-operative blood loss.
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Would you correct his INR?

He is receiving warfarin to prevent thrombosis from the mechanical aortic
valve. Because of this, the peri-operative management of patients with
prosthetic cardiac valves should be discussed with the patient's
cardiologist prior to surgery. As a general rule, mechanical mitral valves
should be considered a high thrombotic risk and patients should receive
bridging heparin. Aortic valves are considered lower risk; bridging heparin
may not be required and stopping anticoagulation for a short period during
the peri-operative period will not increase the risk of thrombosis.

What other information should you elicit from the patient?
A medical history:

¢ Cardiovascular system: previous history of chest pain/angina,
palpitations, orthopnoea; more information concerning the valve
replacement such as the type of valve and cardiology follow-up; any
recent echocardiograms and ECGs.

¢ Nervous system: previous strokes and recovery from those and any
special investigations which have been performed in this respect, e.g.
CT scans, carotid Doppler studies. Liaise with his primary care
physician to determine whether the right-sided weakness is new, or
residual from a previous cerebral event.

+ History of previous anaesthetics.

Drug allergy.

+ Any other injuries sustained during his current fall: head injury with loss
of consciousness, c-spine injury and other fractures.

*

What further investigations would you conduct?

Echocardiography.

Why an echocardiography?
The use of a 2-D echocardiography can:

¢ Quantify the global and regional left ventricular function, and can
measure end-diastolic function, and it can detect focal and global
regional wall motion abnormalities.
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¢+ Detect valve disease: evaluation of the prosthetic valve and detection
of stenotic or regurgitating valve lesions. The valve areas and pressure
gradients across the valve can also be measured.

¢ Detect endocarditis, identifying vegetations on the prosthetic and
other valves.

Would you transfuse blood to this patient?

No, with his current Hb of approximately 10g/dL, the risk of transfusion
would outweigh any benefit. Should his haemoglobin fall below 9g/dL,
blood should be transfused to maintain adequate oxygen carriage,
especially in view of his acute MI.

Would you anaesthetise this patient for hemi-arthroplasty of the
hip?

Ideally the operation should be postponed and he should be optimised,
especially in view of his cardiac condition as he has clinical signs of
cardiac failure.

A detailed discussion with the surgical team, the patient and his relatives
is essential during which the risks of the proposed surgery need to be
clearly conveyed. This discussion should also entail the possibility of non-
surgical treatment of his fracture.

How would you optimise him prior to surgery?

In view of his current clinical condition and his recent myocardial infarction
he should be optimised in the High Dependency Unit, and his care should
be guided by a cardiologist.

An outline of therapy is as follows:

Oxygen supplementation.

Analgesia.

Aspirin.

Improvement of cardiac function with the aid of beta-blockers, nitrates
or inotropes. Invasive monitoring of arterial blood pressure and central
venous pressure, and cardiac output monitoring would be beneficial.

* 6 0o
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¢ Hydration and correction of electrolyte imbalance.
+ Correction of abnormal coagulation status.

Would you consider coronary artery reperfusion?

This therapy would be guided by the cardiologist but since there is a delay
of more than 24 hours since his cardiac event, this may be of limited
benefit to the patient.

What are the options for coronary artery reperfusion?

+ Thrombolysis, but this is contraindicated in this case as the benefit is
outweighed by the risk of an intracerebral bleed and peri-operative
bleeding.

¢ Percutaneous coronary intervention using balloon angioplasty or a
stent.

¢ Coronary artery bypass graft surgery.

How would you provide analgesia during his pre-operative
optimisation?

The following techniques, along with immobilisation of the limb, should
provide adequate analgesia:

+ Opioid-based analgesia, either oral or intravenous (V).

¢+ Regional anaesthesia; this can be done with a continuous peripheral
nerve block using a catheter technique to block the femoral nerve or
lumbar plexus.

¢ Regular simple analgesia, e.g. paracetamol should always be
prescribed.

Management of postoperative myocardial infarction in non-
cardiac surgical patients

Peri-operative myocardial infarction is a major cause of mortality and
morbidity in patients undergoing non-cardiac surgery. Major abdominal,
thoracic and head and neck surgery is associated with a high risk of
cardiovascular complications. The risk peaks within the first 3
postoperative days.

71
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The joint task force of the American College of Cardiology and European
Society of Cardiology recommends the definition of myocardial infarction
to include all patients who have elevation of cardiac biomarkers in the
presence of clinical presentation consistent with acute ischaemic heart
disease. ECG evidence of myocardial ischaemia includes ST elevation
>1mm in more than two contiguous leads, ST segment depression, T-
wave inversion and evidence of new Q waves. Cardiac wall motion
abnormalities on an echocardiogram may indicate myocardial ischaemia.

Peri-operative myocardial infarction can be categorised into non-ST
segment elevation myocardial infarction (NSTEMI) and ST-segment
elevation myocardial infarction (STEMI). Most patients with peri-operative
MI have NSTEMI, manifesting as ST-segment depression on the ECG.
The aggressive treatment of postoperative Ml with antiplatelet and
antifibrinolytic agents is limited by the increased risk of surgical site
bleeding. For non-surgical patients, the treatment of STEMI includes acute
coronary perfusion therapy with fibrinolytic agents or percutaneous
coronary intervention (PCI). In the postoperative period, urgent
angiography and PCI are reserved for STEMI and haemodynamically
unstable NSTEMI.

Medical therapy in postoperative patients who have suffered an acute Ml
consists of aspirin, a beta-blocker, nitrates and anticoagulants (if not
contraindicated). Angiotensin converting enzyme inhibitors and lipid
lowering agents (hydroxyl-3-methylglutaryl coenzyme A reductase
inhibitors) have been shown to be beneficial in reducing the mortality
associated with MI.

Peri-operative management of patients on anticoagulation

In patients with a metallic heart valve prosthesis, although the risk of
thromboembolism over a few days is low, the period of sub-therapeutic
anticoagulation is kept to a minimum. Patients with a mechanical mitral
valve, however, may require bridging heparin therapy. The decision should
be taken following discussion with a consultant cardiologist and the
consultant surgeon. For elective surgery warfarin can be stopped 4 days
prior to the surgery and intravenous heparin can be commenced once the
INR falls below 2.0. Alternatively, a therapeutic dose of subcutaneous low-
molecular-weight heparin (enoxaparin) may be used.
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Heparin should be given as a bolus of 100 units/kg followed by
approximately 1000 units/hour intravenous infusion, titrated to achieve an
APTT of 1.5 to 2.5 times the control value. At the time of surgery the
effects of heparin can be reversed if required by using protamine, or by
stopping the infusion which is usually adequate to minimise the action of
heparin, as the half-life of heparin is less than 1 hour. The usual dose of
warfarin should be restarted as soon as the risk of surgical haemorrhage
is minimal. If there is any delay with re-introduction of warfarin, either
intravenous heparin or a therapeutic dose of subcutaneous enoxaparin
should be commenced on the first postoperative day.

Patients with atrial fibrillation who are already on warfarin should have it
stopped 4 days pre-operatively. Warfarin should be recommenced on the
evening of the day of surgery or as soon as the risk of surgical
haemorrhage is minimal.

Reversing the effect of the oral anticoagulant

Patients with a high INR due to oral anticoagulant therapy are at risk of
increased bleeding during the peri-operative period. If the INR is very high
(>8.5), warfarin should be stopped on admission or as soon as surgery is
indicated. If the surgery can be delayed, phytomenadione (vitamin K) can
be used to reverse the effect of warfarin but this may take 6 to 24 hours
to be effective:

+ If the INR is >6: phytomenadione injection 2mg IV.
+ If the INR is 2-6: phytomenadione injection1g IV.

The INR should be repeated 6 hours later; if it remains high further advice
should be obtained from the haematologist.

If surgery cannot be delayed, prothrombin complex concentrate (PCC) or
fresh frozen plasma can be used.

Regional anaesthesia for fixation of a fracture of the neck of the
femur

Regional anaesthesia for the management of patients with a fracture of the
neck of the femur may confer several benefits. These include a decrease
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in the incidence of postoperative complications such as venous
thromboembolism, myocardial infarction, pneumonia, respiratory
depression and renal failure. The suggested mechanisms include altered
coagulation, decreased surgical stress, improved blood flow and
improved respiratory function due to superior analgesia. Spinal
anaesthesia is preferred by most anaesthetists in the UK. The addition of
morphine or diamorphine to the local anaesthetic solution injected into the

subarachnoid space results in extended postoperative analgesia.

A Cochrane report published in 2004, based on 17 randomised controlled
trials, involving 2035 patients receiving GA or RA for hip fracture, stated
that there was only a borderline difference in mortality at the end of the first
month, that this benefit disappeared by the third month, and there was no

significant impact on postoperative outcome.

Key points

¢ A patient with a pre-operative myocardial infarction presenting for
urgent surgery needs risk stratification, and optimisation of

cardiovascular function.

+ In a non-peri-operative setting, acute reperfusion therapy in the form
of primary coronary intervention or fibrinolysis within the first 24 hours

of onset, reduces mortality associated with STEMI.

¢ In the early postoperative period, fibrinolytic therapy increases the risk

of surgical site bleeding.

¢ During the peri-operative period, the decision to administer an anti-
coagulant and antiplatelet agent should be made in consultation with

the operating surgeon and a cardiologist.

Further reading

1. Sheppard LP, Channer KS. Acute coronary syndrome. British Journal

of Anaesthesia CEACCP 2004; 4: 175-80.

2. Oranmore-Brown C, Giriffiths R. Anticogulants and the perioperative

period. British Journal of Anaesthesia CEACCP 2006; 6: 156-9.
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3. Sandby-Thomas M, Sullivan G, Hall JE. A national survey into the peri-
operative anaesthetic management of patients presenting for surgical
correction of a fractured neck of femur. Anaesthesia 2008; 63: 250-9.

Short case 2.1: Jehovah'’s Witness

A 15-year-old girl with ulcerative colitis is scheduled for an elective
laparotomy for bowel resection. She is known to be a Jehovah's Witness.
Her haemoglobin is 9.5g/dL pre-operatively.

What are the main issues in this case?

Jehovah's Witness.

Young patient.

Major abdominal surgery with blood loss.
Anaemia.

* 6 o o0

How will your pre-operative assessment differ in this patient
compared with others?

As this child is a Jehovah's Witness, her parents are likely to refuse blood
transfusion. This 15-year-old child may not be competent to give her own
consent.

A full and frank discussion with the patient, parents, surgeon and the
Jehovah's Witness local Hospital Liaison Committee regarding the
possibility of a blood transfusion in a case of life-threatening blood loss
must be held prior to the surgery.

In England and Wales, children younger than 16 years may be competent
to give consent to a medical or surgical procedure if they demonstrate a
clear grasp of the proposed treatment and the risks, benefits or
consequences of acceptance or rejection of the proposed treatment. This
is known as ‘Gillick competence’.

If the child consents for an elective blood transfusion in the face of parental
opposition, consent would be legitimate provided that the child can show
evidence of Gillick competence.
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How would you proceed if both the 15-year-old girl and the
parents refuse a blood transfusion?

If consent for transfusion is refused and it is felt unreasonable to proceed
with surgery without the freedom to transfuse, the anaesthetist and
surgeon must approach the legal team of the Trust and seek advice from
their solicitors.

The solicitors may contact CAFCASS (the Children and Family Court
Advisory and Support Service). The CAFCASS will interview parents, the
child and the medical staff and act on the child’s behalf. The Trust may
apply to the High Court for an Order giving consent for the proposed
treatment.

The Court may grant an Order. The Court’s paramount consideration will
be the child’s best interest. The Trust doctors can then proceed according
to the Court ruling.

What type of anaemia is this patient likely to be suffering from?

Iron deficiency anaemia or anaemia of chronic disease.

What is the difference between iron deficiency anaemia and
functional iron deficiency (FID) anaemia?

Absolute iron deficiency may be diagnosed when the transferrin saturation
(TSAT) is <20% and serum ferritin (SF) is <100ng/ml:

TSAT = (SF/TIBC) x 100
where TIBC = total iron binding capacity.
Patients with a functional iron deficiency have a TSAT <20% and normal
SF levels (>100ng/ml). They may experience an increase in haemoglobin/

haematocrit after a course of intravenous iron therapy.

Functional iron deficiency occurs when there is an inadequate iron supply
to bone marrow. It also must be differentiated from inflammatory iron
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block, which can occur in patients with chronic inflammatory conditions
such as infections, certain malignancies, and autoimmune disorders. In
these cases, both haemoglobin and haematocrit are reduced, and TSAT
may be <20%. SF levels, on the other hand, may be 100-700ng/mL

How would you treat anaemia during the pre-operative period?

By ensuring that pre-operative haemoglobin is optimised. This can be
done with the following and depends on the type of anaemia:

¢ Pre-operative iron supplementation.
¢ Pre-operative vitamin B12 supplementation if deficient.
¢ Recombinant erythropoietin (rEPO).

What time span is needed to optimise the haemoglobin with
erythropoietin?

Four weeks allows sufficient time for rEPO to produce maximum
erythropoiesis. The effects are first seen after 3 days. The equivalent of
one unit of blood is produced within 7 days and five units are produced
within 28 days.

What else needs to be given in conjunction with rEPO?

Intravenous iron supplementation should be given to all patients receiving
rEPO, except those with elevated serum iron and transferrin saturation.

What problems are associated with rEPO?

+ High cost of rEPO.

+ An extensive infrastructure is required to monitor the effects of rEPO
and administration of the intravenous iron supplementation, including
support from consultant haematologists and the haematology
laboratory.

¢ rEPO appears to be safe but there are reports of hypertension and
seizures with its use.
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What can be done intra-operatively in this patient to reduce the
need for blood transfusion?

General measures

Surgical
¢ Thorough planning and staging of the surgical procedure and
meticulous haemostasis help to minimise transfusion requirements.

Anaesthetic

¢ Reduction of transfusion triggers whilst ensuring adequate tissue
oxygen delivery. Oxygen delivery should be optimised by using other
components involved in the following equation:

Oxygen delivery = CO [(Hb x 1.34) x SaO, x 0.01 + (PaO, x 0.023)]
where CO = cardiac output in dL, Hb = haemoglobin/dL, SaO, =
arterial oxygen saturation, PaO, = partial pressure of oxygen in the
arterial blood in kPa.

¢ The anaesthetist can manipulate the cardiac output with adequate fluid
administration and the use of inotropes. Oxygen saturation can be
improved by increasing the inspired oxygen concentration.

¢ Hypothermia and the associated coagulopathy should be prevented by
adequate warming.

¢ Venous congestion and hypercapnia should be avoided.

¢ The use of hypotensive anaesthesia should be considered.

+ Regional anaesthesia has been shown to reduce surgical blood loss
and should be used if appropriate.

Drugs

+ Antifibrinolytic drugs, e.g. tranexamic acid.

¢ Platelet-activating drugs, e.g. desmopressin (DDAVP).

¢ Non-steroidal anti-inflammatory drugs (NSAIDs) are best avoided.

Measures to minimise blood loss

¢ Acute hypervolaemic haemodilution: this involves the rapid transfusion
of fluid to achieve haemodilution without the withdrawal of blood. This
technique is unsafe in patients with cardiac compromise.

¢ Intra-operative red cell salvage.
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What postoperative measures would you put in place?

HDU/ITU admission is mandatory, with invasive monitoring to help
optimise tissue perfusion and oxygenation. There should be a high level of
vigilance for the event of rebleeding, with early intervention/re-exploration.
In cases of significant blood loss and ensuing anaemia:

Electively ventilate the patient.

Maintain cardiac output and oxygen flux if necessary with inotropes.
Use total parenteral nutrition (TPN)/iron/erythropoietin early.
Hyperbaric oxygen therapy can be used as a last resort.

* ¢ 0 o

Jehovah's Witnesses

In general, Jehovah's Witnesses will not accept the transfusion of blood or
blood products, such as fresh frozen plasma, packed cells and platelets.
Individual Jehovah's Witnesses may have different interpretations of the
acceptability of blood transfusions. Some accept acute normovolaemic
haemodilution and intra-operative cell salvaging as long as the blood
continuously remains in contact with the patient's circulation.
Cardiopulmonary bypass with non-haematogenous priming is usually
acceptable. Some Witnesses are willing to accept the use of plasma
protein fraction (PPF) or components such as albumin, immunoglobulins
and haemophilic preparations, when asked individually. They may have
varying opinions regarding the acceptability of organ transplantation, the
use of epidural blood patches, and the use of haemoglobin-based oxygen-
carrying solutions. Blood transfusion given against their wishes is unlawful
and may lead to proceedings against the administering doctor.

Consent

Consent is a voluntary agreement or approval for a treatment or an
investigation. In health care, consent is a competent person’s agreement
to a procedure after she/he has been informed of all the risks involved and
the alternatives.

In England and Wales, 16- and 17-year-old children are presumed to be
competent to consent to treatment. Parents can also give a valid consent
on their behalf. Refusal for treatment by competent 16- and 17-year-olds
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can, however, be overruled by the Court, if the child is likely to suffer harm
as a result of refusal. This rule does not apply in Scotland. In 2008, a 13-
year-old girl was accepted as competent under the Gillick test when she
refused a heart transplant.

Refusal of treatment by a competent adult is legally binding, even if the
refusal is likely to result in a patient’s death. The treatment of an
incompetent adult is carried out in the patient’s best interest. Competent
patients, who anticipate future incompetence through illness, may indicate
their preference for future treatment by completing an advance directive.

Making decisions about treatment and care for patients who lack capacity
is governed in England and Wales by the Mental Capacity Act 2005, and
in Scotland by the Adults with Incapacity (Scotland) Act 2000. This Act
allows competent patients to appoint Lasting Powers of Attorney (LPA),
permitting others to take decisions about their health care and welfare on
their behalf if they lose their capacity in the future.

The functional test for decision making is as follows:

¢ The patient must be able to comprehend the information given.

¢ The patient must be able to retain the information.

¢ The patient must be able to use the information and weigh it up to
arrive at a choice.

Key points

¢ All Jehovah's Witnesses must be consulted individually whenever
possible, to ascertain what treatment they will accept.

¢ |If it is unreasonable to proceed with the surgery without blood
transfusion and if the parents refuse to consent for blood transfusion,
a Court order should be obtained.

¢ In a life-threatening emergency in a child who is unable to give
consent, all immediate life-saving treatment should be given,
irrespective of the parents’ wishes.
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1. Management of anaesthesia for the Jehovah's Witness. AAGBI, 2005.

2. Milligan LJ, Bellamy MC. Anaesthesia and critical care of the
Jehovah's Witness. British Journal of Anaesthesia CEACCRP 2004; 4:
35-9.

3. Consent: patients and doctors making decisions together. London:
GMC, June 2008.

Further reading

Short case 2.2: Aspiration under general anaesthesia

A 20-year-old patient undergoing a haemorrhoidectomy has been
anaesthetised and has an LMA in place. He is positioned on the left lateral
side for a caudal epidural. As you are about to perform the caudal epidural
on the patient, you notice a copious volume of fluid in the LMA tube.

What is the immediate management?

¢ Stop the procedure and keep the patient in the left lateral position; if
possible apply a head-down tilt.

¢ Administer 100% oxygen.

Suction all the fluid through the LMA tube.

+ If the laryngeal mask does not maintain the airway adequately, remove
it and administer 100% oxygen via a tight-fitting face mask.

L 2

Further management depends on the degree of aspiration and whether or
not the patient is breathing spontaneously:

+ If the patient is breathing spontaneously, apply cricoid pressure.

¢ Apply mask CPAP and consider deepening anaesthesia. Avoid cricoid
pressure if the patient is actively vomiting (risk of oesophageal
rupture).

¢ Intubate the trachea with the aid of a muscle relaxant, and apply
suction to the trachea. A bronchoscopy can be performed to visualise
any signs of aspiration.
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+ If the regurgitation is minimal, the LMA is correctly placed, and the
patient remains stable without desaturation, the tracheobronchial tree
can be suctioned through the LMA using a fibreoptic scope, provided
that the airway reflexes are adequately obtunded.

+ If the patient is apnoeic, intubate immediately and commence
ventilation. Treat as an inhaled foreign body by minimising excessive
positive pressure ventilation until the endotracheal tube (ETT) and the
airway have been suctioned and all aspirates are clear. A
bronchoscopy could be performed to look for signs of aspiration.

How would you diagnose aspiration?
Diagnosis by:

+ Clinical examination, which may reveal any of the following:
- laryngospasm/airway obstruction;
- bronchospasm/wheeze/crackles;
- hypoventilation/dyspnoea/apnoea;
- desaturation/bradycardia/cardiac arrest.
+ Monitoring:
- decreased oxygen saturation;
- decreased lung compliance;
- increased airway pressure;
- increased slope of the capnograph trace.
¢ Investigations:
- tracheal aspirate may be acidic (negative finding does not exclude
aspiration);
- chest radiograph: diffuse infiltration;
- arterial blood gases: hypoxia, hypercarbia and acidosis;
- bronchoscopy: visualisation of aspiration fluid.

What would be your subsequent management of this patient?

¢ Sedation, analgesia and intermittent positive pressure ventilation
(IPPV) via an ETT.

Suction of the airway.

Optimisation of FiO,, possibly with positive end expiratory pressure (PEEP).
Bronchoscopy and bronchial lavage if necessary.

Emptying of the stomach with a large-bore nasogastric tube before
extubation.

Monitoring respiratory function.

L 2R JER 2R 2
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¢ Chest X-ray looking for evidence of pulmonary oedema, collapse or
consolidation.

Further management depends on the clinical picture and results from the
investigations:

+ Ifthe SPO, is >95% on minimal oxygen and the chest X-ray is normal,
the patient can be extubated and monitored for signs of respiratory
complications.

¢ If the SPO, remains at 95% and FiO, is <0.5, heart rate <100/min,
respiratory rate <20/min and the patient remains apyrexial, the patient
can be extubated and the oxygenation and atelectasis can be
improved with CPAP (10cm H,0) and chest physiotherapy.

+ If SPO, remains 95% despite FiO, being >0.5, there may be solid
food material obstructing part of the bronchial tree. The patient should
be transferred to the ICU postoperatively for ventilatory support.

¢ Extubation should take place in the left lateral position with a head-
down tilt.

Further management:

Repeat the chest X-ray and blood gases.
Sputum culture.

Antibiotics are not routinely used.
Explanation to patient and relatives.
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What is the role of steroids and antibiotics?

Steroids may modify the inflammatory response early after aspiration but
do not alter the outcome. They may potentially interfere with the normal
immune response.

Prophylactic antibiotics are not routinely indicated but they may be
required to treat subsequent secondary infections.

What are the risk factors for aspiration?
Patient factors

¢ Full stomach, fasting from food for less than 6 hours.
¢ Intra-abdominal pathology: intestinal obstruction, inflammation.
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+ Gastric paresis: drugs such as opiate analgesics, diabetes, uraemia,
infection and trauma.

Oesophageal disease: symptomatic reflux and motility disorders.
Pregnancy.

Obesity.

Uncertainty about time of intake of food or drink.

* 6 o o

Anaesthetic factors

¢ Insufficient depth of anaesthesia with airway reflexes (such as
coughing, hiccoughs, or laryngospasm), or gastrointestinal motor
responses (such as gagging or recurrent swallowing) being evoked
and causing regurgitation/aspiration.

¢ During IPPV with a mask, anaesthetic gases may pass into the
stomach and may increase the risk of regurgitation.

Surgical factors

¢ Upper gastrointestinal surgery.
¢ Increased intra-abdominal pressure, e.g. laparoscopic surgery.

Aspiration during anaesthesia

The LMA does not reliably protect the lungs from regurgitated stomach
contents, although it may act as a barrier at the level of the upper
oesophageal sphincter if it is correctly positioned. The incidence of
clinically detectable regurgitation with the LMA is approximately 0.1%.
The incidence of aspiration is low, approximately 0.02%, which is similar
to the incidence of aspiration with tracheal intubation in elective patients.

The following are practical guidelines to minimise the risk of aspiration
while using an LMA:

¢+ Avoid use of an LMA in patients with an increased risk of aspiration.

¢ Ensure adequate anaesthesia during insertion of the LMA and during
surgery.

¢ Avoid lubrication of the anterior surface, excessive lubrication, or use
of lubricants containing non-aqueous solvents.
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+ Avoid gastric distension during positive pressure ventilation (minimise
peak airway pressures, avoid inadequate paralysis).

Therapeutic strategies to prevent aspiration in patients with risk of
aspiration

Ensure that the patient is adequately fasted.

Measures to increase gastric pH.

Measures to reduce the volume of gastric secretion.

Application of cricoid pressure.

Protection of the airway by a cuffed ETT.

Extubation in the lateral head-down position after suctioning the
oropharynx.
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The respiratory damage following aspiration depends on the acidity and
volume of gastric content. 30ml 0.3M sodium citrate given 15-20 minutes
prior to induction of general anaesthesia and H, receptor antagonists,
such as ranitidine 150mg orally or 50mg intravenously, increase the pH of
the gastric juice. Metoclopramide increases gastric motility and reduces
the volume of gastric fluid.

Key points

¢ As soon as regurgitation is recognised, the airway should be
thoroughly suctioned and 100% oxygen administered.

¢ Further management depends on the clinical condition of the patient
as indicated by oxygen saturation and respiratory signs.

+ Regurgitation and aspiration can be minimised by avoiding the use of
an LMA in patients with an increased risk of aspiration.

Further reading

1. Brimacombe JR, Brain AlJ, Berry AM. The laryngeal mask airway
instruction manual, 4th ed. Reading: Intavent Research Limited, 1999.

2. Brimacombe J, Keller C, Bittersohl J, et al. Aspiration and the laryngeal
mask airway: three cases and a review of literature. British Journal of
Anaesthesia 2004; 93: 579-82.
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Short case 2.3: Emergency Caesarean section

You are called to the obstetric unit for an urgent Caesarean section on a
23-year-old pregnant patient who has fetal distress due to a cord prolapse.

How would you classify the urgency of Caesarean section?

The urgency of a Caesarean section can be classified according to
categories described by the National Institute for Health and Clinical
Excellence (NICE):

¢ Category 1: immediate threat to the life of the woman or fetus.

¢ Category 2: maternal or fetal compromise which is not immediately
life-threatening.

+ Category 3: no maternal or fetal compromise but needs early delivery.

+ Category 4: delivery timed to suit woman or staff.

What are the implications of an umbilical cord prolapse?

Umbilical cord prolapse is an obstetric emergency and has been defined
as the descent of the umbilical cord through the cervix alongside (occult)
or past the presenting part (overt) in the presence of ruptured membranes.
The only characteristic clinical sign is the finding of a palpable or visible
umbilical cord in the vagina. It compromises the fetal circulation due to the
occlusion of blood vessels within the cord. The overall incidence of cord
prolapse ranges from 0.1% to 0.6%. It is an indication for a Category 1
Caesarean section.

What are the non-surgical ways to relieve the cord pressure?

The following measures can be taken to prevent the compression of the
cord by the fetal head during contractions and to improve fetal perfusion
while preparing for immediate delivery in theatre:

¢ The mother should be reassured, venous access should be
established and a blood sample should be collected for a full blood
count, electrolytes, blood group and save.

¢ Supplemental oxygen should be administered to the mother.
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+ If possible, the cord should be gently replaced into the vagina to keep
it warm and prevent vasospasm. There should be minimal handling of
loops of cord lying outside the vagina (to prevent vasospasm).

¢ Catheterising the urinary bladder and filling it up with 500-700ml of
normal saline elevates the presenting part.

¢ The mother should be positioned in a knee-to-chest position with a
head-down tilt (preferably in the left lateral position) to minimise cord
compression.

+ Any oxytocin infusion should be stopped.

¢ Tocolysis should be considered while preparing for Caesarean section
if there are persistent fetal heart rate abnormalities and when the
delivery is likely to be delayed.

The above mentioned methods are useful during preparation for delivery
but they must not result in unnecessary delay.

What are the anaesthetic options available for Caesarean
section for umbilical cord prolapse?

Traditionally, cord prolapse is managed with general anaesthesia. Regional
techniques can be considered where there is time, when measures to
reduce cord compression have been successful, but repeated attempts at
regional anaesthesia should be avoided. If the foetal blood supply is
compromised, then general anaesthesia may be the only option.

What advantages does spinal anaesthesia have over general
anaesthesia?

The advantages of spinal anaesthesia are:

Safer for mother and baby than general anaesthesia.

Minimal risk of aspiration.

Lower risk of anaphylaxis.

Reduced passage of drugs crossing the feto-placental barrier.
Early bonding of the mother and baby.

Provides postoperative analgesia.

Both mother and partner can be present at the delivery.
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What types of spinal needle do you know of?
There are two different types of spinal needles:

+ Cutting tip needle: Quincke.
+ Non-cutting needles: Sprotte and Whitacre.

Both the Sprotte and Whitacre needles are designed to spread the dural
fibres rather than cut them like cutting needles. The incidence of post-
dural puncture headache is lower with these needles compared with
cutting needles. The Sprotte needle has a smooth pointed tip with a wide
lateral hole proximal to the tip. The Whitacre needle has a pencil-shaped
tip with the hole just proximal to the tip. Needles are available in various
sizes from 22G to 29G. The incidence of post-dural puncture headache is
lower with the smaller needles. Small needles, such as 29G or 27G, may
break or bend and it may be difficult to recognise the cerebrospinal fluid
(CSF) back flow. As with intravenous cannulae, spinal needles are sized
using the standard wire gauge. The bigger the number, the smaller the size
of the needle.

General anaesthesia for Caesarean section

General anaesthesia is associated with increased maternal and fetal
morbidity compared with regional anaesthesia. Nowadays, about 91% of
elective and about 77% of emergency Caesarean sections are performed
under regional anaesthesia. Even 41% of the Category 1 Caesarean
sections are now performed under regional anaesthesia. General
anaesthesia for Caesarean sections is associated with increased peri-
operative blood loss and reduced neonatal Apgar scores. General
anaesthesia is usually reserved for those women in whom regional
anaesthesia is contraindicated, or when time is limited.

The following are specific problems associated with general anaesthesia.
Difficult airway
The incidence of failed intubation is approximately 1 in 300 in the obstetric

population. The reasons include associated upper airway oedema, short
neck, full dentition, increased breast mass preventing the insertion of the
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laryngoscope and application of cricoid pressure. An attempt at nasal
intubation is likely to result in soft tissue injury and bleeding due to
associated oedema and venous engorgement of nasal passages and
upper airway.

Pulmonary aspiration

Pregnant women are more prone to aspiration due to reduced tone of the
lower oesophageal sphincter. Reduction of gastric volume and pH of the
gastric content is achieved by a combination histamine receptor (H,)
antagonist or proton pump inhibitor, and sodium citrate. To prevent
aspiration, rapid sequence induction should be performed with pre-
oxygenation and cricoid pressure. Cricoid pressure at 44N is likely to
cause a difficult laryngoscopic view. Therefore, a force of 10N (equivalent
to 1kg) should be applied while the patient is awake and increased to 30N
when consciousness is lost. Prior to extubation, the stomach may be
emptied using a large-bore orogastric tube.

Awareness

Although the risk of awareness during general anaesthesia is low, rapid
sequence induction and associated difficult intubation may increase the
risk.

Post-dural puncture headache (PDPH)

This headache develops following dural puncture associated with spinal
anaesthesia or epidural anaesthesia. Its exact mechanism is not clear but
it may be due to excessive leakage of CSF. This leads to intracranial
hypotension and a demonstrable reduction in CSF volume, and may cause
sagging of the intracranial structures. It is more common in pregnant
patients. The reported incidence is very variable, being less than 1% with
pencil-point spinal needles, but up to 75% with 16G epidural needles.

Spinal needles have undergone numerous modifications to reduce the
incidence of dural puncture headache. The principal factor responsible for
the development of a dural puncture headache is the size of the dural
perforation. Headache and backache are the dominant symptoms that
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develop after accidental dural puncture. Ninety percent of headaches
occur within 3 days of the procedure and last for 1-2 weeks. The
headache is classically described as severe occurring over the frontal and
occipital areas and radiating to the neck and shoulders. It is exacerbated
by head movement and adoption of the upright posture, and relieved by
lying down. It may be associated with nausea, vomiting, tinnitus, vertigo
and hearing loss.

Diagnosis is made from a history of accidental or deliberate dural puncture
and symptoms of a postural headache, neck ache and the possible
presence of neurological signs.

The treatment of PDPH includes the following:

Explanation and reassurance to the patient.

Adequate hydration.

Analgesics such as paracetamol and NSAIDs.

Caffeine (produces cerebral vasoconstriction), dose: 300-500mg of

oral or IV.

¢ Sumatriptan is a serotonin agonist which causes cerebral
vasoconstriction. A few small case series have shown a benefit
following a single subcutaneous dose of 6mg.

¢ Adrenocorticotrophic hormone (ACTH) has been used at a dose of
1.5 units/kg intravenously. There is no clear evidence demonstrating
the benefit of the use of sumatriptan and ACTH in the treatment of
PDPH.

¢ An abdominal binder (causes elevation of intra-abdominal pressure
which is transmitted to the epidural space and may relieve the
headache).

+ Epidural blood patches are usually reserved when the headache is

severe and persistent. Its success rate is 70-98% if carried out more

than 24 hours after the dural puncture. If an epidural blood patch fails

to resolve the headache, repeating the blood patch has a similar

success rate. Some units use epidural injection of saline or blood at

the time of dural puncture but this is a controversial technique. The

use of a prophylactic blood patch is thought to be unnecessary.

* ¢ o o
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Key points

¢ Cord prolapse is an obstetric emergency.

+ Whilst preparing for emergency Caesarean section, measures should
be taken to maintain placental circulation.

¢ Regional techniques should be considered where appropriate so long
as there is no ongoing compromise to fetal blood supply.

Further reading

1. Guidelines for umbilical cord prolapse. Royal College of Obstetrics and

Gynaecology. http://www.rcog.org.uk/resources/Public/pdf/ Greentop
50UmbilicalCordProlapse.pdf.

2. NICE guidelines for Caesarean sections. http://www.nice.org.uk/nice
media/pdf/CG013fullguideline.pdf.

3. Turnbull DK, Shepherd DB. Post-dural puncture headache:
pathogenesis, prevention and treatment. British Journal of Anaesthesia
2003; 91: 718-29.

Applied anatomy 2.1: Anatomy of the epidural space

You are requested to provide analgesia for a patient with
multiple rib fractures. Which options are available?

The options of providing analgesia for rib fractures include:

Epidural analgesia.
Paravertebral analgesia.
Extrapleural analgesia.
Intrapleural analgesia.
Intercostal block.
Intravenous analgesia.

® 6 6 6 o o
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Which modality provides the most effective analgesia for a
patient with multiple rib fractures?

Epidural analgesia for pain control after severe blunt injury significantly
improves subjective pain perception and critical respiratory function tests
compared with intravenous opioids. Epidural analgesia is associated with
less respiratory depression, sedation and gastrointestinal symptoms than
IV opioids.

When you see a patient before inserting an epidural, what
complications should you mention?

Complications associated with the procedure

Inadvertent dural puncture, and subsequent PDPH (incidence 0.5%).
Failure (1%).

Unilateral, or patchy block (5-10%).

Epidural haematoma.

Risk of nerve damage: 1:10,000 risk of permanent neurological
sequelae (usually minor, e.g. patch of residual numbness).

* 6 06 0 o

Complications of drugs injected

¢ Hypotension due to sympathetic block with associated nausea, light-
headedness.

¢ High spinal block (inadvertent intrathecal injection): hypotension,
dense motor block, respiratory weakness/distress.

+ Local anaesthetic toxicity.

¢ Pruritus, nausea, vomiting and urinary retention associated with
epidural opioids.

What precautions should you take to minimise the risks?

# Choice of technique: is it indicated?
¢ Pre-operative assessment to rule out any contraindications or risks
(drug therapy: antiplatelets and anticoagulants).
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What are the contraindications to an epidural block?

Absolute

¢ Patient refusal.

+ Coagulopathy: insertion of an epidural needle or catheter into the
epidural space may cause traumatic bleeding into the epidural space.
Clotting abnormalities may lead to the development of a large
haematoma leading to spinal cord compression.

+ Therapeutic anticoagulation: as above.

+ Skin infection at injection site: the insertion of an epidural needle
through an area of skin infection may introduce pathogenic bacteria
into the epidural space, leading to serious complications such as
meningitis or an epidural abscess.

¢ Raised intracranial pressure (ICP): an accidental dural puncture in a
patient with raised ICP may lead to brainstem herniation.

¢ Hypovolaemia.

Relative

+ Unco-operative patients may be impossible to position correctly, and
be unable to remain still enough to safely insert an epidural.

¢+ Pre-existing neurological disorders, such as multiple sclerosis, may be
a contraindication, because any new neurological symptoms may be
ascribed to the epidural.

+ Fixed cardiac output states: this includes aortic stenosis, hypertrophic
obstructive cardiomyopathy (HOCM), mitral stenosis and complete
heart block. Patients with these cardiovascular abnormalities are
unable to increase their cardiac output in response to the peripheral
vasodilatation caused by the epidural blockade, and may develop a
profound circulatory collapse.

¢ Anatomical abnormalities of the vertebral column may make the
placement of an epidural technically impossible.

+ Prophylactic low-dose heparin.

Describe the anatomy of the epidural space

The epidural space is the area surrounding the dural sheath, within the
vertebral canal. It extends from the foramen magnum to end by the fusion
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of its lining membranes at the sacrococcygeal membrane inferiorly. The
dural sheath, comprising the dura mater, arachnoid mater, the sub-
arachnoid space with CSF, the spinal nerves of the cauda equina, and
filum terminale occupy most of the spinal canal. The remaining part of the
spinal canal is occupied by fatty and fibrous tissues, and blood vessels.
The epidural space is discontinuous and divided into segments where the
dura mater comes into contact with the spinal canal. Normally this permits
the easy passage of a catheter and solutions across the segments. In
some, due to surgery or inflammation, the dura may be tethered to the
spinal canal. This may result in a patchy epidural block or inadvertent dural
puncture.

Boundaries of the epidural space

¢ Anterior: the vertebral bodies, and the intervertebral discs, with the
overlying posterior longitudinal ligament.

¢ Lateral: the pedicles and intervertebral foramina. Through the lateral
foramina, the epidural space is connected to the paravertebral space.

+ Posterior: the vertebral laminae and the overlying ligamentum flavum.

The ligamentum flavum is 2-5mm thick and comprises two ligaments
meeting in the midline connecting the laminae of adjacent vertebrae. They
extend from the anterior and inferior aspect of the vertebral lamina above,
to the posterosuperior surface of the vertebral lamina below.

The epidural space can be divided into anterior, lateral and posterior
compartments. The anteroposterior dimension (depth) of the posterior
epidural space is greatest at the mid-lumbar levels and decreases at the
thoracic and cervical levels (cervical <thoracic <lumbar).

Contents (lumbar epidural space)

Spinal nerves, with an investing cuff of dura, loose fat, areolar connective
tissue, lymphatics, and blood vessels.

Describe the veins of the epidural space

They run mainly in a vertical direction and form four main trunks: two lie on
either side of the posterior longitudinal ligament and two lie posteriorly, in
front of the vertebral arches.
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They are valveless - ‘the valveless vertebral venous plexus of Batson'. They
receive the basivertebral veins, which emerge from each vertebral body on
its posterior aspect. They communicate with branches from the vertebral,
ascending cervical, deep cervical, intercostal, lumbar, iliolumbar and
lateral sacral veins. These enter through the intervertebral and sacral
foramina.

What is the pressure in the epidural space?

The pressure in the epidural space is subatmospheric. The epidural space
is therefore identified by a loss of resistance technique. The advancement
of the needle into the epidural space results in tenting of the dura mater,
resulting in slight negative pressure. The transmission of subatmospheric
thoracic pressure also contributes to the negative pressure of the epidural
space.

Are there any differences between the thoracic and lumbar
epidural spaces?

The lumbar epidural space is segmented and discontinuous. This is
attributable to the dura being directly in contact with the lumbar bony canal
and the predominance of epidural fat. The thoracic epidural space
contains less fat and is less adherent to the bony canal.

What are your views on performing a thoracic epidural block in
an anaesthetised patient?

Although serious nerve injury following epidural anaesthesia is rare, all
measures should be taken to prevent nerve injury. In most centres
epidurals are performed in an awake patient as standard practice.

Anaesthetised patient

As patients remain still during the procedure, there is less risk of the
needle damaging the nerve roots due to patient movement. An epidural
under general anaesthesia is often better accepted by the patients. It is
easier to teach the procedure in an anaesthetised patient.
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Awake patient

An awake patient can warn of impending nerve injury.

Figure 2.3 Anatomy of epidural space.
1. Spinal cord; 2. Spinous process; 3. Supraspinous ligament; 4. Interspinous
ligament; 5. Ligamentum flavum:; 6. Filum terminale; 7. Intervertebral disc.
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Epidural analgesia for major abdominal surgery
The benefits of epidural analgesia for major abdominal surgery include:

¢ Respiratory function: there is a reduced incidence of postoperative
atelectasis, pulmonary infection and improved oxygenation. Effective
pain relief enables the patient to receive physiotherapy, and allows the
patient to deep breathe and cough. There is a reduced risk of
respiratory depression compared with opioids.

¢+ Cardiovascular system: reduced sympathetic activity and improved
respiratory function optimises myocardial oxygen supply/demand.

+ Gastrointestinal tract: reduces opioid-related gastrointestinal side
effects, the incidence of paralytic ileus, and promotes early
postoperative feeding.

+ Thromboembolic: there is a reduced incidence of DVT and reduced
blood loss during the intra-operative period.

A multicentre, randomised control trial published in 2002 (Multicentre
Australian Study of Epidural Anaesthesia, MASTER Anaesthesia trial)
investigated the benefits of peri-operative epidural analgesia on outcome
in 888 patients undergoing major abdominal surgery. This study revealed
that epidural analgesia provides better postoperative analgesia and
reduces postoperative respiratory complications. There was no significant
difference, however, in the mortality or incidence of major morbidity.
Further selected subgroup analysis of the MASTER trial found no
difference in the outcome between epidural and control groups, even in a
group of patents with increased risk of respiratory and cardiac
complications.

Key points

¢ In patients with blunt chest injury, epidural analgesia significantly
improves subjective pain perception and respiratory function tests
compared with intravenous opioids.

¢ For major abdominal surgery, although epidural analgesia provides
short-term benefits in the immediate postoperative period, there is no
evidence to show that this reduces mortality compared with
intravenous opioids.

97



H The Structured Oral Examination in Clinical Anaesthesia Practice examination papers

Further reading

1.

Macleod GA, Cumming C. Thoracic epidural anaesthesia and
analgesia. British Journal of Anaesthesia CEACCP 2004; 4: 16-9.
Nimmo SM. Benefit and outcome after epidural analgesia. British
Journal of Anaesthesia CEACCP 2004; 4: 44-7.

Rigg RJA, Jamrozik K, Myles PS, et al. Epidural anaesthesia and
analgesia on peri-operative outcome of major abdominal surgery: A
randomised trial. Lancet 2002; 359: 1276-82.

Ellis H, Feldman S, Harrop-Giriffiths W. Anatomy for anaesthetists, 8th
ed. Oxford: Blackwell Science Ltd, 2004.

Applied physiology 2.2: Arterial tourniquet

A 35-year-old male patient is undergoing arthroscopy of the right knee
under general anaesthesia. The surgeon requests you to inflate the
tourniquet.

What pressure would you use to inflate the tourniquet?

*

*

For the lower limb tourniquet the pressure used is twice the systolic
BP or a maximum of 150mm Hg above systolic blood pressure.
For the upper limb it is 50mm Hg above systolic blood pressure.

What are the indications for using arterial tourniquets?

*

*

To aid surgery: arterial tourniquets are commonly used to achieve a
bloodless field during surgical procedures, aiding the identification of
structures and reducing blood loss.

Intravenous regional anaesthesia.

What are the contraindications to arterial tourniquets?

Absolute

*
*
*

Suspected DVT - massive pulmonary embolism.
Risk of dissemination of malignancy/infection.
AV fistula.
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Relative

Peripheral arterial disease.

Raynaud'’s disease.

Severe crush injury.

Sickle cell disease - may be used after full exsanguination, but should
be used with caution for as short a duration as possible.

Poor skin condition.

¢ Peripheral neuropathy.

* 6 o o0

*

List the effects and side effects of arterial tourniquet inflation
Cardiovascular system

Tourniquet inflation with exsanguination causes a central shift in blood
volume and a theoretical increase in systemic vascular resistance. This
leads to mild increases in central venous and systemic arterial pressures
which are generally benign. These changes can be significant in patients
with underlying cardiovascular disease and fluid overload can occur, which
can lead to left ventricular failure in patients with cardiac disease.
Exsanguination of the tourniquet to both legs increases the circulating
blood volume by 15%.

Respiratory system

In patients with prolonged immobilisation and risk factors for DVT, emboli
can be dislodged into the systemic circulation resulting in pulmonary
embolism.

Central nervous system

Tumour embolism in the presence of malignancy.

Metabolic

When used for a prolonged duration of 1.5-2 hours, accumulation of
metabolic products can cause acidosis. A localised infection may be

disseminated into the systemic circulation during the process of tourniquet
application.
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Tourniquet pain

Inflation of the tourniquet results in vague dull pain in the limb with an
increase in blood pressure. Prolonged tourniquet inflation causes an
increase in heart rate and blood pressure.

Physical effects

Mechanical tourniquets cause unpredictably high pressure in underlying
tissues, possible leading to skin trauma, arterial damage or nerve damage.

Tourniquet hypertension

Tourniquet-induced hypertension occurs in 11-66% of cases. lts onset is
analogous to the onset of tourniquet pain, after approximately 30-60
minutes. The aetiology is unclear. It likely has the same origin as tourniquet
pain, and requires a specific critical level of cellular ischaemia in the
muscle or nerve. It is more common with general anaesthesia than with
regional anaesthesia. The incidence is very low with spinal anaesthesia.
Sympathectomy does not block its occurrence.

What is the maximum permissible time for tourniquet
application?

The tourniquet should be used for the minimal duration possible. The upper
limit in healthy patients is 2 hours. Elderly patients and patients with
peripheral vascular disease are more susceptible to muscle injury. Most
recommend limiting the total time between 1.5 to 2 hours. The surgeon
should be alerted at 1 hour, 1.5 hours and at 2 hours, when the tourniquet
should be deflated for at least 10 minutes to allow reperfusion of the
muscles.

What are the effects of tourniquet deflation?

¢ Deflating a tourniquet leads to the release of blood with a low pH and
high PCO,, lactate, and K* into the systemic circulation. This leads to
corresponding changes in systemic values: a decreased pH, decreased
PO,, increased PCO,, increased K*, and increased lactate.

¢ There is a transient fall in central venous oxygen tension (SvO,) but
systemic hypoxaemia is unusual (SaO, normal).
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¢ There is a transient increase in EtCO,, which increases by about
8mmHg after release of a thigh tourniquet with a corresponding
increase in PaCO, of 10mmHg.

¢ These changes have been extensively studied and are generally mild
and well tolerated.

+ Several studies have shown that changes peak at approximately 3
minutes and return to baseline by 30 minutes.

+ Transient fall in core temperature of 0.7°C within 90 seconds of
deflation of a leg tourniquet.

¢ The deflation of a tourniquet is associated with an increase in cardiac
output and release of CO, from the ischaemic limb into the systemic
circulation. This leads to transient increases in end-tidal CO,
concentration.

¢ Hypercapnia associated with tourniquet release increases cerebral
blood volume which can have a significant adverse effect in patients
with a head injury.

¢ Haemodynamics :
- mild to moderate haemodynamic changes with a transient fall in

central venous and systemic arterial pressures;
- mean decreases in systolic BP of approximately 15-20mmHg;
- mean increases in HR of approximately 5-10 bpm;
- these changes are usually benign, but can be significant in
patients with coexisting cardiovascular disease.

Local effects of a tourniquet

The pressure and duration of tourniquet application can result in injuries to
underlying structures such as skin, nerves and muscles.

Nerve injury

Upper limb nerves are more prone to injury than lower limb nerves. The
radial nerve is more vulnerable in the upper limb and the sciatic nerve is
more vulnerable in the lower limb. The mechanism of nerve injury is most
likely to be direct pressure rather than ischaemia. Most nerve injuries heal
spontaneously in less than 6 months. Permanent nerve damage is very
rare. Morbidly obese patients are more prone to peripheral nerve injuries.
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Muscle injury

The mechanism includes a combination of ischaemia and mechanical
deformation. Post-tourniquet syndrome is characterised by stiffness,
weakness and pallor without paralysis. This is due to a combination of
effects such as ischaemia, oedema and microvascular congestion of the
muscle. The mechanical trauma to muscles is related to the pressure
applied over the unit area. A wide and curved cuff designed to fit conical
parts of the limbs enables the use of a lower inflation pressure.

Vascular injury

Vascular injury is most likely to occur in patients with peripheral vascular
disease. The effect of the tourniquet may result in thrombosis of
atherosclerotic vessels.

Arterial tourniquet and drug administration

Because the arterial tourniquet isolates the limbs, antibiotics should be
administered at least 5 minutes before inflating the tourniquet to ensure that
an adequate concentration of antibiotic is present at the site of surgery. If
drugs are administered before inflation of the tourniquet they may be
sequestrated in the limb distal to the tourniquet and become redistributed
into the systemic circulation after release of the tourniquet. In the isolated
forearm technique of Tunstall which monitors depth of anaesthesia, an
arterial tourniquet is used to isolate the arm from neuromuscular blocking
drugs.

Key points

¢ The use of an arterial tourniquet produces a bloodless field and
improves the operating conditions.

¢ In healthy patients having a short duration procedure, when used with
recommended pressures, the risks are minimal.

¢ Some patients are at an increased risk of developing complications.

¢ All tourniquet machines should be regularly checked for accuracy of
the pressure gauge and integrity of the cuff and tubing.



Structured Oral Examination 2

Further reading

1. Kam PCA, Kavanaugh R, Yoong FFY. The arterial tourniquet:
pathophysiological consequences and anaesthetic implications.
Anaesthesia 2001; 56: 534-45.

Applied pharmacology 2.3: Patient-controlled analgesia

You are called to the ward to assess a patient complaining of severe pain
following an abdominal hysterectomy.

What options are available to provide analgesia during the first
24 hours of the postoperative period?

The patient should be receiving regular paracetamol +/- NSAIDs. These
can be supplemented with either:

Patient-controlled analgesia (PCA) - opioid.
Nurse-controlled IV analgesia.

IM opioid.

Regional anaesthesia.

L IR 2R 2R 2

What are the advantages of PCA?

¢ Associated with a significantly better quality of pain relief than
conventional analgesia.

o ltis liked by patients.

+ No painful IM injections.

¢ Reduced work load for the nurses.

How would you initiate analgesia with a PCA pump?

Explain the device to the patient and ensure the patient understands the
technique and is capable of using the PCA. Make sure that the patient has
an IV line and oxygen is available.

For all modes of PCA, there are the following basic variables:

¢ Choice of drug, e.g. morphine.
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+ Titration of an initial ‘loading’ dose to achieve analgesia.
¢ Setting the demand dose and the lockout interval with or without a
background infusion.

What is the principle on which PCA is based?

It is based on the premise that a negative feedback loop exists: when pain
is experienced, analgesic medication is demanded; when the pain is
reduced, there are no further demands.

For each individual there is a minimum effective analgesic concentration
(MEAC): this is the smallest concentration at which pain is relieved. This
varies with changes in the level of pain perceived and appears to be largely
independent of pharmacokinetic variables. There is marked
pharmacodynamic variability in the response to opioids amongst individuals.
Once the individual MEAC as been achieved only a small amount of drug
needs to be given to ensure effective analgesia and retain the MEAC.

Describe the design of a PCA pump

It is a computerised, programmable, lightweight, battery-operated portable
pump with the capability of storage and retrieval of data by a
microprocessor. Most PCA devices are microprocessor-controlled pumps
triggered by a button. When the pump is triggered, a preset amount of
opioid is delivered into the patient’s intravenous line. A timer prevents
administration of an additional bolus until a specified period (lockout
interval) has elapsed. Most pumps can be programmed for two modes of
delivery:

+ Continuous infusion per hour rate which is pre-programmed combined
with a bolus for breakthrough pain; boluses are controlled by the patient.
+ Boluses with a set lockout time.

What safety features should be incorporated into a PCA system
for adulis?

The main aim is to prevent a drug overdose:

¢ Appropriate concentration: the PCA syringe should ideally be
prepared by the pharmacy.
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Appropriate lockout time (usually 5 minutes): electronic pumps are
programmable. Disposable sets rely on refill of the chamber (this
cannot be altered).

Maximum hourly dose: can be adjusted in programmable pumps.
Alarms: these are incorporated in electronic pumps preventing
excessive dosing.

Anti-siphoning device: a one-way valve should be incorporated into
any system, and the device should not be placed above the level of the
patient.

Security: pumps should be lockable so that the patient/others cannot
access the syringe.

What are the side effects of an opioid-based IV PCA?

L 2R JNR 2R 4

Nausea and vomiting.
Pruritis.

Confusion and sedation.
Respiratory depression.

What safety instructions would you give the ward nurse?

A pre-printed set of standard orders should be used throughout the
hospital to facilitate a uniform standard of care, and the following safety
instructions should be included:

*

Sedation scoring and respiratory rate charting - to indicate opioid
overdosing.

Reversal of narcosis - prescription for naloxone. Nurses should be
allowed to administer according to a set protocol.

Continuous oxygen therapy until the PCA is removed.

Equipment failure - the syringe volume should be checked against
cumulative consumption on display.

Medical help - 24-hour access to pain and/or an emergency team for
advice and assistance.

What are the other routes by which PCA can be administered?

*
*

Epidural PCA.
Peripheral nerve catheter PCA.
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¢ Transdermal PCA.
¢ Subcutaneous PCA.

Opioid drugs used as patient-controlled analgesia

Morphine, fentanyl, diamorphine and pethidine are commonly used for
intravenous PCA. Epidural PCA usually includes bupivacaine or
levobupivacaine +/- fentanyl.

Table 2.4 Dose regimen of commonly used drugs.

Drug Dose Lockout time
Morphine 0.5-2.0mg 5-10 minutes
Fentanyl 20-50ug 5-10 minutes
Diamorphine 0.5-2.0mg 5-10 minutes
Pethidine 5-20mg 5-15 minutes
Key points

¢ PCA provides a better quality of pain relief than conventional
analgesia.

+ Standard orders should be used throughout the hospital to facilitate a
uniform standard of care, and staff should be trained to use PCA
safely.

+ The PCA pump should incorporate safety features to avoid excessive
dosing and security features so that others cannot access the
programme and syringe.

Further reading

1. Grass JA. Patient-controlled analgesia. Anaesthesia Analgesia 2005;
101: S44-61

2. Macintyre PE. Safety and efficacy of patient-controlled analgesia.
British Journal of Anaesthesia 2001; 87: 36-46.
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Equipment, clinical measurement and monitoring 2.4:
Defibrillator

How would you ireat the following arrhythmia?

107

Figure 2.4 ECG.

This ECG shows ventricular fibrillation. This rhythm should be treated with
defibrillation.

What is a defibrillator?

It is electrical equipment in which electric charge is stored and released in
a carefully controlled fashion. It delivers direct electrical current across the
myocardium causing synchronous depolarization of the cardiac muscle. It
is used in the treatment of ventricular fibrillation and to convert arrhythmias
into normal sinus rhythm.

How does it work? What are the components of a defibrillator
circuit?

It has a power source from the mains. A step-up transformer converts
240V to 5000V. A rectifier (diode) is used to convert alternate current (AC)
into direct current (DC).

Electric charge is stored in a capacitor, which consists of two plates
separated by an insulator. When the defibrillator is activated, it releases
the stored charge.
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An inductor is included in the output circuit, which lengthens the duration
of current pulse. This inductor in the discharge path opposes sudden
change in current flow, slows down the rapid discharge from the
capacitor, and hence controls the duration shock. It also absorbs some of
the electrical charge. Hence, the delivered energy is less than that of
stored energy. Energy indicated on the defibrillator is the actual delivered
energy, not the stored energy. Maximum energy delivered in the
monophasic defibrillator is normally 360J.

Explain the current flow in the circuit during charging and
discharging

Whilst charging, the switch (switch A) is activated so that the current flows
from the mains to the capacitor. The capacitor charges in an exponential
fashion. Initially the voltage at the capacitor plate is low, so more current
flows. As the voltage of stored charge on the plate increases, current flow
decreases. When the discharge switch (switch B) is activated, current
flows from the capacitor to the paddles via the inductor. The current flow
across the chest is limited by thoracic impedance; it can be minimised by
applying gel pads, and by delivering shock during the expiratory phase.

Y

Figure 2.5 The components of a defibrillator circuit
1. Power source; 2. Switch A; 3. Capacitor; 4. Switch B; 5. Inductor; 6. Paddles.
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What is capacitance?

This is the ability of the capacitor to hold the electrical charge. It is
measured in Farads (F).

What factors determine the capacitance (the quantity of stored
charge in the capacitor)?

Surface area of the plate and thickness of the insulating layer.
How would you calculate the stored energy?

Stored energy, E = %2 QV, where Q is the charge in millicoulombs and V
is the potential (volts).

How does a biphasic differ from a monophasic defibrillator?

A monophasic defibrillator produces a single pulse of current which travels
in one direction through the chest. A biphasic defibrillator produces two
consecutive pulses, in which the current first travels in one direction and
then in the other. In the biphasic type, the defibrillation threshold is lower
than the monophasic defibrillator and, hence, is more efficient. It needs a
smaller capacitor with less battery power.

Automated implantable cardioverter-defibrillator (AICD)

The AICD is a small defibrillator, the size of an implantable pacemaker. It
has its own battery power. It has sensing electrodes that sense the heart
rate and rhythm and shocking electrodes to deliver the shock. The energy
output varies from 0.1-30J.

The original model was only able to recognise and deliver unsynchronised
shock for ventricular fibrillation, but the recent AICDs consist of more
complex algorithms to manage ventricular tachycardia and ventricular
fibrillation. The AICD can analyse rhythm and perform one of the following
actions:

¢ Synchronised shock.
¢+ Unsynchronised shock.
¢ Anti-tachycardia pacing.
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The AICD also incorporates pacemaker function to provide anti-
bradycardia back-up. Similar to pacemaker generic code, a four-letter
AICD code has been devised.

The first letter indicates the chamber shocked: atrium (A), ventricle (V) and
dual (D).

The second letter indicates the chamber in which anti-tachycardia pacing
is administered: atrium (A), ventricle (V) and dual (D).

The third letter indicates the method of detecting rhythm and rate:
electrogram (E) and haemodynamic (H).

The fourth letter indicates the chamber in which pacing is delivered: no
pacing action (O), atrium (A), ventricle (V) and dual (D).

The effect of electromagnetic interference may include inappropriate
inhibition or triggering of pacing activity.

External defibrillation may cause serious damage to the AICD by
generating a large amount of electromagnetic interference. The high
energy of current induced by the defibrillator can pass through the leads
of the AICD and cause myocardial burns.

Key points

¢ The defibrillator stores and releases electrical charge in a controlled
fashion.

¢ The capacitor in the defibrillator stores the electrical charge.

¢ The stored energy depends on the potential difference across the
plates of the capacitor and the charge.

+ The AICD senses the heart rhythm and delivers shock when indicated.

Further reading

1. Chaudhari M, Baker PM. Physical principles of the defibrillator.
Anaesthesia and Intensive Care Medicine 2005; 6: 411-2.

2. Allen M. Pacemakers and implantable cardioverter defibrillators,
review article. Anaesthesia 2006; 61: 883-90.



Long case 3
Information for the candidate
History

A 72-year-old female presents on the neurosurgical list for a posterior
cervical fusion. She has a history of cervical spondylosis and presented
with tingling and numbness of both hands. She also mentions that her
husband complains of her snoring at night and that she feels tired all the
time.

Her past history includes rheumatoid arthritis, hypertension and glaucoma.
She has smoked 15 cigarettes per day for the last 50 years.

Her current medication includes amlodipine 5mg o.d.,
bendroflumethiazide 5mg o.d., atenolol 50mg o.d., timolol (eye drops),
prednisolone 5mg o.d., lansoprazole 20mg o.d., ipratropium bromide
inhaler 40ug b.d., salbutamol inhaler 100ug b.d., and diclofenac sodium
50mg t.d.s.

Clinical examination

She is a cheerful 72-year-old lady with rheumatoid changes especially in
both hands. Chest and heart examination shows nothing abnormal.

She has very limited neck movement and complains of pins and needles
in both hands during attempted neck flexion. She has a full set of dentures.
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Table 3.1 Clinical examination.

Weight 65kg

Height 173cm

BMI 22

Heart rate 48 bpm
Respiratory rate 16/minute
Blood pressure 150/80mmHg
Temperature 37.1°C
Investigations

Table 3.2 Biochemistry.

Normal values

Sodium 136mmol/L 135-145mmol/L
Potassium 3.9mmol/L 3.5-5.0mmol/L
Urea 7.8mmol/L 2.2-8.3mmol/L
Creatinine 92umol/L 44-80umol/L
Table 3.3 Haematology.

Normal values
Hb 12.1g/dL 11-16g/dL
Haematocrit  0.38 0.4-0.5 males, 0.37-0.47 females
RBC 3.75 x 10'2/L 3.8-4.8 x 10'2/L
WBC 6.5 x 109/L 4-11 x 10%/L
Platelets 294 x 109/L 150-450 x 109/L
MCV 88.4fL 80-100fL
MCHC 34.2g/dL 31.5-34.5g/dL
Neut 4.54 x 109/L 2.5-7.5 x 10%/L
Lymp 1.58 x 10°/L 1.5-4.0 x 10°/L
Mono 0.72 x 10%/L 0.2-0.8 x 109/L
Eos 0.09 x 10°/L 0.04-0.4 x 10°/L
Baso 0.01 x 109/L <0.01-0.1 x10°/L
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Figure 3.2 Lateral view of a cervical spine X-ray: a) extension view; b)
flexion view.
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Examiner’s questions
Please summarise the case

This is a 72-year-old lady scheduled for a posterior cervical fusion. She
has multiple systemic problems which include rheumatoid arthritis,
hypertension, sinus bradycardia, glaucoma, possible obstructive airway
disease associated with chronic smoking and possible obstructive sleep
apnoea. She has a potentially difficult airway due to limited neck movement
and an unstable cervical spine. The surgical access will require prone
positioning. She needs further investigation to quantify the degree of
obstructive sleep apnoea.

What further history and clinical examination are needed?
History

¢ Previous anaesthetic history, noting the management of the airway.

¢ A detailed CVS history to exclude ischaemic heart disease.

¢ A detailed history of the respiratory system in view of her smoking
history.

+ Further history regarding her snoring and somnolence.

Clinical examination

¢ Detailed airway examination.
¢ A neurological examination and documentation of deficits.

Can you interpret the cervical spine X-ray?

This is a lateral X-ray of the cervical spine. Seven cervical vertebrae are
visible. The line passing through the anterior aspect of the vertebral canal
is disrupted at the C2-C3 level. The posterior spinal line at C2-C3 is also
disrupted. The gap between the odontoid process of the axis and anterior
arch of the atlas is increased indicating anterior subluxation of the atlas
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(flexion view). The intervertebral disc space between C6 and C7 is
narrowed.

Can you read the ECG in a systema