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The expression ‘inborn error of metabolism’

was coined to describe disorders resulting from

the failure of a step or steps within a metabolic

pathway. The number and complexity of meta-

bolic processes required to maintain homeosta-

sis is vast and so it follows that the spectrum of

human disorders ascribed to inherited defects

in metabolism is considerable.1 Although some

of these conditions do not have much impact

on the perioperative management plan, others

such as the mucopolysaccharidoses (MPS) rep-

resent some of the most challenging patients

who an anaesthetist is likely to encounter. This

short article does not provide comprehensive

details of all inherited metabolic disorders

(IMDs) but aims to provide the reader with a

concise description of some of these rare con-

ditions and highlight some of the key principles

of perioperative management.

IMDs are a genetically heterogenous group

and may present at any age. Inheritance is

often autosomal recessive but this is not invari-

able. Many conditions are extremely rare and

reports of experience of anaesthesia in the lit-

erature are limited. An overview of some of the

commoner IMDs is presented in Table 1.2

Pathophysiology of IMDs

Inherited metabolic diseases are caused by

genetic deficiencies resulting in the absence or

dysfunction of structural proteins or enzymes

within a metabolic pathway. Symptoms and

signs may be related to the accumulation of

intermediate metabolites proximal to the blocked

enzyme that may be toxic or inappropriately

stored within cells resulting in their destruction,

and/or to the deficiency of a metabolite down-

stream of the blocked enzyme.1

Accumulation of substrate

Examples include Hurler’s disease where a

deficient enzyme leads to glycosaminoglycan

accumulation within cellular lysosomes. This

multisystemic tissue deposition results in coarse

facial features, airway abnormalities, organome-

galy, cardiovascular impairment, joint and bony

deformities, and visual, auditory, and intellectual

deficits. In many urea cycle defects, the accumu-

lation of ammonia results in an acute encephalo-

pathy. In methylmalonic acidaemia (MMA), the

accumulation of methylmalonic acid causes

metabolic acidosis.1

Accumulation of a normally minor
metabolite

A minor metabolite of galactose, when pro-

duced in excess, leads to cataract formation in

patients with galactosaemia.1

Deficiency of product

There are several potential mechanisms, for

example, the absence of an important product

of metabolism such as arginine in some of the

urea cycle defects may further exacerbate the

accumulation of ammonia and encephalopathy.

In glycogen storage diseases (GSD), glycogen

breakdown is impaired and attempts to main-

tain glucose homeostasis can result in muscle

degradation as amino acids are used as an

alternative substrate. In defects of fatty acid

metabolism, lack of availability of the products

of fatty acid oxidation promotes over utilization

of glucose leading to hypoglycaemia.1

Secondary effects

Many enzymatic processes indirectly influence

one another and hence affect processes that

may appear discrete biochemical pathways. In

MMA, a secondary inhibitory influence of

methylmalonic acid occurs on carbamylphos-

phate synthetase, an enzyme of the urea

cycle, which can lead to hyperammonaemic

encephalopathy.2

Key points

Although individually rare,
collectively metabolic
disorders are common, with
a reported incidence of 1:800
to 1:5000 births.

Advances in paediatric care
have resulted in many
children with metabolic
disease surviving into
adulthood.

A wide phenotypic spectrum
exists between individuals
with the same metabolic
disorder because levels of
enzyme activity may vary
altering the severity and
timing of presentation.

Elective surgery for these
patients should always be
undertaken in specialist
centres with the involvement
of multidisciplinary teams and
with intensive care facilities
available if required.

Glucose replacement should
be commenced at the start of
the nil by mouth period to
avoid the metabolic
decompensation associated
with starvation in many
metabolic disorders.
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Clinical presentations of IMDs

IMDs can present at any age and multiple systems are usually

involved. In the UK, all neonates are offered screening for phe-

nylketonuria and medium-chain acyl-CoA dehydrogenase

deficiency. Acute decompensation in the neonatal period may be

life threatening; encephalopathy (with or without metabolic acido-

sis) and hepatic syndromes associated with hypoglycaemia are

common manifestations often in a child that was normal at birth.1

Later decompensation associated with intercurrent illness or insi-

dious presentation later in childhood may also occur. Commonly

occurring clinical syndromes associated with IMDs are described

below.

Neurological syndromes

Acute encephalopathy may occur with little warning in a pre-

viously normal child. Focal neurological deficits are uncommon

and consciousness levels may deteriorate.1 This may occur in urea

cycle disorders, organic acidaemias, and fatty acid oxidation

defects, or be secondary to hypoglycaemia. This is a medical

emergency and may be the first presentation of an IMD. Chronic

encephalopathy may manifest as global progressive developmental

delay or psychomotor retardation. It is often associated with sei-

zures that may be resistant to conventional treatment.1 Examples

include some MPS (Hunter and Sanfilippo).

Other neurological symptoms include stroke-like episodes,

which may occur in organic acidaemias, urea cycle disorders, and

homocystinuria. Movement disorders such as ataxia in maple syrup

urine disease (MSUD) or choreoathetosis in the Lesch–Nyhan

syndrome may occur. Myopathy can be a feature, for example, in

GSD involving muscle glycogen (Pompe disease). Progressive

myopathy in association with multisystem disease is often a feature

of mitochondrial disorders. Neurobehavioural problems including

hyperactivity, impulsiveness, and aggressive behaviour occur in

many IMDs (Hunter, Sanfilippo, Lesch–Nyhan syndrome).1

Metabolic acidosis

Lactic acidosis is the commonest cause of metabolic acidosis in

children and is a feature of pyruvate dehydrogenase deficiency or

mitochondrial electron transport chain defects. It may occur secon-

darily such as in glycogen storage disease type 1 where an enzyme

defect prevents the conversion of glucose-6-phosphate to glucose.

Glucose-6-phosphate is instead ultimately converted into lactate.3

The accumulation of organic anions such as ketoacids (MSUD)

and organic acids (organic acidaemias) will cause a metabolic

acidosis often in association with hyperammonaemia or hypogly-

caemia and acute encephalopathy. The measurement of the anion

gap is essential in evaluating these patients. Urine and sweat have

a peculiar smell in the organic acidaemias.1

Hepatic syndromes

Non-tender hepatomegaly is a feature of GSD and occurs in

association with splenomegaly in lysosomal storage diseases.

Hepatocellular dysfunction may be present (GSD, Gaucher

disease). Jaundice may be conjugated, where hepatocellular

dysfunction is present, or unconjugated secondary to disorders

resulting in haemolysis, for example, glucose-6-phosphate dehy-

drogenase deficiency or pyruvate kinase deficiency.1

Hypoglycaemia occurs where there are defects in mechanisms

for gluconeogenesis, such as pyruvate carboxylase deficiency.

Gluconeogenesis is the metabolic mechanism by which

Table 1 Overview of inherited metabolic diseases

Metabolic classification of

inherited disorders

Clinical examples, inheritance pattern, and

incidence

Clinical features

Disorders of amino acid

metabolism

Phenylketonuria (autosomal recessive, 1:10 000–

150 000)

Mental retardation and seizures

Homocystinuria (autosomal recessive, 1:200 000) Marfanoid phenotype, neurodevelopmental delay, high risk of thromboembolism, and

cardiovascular disease

Disorders of branched-chain

amino acid metabolism

Maple syrup urine disease (autosomal recessive,

1:180 000)

Hypotonia, hypoglycaemia, ketoacidosis, seizures, coma, sweet smell of urine

The urea cycle disorders Ornithine transcarbamylase deficiency (X-linked

dominant, 1:80 000)

Neonatal hyperammonaemic encephalopathy, seizures, coma. Ataxia and behavioural

abnormalities in older children

4 other urea cycle defects are autosomal recessive

The organic acidaemias Propionic acidaemia (autosomal recessive,

1:100 000)

Similar in both: tachypnoea, lethargy, vomiting, dehydration, metabolic acidosis,

hypoglycaemia, ketoacidosis, neutropaenia, hyperammonaemia, encephalopathy

Methylmalonic acidaemia (autosomal recessive,

1:48 000)

Disorders of carbohydrate

metabolism

Galactosaemia (autosomal recessive, 1:60 000) Jaundice, hepatomegaly, hypoglycaemia, seizures, Escherichia coli sepsis, cirrhosis,

mental retardation

Glycogen storage diseases See Table 2

Lysosomal storage diseases Lipidoses (Tay-Sachs, Gaucher, Niemann–Pick,

Fabry, Krabbe disease)

Lysosomal accumulation of specific sphingolipid substrates, chronic presentation,

hepatomegaly, developmental delay

Mucopolysaccharidoses See Table 3

Disorders of fatty acid oxidation Medium-chain acyl-coA dehydrogenase deficiency

(autosomal recessive, 1:17 000)

Acute encephalopathy, seizures, hypoglycaemia, elevated ammonia, cardiovascular

collapse
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non-carbohydrates such as fatty acids are converted to glucose;

pyruvate is a pivotal intermediate. Defects in fatty acid or ketone

oxidation may also precipitate hypoglycaemia since these pro-

cesses are mechanisms for decreasing peripheral glucose utilization

and in their absence over utilization of glucose may occur.

Examples include long-, medium-, and short-chain fatty acid

acyl-CoA dehydrogenase deficiencies.

Cardiac syndromes

Cardiac disease is usually manifest as a cardiomyopathy. This may

be accompanied by arrhythmias and valvular insufficiency. Dilated

cardiomyopathy is associated with inborn errors of fatty acid oxi-

dation. The multisystemic nature of mitochondrial electron trans-

port chain defects can include serious cardiac disease. Significant

hypertrophic cardiomyopathy may be a feature of lysosomal

storage diseases such as the MPS and Pompe disease.1 Coronary

artery disease may occur in younger patients with homocystinuria

or familial hypercholesterolaemia.

Dysmorphism and storage syndromes

Dysmorphism, especially of facial features, is often found in

patients with inherited metabolic disease and tends to become

more pronounced with age. Children with inherited metabolic dis-

eases often resemble patients with the same disorder and not their

own family.1

Storage disorders such as the MPS are associated with significant

dysmorphism and are of particular interest to the anaesthetist. The

accumulation of glycosaminoglycans leads to distortion of any tissue

of which connective tissue is a significant component. The bone, car-

tilage, ligaments, skin, vasculature, dura mater, and heart valves may

all be primarily affected with secondary disruption of other tissue

occurring as a result of abnormalities of shape and growth.2

Common themes in the perioperative
management of IMDs

Preoperative considerations

† A multidisciplinary approach is essential. All elective surgery

for these patients should take place in a hospital with full

access to the multidisciplinary team and intensive care facili-

ties. Preoperative assessment should be undertaken in con-

junction with the metabolic team and previous anaesthetic

records should be consulted.

† Elective surgery should not proceed if there is significant evi-

dence of coexisting infection since this increases the risk of

metabolic decompensation.3

† Preoperative assessment should include evaluation of the

child’s cardiac and respiratory systems where these may be

affected by the disease process. An ECG and a recent echo-

cardiogram where relevant are important. The degree and dis-

tribution of any myopathy should be assessed.3 Blood workup

should include full blood count, renal function, electrolytes,

arterial blood gas analysis, and serum glucose.

† Consider preoperative correction of any significant degree of

metabolic acidosis. Peritoneal or haemodialysis may be

required to reduce the levels of metabolic acids.

† Maintain any special or restrictive diets perioperatively.

Continue all supplemental cofactors, which optimize the

abnormal metabolic pathway or help clear toxic metabolites,

for example, carnitine to help eliminate organic acids, glycine

in isovaleric acidaemia, and sodium benzoate and sodium

phenylacetate in urea cycle defects.3

† The stress response to surgery and fasting increases the risk of

metabolic decompensation. Avoid prolonged perioperative

fasting and maintain hydration. A catabolic state will promote

flux through the abnormal metabolic pathway in many IMDs.

Schedule IMD patients first on the operating list and adminis-

ter fluids containing 10% glucose once fasting commences.

Calories in the form of i.v. fat emulsion can be included to

minimize the glucose load.3 Clear high carbohydrate energy

drinks may be beneficial and can be consumed up to 2 h

before surgery.

† Use sedative premedication with great caution especially in IMD

patients with associated airway problems, for example, MPS.

† Whenever possible, emergency cases should be transferred to

specialist centres. Close liaison between the patient’s meta-

bolic team, anaesthetists, surgeons, and intensive care is vital,

particularly if the emergency occurs at a non-specialist hospi-

tal. Remember that the patient’s family will also provide

invaluable information regarding the IMD, its severity, and

previous perioperative history.

Intraoperative considerations

† There is a risk of significant hyperkalaemia associated with

the use of succinylcholine in myopathic children. Use respir-

atory depressants and non-depolarizing neuromuscular block-

ing agents with care in the presence of myopathy.3

† Take care in positioning patients particularly where bone and

joint disease including cervical spine instability may be

present (e.g. MPS).

† Avoid lactate-containing fluids if lactic acidosis is a feature of

the IMD. Limit intraoperative metabolic acidosis by ensuring

adequate tissue perfusion. Bicarbonate administration may be

necessary to compensate for intraoperative acidosis.3

Hypothermia should be avoided as it may contribute to the

development of metabolic acidosis.

† Arterial blood gases, serum electrolyte, blood glucose, and, if

indicated, ammonia levels should be measured during pro-

longed surgery.

† For procedures involving oral or intestinal blood loss, place a

nasogastric tube or throat pack to prevent the accumulation of

blood in the stomach. Blood in the gastrointestinal tract
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constitutes a large protein load and may trigger an acute

decompensation in many metabolic disorders particularly

those involving amino acid metabolism.3

† Avoid the prolonged use of nitrous oxide; it has been associ-

ated with megaloblastic anaemia in phenylketonuria. In MMA,

it can inhibit methylmalonyl-CoA mutase, and in homocysti-

nuria, it has an inhibitory action on methionine synthase.3

Postoperative considerations

† All patients should be observed closely after anaesthesia for

signs of clinical deterioration. Monitoring in a high-

dependency environment is advisable where there is an

increased risk of metabolic or clinical deterioration.3

† Regular monitoring of acid–base status and plasma ammonia

should be undertaken in order to detect decompensation early.

† Reinstitute the patient’s specialized diet as soon as possible

after anaesthesia.

† IMD patients should not usually be managed on a day-case

basis.

The following disorders are examined in more detail, either

because of their ability to illustrate important management prin-

ciples of IMDs or because of their particular relevance to the

anaesthetist.

The organic acidaemias: propionic and
methylmalonic acidaemia

The degradation of valine, isoleucine, odd-chain fatty acids,

cholesterol, methionine, and threonine converges into three final

steps, the propionate pathway. Propionyl-CoA is carboxylated to

methylmalonic acid by the mitochondrial enzyme propionyl-CoA

carboxylase, using biotin as a cofactor. Methylmalonyl-CoA is

then converted to succinyl-CoA by the enzyme methylmalonyl-

CoA mutase, with cobalamin as a cofactor. Succinyl-CoA is

broken down into carbon dioxide and water by the citric acid

cycle.2

Propionic acidaemia is caused by a deficiency of propionyl-CoA

carboxylase and results in the accumulation of propionic acid.

MMA is caused by a deficiency of methylmalonyl-CoA mutase

causing accumulation of methylmalonic acid.

Clinical severity varies, but classically, presentation involves an

acute decompensation. Features include tachypnoea, dehydration,

vomiting, lethargy, hyperglycinaemia (caused by inhibition of

glycine cleavage by high levels of organic acids), ketoacidosis,

neutropenia, thrombocytopenia, hypoglycaemia, and metabolic

acidosis. Decompensation is usually precipitated by a catabolic

stress such as infection. Hyperammonaemia occurs and is thought

to be the result of the organic acids causing inhibition of carbamyl-

phosphate synthetase of the urea cycle.

Treatment includes a protein-restricted diet. Carnitine will con-

jugate with organic acids to form a metabolite that is excreted by

the kidneys, carnitine levels are often deficient, and hence, sup-

plementation is important. In the event of an acute crisis, these

children should be rehydrated, have infections aggressively ident-

ified and treated, and have measures to prevent catabolism insti-

tuted. Biotin and vitamin B12 should be given in propionic

acidaemia and MMA, respectively. Acidosis and hyperammonae-

mia should be treated.2

The acute treatment of hyperammonaemic coma involves

both routine resuscitation and reduction of plasma ammonia.

Protein intake should be restricted or stopped for 48–72 h, and

to avoid protein catabolism, an i.v. infusion of fluid and elec-

trolytes with 8–10 mg kg21 min21 of glucose should be com-

menced. Sodium benzoate 250 mg kg21 and sodium

phenylacetate 250 mg kg21 should be given i.v.; these agents

react with glycine and glutamine, respectively, to form products

that are more readily excreted by the kidneys than ammonia.

For ammonia levels above 600 mmol litre21, peritoneal or hae-

modialysis should be considered.2

Liver transplantation is now a viable treatment option as it

offers a potential cure with the donor liver providing the deficient

enzymes.4,5

Most of the general considerations for perioperative care of

IMDs apply specifically to the organic acidaemias.4 – 6

Disorders of carbohydrate metabolism:
glycogen storage diseases

Glucose is the primary substrate for aerobic metabolism generating

adenosine triphosphate via glycolysis and oxidative phosphoryl-

ation. Blood glucose levels are maintained by dietary intake, glu-

coneogenesis, and most importantly the breakdown of glycogen

via glycogenolysis. The breakdown of hepatic glycogen ensures a

rapid release of glucose into the bloodstream to maintain a eugly-

caemic state, whereas the breakdown of muscle glycogen provides

the main source of stored energy within muscles, particularly

important during exercise.2

Inherited defects in glycogen metabolism prevent the mobiliz-

ation of glucose from glycogen and typically cause the accumu-

lation of glycogen within tissues such as the liver or muscles,

hence the collective term GSD. These disorders have an overall

frequency of 1 in 20 000 live births and their classification is sum-

marized in Table 2.2

The management of the GSD involves maintaining an adequate

blood glucose level and provision of alternate energy sources. In

infants, this usually involves regular daytime snacking and noctur-

nal intragastric glucose feeds, or uncooked cornstarch in older chil-

dren. Pompe disease may be treated with recombinant human

a-glucosidase enzyme replacement therapy.7

Specific anaesthetic considerations

† Fasting should be minimized. To prevent hypoglycaemia,

blood glucose should be monitored and perioperative glucose-
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containing fluids should be administered. In Tarui disease

where the enzymatic defect is part of the glycolytic pathway

rather than the glycogenolytic path, glucose cannot be utilized

by muscles.3

† Check renal function and platelets in patients with von Gierke

disease.3

† Check coagulation and liver function in patients with

Andersen disease who may have hepatic cirrhosis.3

† Preoperative cardiac assessment, including ECG and echocar-

diography, is important where cardiomyopathy may be a

feature (Cori, Andersen, and Tarui diseases). This is of par-

ticular importance in Pompe disease where hypertrophic car-

diomyopathy may cause significant left ventricular outflow

tract obstruction. Reduced coronary perfusion pressure

causing subendocardial ischaemia and cardiac arrest under

general anaesthesia has been reported. Myocardial depressants

should be used with care.8

† Limitation of respiratory reserve, postoperative atelectasis,

and respiratory tract infections may be a consequence of myo-

pathy which is particularly a feature of Pompe disease.8

† Truncal obesity may be present in von Gierke and Cori

diseases.

† Macroglossia is a feature of Pompe disease and can cause

airway difficulties.

† Tourniquets can cause muscle damage and should be avoided

in McArdle disease.3

Lysosomal storage diseases:
mucopolysaccharidoses

Lysosomes contain enzymes that are responsible for breaking

down specific macromolecules. Enzyme defects in lysosomal

storage disorders lead to abnormal sequestration of partially

degraded glycosaminoglycans, an essential component of connec-

tive tissue. This results in a progressive, multisystemic disease

with organomegaly, visual, auditory, and intellectual deficits,

airway abnormalities, cardiovascular impairment, joint and bony

deformities, and characteristic coarse facial features9 (Table 3).

Until recently, the management of these disorders has been pal-

liative with the focus on the control of cardiac and respiratory

complications, hydrocephalus, hearing loss, and spinal column

abnormalities. Treatment options now include haematopoetic stem

cell transplantation and enzyme replacement therapy.10 Stem cell

transplantation halts the progression of these diseases, reduces

hepatosplenomegaly, joint stiffness, obstructive sleep apnoea,

facial dysmorphism, heart disease, hydrocephalus, and hearing

loss. Skeletal and ocular abnormalities are not corrected and neuro-

logical outcomes remain poor.11 Enzyme replacement therapy has

been approved for use in MPS I, II, and VI after clinical trials

demonstrating improvements in these conditions.10,11 Recombinant

human a-L-iduronidase for MPS I, idursulfase for MPS II, and

arylsulfatase B for MPS VI are available for treatment.10

Specific anaesthetic considerations

† An experienced anaesthetic team should always manage these

children. Anaesthesia should not be undertaken lightly and

the risks of anaesthesia must be carefully considered and

explained to the parents and the child (if appropriate) along

with the benefits of the scheduled procedure.12

† The airway is often severely compromised and anaesthesia in

patients with MPS may be extremely challenging. Evidence

of obstructive sleep apnoea should be sought; preoperative

sleep studies may required for full evaluation and risk

stratification.13

† Previous anaesthetic records should be evaluated, but the pro-

gression of any airway and clinical findings is to be expected

and the view at direct laryngoscopy may be significantly less

favourable with increasing age.13

† Lateral cervical films may be useful; cervical spine instability

most often occurs in MPS I (Hurler) and IV (Morquio) and

these patients may benefit from assessment with flexion–

extension images taken under specialist supervision. Cervical

Table 2 The glycogen storage diseases

Disease and eponym Inheritance and incidence Organs affected Clinical features

Type I (von Gierke disease) Autosomal recessive,

1:100 000–200 000

Liver (and renal) Hypoglycaemia, lactic acidosis, ketosis, hepatomegaly, truncal obesity, short stature,

hypertriglyceridaemia, hyperuricaemia and gout, platelet dysfunction, renal dysfunction.

Good prognosis with supportive treatment

Type II (Pompe disease) Autosomal recessive,

1:50 000

Cardiac, muscle,

liver

Hypotonia and skeletal muscle weakness, hypertrophic cardiomyopathy. Death from cardio

respiratory failure by 2 yr in severe infantile form

Type III (Cori disease) Autosomal recessive,

1:100 000–150 000

Liver, muscles Hypoglycaemia, ketonuria, hepatomegaly, muscle fatigue. Good prognosis

Type IV (Andersen disease) Autosomal recessive,

1:500 000

Liver Failure to thrive, hypotonia, hepatosplenomegaly. Hepatic cirrhosis leading to death by 5 yr

Type V (McArdle disease) Autosomal recessive,

1:500 000

Muscle Exercise intolerance, muscle cramps, fatigability. Good prognosis

Type VI (Hers disease) 1: 200 000 Liver Hepatomegaly, mild hypoglycaemia, hyperlipidaemia, ketosis. Good prognosis

Type VII (Tarui disease) Autosomal recessive,

1:500 000

Muscle Similar to GSD type V

Type VIII/IX (phosphorylase

kinase deficiency)

Autosomal and X-linked Liver Similar to GSD type III, but no myopathy
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canal stenosis may lead to compression in patients with MPS

IV and should cervical myelopathy be suspected then it is

best evaluated with magnetic resonance imaging.13

† Behavioural problems may be considerable; however, sedative

premedication should be used with great caution.

† An antisialogogue is useful to aid airway management during

induction.

† Preoperative assessment should include thorough clinical

evaluation of the child’s cardiac and respiratory systems.12,13

A recent echocardiogram should be reviewed to evaluate

cardiomyopathy, valvular heart disease, or both. Respiratory

tract infections should have fully resolved before elective

surgery.

† Always anticipate a difficult airway in patients with MPS and

ensure the full range of difficult airway adjuncts is available.

The overall incidence of airway difficulties is 25%, with

failure to intubate in 8% of MPS cases (rising to 54% and

23%, respectively, in Hurler’s syndrome).13 This is due to a

combination of factors including airway tissue deposition of

glycosaminoglycans, a short, often unstable neck, poor joint

mobility including the cervical spine and temporomandibular

joints, macroglossia, and micrognathia. All of these factors

get worse with age.

† Facemasks may not fit appropriately due to the abnormal

facies, and these children often readily obstruct on induction.

This may not be relieved by oropharyngeal airways, which

can push the enlarged epiglottis downwards causing laryngeal

obstruction. Nasopharyngeal airways are difficult to pass due

to nasal tissue deposits. Some authors have advised forward

traction of the tongue.12

† Any neck manipulation should be avoided, and where there is

atlanto-axial subluxation, as in Morquio syndrome, manual

inline immobilization should be used.13

† The laryngeal mask airway (LMA) has been found to be par-

ticularly useful and the use of the LMA as a conduit for intu-

bation is well described.13,14

† The tracheal tube size required will be smaller than that

expected for age.

† The McCoy blade can be useful where an enlarged epiglottis

is obstructing the view. Fibreoptic intubation may be necess-

ary where cervical spine instability exists or the view at laryn-

goscopy is poor. The equipment and staff for emergency

tracheostomy should be available.

† Post-obstructive pulmonary oedema has been described in

patients with advanced disease. Pre-existing supraglottic

obstruction may be compounded by an exacerbation of pre-

existing glottic obstruction after tracheal extubation and this

may lead to negative pressure pulmonary oedema. This can

occur some hours after the obstructive event. Extubation

should occur once fully awake and dexamethasone may be

helpful.12,14

† Postoperative care should take place in a monitored environ-

ment (high dependency or intensive care) and humidified

oxygen and early physiotherapy are advised.12

Table 3 The mucopolysaccharidoses

Mucopolysaccharidosis (and eponyms) Incidence and

genetics

Clinical features

MPS I (Hurler, Scheie and the Hurler–Scheie

intermediate spectrum)

1:100 000, autosomal

recessive

Severe (Hurler) phenotype includes macrocephaly, coarse facies, and macroglossia. Hydrocephalus

and mental retardation. High incidence of respiratory tract infections, obstructive sleep apnoea.

Cardiomyopathy, coronary intimal and valvular thickening, mitral regurgitation. Dysostosis

multiplex, stiff joints, thoracolumbar kyphosis, short neck, short stature. Corneal clouding, middle

ear disease, and hearing loss. Hepatosplenomegaly. Usually death before 10 yr

Mild (Scheie) has less coarse facies and normal intelligence. Aortic valvular disease, stiff joints, and

corneal clouding. Survival into adulthood

MPS II (Hunter) 1:150 000, X-linked

recessive

Wide spectrum of severity. Phenotype of macrocephaly, coarse facies similar to Hurler. Mental

retardation and hydrocephalus, slower neurological deterioration than Hurler. Obstructive sleep

apnoea. Coronary intimal thickening and ischaemic cardiomyopathy. Dysostosis multiplex, diffuse

joint limitation, short neck, short stature. No corneal clouding. Hepatosplenomegaly. Death before

15 yr

MPS III (Sanfillippo types A to D) 1:24 000, autosomal

recessive

Mild somatic features, coarse hair, and hirsutism. Severe behavioural disturbance and profound mental

deterioration, hyperactivity, aggression, dementia, and seizures. Sleep disorders. Short stature,

lumbar vertebral dysplasia. Death in second decade

MPS IV (Morquio types A and B) 1:100 000, autosomal

recessive

Neurological abnormalities secondary to cervical myelopathy. Normal intelligence. Aortic

regurgitation. Unique and distinct skeletal abnormalities, short trunk dwarfism, stature ,120 cm,

odontoid hypoplasia with C1–C2 and C2–C3 subluxation possible, severe kyphoscoliosis,

ligamentous laxity. Fine corneal opacities, wide spaced teeth

MPS VI (Maroteaux–Lamy) 1:100 000, autosomal

recessive

Macrocephaly, coarse facies, macroglossia. Normal intelligence. Airway difficulties. Mitral and aortic

valvular thickening and regurgitation. Dysostosis multiplex, mild joint stiffness, kyphoscoliosis,

odontoid hypoplasia, cervical myelopathy, short stature. Corneal clouding and organomegaly

MPS VII (Sly) Rare autosomal

recessive

Wide clinical spectrum, macrocephaly, coarse facies. Mental retardation. Dysostosis multiplex, joint

flexion contractures, short stature, thoracolumbar gibbus, hip dysplasia, odontoid hypoplasia.

Corneal clouding, organomegaly. Severe neonatal form of hydrops foetalis
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† Regional analgesia is useful; alternatively, a mutimodal

approach to analgesia should occur. Great care should be

taken when using opioid analgesia in MPS patients.

Conclusion

Inherited metabolic diseases, while individually rare conditions,

contribute significantly to paediatric morbidity and mortality.

Anaesthetists may encounter patients with inherited metabolic dis-

eases presenting for both emergency and elective surgery. The

management of these patients is often challenging due to the mul-

tisystemic manifestations of many IMDs. Catastrophic metabolic

decompensation may occur in the perioperative period and a multi-

disciplinary approach is essential to ensure safe management of

these patients.
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