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There are a number of common dilemmas

encountered during preoperative assessment of

the paediatric patient. This article will focus on

what to do if you find: a previously undiagnosed

heart murmur; the child was exposed to or is

recovering from a childhood infectious disease

or upper respiratory tract infection (URTI); or

the child has recently been vaccinated.

Paediatric heart murmurs

A heart murmur is a relatively common finding

during routine preoperative assessment. Most

murmurs are innocent in nature, with the inci-

dence of serious congenital heart disease being

below 1%. Differentiating between innocent

and pathological murmurs can be difficult, but

can help one identify those children in which it

is safe to proceed with surgery and refer for

investigation after operation. Table 1 summar-

izes the auscultatory features of innocent and

pathological heart murmurs.

Preoperative evaluation

In an infant with a murmur, a history of recurrent

chest infections, cyanosis, tachypnoea, sweating,

feeding difficulties, and failure to thrive, is sugges-

tive of pathological heart disease.1 Most congeni-

tal cardiac disease is identified before 3 months of

age, but any child under 1 yr with a murmur

should be referred to a paediatric cardiologist

before anaesthesia, even if asymptomatic, as sig-

nificant lesions can be slow to present. One should

be especially suspicious of children with syn-

dromes that are recognized as being associated

with congenital heart disease, for example,

Down’s syndrome, CHARGE (coloboma of the

eye, heart defects, atresia of the choanae, retar-

dation of growth and/or development, genital and/

or urinary abnormalities, ear abnormalities and

deafness) association, VATER (vertebral

anomalies, anal atresia, trache-oesophageal fistula,

radial dysplasia) association, Turners syndrome,

and DiGeorge syndrome. In older children with a

murmur, additional features of decreased exercise

tolerance in comparison with their peers, adopting

squatting posture during playing (suggestive of

Tetralogy of Fallot’s spells) and syncope (possible

aortic stenosis or an arrhythmia), point to serious

heart disease. A family history of sudden death

should make one suspicious of hypertrophic

obstructive cardiomyopathy (HOCM), which has

autosomal dominant inheritance, but is often

asymptomatic.

Examination of a child with a murmur

includes palpation of pulses in all four limbs

for equality and delay (e.g. coarctation of

aorta), inspection of the chest for precordial

pulsations, palpation for thrills, and ausculta-

tion of heart sounds for intensity and chronol-

ogy.2 A murmur must be evaluated for its

location, timing, duration, quality, intensity,

and its variation with posture. Abdominal dis-

tension from hepatic or splenic enlargement or

ascites suggests congestive cardiac failure.

Preoperative investigation

An ECG should be performed and reviewed for

evidence of ventricular hypertrophy.

† RVH [R-wave in V1 .1.75 mV (, 5 yr)

or 1.25 mV (5–12 yr) or upright T-wave]

† LVH (R-wave in V5 or V6 .4 mV).

Children with HOCM or critical aortic

stenosis may be asymptomatic other than a

murmur, but the ECG shows LVH and left-axis

deviation.

In an asymptomatic child over 1 yr with an

innocent murmur (i.e. venous hum or soft,

early systolic with no thrill) and a normal

ECG, there is general consensus that it is safe

to proceed with surgery and to refer for investi-

gation after operation. However, if there is any

doubt about the nature of a murmur, transthor-

acic echocardiography is a simple and non-

invasive way to resolve the matter in most

cases.

Key points

Innocent murmurs are
common in children but all
infants (i.e. age ,1 yr) with a
murmur should undergo
referral and appropriate
investigation by a paediatric
cardiologist before surgery.

Routine antibiotic prophylaxis
for infective endocarditis is no
longer recommended.

Children with upper respiratory
tract infective symptoms need
careful evaluation of risks and
benefits as some may have
excessively reactive airway
responses to airway
instrumentation especially in
infants.

Viral exanthemas have a
characteristic rash and usually
self-limiting clinical illness but
can cause serious
complications in a few
children.

Misinterpretation of
vaccine-related adverse events
as postoperative complications
may be avoided by respecting a
minimal delay between
immunization and anaesthesia.
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Risk

Congenital cardiac disease can increase mortality in non-cardiac

surgery by a factor of 2. The major risk factors for increased mor-

tality are cyanosis, younger age, more complex cardiac defects,

poor general health, and current treatment for cardiac failure.

However, children who have had corrective surgery and are well

compensated (e.g. atrial and ventricular septal defect repairs,

patent ductus arteriosus ligation) have no increase in mortality

during subsequent general surgery and can be safely anaesthetized

in non-specialist centres. Children with more complex repairs and

single ventricle circulations should be anaesthetized in specialist

centres wherever possible. The factors requiring referral to a

specialist centre include pulmonary hypertension, coronary artery

abnormalities, new-onset arrhythmias, ventricular failure, and

obstructive valvular disease. Whatever the setting, close liaison

with the child’s paediatric cardiologist helps to plan the optimal

anaesthetic technique. For more urgent cases who cannot be trans-

ferred safely, advice may most quickly be obtained from the pae-

diatric cardiac anaesthetist in a regional centre or the regional

paediatric intensive care unit.

Routine antibiotic prophylaxis for the prevention of endocardi-

tis is no longer recommended for either suspected or proven

cardiac defects and the recently issued NICE guidelines should be

followed (Table 2).3

Upper respiratory tract infection

The ‘average’ child has up to seven episodes of URTI per year

(often more in pre-schoolers attending nursery) with each lasting

up to 2 weeks. Most of these episodes are of viral aetiology, but

the prodromal phase of severe systemic illness can have similar

symptoms, for example, pneumonia and influenza. It is estimated

that a quarter of children have a runny nose for a large proportion

of the year due to other causes, such as hypertrophic adenoids or

allergic rhinitis. URTI may produce airway hyperreactivity persist-

ing for several weeks, resulting in increased adverse perioperative

respiratory events such as laryngospasm, bronchospasm, breath

holding, and oxygen desaturation. The decision to proceed in a sys-

temically well child with minimal symptoms or to cancel an elec-

tive procedure in a sick child is easy, but it is the intermediate

group that poses the clinical dilemma.

Preoperative assessment

Assessment of a child with URTI for surgery includes taking a

meticulous history to exclude recent or present purulent nasal dis-

charge, productive cough, dyspnoea, and systemic features of

infection including fever, malaise, irritable behaviour, and

decreased appetite. Parental confirmation of their child having a

‘cold’ was found to be a better predictor of perioperative respirat-

ory complications when compared with clinician’s defined criteria

of URTI.4,5 Physical examination should include lung auscultation

to exclude crackles, wheeze, and bronchial breathing, and inspec-

tion of the nostrils for purulent discharge. Visualization of the oro-

pharynx may confirm large, inflamed tonsils but relies on the

co-operation of the child. X-ray changes or leucocytosis may cor-

roborate a clinical diagnosis but add very little to the process of

decision-making as both may be normal, despite a clinically sig-

nificant URTI. A fever above 388C is significant.

Schedule/cancel the surgery

Although the traditional approach of blanket cancellation of surgery

avoids the potential for complications, it imposes emotional and

economic burdens for the parents. Schreiner and colleagues4 esti-

mated that 2000 surgical procedures in children with mild URTI

Table 2 NICE guidance for infective endocarditis prophylaxis.3 Available from

www.nice.org.uk. Adapted and reproduced with permission

Cardiac conditions at high risk for infective endocarditis (IE)

† Acquired valvular heart disease with stenosis or regurgitation

† Valve replacement

† Structural congenital heart disease, including surgically corrected or palliated

structural conditions, but excluding isolated atrial septal defect, fully repaired

ventricular septal defect, or fully repaired patent ductus arteriosus, and closure

devices that are judged to be endothelialized

† Previous infective endocarditis

† Hypertrophic cardiomyopathy

Patient advice

Patients at risk of IE should be offered clear and consistent information about

prevention, including

† Benefits and risks of antibiotic prophylaxis

† Recommendations against antibiotic prophylaxis

† Importance of maintaining oral hygiene

† Symptoms suggestive of infective endocarditis

† Risks of invasive procedures including non-medical procedures like body

piercing and tattooing

Antibiotic prophylaxis against infective endocarditis is not recommended

† For patients undergoing dental procedures

† For patients undergoing non-dental procedures at these sites: upper and lower GI

tract, genitourinary tract, gynaecological and obstetric procedures, childbirth,

upper and lower respiratory tract—including ENT procedures and bronchoscopy

† Chlorhexidine mouthwash is not recommended for infective endocarditis

prophylaxis for dental procedures

Infection in patients at risk of developing endocarditis

† Any episodes of infection should be promptly treated to reduce risk of infective

endocarditis developing

† If a patient is undergoing any gastrointestinal or genitourinary procedure at a site

with suspected infection, antibiotic therapy should cover organisms causing

infective endocarditis

Table 1 Differentiating clinical features of innocent and pathological murmur.

HOCM, hypertrophic cardiomyopathy

Murmur Innocent Pathological

Cardiac symptoms Asymptomatic Symptomatic

Timing Early systolic or continuous

(venous hum)

Diastolic, pansystolic,

or late systolic

Quality of murmur Blowing/ musical/ vibratory Variable/harsh

Precordial thrill Never Sometimes

Variation with

posture

Often Rarely (HOCM murmur

increases on standing)
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would need to be cancelled to prevent 15 episodes of laryngospasm.

Hyperreactivity of the airway may persist up to 4 weeks, resulting

in increased risk of respiratory complications, hence the rationale to

defer surgery for 4–6 weeks in severe URTI. A delay of 1–2 weeks

is suggested for children with uncomplicated nasopharyngitis, but it

is likely that this group could be safely anaesthetized without a

delay. The decision whether to proceed with surgery in any child

with a URTI requires careful risk/benefit analysis on an individual

basis and is summarized in Table 3. Parental smoking, presence of

airway anomaly, history of snoring, prematurity, and asthma in a

child have all been identified as risk factors for perioperative airway

complications.5 The majority of the studies supporting surgery in

children with mild or recent URTI involved day-case patients, and

one should be wary of extrapolating their findings to more complex

procedures. Airway surgery, in particular, is an independent risk

factor for adverse respiratory events in children with URTI. Other

considerations are the urgency of surgery, the age of the child, and

the experience of the anaesthetist. There is an increased incidence

of respiratory complications in children under 1 yr and in those

cared for by less experienced anaesthetists.

The need for tracheal intubation is often cited as a relative con-

traindication to surgery in a child with URTI as several studies

have identified the use of a tracheal tube as a risk factor for

adverse respiratory events, particularly in young children, increas-

ing the incidence by up to 11-fold. Consideration of the laryngeal

mask airway (LMA) as an alternative is suggested in a widely

quoted algorithm for the assessment of the child with URTI

(Fig. 1), as a number of groups have shown that the LMA was

associated with significantly fewer respiratory complications.

Conversely, a more recent study at the Mayo Clinic found that the

use of an LMA was associated with an increased risk of laryngo-

spasm, even when adjusted for the presence of URTI, in their pae-

diatric population.

Fig 1 Suggested algorithm for the assessment and anaesthetic management of the child with URTI.6 Hx, history; TT, tracheal tube; LMA, laryngeal mask
airway. Reproduced from Tait and Malviya with permission.6

Table 3 Clinical criteria involved in scheduling of surgery in child with URTI

Schedule Cancel

† Clear runny nose † Child ,1 yr

† Dry cough † Purulent nasal discharge

† Minor surgery † Productive cough

† Wheezing/crepitations on auscultation

† Systemic features of being unwell, i.e. fever

.388C, malaise, headache, feeding problems

† Parental confirmation of child being unwell

Also consider patient co-morbidities, type or urgency of surgery, and experience of

anaesthetist.
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Risk

Despite the increase in perioperative adverse events seen in chil-

dren with URTI, there is minimal residual morbidity in large-scale

studies and there is an absence of cases in the medical malpractice

literature implicating URTI with serious adverse events.5,6

However, there are sporadic reports of deaths in children with

URTI after surgery. In one report, laryngospasm led to cardiac

arrest, and in another, evidence of viral myocarditis was found at

post-mortem. Both were young children with a history of URTI in

the preceding 2 weeks.6

Viral exanthemas

Viral exanthemas are common infective diseases in children, often

having a characteristic skin rash during the course of illness. They

usually run a clinically benign course and confer life-long immu-

nity. Vaccination programmes have reduced their incidence, but

children who have been exposed to an infectious disease present

for surgery. They present two problems: a risk to other patients,

visitors, and staff, which may be devastating for the immunocom-

promised, and risk of developing active disease during a period in

which they themselves are thought to be relatively immunosup-

pressed. Knowledge of incubation periods and infectious periods

helps in assessment (Table 4), and elective surgery should be post-

poned until after the maximum incubation period.7 Where surgery

cannot be deferred, the child should be assumed to be infectious

and appropriate precautions taken to prevent cross-infection, in

liaison with the infection control team.

In the child recovering from an infectious disease, surgery

should be delayed wherever possible until after the maximum

infectious period has elapsed and the child is completely well. The

respiratory system is frequently affected and airway hyperreactivity

should be anticipated. The preoperative assessment should seek to

exclude known serious complications of the disease, for example,

pneumonia and thrombocytopenia.

Vaccination and anaesthesia

Vaccines modulate the immune system by inducing memory to

mount a quick and efficient immune attack against future inva-

sion by microbes to prevent manifestation of a disease. Vaccines

are broadly classified into two categories, that is, live attenuated

(BCG, MMR) or inactivated (IPV). Anaesthetizing a recently

vaccinated child for an elective procedure is controversial due to

a possibility that immunosuppression caused by anaesthesia and

surgery may lead to decreased vaccine effectiveness or an

increased risk of complications, and fear of diagnostic difficulty

in cases of postoperative fever. Rash and fever are common

7–10 days after MMR, parotitis 3 weeks after MMR, and local

reactions and fever within 48 h of DtaP/IPV/Hib. In a survey of

Table 4 Viral exanthemas in children7,10

Disease Incubation

period (days)

Infective stage Clinical features Complications

Common Uncommon

Varicella 10–21 2 days before rash

appears and until all

lesions have dried and

crusted

Mild fever, maculopapular vesicular rash,

centripetal in distribution forming scabs

Secondary bacterial

infection

Arthritis, pneumonitis, myocarditis,

encephalitis, facial nerve palsy, thrombotic

disorder, DIC, purpura fulminans

Measles 7–18 4 days before and 5 days

after the rash

Cough, coryza, conjunctivitis, fever, Koplik

spots, rash on 4th day of fever spreads from

ears and face to trunk and extremities

Otitis media, croup,

pneumonia,

diarrhoea

Hepatitis, myocarditis, pancreatitis,

appendicitis, encephalitis, subacute

sclerosing panencephalitis

Mumps 12–25 7 days prior and 9 days

after start of parotitis

Parotitis, epididymo-orchitis Myocarditis,

meningitis

Pancreatitis, oophoritis, arthritis, encephalitis,

sensorineural deafness

Rubella 14–23 10 days before and 15

days after the start of

rash

Mild fever, maculopapular rash, occipital

lymphadenopathy

Arthritis Thrombocytopenia, encephalitis, in utero

infection causes deafness, blindness, and

heart defects

Table 5 Recommendations on immunization and anaesthesia9

Preoperative assessment and

scheduling a surgical procedure in

children

Ergonomical surgical planning should include

immunization history of the child,

especially during infancy

Can you schedule an anaesthetic in

recently immunized children?

Yes. Immunomodulatory effects of

anaesthesia are minor and transient in

nature. A delay between immunization and

anaesthesia may be useful to avoid

post-vaccination symptoms causing

diagnostic concern perioperatively

(a) Inactivated vaccine Delay by 48 h

(b) Live vaccine Do not delay if the child is well at

preoperative assessment

Can you administer immunization in

child undergoing anaesthesia?

Yes. There is no immunological

contraindication to vaccinate a healthy

child undergoing anaesthesia

Should you postpone immunization

in children undergoing

anaesthesia?

No. As children may remain at risk of

contracting vaccine preventable diseases,

including their stay in hospital

Can you administer immunization in

children under anaesthesia?

Not recommended but this strategy may be

useful in children with behavioural

difficulties or developmental delay and also

for administration of tetanus toxoid for

trauma surgery

Can you administer immunization in

children after surgery?

Yes. Immunization can be given, if the child

is well and has recovered from the surgical

procedure
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anaesthetists by Short and colleagues,8 60% of the respondents

stated that they would not delay anaesthesia for elective

surgery in a recently immunized child, while 40% would post-

pone for a week for inactive vaccines and 3 weeks for live

vaccine. Only one-third had the support of hospital policy on the

issue. The UK immunization handbook (Green Book 2006,

www.dh.gov.uk) specifically states that ‘recent or imminent elec-

tive surgery’ and ‘imminent general anaesthesia’ are not contra-

indications to immunization, whereas New Zealand and The

Netherlands have a nationally agreed pragmatic guideline of

delaying surgery in recently immunized child to avoid confusion

of vaccine-driven adverse events being misinterpreted as post-

operative complication.

In adults undergoing splenectomy, most studies found that

the timing of immunization had little influence on vaccine

response, but there are no studies that directly investigate the

influence of anaesthesia and surgery on vaccine responses in

children. The influence of anaesthesia on various markers of

immunity has been assessed in children, showing a decrease in

absolute T- and B-lymphocyte counts after surgery that return to

preoperative values within hours or days. This may represent the

redistribution of immune cells from the peripheral blood to lym-

phatic tissues or local sites of trauma rather than immunodepres-

sion. All studies demonstrate a short-lived and reversible

influence on lymphoproliferative responses that return to preo-

perative values within 24–48 h. In conclusion, the immunomo-

dulatory effect of anaesthesia is felt to be minor and transient,

and not at the level associated with impaired vaccine efficacy

(Table 5).9 In 2010, The Association of Paediatric Anaesthetists

of Great Britain and Ireland (APAGBI) commissioned a consen-

sus guideline on the timing of vaccination with respect to

anaesthesia and surgery which is due to be published on the

APA website at www.apagbi.org.uk.
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