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1.1

1 INTRODUCTION

Introduction

BACKGROUND

Invasive Meningococcal Disease (IMD) is a significant cause of morbidity and mortality in
children and young people, caused by infection with the bacterium Neisseria meningitidis.
There are at least 13 meningococcal serogroups of this bacterium. Historically, serogroups B
and C were responsible for the majority of invasive disease in the United Kingdom, but the
introduction of the Men C vaccine in 1999 reduced the disease incidence by approximately
50%, and IMD due to group C infection is now very rare.’

There is currently no licensed vaccine against group B disease in the UK, although specific
vaccines have been developed in response to single strain epidemics in other countries (eg
vaccine against meningococcal group B infection in New Zealand). Tetravalent vaccines are
being developed to prevent serogroup A, C, Y and W135 disease.

The number of cases of IMD is monitored by the Health Protection Scotland (HPS) Meningococcal
Invasive Disease Augmented Surveillance (MIDAS) scheme (Figure 1). Since 2000 the incidence
of IMD has reduced to 140 -160 new IMD cases each year.

Despite the success of the Men C programme the youngest members of society continue to
bear a disproportionate burden in terms of incidence of, and mortality from, IMD. The recorded
case fatality rate (CFR) for meningococcal disease varies between 2.6-10% each year (see table
accompanying Figure 1), similar to the 5.6% observed in England and Wales.? A number of
factors including increased awareness, public health measures, early resuscitation, improved
resuscitation techniques, advances in critical care, surgical interventions and investment in
rehabilitation may have contributed to improvements in outcome.? There is, however, a persistent
mortality, particularly in the early hours of rapidly progressive septicaemia, emphasising the
need for increased awareness, disease recognition and experienced assessment of the sick child,
with an understanding of the potential for rapid disease progression, and the need for urgent
and escalating intervention.
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Figure 1: Meningococcal disease cases reported to Health Protection Scotland by serotype and
case fatality rate (CFR) from 1998 to 2007
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Year 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007
CFR (%) |5.8 6.6 7.3 4.8 6.7 2.6 10.0 |69 4.9 6.4

The trigger for invasive disease is unknown, but there is marked seasonal variation, with higher
incidence in the winter months and during outbreaks of viral respiratory tract infection. The
disease is transmitted by droplet spread or by respiratory secretions, with an increased incidence
in close personal contacts of index cases. The peak incidence of invasive disease occurs in
pre-school children, and for survivors of acute infection there may be significant morbidity,
including skin loss, limb loss, deafness and neurological impairment.

The most common clinical manifestation of invasive disease is meningitis, but up to 20% of
patients will develop meningococcal septicaemia, associated with the highest mortality.

THE NEED FOR A GUIDELINE

The challenge for healthcare practitioners is to identify those patients who will progress from
a non-specific early presentation to severe disease, particularly since the early symptoms and
signs may be indistinguishable from intercurrent and self limiting viral infection.* The majority
of deaths continue to occur in the first 24 hours, frequently before the institution of specialised
care.’

The particular geography and population distribution in Scotland, combined with the rapid onset
and progression of invasive disease, require the development of a guideline to ensure that the
most effective treatment can be delivered within the context of a Scottish Health Service where
“services are delivered as locally as possible, when that can be done safely and sustainably,
but with prompt access to specialised services when necessary”.>
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1 INTRODUCTION

Over the past 40 years there has been dramatic improvement in outcome from septic shock in
children, with mortality reducing from 97% in the 1960s, 60% in the 1980s, to 9% in 1999.
Changes in clinical practice have been based on case series, cohort studies and physiological
experiments, rather than on evidence from randomised controlled trials.® There have also been
significant changes to the organisation and delivery of health care, particularly in the provision
of resuscitation and intensive care that have been associated with reduced mortality.

The paucity of high quality randomised controlled trial (RCT) evidence for the protocols and
practices that underpin the clinical management of IMD has been a particular challenge in
drafting this guideline. The guideline group was aware of pragmatic improvements that have
had a positive effect on outcomes,” and have included good practice points to cover such
issues as appropriate.

REMIT OF THE GUIDELINE

This guideline makes recommendations on best practice in the recognition and management
of meningococcal disease in children and young people up to 16 years of age. It addresses the
patient journey through pre-hospital care, referral, diagnostic testing, disease management,
follow-up care and rehabilitation and considers public health issues. The guideline will be of
interest to healthcare professionals, parents and carers who are involved in the diagnosis and
management of children and young people with suspected or confirmed meningococcal disease.
The guideline is based on a systematic review of the literature (see section 12.1), including
relevant studies in adult populations. This guideline is specifically directed at children with
IMD, although many of the clinical symptoms and signs are features of systemic sepsis in infants,
children and young people.

DEFINITION

Invasive Meningococcal Disease results from bacterial infection with Neisseria meningitidis,
a gram-negative aerobic organism that is usually a commensal in humans; 5-25% of adults
are asymptomatic carriers.® Meningococci that cause invasive disease develop a capsule that
protects the organism from host defence mechanisms. IMD may present with a clinical spectrum
that ranges from acute meningitis, with neck stiffness, photophobia and a bulging fontanelle
(all symptoms may not be present), to rapidly progressive meningococcal septicaemia with
a non-blanching rash, reduced conscious level, shock and multiorgan failure. Less common
manifestations of IMD include pneumonia, conjunctivitis, otitis media, epiglottitis, arthritis,
and pericarditis.’

STATEMENT OF INTENT

This guideline is not intended to be construed or to serve as a standard of care. Standards
of care are determined on the basis of all clinical data available for an individual case and
are subject to change as scientific knowledge and technology advance and patterns of care
evolve. Adherence to guideline recommendations will not ensure a successful outcome in
every case, nor should they be construed as including all proper methods of care or excluding
other acceptable methods of care aimed at the same results. The ultimate judgement must be
made by the appropriate healthcare professional(s) responsible for clinical decisions regarding
a particular clinical procedure or treatment plan. This judgement should only be arrived at
following discussion of the options with the patient, covering the diagnostic and treatment
choices available. It is advised, however, that significant departures from the national guideline
or any local guidelines derived from it should be fully documented in the patient’s case notes
at the time the relevant decision is taken.
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2.1

2.1.1

Early assessment

Initial assessment may take place in primary care or in the emergency department (ED).

SIGNS AND SYMPTOMS

The diagnosis of meningococcal disease in its initial stages is often difficult because many of the
early features are non-specific.? The classical presentations of IMD are uncommon in primary
care. Presentation of an unwell child with fever is very common, and while only a small number
will develop meningococcal disease, clinical judgement is required to best manage the small
risk that a child presenting with non-specific symptoms and signs might have meningococcal
disease at an early stage.

Invasive meningococcal disease generally presents in three illness patterns:'

* Meningococcal septicaemia (~20%) characterised by fever, petechiae, purpura and toxicity.
This presentation is associated with a significantly poorer outcome.

= Clinical meningitis, with fever, lethargy, vomiting, headache, photophobia, neck stiffness,
and positive Kernig’s and Brudzinski’s signs. These are the classic features of established
bacterial meningitis of any cause. There may also be associated petechiae/purpura. Some
infants and young children may have less specific features, such as poor feeding, irritability,
a high-pitched cry, and a full fontanelle.

* A mixed picture of septicaemia and meningitis.

INITIAL ASSESSMENT

No community based studies were identified describing the frequency of symptoms and signs
suggestive of meningococcal disease. From observational data in secondary care particular
signs and symptoms have been associated with meningococcal disease and could be used in
primary care to identify children who may be developing IMD.

Infants and young children present with non-specific symptoms such as fever, lethargy, poor
feeding, nausea and vomiting and irritability within the first four to six hours. Meningococcal
disease can rarely be excluded within the first four to six hours.*

In children with meningococcal disease, non-specific symptoms of cold hands or feet, skin
mottling or leg pain, pre-date classical symptoms or signs by several hours.* Two retrospective
cohort studies have highlighted these symptoms. A study of 448 cases of meningococcal disease
in children under the age of 16 suggested that 36.7% had experienced leg pain, 43.2% had
cold hands and feet and 18.6% had abnormal skin colour.* A US-based study of 274 children
between the ages of three and 20 reported that 16% had extremity pain at admission to hospital."
Although both of these studies support an association between non-specific symptoms and the
subsequent development of meningococcal disease, both lack data on the predictive value of
these non-specific symptoms within the general population.'

The presence of a generalised petechial-pupural rash, beyond the distribution of the superior
vena cava (SVC), with significant delay in capillary return, in a child who is unwell should raise
suspicion of invasive meningococcal disease.’® Petechiae in the distribution of the SVC may
have other, more innocent causes such as coughing, but IMD should always be considered as
a possible cause.?
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2 EARLY ASSESSMENT

A generalised petechial rash, beyond the distribution of the superior vena cava, or
a purpuric rash in any location, in aniill child, are strongly suggestive of meningococcal
septicaemia and should lead to urgent treatment and referral to secondary care.

The following features in an ill child should prompt consideration of a diagnosis of
IMD:

= petechial rash

= altered mental state

* cold hands and feet

= extremity pain

» fever

» headache

» neck stiffness

= skin mottling.

* Meningococcal disease should not be automatically excluded as a potential diagnosis
if young children present with non-specific symptoms such as fever, lethargy, poor
feeding, nausea, vomiting and irritability or a non-blanching rash, within the first
four to six hours of illness.

= If there is sufficient clinical suspicion, appropriate treatment should be commenced
and assessment in secondary care should be arranged.

MANAGING CHILDREN WITH NON-SPECIFIC SYMPTOMS

In practice the early assessment and management of the severely unwell child with or without
a rash involves urgent referral to secondary care for further investigation and treatment. The
most challenging group to manage is children with fever and non-specific symptoms who
may be displaying the early symptoms and signs of meningococcal disease, but for whom the
diagnosis is still uncertain.

A possible approach to managing the risk of a child with non-specific symptoms and signs
having meningitis is to categorise the child and their carer depending on the apparent risk of
IMD. This model of early assessment is shown in figure 2.
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Figure 2
—> CHILD PRESENTS WITH A POSSIBLE DIAGNOSIS OF IMD

l l l

UNWELL CHILD MENINGITIS SEPTICAEMIA
with fever and non- (fever, vomiting, (fever, petechial/
specific symptoms headache, neck purpuric rash)
stiffness, photophobia)

l !

= Urgent referral to secondary care

= Administer parenteral antibiotics as soon as IMD
suspected

Primary care assessment

= Address carer concerns, ask about non-specific symptoms and comparisons with
usual behaviour

= Full clinical examination

= Assess carer’s abilities to deal with uncertainty and participate in management.
If the carer’s capacity to share in the management is in doubt, this should
increase the risk category and alter the management plan

» Consider local circumstances when assessing risk level.

DIAGNOSIS OF IMD

!
! !

Not supported unlikely but may
by assessment still develop

| l

“Safety netting” plus
arrange interval
assessment

= Urgent referral to
secondary care

“Safety netting” =
advise on symptoms or
signs of deterioration

= Administer parenteral

and how to get help in
an emergency

antibiotics as soon
as IMD suspected
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2 EARLY ASSESSMENT

The success of this model is critically dependent upon an assessment of the parent/carer’s
capacity to manage uncertainty and work with the clinician to manage the child in the most
effective manner. Geography, transport and access issues are also factors that influence the
decision making process.

» Patients and their carers in the high-risk group should be urgently referred for assessment
by secondary care staff who will have access to additional diagnostic tests.

= Children with low-risk presentations should be clinically assessed and treated by the clinician.
Carers should be made aware that they should seek further help if their child’s condition
deteriorates.™

= Children at intermediate risk are often the most difficult to manage. Good practice suggests
that they should be reassessed within four hours to seek evidence of any clinical deterioration
(see section 2.2). Carers should be strongly advised to seek advice if their child deteriorates
before the planned review.

M  Parents or carers of children with non-specific symptoms who are unlikely to have
meningococcal disease should be advised to call back if the child’s condition deteriorates.
This advice should take account of local access to health care.

INTERVAL ASSESSMENT

No studies were identified which specifically addressed the practice of interval assessment or
alternatives such as telephone assessment.

For children where diagnosis of meningococcal disease is likely, urgent treatment is required
and should not be delayed by interval assessment.

Children with symptoms or signs which are highly suggestive of meningococcal disease
should not have their treatment delayed by interval assessment.

M  Children with non-specific symptoms at initial presentation, in whom meningococcal
disease cannot be excluded, should be reassessed within four to six hours.

M  Carers should seek further clinical advice if the child’s condition deteriorates prior to
planned reassessment, eg rash changes. This advice should take account of local
arrangements for health care.

AWARENESS CAMPAIGNS

There have been a number of high profile awareness campaigns such as the ‘glass test’ in recent
years. There is widespread belief that these campaigns have raised the profile of meningococcal
disease and contributed to control of the disease. Despite this, no quantitative evidence was
identified to demonstrate the effectiveness of awareness campaigns or educational interventions
to improve the recognition, diagnosis or treatment of meningococcal disease by parents or
other members of the public.
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3.2

Early treatment

ANTIBIOTIC THERAPY

The evidence on pre-hospital administration of intravenous antibiotics in children with suspected
meningococcal disease is inconclusive.* One case control study suggested penicillin treatment
in the community increased mortality, but the study only administered treatment to children
with severe disease.'® Other studies, one of which is based in an emergency department rather
than the community, support the use of antibiotics to reduce the risk of mortality.'”'®

Expert opinion advises starting antibiotic treatment before admission to hospital, due to the speed
with which children with meningococcal disease can deteriorate, and because it is unlikely to
cause harm unless the child is allergic to penicillin.™

No specific evidence comparing different antibiotic agents was identified but benzylpenicillin
and ceftriaxone are widely used and have been shown to be effective in the treatment of
meningococcal disease.'®?° The US Food and Drug Administration (FDA) has issued an alert
regarding the interaction between ceftriaxone and calcium containing solutions. Cefotaxime
should be the first line antibiotic in meningococcal sepsis.?' Public health guidance supports
the administration of benzylpenicillin prior to admission to hospital."

Parenteral antibiotics (either benzylpenicillin or cefotaxime) should be administered in
children as soon as IMD is suspected, and not delayed pending investigations.

OUT-OF-HOSPITAL CARE

Specific guidance has been produced by the Joint Royal Colleges Ambulance Liaison Committee
and the Meningitis Research Foundation for the recognition and treatment of suspected IMD
by primary care practitioners, which recommends:2%%

On scene:

= appropriate airway management
= oxygen therapy (with assisted ventilation if required)
» rapid transportation to the nearest appropriate hospital.

En route:

= administer intravenous or intramuscular benzylpenicillin
= treat shock with boluses of intravenous crystalloid

» identify and treat hypoglycaemia

» provide hospital alert message including age of patient.

Repeat assessment en route.

Pre-hospital practitioners should follow guidance produced by the Joint Royal Colleges
Ambulance Liaison Committee and the Meningitis Research Foundation when treating
children and young people with suspected IMD.

‘I+

1++



3 EARLY TREATMENT

3.3 SERVICE DELIVERY

There are no studies that provide definitive evidence that earlier diagnosis and treatment improve
outcome from IMD, but swifter recognition and institution of appropriate therapy have been
associated with reduced mortality in recent years.*

A single retrospective study has suggested potential risk factors for death in the management
of children with meningococcal disease to include:?*

= the absence of specialist paediatric care in the emergency, anaesthetic and intensive care
departments 3

» inadequate fluid resuscitation

» the absence of consultant supervision within the first 24 hours

» failure to recognise disease severity, progression or complications.

Following arrival at hospital, children with suspected IMD should be reviewed and
treated promptly by a senior and experienced clinician.

Management of children with progressive IMD should be discussed with intensive care
at an early stage.

M Robust local protocols should ensure that children with IMD have rapid access
to appropriate levels of supervision and care that take into account local services and
geography.

3.3.1 REFERRAL TO PUBLIC HEALTH

Local protocols should include a process for referral.
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Confirming the diagnosis

Sections 4, 5 and 6 relate to secondary care and focus on confirming the diagnosis and the
treatment phase, primarily the first 48 hours of care. This takes account of the child’s pre-hospital
history, assessment and treatment, including signs and symptoms discussed in section 2.1.

LABORATORY DIAGNOSIS

BLOOD CULTURE

Blood culture has been the gold standard for the definitive diagnosis of IMD, and should be
collected as soon as possible after admission to hospital, but should not delay treatment.

Blood polymerase chain reaction (PCR) for meningococcal DNA has high sensitivity (88%,
95% Cl 68 to 97) and specificity (100%, 95% Cl 84 to 100), likelihood ratio (LR) for positive
blood, PCR = 0.89, LR for negative blood, PCR = 0.87.% The range of increased diagnosis
attributed to PCR has been as much as 30-45%.2¢” PCR can remain positive for up to nine days
in patients given antibiotic therapy.®

Recent research suggests that measuring the level of serum procalcitonin can be helpful in
assessing patients who present with febrile ilIness to distinguish between those who are unlikely
to have an invasive bacterial infection and those who do.? The role of this test in routine clinical
practice is still to be established. The test is not widely available in NHSScotland at present.

To confirm the diagnosis in all children with suspected IMD, blood should be taken for:

= bacterial culture

= meningococcal PCR.

LUMBAR PUNCTURE

The role of lumbar puncture (LP) in cases of suspected IMD without signs of clinical meningitis
remains controversial.?>3° Early lumbar puncture adds little to the diagnosis in clear cut cases
with fever and generalised purpura, may lead to significant deterioration in those already
seriously ill, and may delay treatment.

In patients with clinical meningitis without purpura, lumbar puncture carried out early, preferably
before antibiotics are given, can help to establish diagnosis and ensure that appropriate therapy
is given for the correct duration.2631-34

Examination of cerebrospinal fluid (CSF) by microscopy, culture and PCR is important in yielding
information about the aetiology of meningitis, especially in patients without the typical features
of IMD. PCR on CSF has been shown to be more sensitive than culture in samples taken before
and after the start of antimicrobial therapy.?>3°

The collection of CSF should not delay institution of empirical antimicrobial therapy. PCR on
CSF can still yield a positive result in samples collected after the start of antimicrobial therapy.
In one study, PCR on CSF was positive after 7 days of therapy.3”

2+



4 CONFIRMING THE DIAGNOSIS

Table 1: Contraindications to lumbar puncture®

Cardiorespiratory decompensation

Raised intracranial pressure (ICP) Signs include fluctuating or impaired levels

of consciousness, focal neurological signs or
abnormal posturing, dilated or poorly reactive
pupils, relative bradycardia and/or hypertension,
papilloedema (although this may not be present
initially despite significantly raised ICP)

Coagulopathy

Purpura/petechial rash

M  Lumbar puncture is not recommended in the initial assessment of suspected IMD with
features of septicaemia. LP may be considered later if there is diagnostic uncertainty or
unsatisfactory clinical progress, and there are no contraindications.

Lumbar puncture should be performed in patients with clinical meningitis without
features of septicaemia (purpura) where there are no contraindications.

Cerebrospinal fluid should be submitted for microscopy, culture and PCR.

OTHER TESTS

In three studies, examination of aspirates or scrapings from skin lesions was useful in providing
rapid diagnosis of IMD.3¢38 The studies showed variation in results due to the lack of a consistent
gold standard and differences in the nature of lesions and procedures for the obtaining and | 2
examination of specimens. It is not possible to demonstrate if examination of skin lesions is
more effective in diagnosing IMD than other tests.

Insufficient evidence was identified to form recommendations on the use of throat swabs, urine
antigen testing or routine blood antibody testing in confirming diagnosis of IMD.
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Iliness severity and outcome

CLINICAL VARIABLES

A combination of initial clinical features, laboratory results, sequential monitoring and repeated
assessment over time provide a foundation for predicating progress and informing care planning
and treatment. If there are features of serious illness or deterioration, early aggressive therapy
is likely to offer the best chance of a good outcome.?*

Numerous studies explore the relationship between clinical and laboratory variables and risk of
death but because of the relatively low number of deaths in recent studies from the developed
world, many are underpowered to detect significant differences in mortality.

Indices of poor outcome include:**-#!

= short duration of symptoms (< 24 hours)*’
» signs of sepsis in the absence of meningitis
= acidosis

" coma

» poor perfusion

* hypotension

= admission between 0700 and 1100

= the presence of >50 petechiae.*'

Low platelet count, low absolute neutrophil count or a procalcitonin level of > 150 x 10%1 have
been associated with risk of death.?>*' The arithmetic product of initial platelet and neutrophil
count may be a superior indicator to any of the above, with a product of <40 x 10%I having a
positive predictive value of 66%.4 One study identified a fibrinogen of <2.5g/l as an additional
factor.*

Although C-reactive protein is a frequently measured acute phase protein and may be useful
diagnostically in helping to distinguish bacterial from viral infection, it has poor sensitivity
and specificity in predicting outcome.**** A high procalcitonin level at admission has been
demonstrated to be a superior predictor of outcome in studies within and outwith the paediatric
intensive care unit (PICU) setting.**#¢ In addition, a poor outcome is seen in patients with a high
microbial load, as measured by PCR* or who have a unique sequence type.* Procalcitonin is
not routinely measured in Scottish practice.

Studies of plasma lipids* and vasopressin,*® have failed to show an association, and the presence
of adrenal insufficiency does not predict mortality.>’

Mortality from meningococcal meningitis is low, so most studies of bacterial meningitis focus
on neurological outcome. Meningococcal meningitis carries a lower risk of adverse neurological
outcome than meningitis due to other bacteria such as pneumococcus.>?>* Series looking at
outcome for all-cause bacterial meningitis have identified seizures during the acute illness,>*
cranial nerve neuropathy,>*** low cerebrospinal fluid (CSF) glucose®*>” and high CSF protein®’
as predictive factors. Although these studies included cases of meningococcal meningitis, they
were the minority of total cases. In a study analysing a subgroup of 60 cases of meningococcal
meningitis, none of these parameters was significantly associated with hearing loss.>* Hearing
loss is the most common morbidity of meningococcal disease.

Clinicians should be aware that the following are associated with high mortality;

= a platelet times neutrophil product of <40 x 1091
» a procalcitonin level of >150ng/l

Clinicians should be aware that meningococcal meningitis carries a lower risk of adverse
neurological outcome than meningitis due to other bacteria.
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5.2

5 ILLNESS SEVERITY AND OUTCOME

SCORING SYSTEMS

A number of illness severity scoring systems have been developed to monitor critical illness
in children. A prospective study comparing nine severity scores showed the Glasgow
Meningococcal Septicaemia Prognostic Score (GMSPS) to be an easy to perform, repeatable
scoring system on admission to hospital, before intensive care. A GMSPS = 8 had 100%
sensitivity, 75% specificity and a positive predictive value for death of 29%, which correlated
significantly with laboratory markers.® A retrospective study also validated its use to identify
children with poor prognosis who would benefit from early intensive care.*

Within the PICU setting studies have shown GMSPS to be useful for assessing severity of illness
(see Annex 1).%% 6" GMSPS performed well compared to the PRISM Il Leclerc and Gedde-Dahl’s
MOC score in children on admission to intensive care.®

Children diagnosed with IMD should have sequential GMSPS performed and any
deterioration should be discussed with intensive care.

2+
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Treatment

RESUSCITATION

Initial resuscitation should follow the standard UK Resuscitation guidelines with an expectation
that prompt and adequate fluid resuscitation may be required.®? In view of the known risk for
rapid deterioration in IMD, any standby time can allow allocation of responsibility for ensuring
a secure airway, adequate ventilation and preparation for rapid intravascular or intraosseous
access. Ensuring appropriately skilled and experienced personnel are in attendance may improve
the outcome.?*

Both the immediate clinical assessment and the trend of all objective observations should be
used to support decisions on resuscitation interventions.

Features of shock include:®?

» Tachycardia

= Cool peripheries/pallor

= Capillary refill time (> 4 sec)

» Tachypnoea/oxygen saturation < 95%

» Hypoxia on arterial gases

» Base deficit > -5 mmol/I

= Confusion/ drowsiness/ decreased conscious level
= Poor urine output (< 1 ml kg hr')

= Hypotension (late sign).

INTRAVENOUS FLUIDS

Meningococcal sepsis can cause early deterioration in organ perfusion and there is a risk of
higher mortality if there is inadequate fluid resuscitation in children.?* There is consensus, in
adult and paediatric populations, that supports the use of early, aggressive intravenous (IV) fluid
therapy once the diagnosis of invasive meningococcal disease has been made and there are
signs of compensated shock.®*%> Evidence for choice of fluid and optimal volumes for children
is limited.

Systematic reviews of sepsis in adult patients demonstrate the use of isotonic crystalloids or
colloids for fluid resuscitation.®**® There is no evidence at the present time that colloid is superior
to crystalloid for the initial fluid although higher volumes of crystalloid may be required to
sustain circulating volume.®”

The advanced paediatric life support approach of 20 ml/kg bolus fluids repeated if indicated
after reassessment is appropriate till 60 ml/kg has been administered.®?

Studies in paediatric and adult patients demonstrated that in severe septic shock, fluid
resuscitation in excess of 60 ml/kg is often required.®®”° In these cases expert opinion advises
to start inotropes early.%646569.71

A randomised evaluation of fluid resuscitation in septic shock concluded that volumes in excess
of 60 ml/kg are needed to restore plasma volume.”® The response to initial IV fluid therapy,
assessed by clinical signs and severity scoring, will guide the need for further fluid boluses. A
poor response to repeated fluid boluses suggests rapidly progressive disease and the need for
early discussion with intensive care, institution of inotropes and consideration of ventilatory
support.

‘I+
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6 TREATMENT

In meningococcal meningitis without signs of shock or compensated shock, fluids can be
administered at maintenance rates. There is insufficient evidence to support fluid restriction | 1++
on the basis of a diagnosis of meningococcal meningitis alone.”?

If there are signs of shock, administer a rapid infusion of 1V fluids as isotonic crystalloid
or colloid solution up to 60 ml/kg given as three boluses of 20 ml/kg, with reassessment
after each bolus.

Fluid resuscitation in excess of 60 ml/kg and inotropic support are often required.

Evidence of circulatory failure and the need for repeated IV fluid boluses should prompt
early consultation with intensive care as inotropic support and ventilation may be
required.

6.3 ANTIBIOTICS

6.3.1 INITIAL ANTIBIOTIC THERAPY

Early antibiotic therapy is a fundamental aspect of care in patients with suspected IMD, whether
as septicaemia or meningitis. Initial antibiotic treatment is empirical, taking account of likely
causative organisms in different age groups, and knowledge of local antibiotic resistance
patterns.

In the UK, cephalosporin resistance remains at very low levels and monotherapy with third | 1++
generation cephalosporins (cefotaxime or ceftriaxone) has usually been an appropriate initial | 2-
antibiotic choice in children over three months old with suspected IMD. 97374 2+

There are concerns about the interaction of ceftriaxone with parenteral calcium containing
products which is likely to be an issue in seriously ill children in the early period of care (http:/
www.fda.gov/cder/drug/infosheets/hcp/ceftriaxone.htm).

A switch to once daily ceftriaxone may be appropriate following the early intensive care period,
simplifying care delivery and offering some degree of ambulatory care in the recovery phase.

Children with fever under three months pose particular clinical challenges. There is a significantly
higher incidence of serious bacterial infection in this age group. IMD infection in very young
infants is relatively uncommon, but is associated with a poorer outcome. In infants under three | 4
months, empirical antibiotic therapy should reflect the spectrum of causative organisms in this
age group.”

The use of ceftriaxone facilitates elimination of carriage from the nasopharynx of infected
patients. Patients treated with benzylpenicillin will require rifampicin or other antibiotics at | 4
the end of therapy for elimination of carriage.'

Parenteral cefotaxime should be used as initial treatment of previously well children
over three months with a diagnosis of IMD.

M  Once daily ceftriaxone monotherapy may be substituted if calcium containing parenteral
agents have not been used in the preceding 48 hours.

M  When parenteral antibiotics are indicated for infants less than three months of age,

cefotaxime plus an antibiotic active against listeria (eg ampicillin or amoxicillin) should
be given.
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DURATION OF ANTIBIOTIC TREATMENT
Evidence to guide the optimal duration of antibiotic treatment in IMD is limited.

There has been a trend to consider shorter duration of treatment in bacterial meningitis in children
who show early clinical improvement.”® A Chilean study compared outcomes in 100 young
children over three months old with confirmed bacterial meningitis (Neisseria meningitidis,
34 cases) who showed early clinical recovery. They were randomised to four or seven days of
ceftriaxone treatment. This small study suggested that ceftriaxone for four days is as effective
as seven days, with no difference in complications.””

A recent retrospective study from New Zealand explored the time and cumulative antibiotic dose
required to produce sterile CSF in 48 children (mean age 4.4y; range 0-14) with a confirmed
diagnosis of meningococcal meningitis. All had a sterile CSF by six hours after antibiotic therapy
began.” The authors suggest this supports previous recommendations that antibiotic therapy
in meningococcal meningitis is only required for four days.

Most studies excluded children under three months, since this age group may be particularly
at risk of an adverse outcome.

While the evidence tends to support the safety of fewer than seven days’ antibiotic therapy
in children with uncomplicated IMD, the studies have involved relatively small numbers of
children. At present there is insufficient evidence to recommend short treatment courses.

No evidence to support a differential duration in antibiotic therapy in children with septicaemia
compared to meningitis was identified. This is not surprising given the overlap between
the two clinical syndromes, and central nervous system infection commonly coexists with
septicaemia.”®

Current UK practice favours seven days’ antibiotic therapy.

If ceftriaxone has been used, rifampicin chemoprophylaxis for the index case is not necessary
(see section 8.1).

M  In children with invasive meningococcal disease the duration of antibiotic therapy should
be seven days.

CORTICOSTEROID THERAPY

MENINGOCOCCAL SEPTICAEMIA

No randomised controlled trials (RCTs) were identified that specifically explored the use
of adjunctive systemic corticosteroid therapy on outcome in children with meningococcal
septicaemia. No applicable RCTs were identified on the use of systemic steroids in children
with severe sepsis or septic shock.®°

In adults with sepsis, treatment with high-dose steroids over several days is associated with adverse
outcome, and steroids should not be given to children with meningococcal septicaemia.®'

In adult sepsis, RCTs using low (physiological replacement) doses of steroids (200-300 mg
hydrocortisone per day for at least five days) reported reduced mortality in patients with
inotrope-dependent septic shock.8%¢ A more recent, very large RCT did not confirm improved
outcome, with adverse effects such as superinfection, hyperglycaemia and hypernatraemia in
the treatment group.?’

Steroids are not recommended for the treatment of children with meningococcal
septicaemia (see section 7.1.3 for an exception to this in the case of inotrope-resistant
shock).

Some children with meningococcal septic shock show signs of adrenal dysfunction.>8 A
small subgroup of these children show signs of absolute adrenal insufficiency (profound
and progressive hypotension despite maximum inotropic support, possibly associated with
hypoglycaemia and hyponatraemia). For this subgroup a trial of hydrocortisone (starting at 2
mg/kg and titrating up to effect) may be considered.

1++
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6 TREATMENT

6.4.2 MENINGOCOCCAL MENINGITIS

In bacterial meningitis, children treated with high (anti-inflammatory) doses of steroids
(dexamethasone 0.15 mg/kg 6 hourly for four days) at an early stage (within 24 hours) of infection
have a significantly reduced risk of developing severe hearing loss. The number needed to
treat (NNT) to prevent one child developing severe hearing loss is 20.%9 Adult patients with
meningococcal meningitis show a trend towards reduction in other neurological sequelae | 1+
(relative risk (RR) 0.5 (0.1 to 1.7)).°° Children with meningococcal meningitis show a trend
towards reduced hearing loss and other neurological sequelae, which does not reach statistical
significance. This is interpreted as due to limited power from low event rate rather than from
no benefit from treatment.”!

At presentation, meningitis due to Neisseria meningitidis may be impossible to differentiate
from other types of meningitis, and initial treatment must begin before definitive microbiological
diagnosis. Empirical treatment with an antibiotic with effective central nervous system (CNS)
penetration should be based on age and underlying disease status, since delay in treatment is
associated with adverse clinical outcome. This includes administration of systemic corticosteroid
therapy.®?

In children beginning empirical antibiotic treatment for bacterial meningitis of unknown
aetiology, parenteral dexamethasone therapy (0.75 mg/kg six hourly) should be
commenced with, or within 24 hours of, the first antibiotic dose, and be continued for
four days.

In children with meningococcal meningitis, parenteral dexamethasone therapy (0.75

mg/kg six hourly) should be commenced with, or within 24 hours of, the first antibiotic
dose, and be continued for four days.
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Intensive care

Healthcare professionals should access paediatric intensive care units (PICU) in accordance
with local policies. For further information see www.snprs.scot.nhs.uk

Seriously ill children managed in a centralised paediatric intensive care unit have a lower
overall mortality, and have a shorter duration of stay, than children admitted to a non-specialist
centre, OR increased risk of death 2.09 (1.37-3.19) in non-specialist centre, mean duration of
stay 3.93 versus 2.14 days.” This is probably due to the presence of full-time specialist staff,
who are experienced in the care of critically ill children.

Children with meningococcal disease have an improved chance of survival if looked after in
a PICU (59% reduction in mortality per year, OR of yearly trend 0.41, 95% Cl 0.27 to 0.62).”
Discussion between local physicians and the paediatric intensive care team at an early stage
was felt to contribute to improved outcome.

Transfer to PICU should be arranged for patients who continue to deteriorate despite
appropriate supportive therapy (oxygen, fluids and antibiotics).

INTENSIVE CARE MANAGEMENT

VENTILATION AND AIRWAY MANAGEMENT

Expert opinion, in a review which reported that little scientific evidence is available, supports
current practice that airway and breathing should be rigorously monitored and maintained.®
The decision to intubate and ventilate should be made on clinical diagnosis of increased work
of breathing, hypoventilation, impaired mental status or presence of a moribund state. Volume
loading may be required before and during intubation. Anaesthetic induction agents that maintain
cardiovascular stability should be used.

Due to low functional residual capacity young infants and neonates with severe sepsis may
require early intubation.®® The principles of lung-protective strategies for adults can also be
applied to children.

In patients with progressive meningococcal disease:

= airway and breathing should be rigorously monitored and maintained

» the decision to intubate and ventilate should be made if there is increased work
of breathing, hypoventilation, low level of consciousness or presence of a moribund
state

* volume loading should be considered before and during intubation, and anaesthetic
induction agents that maintain cardiovascular stability should be used

» lung-protective ventilation strategies should be instituted.

» High frequency oscillation ventilation should be considered for patients when
conventional ventilation is failing.

» Early ventilatory support should be considered for children with fluid resistant shock,
after institution of inotrope therapy.
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7 INTENSIVE CARE

FLUIDS

Fluid management in intensive care follows the principles for early fluid therapy as outlined
in section 6.2.

Colloids or isotonic crystalloids should be used for IV fluid resuscitation.®*%8

Early goal-directed fluid resuscitation aiming to achieve a high central venous pressure
(8-12mmHg), a mean arterial pressure of at least 65 mmHg, urine output of at least 0.5 ml/kg/
hr and central venous oxygen saturation of at least 70% has been correlated with decreased
mortality in adult patients with septic shock.®® Although no paediatric data exist to further
support such goals, many PICUs aim to achieve comparable, age-adjusted parameters in clinical
practice.

INOTROPES

Expert opinion advises that inotropes should be commenced early in children with IMD and
fluid resistant shock.®®465%71 Inotropes can be commenced peripherally. Treatment may include
inotropic support, vasoconstrictor support or vasodilators, depending on the specific clinical
derangement.

Dopamine can be used as a first line treatment. In children with preserved blood pressure and
high systemic vascular resistance, the addition of vasodilators such as sodium nitroprusside,
glycerine trinitrate or milrinone, may be useful. Falling blood pressure, indicating dopamine-
resistant shock, should be quickly recognised, and adrenaline added for cold shock, and
noradrenaline for warm shock, to restore normal perfusion and blood pressure.

In refractory hypotension (inotrope-resistant shock), an additional infusion of IV vasopressin
(0.02-0.06 units/kg/hr) or vasopressin analogues has been used successfully in a small number
of patients.”* Absolute adrenal insufficiency should also be considered, particularly if refractory
hypotension is associated with hypoglycaemia and hyponatraemia. For this subgroup, a trial of
hydrocortisone (starting at 2 mg/kg and titrating up to effect) may be helpful.%

Children with fluid resistant shock should receive early inotropic therapy, and
ventilatory support should be considered.

M In children with refactory hypotension (inotrope-resistant septic shock), IV vasopressin
and steroid dose titration are appropriate rescue strategies.

MONITORING

There is expert opinion that non-invasive monitoring (electrocardiogram, blood pressure,
temperature, Sa0?) should be applied in all children with fluid sensitive shock.® Central venous
and arterial access should be considered in those with fluid resistant septic shock.

There was insufficient evidence identified for or against echocardiography, gastric tonometry,
femoral artery thermodilution, pulmonary arterial catheters or intracranial pressure monitoring
to direct therapy in septic shock in children.

Non-invasive monitoring should be applied in all children with fluid sensitive shock.

Central venous and arterial access should be considered in children with fluid resistant
septic shock.

1+
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RENAL REPLACEMENT THERAPY

Whilst there is evidence from an adult study in septic shock that high volume venovenous
haemofiltration is associated with improved haemodynamic stability, reduced inotropic
requirement (statistically significant) and reduced mortality (not statistically significant), there
are no controlled studies that demonstrate renal replacement therapy improves outcome in
children with sepsis.?® It is still common practice to use renal replacement therapy in the most
severely affected children particularly for the management of fluid balance, metabolic acidosis
and acute or impending renal failure.

M Continuous venovenous haemofiltration may be considered in children with inotrope
-dependent septic shock, severe metabolic acidosis, acute or impending renal failure and
complex or problematic fluid balance.

EXTRA CORPOREAL MEMBRANE OXYGENATION

A single study, in a small number of patients, has demonstrated that a subgroup of the most
severely affected children, in whom the primary pathophysiological disturbance is acute
lung injury or acute respiratory distress syndrome (ARDS), may benefit from extra corporeal
membrane oxygenation (ECMO), but this reduction in mortality did not extend to those patients
with refractory shock.®”

M ECMO should not be used as a standard therapy for refractory shock in children with
IMD.

M ECMO may be considered in patients with ARDS secondary to IMD who have failed to
respond to conventional intensive care management.

PLASMAFILTRATION

One small randomised controlled trial, in five patients failed to demonstrate that plasmafiltration
improved outcome.”® In the absence of benefit, the use of plasmafiltration should be restricted
to controlled clinical trials, rather than standard therapy.

STEROIDS

For use of steroids, see section 6.4.

HAEMATOLOGICAL AND IMMUNOLOGICAL SUPPORT

Activated protein C (APC) improves outcome in the management of severe sepsis in adults,*
but this is not the case in children. An open-label phase two trial, and a phase three RCT of
APC in children, have shown a higher incidence of serious adverse events compared to adult
studies.’® %" |n particular, there was a higher incidence of serious bleeding events (30% in
paediatric patients vs 6.9% in adults).'® The paediatric RCT of APC was terminated early because
of this, and failure to achieve outcome.'®

A meta-analysis of different anticoagulant therapies (Antithrombin-Ill, APC and TFPI) for adult
patients with sepsis, showed a marginal decrease in mortality (OR 0.869, Cl 0.75 to 1) but a
substantially increased risk of bleeding (OR 1.7, Cl 1.4 to 2.07).92 A general review of adult
and paediatric data suggested there was no evidence of benefit of any anticoagulant therapy
other than APC in adults.’® Two randomised controlled trials on the use of Antithrombin-IlI
in the management of adults with severe sepsis failed to show it to be of any benefit.'**'% No
paediatric data were found.

No evidence was identified to support the use of heparin, fresh frozen plasma or PG12 in the
management of coagulation abnormalities associated with invasive meningococcal disease.
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7 INTENSIVE CARE

There is conflicting evidence on the benefits of IV immunoglobulin in the management of
patients with sepsis.'®®'%7 Analysis of the highest quality studies identified in one systematic
review does not support its use.’” There is no evidence to support the use of IV immunoglobulin
in children with IMD.

M  Activated protein C should not be used in the treatment of meningococcal sepsis in
children.

SURGICAL MANAGEMENT

Consensus would suggest that early compartment pressure monitoring (within the first 24
hours) may be of value in reducing the incidence of muscle necrosis in children with extensive
limb involvement (peripheral limb oedema or confluent purpuric rash). Fasciotomies in
limbs in which the compartment pressure is raised may reduce the requirement for proximal
amputation.'081"1

Evidence taken from adult orthopaedic trauma literature suggests that fasciotomy is indicated
if the differential pressure (the difference between diastolic blood pressure and the measured
compartment pressure) is less than 30mmHg.""? No research was identified to provide
information on the normal compartment pressures in children.

Compartment pressure monitoring should be considered in children with extensive
limb involvement.

M Urgent specialist referral is necessary for assessment and interpretation of compartment
pressure monitoring.

There is no consensus on the optimal timing of surgical debridement. Some authors
recommend early debridement and others argue that leaving the tissues to demarcate can
allow for some recovery.'3""> No evidence was identified to support an early aggressive versus
conservative approach. Expert opinion suggests that secondary infection should provoke urgent
debridement.109113116

In the absence of super-added infection it is difficult to make recommendations on the timing
of debridement.

Urgent surgical debridement should be performed in the presence of secondary wound
infection if the child’s condition allows.

M Orthopaedic and plastic surgery teams should be consulted early for needs
assessment.

1++
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Prevention of secondary transmission

PROPHYLACTIC ANTIBIOTICS

A Cochrane review identified 24 randomised or quasi-randomised trials addressing the
effectiveness of different antibiotic treatments for prophylaxis against meningococcal disease
and eradication of Neisseria meningitidis.""” No cases of meningococcal disease occurred
during follow up, so the effectiveness regarding prevention of disease could not be directly
assessed. Chemoprophylaxis with a range of antibiotics (ciprofloxacin, rifampicin, minocycline,
ampicillin) was effective at eradication of Neisseria meningitidis one week after treatment. Based
on a median prevalence of carriers of 230 per 1,000 the absolute risk reduction (rifampicin vs
placebo) after one week was 190 per 1,000 (95%CI 177-203) and the NNT to eradicate carriage
from the carrier was six (95% Cl 5-20). As the risk of invasive disease following acquisition of
the organism varies, no NNT can be calculated for the prevention of a case of meningococcal
disease.

A systematic review of retrospective cohort studies, including meta-analysis of three studies
addressing cases of meningococcal disease one to 30 days after onset in the index case
(1,249 cases and 4,271 household contacts) showed a summary risk ratio of 0.11 (0.02-0.58),
demonstrating that chemoprophylaxis for household contacts reduced the risk of subsequent
cases by 89%."® The absolute risk reduction was 46/10,000 (95%CI 9/10,000-83/10,000) and
the NNT to prevent a case was estimated at 218 (95% Cl 121-1,135).

Without prophylaxis the absolute risk to an individual in the same household one to 30 days
after an index case is one in 300. The absolute risk to a pupil in an institution becoming a
case in a four week period is 1:1,500 (preschool), 1:18,000 (primary school) and 1:33,000
(secondary school).

One retrospective study of healthcare workers who had spent at least 0.5 hours with an
infected patient estimated the risk of secondary infection at a rate of 0.8 per 100,000
healthcare workers."” The Health Protection Agency Meningococcal Forum recommends that
chemoprophylaxis is offered to healthcare workers whose mouth or nose has been exposed
to droplets or secretions from the respiratory tract of a patient during the acute illness phase of
meningococcal disease.'

Clinicians should liaise closely with the health protection teams of the public health departments
of NHS Boards to ensure appropriate public health actions. See “Guidance on the Public Health
management of meningococcal Disease in the UK” for a summary of the issues to be considered.
www.hpa.org.uk/infections/topics_az/meningo/meningococcalguidelines.pdf

Chemoprophylaxis should be offered to those who have prolonged close contact in
a household setting with a child with meningococcal disease during the seven days
before onset of illness.

In isolated cases of meningococcal disease, prophylaxis is not indicated for pupils in
the same nursery, school or class as a child diagnosed with meningococcal disease,
unless they are a close contact.

Chemoprophylaxis should be offered to healthcare workers whose mouth or nose is
directly exposed to droplets or respiratory secretions from a child with meningococcal
disease during the acute illness prior to completion of 24 hours of antibiotics.

Full guidance on public health issues for meningococcal disease in the UK is available from
www.hpa.org.uk/infections/topics_az/meningo/menu.htm

1.Prolonged close contact is defined as those living and/or sleeping in the same household (including extended household), pupils in
the same dormitory, boy/girlfriends or university students sharing a kitchen in a hall of residence. NB Unless already identified as a
close contact, staff and children attending the same nursery, créche, school, class tutor are not normally offered chemoprophylaxis.'®

Health Protection Agency Meningococcus Forum. Guidance for public health management of meningococcal disease in the UK.
London: Health Protection Agency; 2006. [cited 7 Mar 2008]. Available from URL: http://www.hpa.org.uk infections/topics_AZ meningo/
meningococcalguidelines.pdf.
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8 PREVENTION OF SECONDARY TRANSMISSION

VACCINATION

No studies were identified to confirm whether administration of meningococcal vaccination
to patients with IMD decreases the risk of reoccurrence. Expert opinion advises that the Men
C vaccine should be offered to patients prior to discharge from hospital.’

Prior to discharge from hospital, Men C vaccine should be offered to:
» any patient who has not been immunised, whatever the serogroup

= patients with confirmed serogroup C disease who have previously been immunised
with Men C.

Expert advice should be sought from the health protection team about who will be responsible for
the vaccination of contacts. See “Guidance on the Public Health management of meningococcal
Disease in the UK” for a summary of the issues to be considered. www.hpa.org.uk/infections/
topics_az/meningo/meningococcalguidelines.pdf

INFECTION CONTROL

Meningococci micro-organisms are transmitted through large particle droplets (> 5um in size).'?
Patients are considered to be non-infectious after 24 hours of IV treatment with ceftriaxone.™

Children with conditions where there is a risk of droplet transmission should be admitted to
a single room in hospital and standard infection control procedures should be followed.™
This should not compromise clinical care and the need for frequent observation. The greatest
risk of transmission is to healthcare staff exposed to respiratory secretions when carrying out
procedures such as endotracheal tube management, intubation, mouth to mouth resuscitation
or close examination of the oropharynx.'> Personal protective equipment (mask, goggles, visor,
plastic apron and gloves) should be used during these procedures.'*

Staff carrying out postmortems of patients with meningococcal disease are not considered to
be at risk of infection."

Children with suspected meningococcal infection should be admitted to a single room
in hospital, where practical.

Infection control measures for droplet infection should be implemented when a child
with suspected meningococcal infection is admitted to hospital. These can be
discontinued after 24 hours of effective treatment.

Healthcare staff at high risk of exposure to respiratory secretions should use appropriate
personal protective equipment.
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LONG TERM COMPLICATIONS

There is a wide range of potential long term complications for children following infection with
meningococcal disease.??'3123129 Not all children develop morbidities and it is difficult to predict
which children, and precisely how many, are at risk of some of these complications.

HEARING LOSS

Hearing loss is the most common morbidity of meningococcal disease and meningitis with
reported incidence rates ranging from 1.9% to 25%.57/123125127132 The incidence of hearing loss
appears to be higher in underdeveloped countries (9.4-25%)%'3%132 compared with developed
countries (1.9-4.2%).123125,127,131

A Canadian study found an incidence of moderate to severe hearing impairment in 5/21 (23 %)
of patients.'? Only 72% of survivors had been tested. An American study found 9/42 patients
had mild to severe hearing loss. Only 48% of this cohort was tested. No explanations were
given to the reasons for lack of follow up in either of these studies. If the numbers were looked
at as a part of the whole cohort rather than just those tested then the incidences would be lower
at 17% and 10.3% respectively.

M All children who have had a diagnosis of meningitis should have their hearing tested to
allow any therapies required to be started as early as possible.

NEUROLOGICAL MORBIDITIES

Neurological morbidities, including epilepsy, motor deficits, learning disabilities and

neurodevelopmental delay, may occur in children who have survived meningococcal disease.
52,124,125,127-130,133,134

PSYCHIATRIC, PSYCHOSOCIAL AND BEHAVIOURAL DEVELOPMENT

Child and adult survivors of IMD have reported a reduction in their quality of life, such as reduced
energy, increased anxiety, reduction of leisure activities and reduced ability to work.'?* 15%
of survivors had confirmed physical sequelae, and for those with no physical sequelae,19%
reported an adverse impact on their quality of life.

A study comparing neurodevelopmental outcome in meningococcal disease found significant
differences between the survivors and the control group when assessing motor function, cognitive
ability and behaviour. Survivors of meningococcal disease scored less well on visual-motor
integration, verbal performance and IQ testing, and higher for cognitive and global problems
and for measures of attention deficit hyperactivity disorder.'?* A Brazilian study reported a small
increased risk of developing psychosis in adulthood and schizophrenia.'°

A retrospective study on the psychiatric adjustment of children aged four to 17 in the year
following meningococcal disease showed that psychiatric disorders were present in 23/40
children over six years of age.’®> The most common primary disorders were depressive,
oppositional defiant and anxiety disorders. At 12 month follow up psychiatric disorders were
present in 13/40 children over the age of six and 7/26 under the age of six. Two children had
post-traumatic stress disorder. lllness severity score, clinical shock on admission and impairing
pre-morbid emotional and behavioural problems were independent predictors of psychiatric
disorder at 12 month follow up.

ORTHOPAEDIC COMPLICATIONS

Children who have survived severe invasive meningococcal disease may be at risk of bone and
joint complications, particularly injury to growth plates.''>13¢137 Some of these complications
may not be apparent until many years after the initial illness.
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SKIN AND LIMB COMPLICATIONS

Post necrotic scarring can lead to difficulties for children who have survived meningococcal
disease. Some children with extensive soft tissue necrosis may require skin grafting, more
complex reconstructive surgery or digit, limb or other amputations. In the longer term further scar
revisions, contracture release or amputation stump revision may be required.'#115123125128

RENAL DYSFUNCTION

Renal impairment can be a morbidity of IMD in children.'?'?5 Incidence may be increased in
children who required renal replacement therapy during their acute illness.'3*

RECOMMENDATIONS ON MORBIDITIES

Children and families or carers of children who have survived invasive meningococcal
disease should be made aware of potential long term complications of the disease.

When assessing the follow-up needs of children with meningococcal disease healthcare
professionals should consider the following potential morbidities:

* hearing loss

* neurological complications

= psychiatric, psychosocial and behavioural problems

* bone and joint complications, with awareness that these may not be apparent for
many years after illness

» post necrotic scarring with possible requirements for amputations and skin grafting.
Long term follow up may be needed for children for scar revision, surgical repair of
deformities, leg length discrepancy, angular deformities and poorly fitting
prosthesis

» renal impairment, particularly in those who required renal replacement therapy
during their acute illness.

M  All children who have had meningococcal sepsis or meningitis should have a follow-up
appointment and be carefully assessed for evidence of any immediate or potential long
term complications.

M  An individual care plan should be developed for each patient on leaving hospital.

IMPACT ON FAMILY AND CARERS

PICU admission for invasive meningococcal disease can result in the development of a post-
traumatic stress disorder in patients and immediate carers.'3®'42 This is correlated with the
length of stay in the PICU.™" Mothers, as the more common primary carers, have a higher risk
of developing post-traumatic stress disorder than fathers.

Healthcare professionals involved in the follow up of children with meningococcal
disease need to be aware of the potential for post-traumatic stress disorder in both the
children and their families and carers.

2+
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FREQUENTLY ASKED QUESTIONS

This section presents questions and concerns that patients, parents and carers may express during
their experience of meningococcal disease. They are derived from enquiries commonly received
on the Meningitis Trust and Meningitis Research Foundation telephone help lines. Possible
answers are suggested, reflecting the evidence reported within the guideline. This section is not
intended to be used as a patient information leaflet, but as an aid to health professionals when
discussing these issues with patients and their carers. It could be used alongside leaflets produced
by the organisations listed in section 10.2, which provide more detailed information.

Meningococcal disease can be very traumatic for patients and their families, both in terms of the
acute illness and the potential for long term complications. There are many issues with which
families may have to cope and they need support and reassurance from healthcare professionals
throughout the patient journey.

What is Meningococcal disease?

Parents and carers should be given an explanation of what meningococcal disease is, as well
as other terms that are commonly used, such as meningococcal organism, meningitis and
septicaemia. Healthcare professionals should explain that it is an infection which can develop
so quickly that a child can change from being healthy and active to seriously ill within a few
hours. It is important to emphasise that while the disease can be life threatening, most children
make a full and complete recovery.

Why my child?

Parents often feel angry and want to understand why their child has been affected. Although the
risk of developing meningococcal disease is low, the bacteria, Neisseria meningitidis, is fairly
common with a significant number of the population carrying the organism with no ill effect.
It should be explained to parents and carers that for the majority of people this bacterium is
harmless as most people develop a natural resistance. The reasons for invasive disease are not
yet fully understood but the disease is most common in pre-school children.

What are the potential complications?

The majority of children make a good recovery but there may be complications which parents
and carers may wish to be aware of as they can develop after the child has recovered from the
acute illness:

* Hearing impairment is the most common after-effect from meningitis. Children should
be given a hearing test soon after they have recovered from the acute illness and should be
reassured that they will receive specialist care if a problem is identified.

* Neurobehavioural problems and learning disabilities. Advise parents and carers that there
is a small risk that children may develop problems with learning and behaviour, or
neurological complications, such as epilepsy. Parents and carers should be advised to inform
their child’s teacher that their child has had meningococcal disease, so that they can provide
extra support and understanding if required.

* Renal complications. Explain that a very small number of children who receive renal
replacement therapy during treatment of meningococcal septicaemia may be left with longer
term renal impairment.

= Skin, limbs, joints and bones. Explain that septicaemia (purpura fulminans) can cause damage
to the skin and the underlying tissue that may result in scarring to the legs, arms and body.
Serious damage to large areas of tissue and muscle may need skin grafts to improve appearance
and restore function to injured areas. Long term follow up with ongoing reconstructive
surgery, may be required.

In severe cases of septicaemia, fingers, toes and limbs may need to be amputated, but fortunately
this is not common. Children may also be at risk of bone and joint complications which
sometimes affect the actual growth of the limb. Rehabilitation may take a long time.
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How long is my child infectious and what about infection to others?

Advise parents and carers that a child who has had meningococcal disease will have received
antibiotics and will not be infectious very soon after starting antibiotic therapy.

Can my child catch meningococcal disease again?

It is natural for parents to worry about the disease recurring. Explain that one episode of
meningococcal disease does not mean that a child is immune in future as there are different
groups. Men C vaccination is effective in reducing the risk against meningococcus C but does
not protect against infection from groups A and B.

The risk of recurrent infection by the same group is usually only associated with children
with compromised immunity. It is unlikely that a child will have more than one experience of
meningococcal disease, but parents should be advised to continue to look out for the signs and
symptoms of the disease and seek medical attention if they have any subsequent concerns.

What about public health involvement and preventive measures?

Let parents and carers know that a suspected case of meningococcal disease will be notified
to the local NHS Board public health department by the attending clinician. The public health
team will trace close contacts and arrange for appropriate preventive treatment as soon as
possible. Although there is a very low risk of getting meningococcal disease, close contacts
need to be given advice on early symptoms and signs, as early recognition and treatment give
the best chance of making a good recovery. The incubation period is up to seven days. Possible
side effects of any preventive therapies should be explained, such as treatment with rifampicin
causing coloured urine.

It is important this is clearly explained and written information given to the immediate family
as it is often administered at the hospital when their only focus is their child.

What should I expect when my child is discharged from hospital?

All children who have had meningococcal sepsis or meningitis should have a follow-up
appointment and be carefully assessed for evidence of any immediate or potential long term
complications, some of which may not be apparent initially. An individual care plan must be
developed through consultation and agreement with the parents/carers for each patient prior
to leaving hospital.

After receiving expert care during the hospital stay patients, parents and carers can feel isolated
on leaving that environment behind. It is helpful to inform families of organisations that can
offer further support and information during this difficult time. The large spectrum of potential
after-effects may mean a broad selection of organisations would be of help to children and
their families (see section 10.2).
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SOURCES OF FURTHER INFORMATION AND SUPPORT FOR PATIENTS, PARENTS
AND CARERS

Action for Sick Children (Scotland)

22 Laurie Street

Edinburgh EH6 5AB

Tel: 0131 553 6553

Email: enquiries@ascscotland.org.uk ® Website: www.ascscotland.org.uk

Helps sick children and young people meet their healthcare needs in partnership with
parents, carers and professionals

British Deaf Association

(Scottish Deaf Association)

Suite 222, The Pentagon

36 Washington Street

Glasgow G3 8AZ

Videophone IP: Glasgow.bda.bslphone.com, IP: 81.158.182.123
Text phone: 0141 248 5567 @ Tel: 0141 248 5554

Email: scotland@signcommunity.org.uk e Website: www.bda.org.uk

An organisation run by people with hearing difficulties. Promotes sign language and
campaigns for sign language users to have the same rights, responsibilities, opportunities and
quality of life as others.

Child Brain Injury Trust (CBIT)

Princes House

5 Shandwick Place

Edinburgh EH2 4RG

Helpline: 0845 601 4939 (Mon, Tue, Wed, Fri 10.00am - 1.00pm) e Tel: 0131 229 1852
Email: jennyhill@cbituk.org

Email: helpline@cbituk.org ® Website: www.cbituk.org

The Child Brain Injury Trust (CBIT) supports anyone in the United Kingdom affected by
childhood acquired brain injury. They provide information, support and training to families
and professionals.

Contact a Family

209 - 211 City Road

London EC1V 1JN

Tel: 020 7608 8700

Helpline: 0808 808 3555 or Text phone 0808 808 3556 Freephone for parents and families
(Mon-Fri, T0am-4pm & Mon, 5.30-7.30pm)

Email: info@cafamily.org.uk ® Website: www.cafamily.org.uk

Contact a Family is a UK-wide charity providing advice, information and support to the
parents of all disabled children - no matter what their disability or health condition. They
also enable parents to get in contact with other families, both on a local and national basis.

Cruse Bereavement Care

Riverview House

Friarton Road

Perth PH2 8DF

Tel: 01738 444 178 ® Day by Day Helpline 0870 167 1677

Email: info@crusescotland.org.uk ® Website: www.crusescotland.org.uk

Cruse Bereavement Care Scotland is a national organisation which offers a free confidential
bereavement counselling service to people of all ages. Cruse volunteers are trained to listen
and to help you to work through your grief. They have all undertaken a full training and are
regularly supervised. Cruse Bereavement Care Scotland is not aligned with any religious
group or political party, and follows an equal opportunities policy.



10 PROVISION OF INFORMATION

ENABLE Scotland

6th Floor

7 Buchanan Street

Glasgow G1 3HL

Tel: 0141 226 4541 Fax: 0141 204 4398

Email: enable@enable.org.uk ® Website: www.enable.org.uk

ENABLE Scotland is a dynamic charitable organisation run by its members. It campaigns for
a better life for children and adults with learning disabilities and supports them and their
families to participate, work and live in their local communities.

Epilepsy Scotland

48 Govan Road

Glasgow G51 1)L

Tel: 0141 427 4911 e Helpline: 0808 800 2200

Email: enquiries@epilepsyscotland.org.uk ® Website: www.epilepsyscotland.org.uk

Epilepsy Scotland directly involves people with epilepsy to campaign for better services to
ensure people with epilepsy have high standards of care, easy access to information and support,
and not experience prejudice.

Meningitis Association of Scotland

9 Edwin Street

Glasgow G51 IND

Tel: 0141 427 6698 ¢ Tel: 0141 554 6680
Website: www.menscot.org

The Association includes a Consultant Neuropsychologist for the treatment of long term side
effects as a result of meningitis.

Meningitis Research Foundation

133 Gilmore Place

Edinburgh EH3 9PP

Freephone 24-hour helpline: 080 8800 3344
Website: www.meningitis.org

Offers support to people affected by meningitis and septicaemia, including in-depth
information about the diseases and patterns of recovery, befriending by a trained volunteer
befriender with similar experience and a listening ear. The Foundation also funds scientific
research into meningitis and septicaemia, and provides education and support to the general
public and healthcare professionals.

Meningitis Trust

Centrum Offices Ltd

38 Queen Street

Glasgow G1 3DX

Tel/fax: 0845 120 2123 e Freephone 24-hour helpline: 0800 028 1828
Website: www.meningitis-trust.org

Provides support through counselling, financial grants and home visits for individuals and
families affected by meningitis/meningococcal septicaemia. The Trust also provides tailored
disease information and education programmes for the general public and healthcare
professionals.
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Murray Foundation

1st Floor, Broomloan House

Ibrox Stadium

Glasgow G51 2XD

Tel: 0141 580 8564 ® Fax: 0141 580 7241 ® Helpline: 0800 028 2822
Email:info@murray-foundation.org.uk ® Website: www.murray-foundation.org.uk

The Murray Foundation is a support service for those affected by limb loss or absence and
their families in Scotland. The Foundation works closely with NHS and other professionals to
supplement the service already offered.

NDCS Scotland
Tel: 0141 248 4457 ® Minicom: 0141 222 4476
Email: ndcs.scotland@ndcs.org.uk

NDCS is an organisation of families, parents and carers, providing emotional and practical
support through a freephone helpline and a network of trained Regional Officers, Family
Support Workers and Family Officers.

National Deaf Children’s Society

15 Dufferin Street

London EC1Y 8UR

Tel: 020 7490 8656 ® Minicom: 020 7490 8656 ® Helpline (voice and text): 0808 800 8880
Email: ndcs@ndcs.org.uk ® Website: www.ndcs.org.uk

Neurological Alliance

Stroke House

240 City Road

London EC1V 2PR

Tel: 020 7566 1540

Email: admin@neural.org.uk ® Website: www.neural.org.uk

The Neurological Alliance enables charities to work together to improve the quality of life
of all those in the UK living with a neurological condition. The Neurological Alliance does
not provide advice and information to individuals about services or specific neurological
conditions.

Royal College of Speech and Language Therapists
Scotland Policy Officer - Kim Hartley

21 Queen Street

Edinburgh EH2 1JX

Tel: 0131 226 5250/4940

Email: kim.hartley@rcslt.org ® Website: www.rcslt.org.uk

The RCSLT represents speech and language therapists and support workers, to promote
excellence in practice and influence health, education and social care policies.

Social, Emotional and Behavioural Difficulties Association
SEBDA Head Office, Church House

1 St Andrew’s View

Penrith, Cumbria CA10 7YF

Tel: 01768 210510

Website: www.sebda.org

SEBDA is a charitable organisation that exists to promote excellence in services for children
and young people who have social, emotional and behavioural difficulties.
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11 Implementation and audit

11.1 LOCAL IMPLEMENTATION

Implementation of national clinical guidelines is the responsibility of each NHS Board and is
an essential part of clinical governance. It is acknowledged that every Board cannot implement
every guideline immediately on publication, but mechanisms should be in place to ensure
that the care provided is reviewed against the guideline recommendations and the reasons for
any differences assessed and, where appropriate, addressed. These discussions should involve
both clinical staff and management. Local arrangements may then be made to implement the
national guideline in individual hospitals, units and practices, and to monitor compliance. This
may be done by a variety of means including patient-specific reminders, continuing education
and training, and clinical audit.

11.1.1  ADVICE TO NHSSCOTLAND FROM THE SCOTTISH MEDICINES CONSORTIUM

There is no relevant SMC advice.

11.2 KEY AUDIT POINT

% Suspected meningococcal deaths should be notified and subject to audit
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The evidence base

SYSTEMATIC LITERATURE REVIEW

The evidence base for this guideline was synthesised in accordance with SIGN methodology.
A systematic review of the literature was carried out using a search strategy devised by a SIGN
Information Officer. Databases searched include Medline, Embase, Cinahl, PsychINFO, and the
Cochrane Library. For most searches, the year range covered was 2000-2006. Internet searches
were carried out on various websites including the New Zealand Guidelines Group, National
Electronic Library for Health Guidelines Finder, and the US National Guidelines Clearinghouse.
The search strategies can be requested from the SIGN Executive. The main searches were
supplemented by material identified by individual members of the development group.

RECOMMENDATIONS FOR RESEARCH

The guideline development group was not able to identify sufficient evidence to answer all of
the key questions asked in this guideline. The following areas for further research were identified
by the guideline development group:

= evaluation of the effectiveness of health education campaigns aimed at increasing awareness
and recognition of meningococcal disease

» aprospective validation of the predictive value of early symptoms in diagnosing meningococcal
disease in a population of children presenting in the community with undifferentiated
illness

= which signs and symptoms are definitive markers for referring a child to secondary care

= research to determine whether there are any pre-hospital interventions which are efficacious
in reducing mortality and morbidity in children and young people with suspected invasive
meningococcal disease

» procalcitonin assay as an indicator of severity and a predictor of outcome

= research to identify the normal compartment pressures in children

= evaluation of the capability of cefotaxime to eliminate carrier status

* aninvestigation of the role of vasopressin beyond rescue treatment in patients with inotrope
resistant shock

= research into the role and importance of organisational changes to, and the interface between
primary, secondary and intensive care.

REVIEW AND UPDATING

This guideline was published in 2008 and will be considered for review in three years.
Any updates to the guideline in the interim period will be noted on the SIGN website:
www.sign.ac.uk
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13 Development of the guideline

13.1

13.2

INTRODUCTION

SIGN is a collaborative network of clinicians, other healthcare professionals and patient
organisations and is part of NHS Quality Improvement Scotland. SIGN guidelines are developed
by multidisciplinary groups of practising clinicians using a standard methodology based on a
systematic review of the evidence. Further details about SIGN and the guideline development
methodology are contained in “SIGN 50: A Guideline Developer’s Handbook”, available at

www.sign.ac.uk
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Mr Ken Stewart Consultant Plastic Surgeon, Royal Hospital for
Sick Children, Edinburgh

Dr Ulf Theilen Consultant Intensivist, Royal Hospital for
Sick Children, Edinburgh

Dr Adam Watts Specialist Registrar in Orthopaedics, Royal Hospital for Sick
Children, Edinburgh

Dr Graham Wilson Consultant Anaesthetist, Royal Aberdeen Children’s
Hospital

Dr Louise Wilson Specialist Registrar in Public Health, University of Glasgow

The membership of the guideline development group was confirmed following consultation
with the member organisations of SIGN. All members of the guideline development group
made declarations of interest and further details of these are available on request from the SIGN
Executive. Guideline development and literature review expertise, support and facilitation were
provided by the SIGN Executive.

CONSULTATION AND PEER REVIEW

NATIONAL OPEN MEETING

A national open meeting is the main consultative phase of SIGN guideline development, at
which the guideline development group presents its draft recommendations for the first time.
The national open meeting for this guideline was held on 28 February 2007 and was attended
by 92 representatives of all the key specialties relevant to the guideline. The draft guideline
was also available on the SIGN website for a limited period at this stage to allow those unable
to attend the meeting to contribute to the development of the guideline.

SPECIALIST REVIEW

This guideline was also reviewed in draft form by the following independent expert referees,
who were asked to comment primarily on the comprehensiveness and accuracy of interpretation
of the evidence base supporting the recommendations in the guideline. SIGN is very grateful
to all of these experts for their contribution to the guideline.

Dr Alan Begg General Practitioner, Angus
Ms Linda Glennie Head of Research and Medical Information,
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Imperial College and St Mary’s Hospital, London
Dr lan K MacOnochie Consultant in Paediatric Accident and Emergency,
St Mary’s Hospital, London
Dr Tom Marshall Consultant Paediatrician, Royal Hospital for
Sick Children, Edinburgh
Dr Simon Nadel Lead Clinician for Peadiatric Intensive Care,
St Mary’s Hospital, London
Dr Charles Saunders Consultant in Public Health Medicine, Fife NHS Board
Dr Andrew Seaton Consultant Physician, Gartnavel Hospital, Glasgow
Ms Joanna Shenfield Lay reviewer, Glenrothes
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Abbreviations and glossary

APC Activated protein C

ARDS Acute respiratory distress syndrome

CFR Case fatality rate

Cl Confidence interval

CNS Central nervous system

CSF Cerebrospinal fluid

ECMO Extra corporeal membrane oxygenation

ED Emergency department

FDA Food and Drug Administration

GMSPS Glasgow Meningococcal Septicaemia Prognostic Score
GP General practitioner

HPS Health Protection Scotland

ICP Intracranial pressure

IMD Invasive meningococcal disease

v Intravenous

LP Lumbar puncture

LR Likelihood ratio

MIDAS Meningococcal Invasive Disease Augmented Surveillance
MTA Multiple technology appraisals

NICE National Institute for Health and Clinical Excellence

NNT Number needed to treat

OR Odds ratio

Petechiae A non-blanching rash with lesions of less than 2mm in diameter
PCR Polymerase chain reaction

PICU Paediatric intensive care unit

Primary care Out of hospital care, including out of hours services and ambulances
PRISM Paediatric risk of mortality score

Purpura A non-blanching rash with lesions of 2mm or more in diameter
RCT Randomised controlled trial

RR Relative risk

Secondary care Care in hospital

SMC Scottish Medicines Consortium

SVC Superior vena cava

t-Pa Tissue plasminogen activator

TFPI Tissue factor pathway inhibitor
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Annex 1
Glasgow Meningococcal Septicaemia Prognostic Scoring Tool'#3142

Points

BP <75mm Hg systolic, age <4y

<85 mm Hg systolic, age >4y 3

Skin/rectal temperature difference > 3°C

Modified coma scale score <8 or 8a 3
Deterioration of =3 points in 1 hour

Deterioration in hour before scoring

Absence of meningism

Extending purpuric rash or 1
Widespread ecchymoses

Base deficit (capillary or arterial) >8.0 1

Maximum score: 15

a Modified Coma Scale

(i) Eyes open:
Spontaneously
To speech
To pain
None

—_ N W N

(ii) Best verbal response:
Orientated
Words
Vocal sounds
Cries
None

=N Wb O

(iii) Best motor response:
Obeys commands
Localises to pain
Moves to pain
None

(RN e

Add scores (i) + (ii) + (iii) to give result.
Score = 8, or an escalating score is indicative of serious and rapidly progressing disease.

ANNEXES
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Annex 2
Key questions used to develop the guideline
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The guideline is based on a series of structured key questions that, where possible, define the
population concerned, the intervention (or diagnostic test, etc) under investigation, the type of
control used, and the outcomes used to measure the effectiveness of the interventions. These
questions form the basis of the systematic literature search

THE KEY QUESTIONS USED TO DEVELOP THE GUIDELINE

PRE-HOSPITAL ISSUES

Key question

Notes

1.

In a child presenting in the community setting, which grouping of
signs and symptoms should arouse suspicion of meningococcal
disease?

a. fever

b. neck stiffness

c. headache

d. photophobia

e. vomiting

f. dizziness

g. rapid breathing

h. drowsiness

i. lessthan 50% of usual fluid intake in 24 hours (children under 1)
j.  strange high-pitch crying (children under 1)
k. abnormal skin colour

I.  collapse

m. leg pain/refusal to walk

n. rash

0. heart rate

p. cold hands/feet

2. In achild presenting in the community setting with symptoms
suggestive of meningococcal disease, what is the evidence that include telephone
specific secondary assessment (after 4-6 hours), looking for disease assessment
progression, improves diagnosis?

3. Inachild presenting in the community setting with symptoms
suggestive of meningococcal disease, which key features indicate the
need for immediate hospital assessment?

4. In patients with suspected meningococcal disease, do pre-hospital consider: penicillin,
antibiotics increase patient survival or affect morbidity (ITU admission, |cefotaxime,
length of hospital stay, deafness, limb amputation)? cetriaxone

consider: penicillin,

5. In patients with suspected meningococcal disease, which antibiotic cefotaxime,
is the most effective in increasing patient survival or decreasing cetriaxone;
morbidity (ITU admission, length of hospital stay, deafness, limb dose, timing
amputation). and route

(intravenously,
intramuscularly,
non-parenteral)




consider: public

6. Do educational programmes improve the speed of: information
a. recognition campaigns;
b. diagnosis lay education
c. treatment of meningococcal disease; increase survival or decrease | Programmes;
disease severity (ITU admission, length of hospital stay, deafness, profess.lonal
limb amputation)? education
programme
to do with time
7. Do ‘process mapping programmes’ for those with progressive factors, door-to-
symptoms increase survival or decrease disease severity (ITU needle times,
admission, length of hospital stay, deafness, limb amputation)? promptness of
treatment
consider: oxygen,
8. In patients with suspected meningococcal disease, is there evidence IV fluids (colloid/

that pre-hospital (ambulance) resuscitation increases survival or
decreases disease severity (ITU admission, length of hospital stay,
deafness, limb amputation)?

crystalloid (Normal
saline) Hartmanns,
Ringer Lactate),
intubation

PUBLIC HEALTH ISSUES

Key question Notes

9.

What is the evidence that the following groups who have
had contact with a meningococcal patient within the last
seven days should receive prophylactic antibiotics?

a. ‘kissing contact’

b. household contact

c. pupils in same class/school

d. contact with bodily fluids (at resuscitation)

10.

What is the evidence that the following antibiotics are
effective in preventing meningococcal disease occurring in
the contact groups?

a. Rifampicin

b. Ciproflaxin

c. Ceftriaxone

consider timing and dose

ANNEXES

11.

Does administration of meningococcal vaccination to
cases of invasive meningococcal disease decrease the risk
of further meningococcal disease?
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SECONDARY PAEDIATRIC CARE
Starting point defined as the first point of contact with secondary paediatric care, and focusing
on the early diagnostic and treatment phase (first 48h).

Key question

Notes

12. In patients with suspected Invasive Meningococcal Disease
(IMD), which clinical factors are useful in predicting
disease severity/ risk of poor clinical outcome?

a. Clinical signs:

Tachycardia

Tachypnoea

hypotension

poor peripheral perfusion (CRT)
central/core temperature differential

rash extent/severity

progression of rash

presence of fever (risk linked to fever level?)
neck stiffness

irritability/fussiness
lethargy/lassitude/drowsiness

level of consciousness (as measured by Glasgow
Coma Scale)

Lab studies:

White cell count (high/low) — include neutrophil
count

coagulopathy (including FDPs)

CRP

Platelets

blood gases (arterial, venous, capillary)
renal function

liver function

cortisol

blood sugar

others eg CPK (rhabdomyolysis).

13.

In patients with suspected IMD, what is the evidence that
using any of the following meningococcal scoring systems
predict severe disease/risk of poor clinical outcome?

Leclerc

b. Glasgow Meningococcal Septicaemia Prognostic

Score (GMSPS)
Gedde-Dahl’s MOC score

consider: timing and frequency
of scoring




14. In patients with suspected IMD, which early investigations

are useful in later confirmation of IMD?

Blood culture

Skin scraping (extended)
Blood PCR

Throat swab

Urine rapid antigen testing
Blood rapid antigen testing

meapoTe

15.

In patients with suspected IMD, does lumbar puncture
(early/late) influence:

a. early/late clinical management

b. final diagnosis

c.  morbidity and mortality

16.

In patients with suspected IMD, what infection control
procedures are effective during inpatient care in reducing
secondary healthcare associated infection in clinical staff
and visitors (Excludes laboratory workers)?

a. Source isolation

b. Protective clothing, including masks, gowns, aprons
c.  Chemoprophylaxis (rifampicin)

Includes staff and immediate
family visitors and index case

17.

In patients with suspected IMD, what treatments reduce
mortality and morbidity?

a. Antibiotics (consider route of administration)
b. Corticosteroid therapy

c. IV fluids [colloid/ crystalloid (Normal saline
Hartmanns, Ringer Lactate) debate, FFP, artificial
colloids]

d. Resuscitation (oxygen, airway care, circulation)

consider: selection, timing,
dose, duration

TERTIARY CARE, REHABILITATION

= Definition of tertiary care —relates to a facility capable of providing interventions as in Q20,

ie ICU in a specialist paediatric hospital

= Qutcome measure for all questions will primarily be mortality and residual disability.

ANNEXES
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Key question Notes

18. In meningococcal disease patients requiring ICU
admission, is there evidence that the following influences
outcome (as defined above)?

a. aspecialised/centralised retrieval team
b. paediatric intensive care

c. telephone remote support
d.

early referral and/or retrieval

19. In meningococcal disease patients requiring ICU
admission, is there evidence that the timing of a
consultation with a specialist centre/PICU influences
outcome (as defined above)?

20. In the patients requiring intensive care management, what
is the evidence that the following interventions influence
mortality and morbidity?

a. Ventilation/airways management
b. Inotropes

c. Invasive monitoring

d

Renal replacement therapy (haemofiltration, CVVH, |consider: timing
plasmapharesis)

e. ECMO (extra corporeal membrane oxygenation)

al

Mechanical circulatory support (hyper-osmolar fluids)
f.  Plasmafiltration

g. Steroids — physiological replacement or higher dose
(circulatory shock steroids)

h. Invasive management of intracranial hypertension

42



21. In critically ill ITU patients with meningococcal
disease, what is the evidence that hematological and
immunological support reduce mortality and morbidity?
a. Immunoglobulins
b. Activated protein C and Protein C
c. Heparin
d. FFP
e. PG12
f. tPa
g. PAF
h.  Antithrombin-III

22. What is the evidence that in patients with extensive skin
involvement, compartmental pressure monitoring and
fasciotomy improve outcome in terms of avoiding tissue
necrosis and amputation and decrease residual disability?

23. What is the evidence that the timing of early surgical
debridement or conservative treatment is more effective
in decreasing tissue necrosis, and avoiding amputation
and secondary infection?

24. What are the morbidities associated with meningococcal
disease and what further support and information
provision do patients need as a result?

a. organ dysfunction (renal failure, visual impairment)
b. hearing loss
c. psychosocial/behavioural problems
d. mobility
e. post-traumatic stress disorder
f. educational achievement
g. speech
h. ambulation
i. cognition
j.  pain
k. quality of life
[.  residual haematological disability
m. hydrocephalus
n. epilepsy
o. cerebral palsy
p. long term respiratory complications
g. skin involvement
25. What is the evidence that families/carers/siblings of

those who have had meningococcal disease experience
psychosocial problems and, if so, do psychosocial
interventions and information provision improve their
quality of life?
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