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Appendix C: Scope
NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE

SCOPE

Guideline title

Triage, assessment, investigation and early management of head injury in children, young people and
adults.

Short title

Head injury.

The remit

This is a partial update of ‘Head injury’ (NICE clinical guideline 56). See section A.1.4.3 for details of
which sections will be updated. We will also carry out an editorial review of all recommendations to
ensure that they comply with NICE’s duties under equalities legislation.

This update is being undertaken as part of the guideline review cycle.
Clinical need for the guideline

Epidemiology

a) ‘Head injury’ for the purposes of the guideline is defined as any trauma to the head, other than
superficial injuries to the face.

b) Each year 1.4 million people attend hospitals in England and Wales with a recent head injury.
Between 33 and 50% of these are children under 15 years of age. The majority, around 80%, are
diagnosed with ‘mild’ head injury and do not require hospital admission.

c) Annually, around 200,000 people are admitted to hospital with head injury. Of these, one fifth
have features suggesting that their injury may have been sufficient to cause a skull fracture, or have
evidence of brain damage. Approximately 2% of children with head injuries and 7% of adults with
head injuries experience impaired consciousness and around 4000 patients a year undergo a
neurosurgical operation for an intracranial complication. Most patients recover without specific or
specialist intervention but in others, long-term disability or even death result from the effects of
complications, which can potentially be minimised or avoided with early detection and appropriate
treatment.

Current practice

a) Hospital Episode Statistics data for the 2010/2011 annual dataset indicate that 461 patients in
England underwent an operation to drain the extradural space (OPCS code A40) and 3481 patients
underwent an operation to drain the subdural space (OPCS code A41).These figures do not include a
small number of other neurosurgical procedures possible after head injury, and include some
patients with a non-head-injury diagnosis.

b) Although the incidence of head injury is high, the incidence of death from head injury is low (6-10
per 100,000 population per annum). As few as 0.2% of all patients attending emergency departments

National Clinical Guideline Centre, 2014.
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with a head injury will die as a result of this injury. Ninety five per cent of all people who have
sustained a head injury will present with a minor or mild injury (Glasgow Coma Scale [GCS] greater
than 12) but the majority of fatal outcomes will be in the moderate (GCS of 9 to 12) or severe (GCS
less than or equal to 8) head injury groups which account for only 5% of attenders. Therefore
emergency departments see a large number of patients with a minor or mild head injury, and need
to identify the very small number of these that will go on to have serious acute intracranial
complications.

c) The previous head injury guidelines produced by NICE in 2003 and updated in 2007 resulted in
computed tomography (CT) scanning replacing skull radiography as the primary imaging modality for
assessment of head injury, and an increasing proportion of people with head injury whose care is
managed in specialist centres. This has been associated with a decline in fatality in severe head injury
patients.

d) Much of the remaining controversy and uncertainty in the early care of people with head injury is
focused upon how certain groups of patients, such as those on anticoagulants and those with a
significant but non-surgical traumatic brain injury, are best managed within the evolving NHS trauma
systems.

The guideline
Population

Groups that will be covered

a) All adults, young people and children (including those aged 15 and under and infants under 1 year)
who present with a suspected or confirmed head injury with or without other major trauma.

b) Patients with a suspected or confirmed head injury who may be unaware that they have sustained
a head injury and may be overlooked, for example because of intoxication or vulnerable groups with
cognitive impairment.

Groups that will not be covered

a) People with other traumatic injury to the head that are outside of the current definition of head
injury in section A.1.3, including people with superficial injuries to the eye or face.

Healthcare settings

a) Primary care, pre-hospital, in emergency departments (or similar units), tertiary care, existing
inpatients or those in residential care homes where NHS care is delivered.

Management

Key issues that will be covered

Pre-hospital assessment, advice and referral to hospital:

a) Selection of patients with head injury, with or without cervical spine injury, for specialist
neuroscience care using clinical decision rules.

Assessment in the emergency department:

b) Selection of patients with head injury for imaging:

e with or without cervical spine injury using clinical decision rules.

National Clinical Guideline Centre, 2014.
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e who have no history of amnesia or loss of consciousness who are on anticoagulant or anti-platelet
therapy.

e using diagnostic circulating biomarkers (S100b, NSE and GFAP).

c) Diagnosis of cervical spine injury in patients with head injury, using computed tomography (CT)
and magnetic resonance imaging (MRI) scans.

Discharge and follow-up

d) Information for patients and carers on discharge from the emergency department or observation
ward.

Key issues that will not be covered
a) Rehabilitation or long-term care of patients with a head injury.

b) Areas addressed in the 2007 guideline that will not be reviewed:

e Pre-hospital assessment, advice and referral to hospital (excluding issues in A.1.4.3 a)
e Immediate management at the scene and transport to hospital

¢ Involvement of the neurosurgical department (excluding issues in A.1.4.3 b)

¢ Discharge and follow-up (excluding issues in A.1.4.3 d)

e Admission and observation

e Medical radiation
C.1.4.4 Main outcomes

a) Diagnostic accuracy

b) Case fatality at 30 days

c) All-cause mortality at 30 days

d) Objective measures of disability (including Glasgow Outcome Scale, King’s Outcome Scale for
Childhood Head Injury and Cerebral Performance Category scale)

e) Quality of life (validated quality-of-life scores only)

f) Length of hospital stay

C.1.4.5 Economic aspects

Developers will take into account both clinical and cost-effectiveness when making
recommendations involving a choice between alternative interventions. A review of the economic
evidence will be conducted and analyses will be carried out as appropriate. The preferred unit of
effectiveness is the quality-adjusted life year (QALY), and the costs considered will usually be only
from an NHS and personal social services (PSS) perspective. Further detail on the methods can be
found in 'The guidelines manual' (see ‘Further information’).

C.1.4.6 Status

Scope

This is the final scope.

National Clinical Guideline Centre, 2014.
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Timings

The development of the guideline recommendations will begin in May 2012.
Related NICE guidance
Published guidance

NICE guidance to be updated

This guideline will update and replace the following NICE guidance: Head Injury. NICE clinical
guideline 56 (2007).

Other related NICE guidance
e Patient experience in adult NHS services. NICE clinical guideline 138 (2012)

e The epilepsies: the diagnosis and management of the epilepsies in adults and children in primary
and secondary care. NICE clinical guideline 137 (2012).

e Alcohol-use disorders: diagnosis, assessment and management of harmful drinking and alcohol
dependence. NICE clinical guideline 115 (2011).

e Service user experience in adult mental health. NICE clinical guideline 136 (2011).
e Delirium: diagnosis, prevention and management. NICE clinical guideline 103 (2010).
e Transient loss of consciousness in adults and young people. NICE clinical guideline 109 (2010).

e Sedation in children and young people: Sedation for diagnostic and therapeutic procedures in
children and young people. NICE clinical guideline 112 (2010).

e Strategies to prevent unintentional injuries among children and young people aged under 15.
NICE public heath guidance 29 (2010).

¢ When to suspect child maltreatment. NICE clinical guideline 89 (2009).
e Medicines adherence. NICE clinical guideline 76 (2009).
e Acutely ill patients in hospital. NICE clinical guideline 50 (2007).

e Dementia: Supporting people with dementia and their carers in health and social care. NICE
clinical guideline 42 (2006).

e Post-traumatic stress disorder (PTSD): The management of PTSD in adults and children in primary
and secondary care. NICE clinical guideline 26 (2005).

e Falls: The assessment and prevention of falls in older people. NICE clinical guideline 21 (2004).

e Pre-hospital initiation of fluid replacement therapy in trauma. NICE technology appraisal guidance
74 (2004).

Guidance under development

e NICE is currently developing the following related guidance (details available from the NICE
website): Intravenous fluid therapy in hospitalised adult patients. Publication date to be
confirmed.

Further information

Information on the guideline development process is provided in:
e ‘How NICE clinical guidelines are developed: an overview for stakeholders the public and the NHS’

e ‘The guidelines manual'.

National Clinical Guideline Centre, 2014.
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Information on the progress of the guideline will also be available from the NICE website.
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Appendix D: Review protocols

Clinical

Table 1: Direct transport to specialist neuroscience care

What is the effectiveness of pre-hospital assessment tools for selecting adults, infants and
Review children with head injury, for transport direct to specialist neuroscience care or a major
question trauma centre with neuroscience if the nearest hospital does not provide these?

Objectives  To identify where to transport patients with head injury

Criteria for considering studies in the review

Study design

Population

Intervention

Comparison

Outcomes

Setting

Equalities

Search Strategy

Review Strategy

Randomised controlled trials

Diagnostic cohort studies (prospective and retrospective)

Systematic reviews and meta-analyses of the above

Infants, children and adult with suspected head injury

Clinical decision rules or triage tools for direct transport to neuroscience centre or
major trauma centre with neuroscience.

(for children - also able to deal with children )

Review children separately if possible

Nearest emergency department (if nearest hospital is not an MTC with neuroscience
care) — with option for secondary transfer

Diagnostic accuracy of traumatic brain injury — any — confirmed on CT

Diagnostic accuracy of traumatic brain injury — requiring neurosurgical intervention
Pre-hospital assessment by paramedics

Unlikely to be self referral or GP referral.

Different cultures may present differently.
Non-English language

Non-accidental injuries

older people

Databases: Medline, Embase, Cochrane Library
Language: Restrict to English only

Date restriction: none

Population size and directness:

No limitations on sample size

Studies examining general trauma triage tools or decision rules will be used as indirect
evidence provided they report data relating to head injury patients.

Appraisal of methodological quality:

The methodological quality of each study will be assessed using NICE checklists and
GRADE.

Meta-analysis will be conducted if appropriate. If not appropriate, ranges of results will
be reported for these outcomes.

Stratify by age:

Infants and children (15 and under)

Adult

Subgroups:

Time to destination for example cut off of 17 minutes
Seniority of staff making the decision on where to transfer
ABC status

National Clinical Guideline Centre, 2014.
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What is the effectiveness of pre-hospital assessment tools for selecting adults, infants and
Review children with head injury, for transport direct to specialist neuroscience care or a major
question trauma centre with neuroscience if the nearest hospital does not provide these?

Neuroscience care (major trauma centre or specialist neuroscience centre)

Table 2: Clinical decision rules for imaging the head

Review protocol

Review question What is the best clinical decision rule for selecting adults, infants and children with
head injury for CT head scan?

Objectives To determine which patients should receive imaging of the head
The key clinical issue is to have a decision rule which is as sensitive and specific as
possible in order to minimise the number of false negatives which can have
catastrophic consequences.

Criteria for considering studies in the review

Study design Randomised controlled trials
Diagnostic cohorts (prospective and retrospective)
Systematic reviews and meta-analyses of the above

Population Infants, children and adult with suspected head injury

Index test Validated clinical decision rules including NEXUS, NOC, CHR, Canadian CT-rules, New
Orleans criteria or CHALICE.
Noted that separate decision rules exist for children and adults.
Validated clinical decision rules for adults
All clinical decision rules for children

New/additional decision rules: post traumatic amnesia (also an outcome), updated
Canadian CT rules, updated CHALICE, CATCH, PECARN,

Comparison As above — compared to each other.

Reference CT or negative follow up (1 month for adults, 2 weeks for children).
standard

Outcomes Diagnostic accuracy of need for neurosurgical intervention

Diagnostic accuracy of any intracranial abnormality
Setting Assessment in the emergency department
Equalities Different cultures may present differently.

Non-English language

Non-accidental injuries

Older people

Search Strategy Databases: Medline, Embase, Cochrane Library
Language: Restrict to English only
Date restriction: Restrict search from 2006

Review Strategy Population size and directness:
No limitations on sample size
Studies with indirect populations will not be considered
Appraisal of methodological quality:

The methodological quality of each study will be assessed using NICE checklists and
GRADE.

Meta-analysis will be conducted if appropriate. If not appropriate, ranges of results will
be reported for these outcomes.

Stratify by age:
Infants and children (15 and under)
Adult

National Clinical Guideline Centre, 2014.
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Subgroups:

People with delayed presentation of head injury.
People who have had a seizure.

Table 3: Anticoagulants
Review protocol
Review question What is the best clinical decision rule for selecting adults, infants and children with

head injury for CT head scan who have no history of amnesia or loss of consciousness
who are on anticoagulant or antiplatelet therapy?

Objectives To determine which patients with no history of amnesia or loss of consciousness who
are on anticoagulant or antiplatelet therapy should receive a CT scan

Criteria for considering studies in the review

Study design Randomised controlled trials
Diagnostic cohort studies (prospective or retrospective)
Prospective observational studies
Systematic reviews and meta-analyses of the above
Population Noted that main population likely to be over 65
Infants, children and adult with head injury
Anticoagulated patients (for example warfarin, unfractionated heparin, low molecular
weight heparin)
Patients receiving antiplatelet therapy (for example aspirin, clopidogrel)

Index test Clinical decision rules for the selection of patients for imaging compared to each other.
Reference CT for intracranial bleeding or negative 7 day follow up

standard

Outcomes Diagnostic accuracy of need for neurosurgical intervention

Diagnostic accuracy of any intracranial abnormality

Setting Assessment in the emergency department
Equalities Different cultures may present differently.
Non-English language
Non-accidental injuries
Older people
Search Strategy Databases: Medline, Embase, the Cochrane Library
Language: Restrict to English only
Date restriction: No date restriction

Review Strategy Population size and directness:
No limitations on sample size
Studies with indirect populations will not be considered
Appraisal of methodological quality:

The methodological quality of each study will be assessed using NICE checklists and
GRADE.

Meta-analysis will be conducted if appropriate. If not appropriate, ranges of results will
be reported for these outcomes.

Stratify by age:
Infants and children (15 and under)
Adult

National Clinical Guideline Centre, 2014.
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Subgroups:
Older people ( over 65)
Antiplatelet, anticoagulant

National Clinical Guideline Centre, 2014.
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Table 4: Biomarkers
What is the diagnostic accuracy of biomarkers (S100b, NSE, GFAP) in the emergency
Review question  department for selecting adults, infants and children with head injury for
Objectives To determine the value of using biomarkers as a diagnostic tool for ruling out
intracranial bleeds in adults, children and infants with head injury.
Criteria for considering studies in the review
Study design Randomised controlled trials
Diagnostic cohort studies (prospective or retrospective).
Systematic reviews and meta-analyses of the above
Population Adults with head injury and/or suspected cervical spine injury

Index test Biomarkers:

S100b, NSE, GFAP (to be reviewed as single interventions, combinations will not be
reviewed due to limited reviewing resource)

Diagnostic threshold and timing of use of biomarker as per manufacturers instructions.
Exclude studies where the interval between injury and blood sampling is over 6 hours.

Reference CT or negative follow up (1 month for adults, 2 weeks for children).
standard
Outcomes Diagnostic accuracy of any intracranial abnormality

Diagnostic accuracy of need for neurosurgical intervention

Setting Assessment in the emergency department
Equalities None noted
Search Strategy Databases: Medline, Embase, the Cochrane Library

Language: Restrict to English only
Date restriction: No date restriction
Review Strategy Population size and directness:
No limitations on sample size
Studies with indirect populations will not be considered
Appraisal of methodological quality:

The methodological quality of each study will be assessed using NICE checklists and
GRADE.

Meta-analysis will be conducted if appropriate. If not appropriate, ranges of results will
be reported for these outcomes.

Stratify by age:
Children

Adults

Subgroups:

Older people (over 65)

National Clinical Guideline Centre, 2014.
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Table 5: Clinical decision rules for cervical spine imaging
Review protocol

Review question What is the best clinical decision rule for selecting adults, infants and children with
head injury for initial imaging with plain X-rays or CT scan for cervical spine injury?

Objectives To determine which patients presenting with head injury should receive imaging of the
head/and or cervical spine

Criteria for considering studies in the review

Study design Randomised controlled trials
Diagnostic cohort studies (prospective or retrospective)
Prospective observational studies (if no data from decision rules identified)
Systematic reviews and meta-analyses of the above

Population Infants, children and adult with suspected head injury, with suspected cervical spine
injury
Index test Validated clinical decision rules including NEXUS, NOC, CCR.

Noted that separate decision rules exist for children and adults.

Validated clinical decision rules for adults and either validated rules or derivation of
new rules in children and infants.

Reference X-ray, CT, or follow up (48 hours minimum) for people with no initial imaging
standard
Outcomes Diagnostic accuracy any significant cervical spine injury (fracture/bony injury or soft

tissue/ligament damage)
Diagnostic accuracy of need for neurological intervention/spinal surgery
Setting Assessment in the emergency department
Equalities Different cultures may present differently.
Non-English language
Non-accidental injuries
Older people
Search Strategy Databases: Medline, Embase, Cochrane Library
Language: Restrict to English only
Date restriction: Restrict search from 2006
Review Strategy Population size and directness:
e No limitations on sample size
e Studies with indirect populations will not be considered
Appraisal of methodological quality:

e The methodological quality of each study will be assessed using NICE checklists
and GRADE.

e Meta-analysis will be conducted if appropriate. If not appropriate, ranges of
results will be reported for these outcomes.

Stratify by age:
e Infants and children (15 and under)
e Adult

Subgroups:
Bone injury
Soft tissue injury

National Clinical Guideline Centre, 2014.
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Review protocol

Review question What is the best clinical decision rule for selecting adults, infants and children with
head injury, who have received a negative or indeterminate X-ray of the cervical spine,
for further imaging with CT or MRI scan for cervical spine injury?

Objectives To determine which patients should receive further imaging of their cervical spine, after
receiving a negative or indeterminate X-ray where there is still a clinical suspicion on
cervical injury.

Criteria for considering studies in the review

Study design Randomised controlled trials
Diagnostic cohort studies (prospective or retrospective)
Prospective observational studies (if no data from decision rules identified)
Systematic reviews and meta-analyses of the above

Population Infants, children and adult with suspected head injury, with suspected cervical spine
injury
Index test Validated clinical decision rules including NEXUS, NOC, CCR.

Noted that separate decision rules exist for children and adults.

Validated clinical decision rules for adults either validated rules or derivation of new
rules in children and infants.

Reference CT, or MRl or follow up (48 hours minimum).
standard
Outcomes Diagnostic accuracy any significant cervical spine injury (fracture bony injury or soft

tissue/ligament damage)
Diagnostic accuracy of need for neurological intervention/spinal surgery
Setting Assessment in the emergency department
Equalities Different cultures may present differently.
Non-English language
Non-accidental injuries
Older people
Search Strategy Databases: Medline, Embase, Cochrane Library
Language: Restrict to English only
Date restriction: Restrict search from 2006 (if prospective observational studies are
required due to no RCT or diagnostic cohort data, not date restriction will be applied).
Review Strategy Population size and directness:
e No limitations on sample size
e Studies with indirect populations will not be considered
Appraisal of methodological quality:

e The methodological quality of each study will be assessed using NICE checklists
and GRADE.

e  Meta-analysis will be conducted if appropriate. If not appropriate, ranges of
results will be reported for these outcomes.

Stratify by age:
e Infants and children (15 and under)
e Adult

Subgroups:
Bone injury
Soft tissue injury

National Clinical Guideline Centre, 2014.
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Review question What is the best clinical decision rule for selecting adults, infants and children with
head injury, who have received a negative or indeterminate CT cervical spine scan, for
further imaging with MRI scan for cervical spine injury?

Objectives To determine which patients should receive imaging of cervical spine after receiving an
initial negative or indeterminate CT, but there is still a clinical suspicion on cervical
injury.

Criteria for considering studies in the review

Study design Randomised controlled trials
Diagnostic cohort studies (prospective or retrospective)
Prospective observational studies (if no data from decision rules identified)
Systematic reviews and meta-analyses of the above

Population Infants, children and adult with suspected head injury, with suspected cervical spine
injury
Index test Validated clinical decision rules including NEXUS, NOC, CCR.

Noted that separate decision rules exist for children and adults.

Validated clinical decision rules for adults either validated rules or derivation of new
rules in children and infants.

Reference MRI, or follow up (48 hours minimum).
standard
Outcomes Diagnostic accuracy any significant cervical spine injury (fracture/bony injury or soft

tissue/ligament damage)
Diagnostic accuracy of need for neurological intervention/spinal surgery
Setting Assessment in the emergency department
Equalities Different cultures may present differently.
Non-English language
Non-accidental injuries
Older people
Search Strategy Databases: Medline, Embase, Cochrane Library
Language: Restrict to English only
Date restriction: Restrict search from 2006 (if prospective observational studies are
required due to no RCT or diagnostic cohort data, not date restriction will be applied).
Review Strategy Population size and directness:
e No limitations on sample size
e Studies with indirect populations will not be considered
Appraisal of methodological quality:

e The methodological quality of each study will be assessed using NICE checklists
and GRADE.

e  Meta-analysis will be conducted if appropriate. If not appropriate, ranges of
results will be reported for these outcomes.

Stratify by age:
e Infants and children (15 and under)
e Adult

Subgroups:
Bone injury
Soft tissue injury

National Clinical Guideline Centre, 2014.
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Table 6: Patient information and support on discharge advice

Review question

Objectives

What information and support do patients with head injury say they want?
What discharge information should be given to patients with head injury?

To determine what information should be provided to patients with head injury.

Criteria for considering studies in the review

Study design

Population

Intervention

Comparison
Outcomes
Setting
Equalities

Search Strategy

Review Strategy

Qualitative literature

Surveys

Evidence may also be drawn from other reviews in the guideline.

Infants, children and adult with head injury with or without cervical spine injury
Discharge advice for those admitted and those not admitted.

Particular advice to address:

People discharged from emergency department who were not admitted to hospital
People discharged from emergency department who were admitted for observation
Advice by age: Infants and children (15 and under) and adults.

Discharge advice for return to activity of daily living; including work, school, driving and
sport

People with head injury using anticoagulation treatment

People with cognitive impairment

information for carers and family along with information from patients.

Age and communication with younger children/verbal ability (some children can tell
you how they feel and others can’t).

Older patients returning to care homes/nursing homes and what information is
specifically needed.

Not applicable

Not predefined

Emergency department

As highlighted in the studies.

Databases: Medline, Embase, Cinahl

Language: Restrict to English only

Population size and directness:

No limitations on sample size

Studies with indirect populations will not be considered

Appraisal of methodological quality:

The methodological quality of each study will be assessed using NICE checklists.
Stratify by age: Not applicable

Subgroups: None

National Clinical Guideline Centre, 2014.
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Table7: Appended economic review protocol

Review
question

Objectives

Criteria

Search
strategy

Review
strategy

All questions — health economic evidence
To identify economic studies relevant to the review questions set out above.

Populations, interventions and comparators as specified in the individual review protocols
above. Must be a relevant economic study design (cost-utility analysis, cost-benefit analysis,
cost-effectiveness analysis, cost-consequence analysis, comparative cost analysis).

An economic study search was undertaken using population specific terms and an economic
study filter — see Appendix G.

Each study is assessed using the NICE economic evaluation checklist — NICE (2012) Guidelines
Manual.

Inclusion/exclusion criteria

If a study is rated as both ‘Directly applicable’ and ‘Minor limitations’ (using the NICE economic
evaluation checklist) then it should be included in the guideline. An evidence table should be
completed and it should be included in the economic profile.

If a study is rated as either ‘Not applicable’ or ‘Very serious limitations’ then it should be
excluded from the guideline. It should not be included in the economic profile and there is no
need to include an evidence table.

If a study is rated as ‘Partially applicable’ and/or ‘Potentially serious limitations’ then there is
discretion over whether it should be included. The health economist should make a decision
based on the relative applicability and quality of the available evidence for that question, in
discussion with the GDG if required. The ultimate aim being to include studies that are helpful
for decision making in the context of the guideline and current NHS setting. Where exclusions
occur on this basis, this should be noted in the relevant section of the guideline with
references.

Also exclude:

unpublished reports unless submitted as part of a call for evidence
abstract-only studies

letters

editorials

reviews of economic evaluations

foreign language articles

Where there is discretion

The health economist should be guided by the following hierarchies.
Setting:

UK NHS

OECD countries with predominantly public health insurance systems (for example France,
Germany, Sweden)

OECD countries with predominantly private health insurance systems (for example USA,
Switzerland)

Non-OECD settings (always ‘Not applicable’)

Economic study type:

Cost-utility analysis

Other type of full economic evaluation (cost-benefit analysis, cost-effectiveness analysis, cost-
consequence analysis)

Comparative cost analysis

Non-comparative cost analyses including cost of illness studies (always ‘Not applicable’)

National Clinical Guideline Centre, 2014.
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Review
question All questions — health economic evidence
Year of analysis:
The more recent the study, the more applicable it is
Quality and relevance of effectiveness data used in the economic analysis:

The more closely the effectiveness data used in the economic analysis matches with the
studies included for the clinical review the more useful the analysis will be to decision making
for the guideline.

(a) Recent reviews will be ordered although not reviewed. The bibliographies will be checked for relevant studies, which will
then be ordered.

National Clinical Guideline Centre, 2014.
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Appendix E: Clinical article selection

Figure 1: Flow diagram of article selection for the direct transport to neuroscience review
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Figure 1: Flow diagram of clinical article selection for clinical decision rules for head CT imaging
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Table 8: Flow diagram of clinical article selection for anticoagulants
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Table 9: Flow diagram of clinical article selection for biomarkers
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Table 10: Flow diagram of clinical article selection for cervical spine imaging
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Table 11: Flow diagram of clinical article selection for patient information and discharge
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Appendix F:

Figure 2:

Flow diagram of clinical article selection for guideline
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support: n =0

Reasons for exclusion:

J

\see Appendix L j
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Rule for head and CSI
imaging: n=0

Patient information and
support: n=0

Reasons for exclusion:
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Appendix G: Literature search strategies

Search strategies used for the Head Injury guideline are outlined below and were run in accordance
with the methodology in the NICE Guidelines Manual 2009.3****®

All searches were run up to 31 May 2013 unless otherwise stated. Any studies added to the
databases after this date were not included unless specifically stated in the text. Where possible
searches were limited to retrieve material published in English. Searches to update questions
covered in the previous NICE guidance on Head injury (reference) were limited to retrieve material
published since the date of the original searches for that guideline. The date limitations for each
search are indicated with the searches below. In summary, for new questions databases were
searched for all years covered; for questions last updated in the 2007 version of the guideline
databases were searched from 2006 onwards; and for patient information, where the review was not
updated for the 2007 version of the guideline databases were searched from 2003 onwards.

Searches for the clinical reviews were run in Medline (OVID), Embase (OVID) and the Cochrane
Library (Wiley except for questions which solely considered observational studies where the
Cochrane Library was omitted). Usually, searches were constructed in the following way:

. A PICO format was used for intervention searches where population (P) terms were
combined with Intervention (l) and sometimes Comparison (C) terms. An intervention can be a drug,
a procedure or a diagnostic test. Outcomes (O) are rarely used in search strategies for interventions.
Search Filters were also added to the search where appropriate.

o A PEO format was used for prognosis searches where population (P) terms were combined
with exposure (E) terms and sometimes outcomes (O). Search filters were added to the search where
appropriate.

Searches for patient views were run in Medline (Ovid), Embase (Ovid) and Cinahl (EBSCO).Searches
were constructed by adding a patient views search filter to the population terms.

Searches for the health economic reviews were run in Medline (OVID), Embase (OVID), the NHS
Economic Evaluations Database (NHS EED), the Health Technology Assessment (HTA) database and
the Health Economic Evaluation Database (HEED). Searches in NHS EED and HEED were constructed
only using population terms. For Medline and Embase an economic filter (instead of a study design
filter) was added to the same clinical search strategy.

Searches for quality of life data were run in Medline (OVID) and Embase (OVID) by adding the filter in
to the two searches for which data were required: anticoagulants and cervical spine imaging.

All searches in Medline and Embase had a filter added to exclude animal studies and paters relating
to comments, letters and editorials.

All searches were limited to English only studies.

<Click this field on the first page and insert footer text if required>
49



Head Injury
Literature search strategies

G.1 Population search strategies

G.1.1 Head injury population
This population was used in all questions except for part of the cervical spine search

Medline search terms

1. craniocerebral trauma/ or exp brain injuries/ or coma, post-head injury/ or exp head injuries,
closed/ or head injuries, penetrating/ or exp intracranial hemorrhage, traumatic/ or exp skull
fractures/

2. ((head or brain) adj3 (injur* or trauma)).ti,ab.

(skull adj3 fracture*).ti,ab.

4, or/1-4

Embase search terms

head injury/

exp brain injury/ or traumatic brain injury/

((head or brain) adj3 (injur* or trauma)).ti,ab.

skull injury/ or exp skull fracture/

(skull adj3 fracture*).ti,ab.

Ok W IN R

or/1-5

Cochrane search terms

#1. MeSH descriptor: [Craniocerebral Trauma] this term only

#2. MeSH descriptor: [Brain Injuries] explode all trees

#3. MeSH descriptor: [Coma, Post-Head Injury] explode all trees
#4. MeSH descriptor: [Head Injuries, Closed] explode all trees

#5. MeSH descriptor: [Head Injuries, Penetrating] explode all trees
#6. MeSH descriptor: [Intracranial Hemorrhage, Traumatic] explode all trees
#7. MeSH descriptor: [Skull Fractures] explode all trees

#8. ((head or brain) near/3 (injur* or trauma)):ti,ab

#9. (skull near/3 fracture*):ti,ab

#10. ((cerebral or craniocerebral) next trauma):ti,ab

#11. #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10

Cinahl search terms

S1. (MH "Head Injuries+")

S2. TX ((head or brain) N3 (injur* or trauma))
S3. TX (skull N3 fracture*)

S4. TX S1orS2orS3

G.1.2 General trauma population
This search line was added to the head injury population for the direct transport question only.

Medline search terms

‘ 1. ‘ (trauma or (traumatic adj3 injur*)).mp.

Embase search terms

‘ 1. ‘ (trauma or (traumatic adj3 injur*)).mp.

National Clinical Guideline Centre, 2014.
50



Head Injury
Literature search strategies

Cochrane search terms

#1. trauma or (traumatic near/3 injur*)

G.1.3 Cervical spine injury population
This population was used for the question relating to imaging of the cervical spine only.

Medline search terms

exp Spinal Injuries/

Spinal Cord Injuries/

exp Neck Injuries/

whiplash.ti,ab.

((neck or spine or spinal) adj3 (trauma or injur*)).ti,ab.

or/1-5

cervical.ti,ab.

QIN | R W N

6and 7

Embase search terms

1. spine injury/ or cervical spine injury/

2. spinal cord injury/ or cervical spinal cord injury/

3. neck injury/ or whiplash injury/

4. whiplash.ti,ab.

5. ((neck or spine or spinal) adj3 (trauma or injur*)).ti,ab.
6. or/1-5

7. cervical.ti,ab.

8. 6and 7

Cochrane search terms

#1. MeSH descriptor Spinal Injuries explode all trees

#2. MeSH descriptor Spinal Cord Injuries, this term only

#3. MeSH descriptor Neck Injuries explode all trees

#4. whiplash:ti,ab

#5. ((neck or spine or spinal) near/3 (trauma or injur*)):ti,ab
#6. (#1 or #2 or #3 or #4 or #5)

National Clinical Guideline Centre, 2014.
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G.2 Study filter search terms

G.2.1 Excluded studies search terms

The following study designs and publication types were removed from retrieved results using the
NOT operator.

Medline search terms

1. letter/

2. editorial/

3. news/

4, exp historical article/

5. Anecdotes as Topic/

6. comment/

7. case report/

8. (letter or comment*).ti.

9, or/1-8

10. randomized controlled trial/ or random*.ti,ab.
11. 9 not 10

12. animals/ not humans/

13. exp Animals, Laboratory/

14. exp Animal Experimentation/
15. exp Models, Animal/

16. exp Rodentia/

17. (rat or rats or mouse or mice).ti.
18. or/11-17

Embase search terms

1. letter.pt. or letter/

2. note.pt.

3. editorial.pt.

4, case report/ or case study/

5. (letter or comment*).ti.

6. or/1-5

7. randomized controlled trial/ or random*.ti,ab.
8. 6 not7

9. exp animal/ not human/

10. nonhuman/

11. exp experimental animal/

12. exp animal experiment/

13. exp animal model/

14. exp Rodent/

15. (rat or rats or mouse or mice).ti.
16. or/8-15

National Clinical Guideline Centre, 2014.
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G.2.2 Observational studies search terms

Medline search terms

Epidemiologic studies/

exp case control studies/

exp cohort studies/

Cross-sectional studies/

case control.ti,ab.

(cohort adj (study or studies or analys*)).ti,ab.

((follow up or observational or uncontrolled or non randomi#ted) adj (study or studies)).ti,ab.

R INO A WIN e

((longitudinal or retrospective or prospective) and (study or studies or review or analys* or
cohort*)).ti,ab.

9. cross sectional.ti,ab.

10. or/1-9

Embase search terms

Clinical study/

exp case control study/

family study/

longitudinal study/

retrospective study/

prospective study/

cross-sectional study/

cohort analysis/

O|® | INIo Uk WiN -

follow-up/

[Eny
°©

cohort*.ti,ab.

[y
=

9and 10

[ERN
N

case control.ti,ab.

[Eny
w

((follow up or observational or case control or uncontrolled or non randomi#ed or
epidemiologic*) adj (study or studies)).ti,ab.

14. ((longitudinal or retrospective or prospective or cross sectional) adj3 (study or studies or
review or analys* or cohort*)).ti,ab.

15. (cohort adj (study or studies or analys*)).ti,ab.

16. or/1-8,11-15

G.2.3 Patient views search terms

Medline search terms

1. "patient acceptance of health care"/ or exp patient satisfaction/
2. Patient Education as Topic/
3. (information* adj3 (patient* or need* or requirement* or support* or seek* or access* or

disseminat*)).ti,ab.

4, ((client* or patient* or user* or carer* or consumer* or customer*) adj2 (attitud* or priorit*
or perception* or preferen* or expectation* or choice* or perspective* or view* or satisfact*
or inform* or experience or experiences or opinion*)).ti,ab.

Patient discharge/

6. discharge*.ti,ab.

or/1-7

National Clinical Guideline Centre, 2014.
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Embase search terms

1. patient attitude/ or patient preference/ or patient satisfaction/ or consumer attitude/

2 patient information/ or consumer health information/

3. patient education/

4 (information* adj3 (patient* or need* or requirement* or support* or seek* or access* or
disseminat*)).ti,ab.

5. ((client* or patient® or user* or carer* or consumer* or customer*) adj2 (attitud* or priorit*

or perception* or preferen* or expectation* or choice* or perspective* or view* or satisfact*
or inform* or experience or experiences or opinion*)).ti,ab.

hospital discharge/

discharge*.ti,ab.

or/1-7

Cinahl search terms

S1. (MH "Patient Satisfaction")

S2. (MH "Consumer Attitudes") OR (MH "Patient Attitudes")

S3. TX ((client* or patient* or user* or carer* or consumer* or customer*) n2 (attitud* or priorit*
or perception* or preferen* or expectation* or choice* or perspective* or view* or satisfact*
or inform* or experience or experiences or opinion*))

sS4, (MH "Patient Discharge") OR (MH "Patient Discharge Education")

S5. (MH "Patient Education")

S6. (MH "Health Information") OR (MH "Consumer Health Information")

S7. TX information* n3 (patient™® or need* or requirement* or support* or seek* or access* or
disseminat*)

S8. S1 or S2 or S3 or S4 or S5 or S6 or S7

Qualitative studies terms

Medline search terms

qualitative research/

exp Interviews as Topic/

exp Questionnaires/

health care surveys/

(qualitative or interview* or focus group* or theme* or questionnaire* or survey*).ti,ab.

Ok W IN|E

or/1-5

Embase search terms

qualitative research/

exp interview/

exp questionnaire/

health care survey/

(qualitative or interview* or focus group* or theme* or questionnaire* or survey*).ti,ab.

ok IWIN e

or/1-5

Cinahl search terms

S1. (MH "Qualitative Studies+")

S2. (MH "Qualitative Validity+")

S3. (MH "Focus Groups") OR (MH "Interviews+") OR (MH "Surveys")
S4. (MH "Questionnaires+")

National Clinical Guideline Centre, 2014.
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S5.

TX qualitative or interview* or focus group* or theme* or questionnaire* or survey*

S6.

S1 or S2 or S3 or S4 or S5

Prediction rules search terms

Medline search terms

1 predict.ti.

2 (validat® or rule*).ti,ab.

3. (predict* and (outcome* or risk* or model*)).ti,ab.

4 ((history or variable* or criteria or scor* or characteristic* or finding* or factor*) and (predict*
or model* or decision* or identif* or prognos*)).ti,ab.

5. decision*.ti,ab. and Logistic models/
(decision* and (model* or clinical*)).ti,ab.

7. (prognostic and (history or variable$ or criteria or scor* or characteristic* or finding* or
factor* or model*)).ti,ab.

8. (stratification or discrimination or discriminate or c statistic or "area under the curve" or AUC
or calibration or indices or algorithm or multivariable).ti,ab.

9, ROC curve/

10. or/1-9

Embase search terms

1. predict.ti.

2 (validat™® or rule*).ti,ab.

3. (predict* and (outcome* or risk* or model*)).ti,ab.

4 ((history or variable* or criteria or scor* or characteristic* or finding* or factor*) and (predict*
or model* or decision* or identif* or prognos*)).ti,ab.

5. decision*.ti,ab. and Statistical model/
(decision* and (model* or clinical*)).ti,ab.

7. (prognostic and (history or variable* or criteria or scor* or characteristic* or finding* or
factor* or model*)).ti,ab.

8. (stratification or discrimination or discriminate or c statistic or "area under the curve" or AUC
or calibration or indices or algorithm or multivariable).ti,ab.

9. Receiver operating characteristic/

10. or/1-9

Triage search terms

Medline search terms

triage/

triage.ti,ab.

protocol.ti,ab.

1
2
3.
4

or/1-3

Embase search terms

1. triage.mp.
2. protocol.ti,ab.
3. or/1-2

National Clinical Guideline Centre, 2014.
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Health economics search terms

Medline search terms

1. Economics/

2. Value of life/

3. exp "Costs and Cost Analysis"/

4, exp Economics, Hospital/

5. exp Economics, Medical/

6. Economics, Nursing/

7. Economics, Pharmaceutical/

8. exp "Fees and Charges"/

9. exp Budgets/

10. budget*.ti,ab.

11. cost*.ti.

12. (economic* or pharmaco?economic*).ti.
13. (price* or pricing*).ti,ab.

14. (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ab.
15. (financ* or fee or fees).ti,ab.

16. (value adj2 (money or monetary)).ti,ab.
17. exp models, economic/

18. *Models, Theoretical/

19. *Models, Organizational/

20. markov chains/

21. monte carlo method/

22. exp Decision Theory/

23. (markov* or monte carlo).ti,ab.

24, econom™ model*.ti,ab.

25. (decision* adj2 (tree* or analy* or model*)).ti,ab.
26. or/1-25

Embase search terms

1. funding/

2. budget*.ti,ab.

3. cost*.ti.

4, (economic* or pharmaco?economic*).ti.
5. (price* or pricing*).ti,ab.

6. (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ab.
7. (financ* or fee or fees).ti,ab.

8. (value adj2 (money or monetary)).ti,ab.
9. statistical model/

10. exp economic aspect/

11. 9 and 10

12. *theoretical model/

13. *nonbiological model/

14. stochastic model/

15. decision theory/

National Clinical Guideline Centre, 2014.
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16. decision tree/

17. monte carlo method/

18. (markov* or monte carlo).ti,ab.

19. econom* model*.ti,ab.

20. (decision* adj2 (tree* or analy* or model*)).ti,ab.
21. or/1-8,11-20

G.2.8 Quality of life

Medline search terms

1. "Value of Life"/

2. quality adjusted life.tw.

3. (qaly$ or galdsS or gale$S or gtimeS).tw.

4, disability adjusted life.tw.

5. dalyS.tw.

6. Health Status Indicators/

7. (sf36 or sf 36 or short form 36 or shortform 36 or sf thirtysix or sf thirty six or shortform thirtysix
or shortform thirty six or short form thirtysix or short form thirty six).tw.

8. (sfé or sf 6 or short form 6 or shortform 6 or sf six or sfsix or shortform six or short form six).tw.
(sf12 or sf 12 or short form 12 or shortform 12 or sf twelve or sftwelve or shortform twelve or
short form twelve).tw.

10. (sf16 or sf 16 or short form 16 or shortform 16 or sf sixteen or sfsixteen or shortform sixteen or
short form sixteen).tw.

11. (sf20 or sf 20 or short form 20 or shortform 20 or sf twenty or sftwenty or shortform twenty or
short form twenty).tw.

12. (euroqol or euro qol or eq5d or eq 5d).tw.

13. (hgl or hgol or h gol or hrgol or hr gol).tw.

14. (hye or hyes).tw.

15. healthS equivalent$ year$.tw.

16. (hui or huil or hui2 or hui3).tw.

17. utilitS.tw.

18. disutilitS.tw.

19. rosser.tw.

20. quality of wellbeing.tw.

21. gwb.tw.

22. willingness to pay.tw.

23. standard gambleS.tw.

24, time trade off.tw.

25. time tradeoff.tw.

26. tto.tw.

27. or/1-26

28. glasgow outcome scale.mp.

29. 27 or 28

National Clinical Guideline Centre, 2014.
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Embase search terms

1. quality adjusted life.tw.

2 (qaly$ or galdsS or gale$ or gtime$).tw.

3 disability adjusted life.tw.

4. dalyS.tw.

5 (sf36 or sf 36 or short form 36 or shortform 36 or sf thirtysix or sf thirty six or shortform thirtysix
or shortform thirty six or short form thirtysix or short form thirty six).tw.

6. (sfé or sf 6 or short form 6 or shortform 6 or sf six or sfsix or shortform six or short form six).tw.
(sf12 or sf 12 or short form 12 or shortform 12 or sf twelve or sftwelve or shortform twelve or
short form twelve).tw.

8. (sf16 or sf 16 or short form 16 or shortform 16 or sf sixteen or sfsixteen or shortform sixteen or
short form sixteen).tw.

9. (sf20 or sf 20 or short form 20 or shortform 20 or sf twenty or sftwenty or shortform twenty or
short form twenty).tw.

10. (eurogol or euro qol or eq5d or eq 5d).tw.

11. (hgl or hgol or h gol or hrgol or hr gol).tw.

12. (hye or hyes).tw.

13. health$ equivalent$ year$.tw.

14. (hui or huil or hui2 or hui3).tw.

15. health utilitS.tw.

16. disutilitS.tw.

17. rosser.tw.

18. (quality of wellbeing or quality of well being).tw.

19. gwb.tw.

20. willingness to pay.tw.

21. standard gambleS$.tw.

22. time trade off.tw.

23. time tradeoff.tw.

24. tto.tw.

25. or/1-24

26. glasgow outcome scale.mp.

27. 250r 26
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Searches by specific questions

Direct transport to hospital

e What is the effectiveness of pre-hospital assessment tools for selecting adults, infants and
children with head injury for transport direct to specialist neuroscience care or a major trauma
centre with neuroscience if the nearest hospital does not provide these?

Searches constructed in Medline, Embase and The Cochrane Library by combining the columns in the
following table using the AND Boolean operator

Population

Head injury

Head injury

Intervention /

exposure Comparison Study filter used Date parameters

Transport to hospital n/a Prediction rules All years to
(Medline and 31/05/13
Embase only

Transport to hospital n/a Triage (Medline All years to

and Embase only 31/05/13

Medline search terms

1.

exp Emergency Service, Hospital/

2.

(neuroscien* or neurosurg* or neurol* or emergency department or "accident and
emergency" or "A and E" or "A & E" or A&E).ti,ab.

(trauma adj (centre* or center*)).ti,ab.

e

((speciali* or tertiary or critical care or intensive care or regional or district general) adj2 (cent*
or unit* or hospital* or facilit*)).ti,ab.

or/1-4

"transportation of patients"/ or ambulances/

(transport* or transfer* or bypass or by pass or direct).ti,ab.

or/6-7

O|® N WU,

5and 8

Embase search terms

1.

emergency health service/

2.

(neuroscien* or neurosurg* or neurol* or emergency department or "accident and
emergency" or "A and E" or "A & E" or A&E).ti,ab.

(trauma adj (centre* or center*)).ti,ab.

s

((speciali* or tertiary or critical care or intensive care or regional or district general) adj2 (cent*
or unit* or hospital* or facilit*)).ti,ab.

or/1-4

patient transport/

(transport* or transfer* or bypass or by pass or direct).ti,ab.

or/6-7

O |® N ¢!

5and 8

Cochrane search terms

#1. MeSH descriptor: [Emergency Service, Hospital] explode all trees

#2. (neuroscien* or neurosurg* or neurol* or emergency department or "accident and
emergency" or "Aand E" or "A & E" or A&E):ti,ab

#3. (trauma near/1 (centre* or center*)):ti,ab

#4. ((speciali* or tertiary or critical care or intensive care or regional or district general) near/2
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(cent™ or unit* or hospital* or facilit*)):ti,ab
#5. #lor#2or#3 or#4
#6. MeSH descriptor: [Transportation of Patients] this term only
#7. MeSH descriptor: [Ambulances] this term only
#8. (transport® or transfer* or bypass or by pass or direct):ti,ab
#9. #6 or #7 or #8
#10. #5 and #9

CT Imaging of the head
e Whatis (are) the best clinical prediction rule(s) for selecting adults, infants and children with head
injury for CT imaging of the head?
Search constructed in Medline, Embase and the Cochrane Library by combining the columns in the
following table using the AND Boolean operator
Intervention /

Population exposure Comparison Study filter used Date parameters
Head injury CT Imaging n/a Prediction rules From 2006 to
(Medline and 31/05/13

Embase only

Medline search terms

1. tomography/ or exp tomography, emission-computed/ or exp tomography, x-ray/
2. (compute* adj2 tomograph*).ti,ab.

3. ((ct or cat) adj scan*).ti,ab.

4, or/1-3

Embase search terms

1. tomography/ or brain tomography/ or exp computer assisted tomography/ or exp emission
tomography/
2. (compute* adj2 tomograph*).ti,ab.

((ct or cat) adj scan*).ti,ab.

4, or/1-3

Cochrane search terms

#1. MeSH descriptor Tomography, this term only

#2. MeSH descriptor Tomography, Emission-Computed explode all trees
#3. MeSH descriptor Tomography, X-Ray explode all trees

#4. (compute* near/2 tomograph*):ti,ab

#5. ((ct or cat) next scan*):ti,ab

#6. (#1 or #2 or #3 or #4 or #5)

National Clinical Guideline Centre, 2014.
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Anticoagulants

e What is the best clinical prediction rule for selecting adults, infants and children with head injury
for imaging who have no history of amnesia or loss of consciousness who are on anticoagulant or
antiplatelet therapy?

Search constructed in Medline, Embase and the Cochrane Library by combining the columns in the
following table using the AND Boolean operator

Population

Head injury

Head injury

Intervention /
exposure Comparison Study filter used Date parameters

Anticoagulants n/a Predictive rules All years to
(Medline and 31/05/13
Embase only)

Anticoagulants and CT  n/a n/a All years to
imaging 31/05/13

Medline search terms - Anticoagulants

exp Anticoagulants/

exp Platelet Aggregation Inhibitors/

exp Thrombolytic Therapy/

exp Fibrinolytic Agents/

(antithromb* or thrombolytic* or anticoagulant® or antiplatelet*).ti,ab.

Ok W INIE

(Glycoprotein or Abciximab or Eptifibatide or Tirofiban or ADP receptor or P2Y12 inhibitor* or
thienopyridines or Clopidogrel or Prasugrel or Ticlopidine or Nucleotide analog* or nucleoside
analog* or Cangrelor or Elinogrel or Ticagrelor or Prostaglandin analogue* or PGI2 or
Beraprost or Prostacyclin or lloprost or Treprostinil or COX inhibitor* or Acetylsalicylic acid or
Aspirin or Aloxiprin or Carbasalate calcium or Indobufen or Triflusal or Thromboxane inhibitor*
or thromboxane synthase inhibitors or Dipyridamole or Picotamide or Terutroban or
Phosphodiesterase inhibitor* or Cilostazol or Triflusal or Cloricromen or Ditazole or Vitamin K
antagonist* or Coumarin* or Acenocoumarol or Coumatetralyl or Dicoumarol or Ethyl
biscoumacetate or Phenprocoumon or Warfarin or 1,3-Indandiones or Clorindione or
Diphenadione or Phenindione or Tioclomarol or Factor Xa inhibitor* or Heparin* or
Glycosaminoglycan* or Bemiparin or Certoparin or Dalteparin or Enoxaparin or Nadroparin or
Parnaparin or Reviparin or Tinzaparin or Oligosaccharide* or Fondaparinux or Idraparinux or
heparinoid or Danaparoid or Sulodexide or Dermatan sulfate or Direct Xa inhibitor* or xabans
or Apixaban or Betrixaban or Edoxaban or Otamixaban or Rivaroxaban or Direct thrombin
inhibitor* or Hirudin* or Bivalirudin or Lepirudin or Desirudin or Argatroban or Dabigatran or
Melagatran or Ximelagatran or Defibrotide or Ramatroban or Protein C or Drotrecogin
alfa).mp.

7.

or/1-6

Medline search terms — CT Imaging

tomography/ or exp tomography, emission-computed/ or exp tomography, x-ray/

(compute* adj2 tomograph*).ti,ab.

((cat or ct) adj scan*).ti,ab.

1
2
3.
4

or/1-3

Embase search terms -Anticoagulants

1.

exp anticoagulant agent/

fibrinolytic therapy/

(antithromb* or thrombolytic* or anticoagulant® or antiplatelet™*).ti,ab.

2
3.
4

(Glycoprotein or Abciximab or Eptifibatide or Tirofiban or ADP receptor or P2Y12 inhibitor* or
thienopyridines or Clopidogrel or Prasugrel or Ticlopidine or Nucleotide analog* or nucleoside
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analog* or Cangrelor or Elinogrel or Ticagrelor or Prostaglandin analogue* or PGI2 or
Beraprost or Prostacyclin or lloprost or Treprostinil or COX inhibitor* or Acetylsalicylic acid or
Aspirin or Aloxiprin or Carbasalate calcium or Indobufen or Triflusal or Thromboxane inhibitor*
or thromboxane synthase inhibitors or Dipyridamole or Picotamide or Terutroban or
Phosphodiesterase inhibitor* or Cilostazol or Triflusal or Cloricromen or Ditazole or Vitamin K
antagonist* or Coumarin* or Acenocoumarol or Coumatetralyl or Dicoumarol or Ethyl
biscoumacetate or Phenprocoumon or Warfarin or 1,3-Indandiones or Clorindione or
Diphenadione or Phenindione or Tioclomarol or Factor Xa inhibitor* or Heparin* or
Glycosaminoglycan* or Bemiparin or Certoparin or Dalteparin or Enoxaparin or Nadroparin or
Parnaparin or Reviparin or Tinzaparin or Oligosaccharide* or Fondaparinux or Idraparinux or
heparinoid or Danaparoid or Sulodexide or Dermatan sulfate or Direct Xa inhibitor* or xabans
or Apixaban or Betrixaban or Edoxaban or Otamixaban or Rivaroxaban or Direct thrombin
inhibitor* or Hirudin* or Bivalirudin or Lepirudin or Desirudin or Argatroban or Dabigatran or
Melagatran or Ximelagatran or Defibrotide or Ramatroban or Protein C or Drotrecogin
alfa).mp.

or/1-4

Embase search terms — CT Imaging

1. tomography/ or brain tomography/ or exp computer assisted tomography/ or exp emission
tomography/

2. (compute* adj2 tomograph*).ti,ab.
((cat or ct) adj scan*).ti,ab.

4, or/1-3

Cochrane search terms - Anticoagulants

#1.

MeSH descriptor: [Anticoagulants] explode all trees

#2.

MeSH descriptor: [Platelet Aggregation Inhibitors] explode all trees

#3.

MeSH descriptor: [Thrombolytic Therapy] explode all trees

#4.

MeSH descriptor: [Fibrinolytic Agents] explode all trees

#5.

(antithromb* or thrombolytic* or anticoagulant® or antiplatelet*):ti,ab

#6.

(Glycoprotein or Abciximab or Eptifibatide or Tirofiban or ADP receptor or P2Y12 inhibitor* or
thienopyridines or Clopidogrel or Prasugrel or Ticlopidine or Nucleotide analog* or nucleoside
analog* or Cangrelor or Elinogrel or Ticagrelor or Prostaglandin analogue* or PGI2 or
Beraprost or Prostacyclin or lloprost or Treprostinil or COX inhibitor* or Acetylsalicylic acid or
Aspirin or Aloxiprin or Carbasalate calcium or Indobufen or Triflusal or Thromboxane inhibitor*
or thromboxane synthase inhibitors or Dipyridamole or Picotamide or Terutroban or
Phosphodiesterase inhibitor* or Cilostazol or Triflusal or Cloricromen or Ditazole or Vitamin K
antagonist* or Coumarin* or Acenocoumarol or Coumatetralyl or Dicoumarol or Ethyl
biscoumacetate or Phenprocoumon or Warfarin or 1,3-Indandiones or Clorindione or
Diphenadione or Phenindione or Tioclomarol or Factor Xa inhibitor* or Heparin* or
Glycosaminoglycan* or Bemiparin or Certoparin or Dalteparin or Enoxaparin or Nadroparin or
Parnaparin or Reviparin or Tinzaparin or Oligosaccharide* or Fondaparinux or Idraparinux or
heparinoid or Danaparoid or Sulodexide or Dermatan sulfate or Direct Xa inhibitor* or xabans
or Apixaban or Betrixaban or Edoxaban or Otamixaban or Rivaroxaban or Direct thrombin
inhibitor* or Hirudin* or Bivalirudin or Lepirudin or Desirudin or Argatroban or Dabigatran or
Melagatran or Ximelagatran or Defibrotide or Ramatroban or Protein C or Drotrecogin alfa)

#7.

#1 or #2 or #3 or #4 or #5 or #6

Cochrane search terms — CT Imaging

#1. MeSH descriptor: [Tomography] this term only

#2. MeSH descriptor: [Tomography, Emission-Computed] explode all trees
#3. MeSH descriptor: [Tomography, X-Ray] explode all trees

#4. (compute* near/2 tomograph*):ti,ab

National Clinical Guideline Centre, 2014.
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#5. ((ct or cat) next/1 scan*):ti,ab
#6. #1 or #2 or #3 or #4 or #5
Biomarkers

e What is the diagnostic accuracy of biomarkers (S100b, NSE, GFAP) in the emergency
department for selecting patients with head injury for CT imaging of the head?

Search constructed in Medline, Embase and the Cochrane Library by combining the columns in the
following table using the AND Boolean operator

Intervention /

Population exposure Comparison Study filter used Date parameters
Head injury Biomarkers n/a n/a All years to
31/05/13

Medline search terms

1. exp S100 Proteins/

Glial Fibrillary Acidic Protein/

Phosphopyruvate Hydratase/

2
3
4, (5100b or s100 or NSE or neuron-specific enolase or GFAP or glial fibrillary acid protein).ti,ab.
5 or/1-4

Embase search terms

1. protein S 100/

2 glial fibrillary acidic protein/

3 neuron specific enolase/

4. (S100b or s100 or NSE or neuron-specific enolase or GFAP or glial fibrillary acid protein).ti,ab.
5 or/1-4

Cochrane search terms

#1. MeSH descriptor: [S100 Proteins] explode all trees

#2. MeSH descriptor: [Glial Fibrillary Acidic Protein] this term only

#3. MeSH descriptor: [Phosphopyruvate Hydratase] this term only

#4. (S100b or s100 or NSE or neuron-specific enolase or GFAP or glial fibrillary acid protein):ti,ab
#5. #1 or #2 or #3 or #4

Cervical spine
Searches for the following three questions were run as one search:

e What is the best clinical prediction rule for determining which people with head injury should
be imaged (initial imaging with X-ray or CT) for cervical spine injury?

e What is the best clinical prediction rule for determining which people with head injury, who
have received a negative X-ray, should have further imaging with CT or MRI for cervical spine
injury?

e What is the best clinical prediction rule for determining which people with head injury, who
have received a negative CT scan, should have further imaging with MRI for cervical spine
injury?

Search constructed by combining the columns in the following table using the AND Boolean operator.
There were two parts to the search: the first looked for prediction rules for imaging in patients with a

National Clinical Guideline Centre, 2014.
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cervical spine injury in Medline, Embase and the Cochrane Library; the second looked for any study
for imaging in patients with head injury and a cervical spine injury in Medline and Embase only.

Intervention /

Population exposure Comparison Study filter used Date parameters
Cervical spine Imaging (CTor MRlor  n/a Predictive rulesor All years to
injury X-ray) observational 31/05/13

studies (Medline
and Embase only

Head injury AND Imaging (CT or MRlor  n/a n/a All years to
cervical spine X-ray) 31/05/13
injury

Medline search terms

1. tomography/ or exp magnetic resonance imaging/ or exp tomography, emission-computed/ or
exp tomography, x-ray/ or Radiography/ or Neuroradiography/

(compute* adj2 tomograph*).ti,ab.

((ct or cat) adj scan*).ti,ab.

((MR or magnetic resonance or NMR) adj2 (imag* or tomograph* or angiograph*)).ti,ab.

MRI.ti,ab.

(radiograph* or xray* or x-ray* or x ray*).ti,ab.

N|o |k jw N

Or/1-7

Embase search terms

1. tomography/ or brain tomography/ or exp computer assisted tomography/ or exp emission
tomography/ or exp nuclear magnetic resonance imaging/ or radiography/

(compute* adj2 tomograph*).ti,ab.

((ct or cat) adj scan*).ti,ab.

((MR or magnetic resonance or NMR) adj2 (imag* or tomograph* or angiograph*)).ti,ab.

MRI.ti,ab.

(skull adj2 (xray* or x-ray* or radiograph*)).ti,ab.

N|o | is W N

or/1-6

Cochrane search terms

#1. MeSH descriptor Tomography, this term only

#2. MeSH descriptor Tomography, Emission-Computed explode all trees
#3. MeSH descriptor Tomography, X-Ray explode all trees

#4. (compute* near/2 tomograph*):ti,ab

#5. ((ct or cat) near/2 scan*):ti,ab

#6. MeSH descriptor Magnetic Resonance Imaging explode all trees

#7. ((MR or magnetic resonance or NMR) near/2 (imag* or tomograph* or angiograph*)):ti,ab
#8. MRI:ti,ab

#9. MeSH descriptor Radiography, this term only

#10. MeSH descriptor Neuroradiography, this term only

#11. (radiograph* or xray* or x-ray* or x ray*):ti,ab

#12. (#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11)

National Clinical Guideline Centre, 2014.
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Patient information
Searches for the following two questions were run as one search:

e What information and support do patients with head injury, with or without cervical spine
injury, say they want?

e What discharge information should be given to patients with head injury with or without
cervical spine injury?

Search constructed in Medline, Embase and Cinahl by combining the columns in the following table

using the AND Boolean operator

Intervention /
Population exposure Comparison Study filter used Date parameters

Head injury n/a n/a Patient views and  From 2003 to
qualitative studies 31/05/13

Economics searches

Economics reviews

Economic searches were conducted in Medline, Embase, HEED and CRD for NHS EED and HTA.
Intervention /

Population exposure Comparison Study filter used Date parameters
People of any n/a n/a Economic (Medline Medline and
age with a head and Embase only Embase from
injury 2010 to 31/05/13

CRD and HEED
from 2006 to

31/05/13
CRD search terms
#1 MeSH DESCRIPTOR Craniocerebral Trauma EXPLODE ALL TREES
#2 (((head or brain) adj3 (injur* or trauma))) OR ((skull adj3 fracture*))
#3 (((cerebral or craniocerebral) adj3 trauma))
#4 #1 OR #2 OR #3
HEED search terms
1. ax= head injury within 3
2. ax= head injuries within 3
3. ax= brain injury within 3
4. ax= brain injuries within 3
5. ax= head trauma within 3
6. ax= brain trauma within 3
7. ax= skull fracture within 3
8. ax= skull fractures within 3
9. ax= skull fractured within 3
10. ax= cerebral trauma within 3
11. ax= craniocerebral trauma within 3
12. cs=1lor2or3ordor5or6or7or8or9orl0oril

National Clinical Guideline Centre, 2014.
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G.4.2 Quality of life searches

Quality of life searches were conducted in Medline and Embase for two specific areas: patients using
anticoagulation therapy and patients with a cervical spine injury.

People of any Anticoagulation Quality of life All years to
age with a head 31/05/13
injury

Cervical spine n/a n/a Quality of life All years to
injury 31/05/13

National Clinical Guideline Centre, 2014.
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Appendix H: Clinical evidence tables

Table 12:

CATCH
CCHR
CCR
CHALICE
CHIP
cT

ED

FN

FP

GCS
GFAP
HTA

Icl

IQR
LoC
MHI
MRI

NA

NR
NCWFNS
NEXUS

NOC
NPV

NSE
OR

PECARN
PPV

S100B
SEM

TBI

List of abbreviations used

Canadian Assessment of Tomography for Childhood Injury
Canadian Head CT Rule

Canadian Cervical Spine Rule

Children’s Head injury Algorithm for the prediction of Important Clinical Events
CT in Head Injury Patients

Computed tomography

Emergency department

False-negative

False-positive

Glasgow Coma Scale or Score

Glial fibrillary acidic protein

Health Technology Assessment

Intracranial injury

Interquartile range

Loss of Consciousness

Minor head injury

Magnetic Resonance Imaging

Not applicable

Not reported

Neurotraumatology Committee of the World Federation of Neurosurgical Societies
National Emergency X-Radiography Utilization Study

New Orleans Criteria

Negative predictive value

Neuron-specific enolase
Odds ratio

Paediatric Emergency Care Applied Research Network

Positive predictive value
$100 calcium-binding protein B
Standard error of the mean

Traumatic Brain Injury

National Clinical Guideline Centre, 2014.
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TN True-negative

TP True-positive

National Clinical Guideline Centre, 2014.
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Clinical decision rules for imaging the head

Table 11: Bouida 2013

Reference

Bouida
2013>*

Study type

Prospective
diagnostic
cohort
(validation
of Canadian
CT head rule
and the New
Orleans
Criteria)

Setting:
Multicenter

study,
Tunisia

Number of patients

N = 1582 (1664 with
82 excluded due to
incomplete data).

Inclusion criteria:

Consecutive patients
presenting to the
emergency
department with
mild head injury
(blunt trauma to the
head within 24h,
with a GCS of 13 - 15
and at least one of:
history of loss of

consciousness, short-
term memory deficit,

amnesia for the
traumatic event,
posttraumatic
seizure, vomiting,
headache, external
evidence of injury
above the clavicles,
confusion, and

National Clinical Guideline Centre, 2014.

Patient
characteristics

Age, mean
(range) =32, (14
-97)

Sex, male =
1212 (76.6%)

Initial score on
GCS

15=1249

Received CT =
1122 (70.9%)

Intervention and comparison
(Index test and reference
standard)

Baseline data recorded and
included clinical criteria to define
New Orleans Criteria and Canadian
Head rule decision rule.
Participating physicians were asked
to indicate at the end of their initial
assessment whether the patient
was rule positive or negative. After
clinical assessment, a standard CT
scan of the head was performed at
the discretion of the treating
physician. 2 senior radiologists,
blinded to the patient data,
independently interpreted the CT
scan. Follow up information for
patients who did not undergo CT
scanning was collected by
structured telephone interview.
Patients discharged home received
instructions for observation and
return to the ED for clinical
reassessment if they had:
headache, memory and
concentration problems, seizure,
focal motor findings, and inability

Outcome
measures

Intracranial lesion

(Canadian CT
Head Rule)

Neurosurgical
intervention

(Canadian CT
Head Rule)

Effect sizes

TP =207

FP =472
FN=11

TN =892
Sensitivity = 95
(92 -98)
Specificity = 64
(62 - 68)

PPV =30 (27 -
33)

NPV =99 (98 -
100

TP =34

FP =622

FN=0

TN =926

Sensitivity = 100

(90 - 100)
Specificity = 60
(44 - 76)
PPV=5(3-7)

NPV = 100 (99 -

100)

Comments

Source of

funding:
Research
supported by a
grant from the
Tunisian State
Department of
Research.
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Reference  Study type Number of patients

neurological deficit.

Exclusion criteria:
Younger than 10
years, had a GCS < 13
or instable vital signs,
were pregnant,
received warfarin or
had a bleeding
disorder, had an
obvious penetrating
skull injury, or had
contraindications for
CT..

National Clinical Guideline Centre, 2014.

Patient
characteristics

Outcome
measures

Intervention and comparison
(Index test and reference
standard)

to return to usual dally activities. Intracranial lesion

(New Orleans
Need for neurosurgical criteria)
intervention: death or need for any
of the following within 30 days of
injury: craniotomy, monitoring of
intracranial pressure, need for
intubation for the treatment of
head injury. Brain lesions defined
as any acute intracranial finding
revealed on CT that was

attributable to acute injury.

Neurosurgical
intervention

Patients who did not undergo CT
were classified as having no
clinically important brain injury if at
15 days after ED discharge none of
the above criteria requiring return
to ED are present,.

(New Orleans
criteria)

Effect sizes

TP = 187

FP =976

FN= 31

TN =388
Sensitivity = 86
(81-91)
Specificity = 28
(26 - 30)

PPV =16 (14 -
18)

NPV =93 (90 -
96)

TP =28
FP=1152
FN=6

TN =396
Sensitivity = 82
(69 - 95)
Specificity = 26
(24 - 28)

PPV =2(1-3)
NPV =99 (98 -
100)

Comments
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Table 13: Fabbri 2011

Reference  Study type

Fabbri
2011133,137

Prospective
diagnostic
cohort
(validation
of NEXUS
and
derivation of
a new rule)

Setting:
Multicenter

study, Italy

Number of patients

N =2391

Inclusion criteria:

Consecutively triaged
children within 24h
after injury, aged <10
years.

Exclusion criteria:

Head injuries needing
sedation for
intubation before
emergency
department
admission, multiple
injuries, severe
hypotension caused
by extracranial
injuries and
penetrating injuries.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Age, Median
(range) = 3 (IQR,
1-5)

Sex, male =
2502 (64.8%)
Initial score on
GCS

15 =3489
(90.2%)

14 =282 (7.3%)
13 =95(2.5%)

Received CT =
2043 (52.8%)
1823 =
discharged
directly from
emergency
department

Intervention and comparison
(Index test and reference
standard)

Review of all children with
documented intracranial lesions in
medical databases.

A member of the emergency
department then contacted all
cases by means of a structured
telephone interview to evaluate
the outcome by GCS at 6 months
follow up.

Main outcome was post traumatic
lesion on CT scan within 7 days
after injury. Posttraumatic lesions
requiring admission to hospital and
follow-up included: intracerebral
hematoma or brain contusion,
traumatic subarachnoid
haemorrhage, subdural
haemorrhage, epidural hematoma,
intraventricular haemorrhage and a
depressed skull fracture.

NEXUS Il rule used or Italian
proposal, which consisted of:

Abnormal GCS, evidence of skull or
base fracture, abnormal neurologic
examination, vomiting, loss of
consciousness, drowsiness or
amnesia, headache, impact seizure.

Outcome
measures

Intracranial lesion

(NEXUS)

Intracranial lesion

(Italian proposal)

Effect sizes Comments

TP =16

FP =963

FN=2

TN = 1410
Sensitivity =
88.9 (63.9 -95.6)
Specificity =
59.4 (57.4 -
61.3)

Source of

funding:
None reported

NPV =99.9

TP =18

FP =566
FN=0

TN = 1807
Sensitivity =
1.00 [78.1 -
99.7]

Specificity =
76.1[74.4 -
77.8]

NPV=100
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Table 14: Fuller 2011

Reference

Fuller

2011

155

Study type

Prospective
cohort
(retrospectiv
e database
search)
Validation of
PECARN in
CHALICE
data set.

Setting: UK

Number of patients

N = 22,772 (10415
suitable for PECARN
rule 5 - 16 years,
4717 suitable for < 2
years)

Inclusion criteria:
Children 5 - 16 years
presenting to the
emergency
department of 10
northwest England
hospitals with head
injury.

Additional
information from
authors: Children <2
years from CHALICE
cohort.

Exclusion criteria:
None reported

National Clinical Guideline Centre, 2014.

Patient
characteristics

Entire cohort:
Age, mean =5.7
years

Sex, male =
65%

Intervention and comparison
(Index test and reference
standard)

CHALICE patients >5 years were
categorised according to PECARN
CDR predictors and outcomes
(clinically important head injury:
death from head injury,
neurosurgery, intubation >24h,
hospital admission >2 nights with
positive CT head).

Outcome
measures

Intracranial lesion

(5 - 16 years)

Additional
information from
authors: (5 - 16
years)

Additional
information from
authors:
Intracranial lesion

(<2 years)

Effect sizes

Sensitivity = 95
(91-97)
Specificity = 75
(74 - 76)

NPV = 99.8
(99.7 - 99.9)
TP =234

FP = 2544
FN=12

TN = 7625

PPV =84 (7.4 -
9.5)

TP =17

FP =1750
FN=0

TN = 2950
Sensitivity = 100
(80.5 - 100)
Specificity =
62.8 (61.4 -
64.2)

NPV = 100 (99.9
-100

PPV = 0.96 (0.6 -
1.5)

Comments

Source of

funding:
None reported
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Table 15: Osmond 2010

Reference

Osmond
2010370,371
Linked to
Osmond
2006
(abstract
onIy)370
Validation
provided
in Osmond
2012°%
(abstract
only)

Study type

Prospective
diagnostic
cohort
(derivation
of the
CATCH
decision
rule)

Setting: 10
Canadian

paediatric
teaching
institutions

Number of patients

N = 3866

Inclusion criteria:

1) Consecutive
children enrolled, 0 —
16 years

2) Blunt trauma to
the head resulting in
witnessed loss of
consciousness,
definite amnesia,
witnessed
disorientation,
persistent vomiting
(>2 more distinct
episodes of vomiting
15 mins apart) or
persistent irritability
in the emergency
department (children
<2 years).

3) Initial score of 13
GCS, in emergency
department, as
determined by the
treating physician.
4) Injury within past
24 hours.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Consecutive
children
enrolled, 0 - 16
years

Age, Median
(range) = 10 (0-
16)

Sex, male =
2502 (64.8%)
Initial score on
GCS

15 =3489
(90.2%)

14 =282 (7.3%)
13 =95(2.5%)

Received CT =
2043 (52.8%)
1823 =
discharged
directly from
emergency
department

Intervention and comparison
(Index test and reference
standard)

Patients underwent clinical
examination, treating physician
determined whether a CT of the
head was required. Radiologists
interpreted CT blinded to data
collection form.

Patients who did not receive a CT
were classified as not having a
clinically important brain injury
after follow up at 14 days by
telephone interview (headache
absent or mild, no memory or
concentration problems, no
seizures and retuned to usual daily
activities e.g. feeding, sleeping,
school, play, work). Patients who
did not undergo CT and not
reached for follow up were
excluded from final analysis (n =
245).

Variables (from history and
physical examination) with the
highest association with brain
injury found on physical
examination and a rule was derived
using recursive partitioning
analysis:

Outcome
measures

Brain injury - high
and medium risk
(any acute
intracranial
finding revealed
on CT that was
attributable to
acute injury,
including closed
depressed skull
fracture and
pneumocephalus,
but excluding non
depressed skull
fractures and
basilar skull
fractures.)

Neurological
intervention -
high risk (death
within 7 days
secondary to
head injury or
need for
craniotomy,
elevation of skull
fracture,
monitoring of
intracranial
pressure or
insertion of an

Effect sizes

24 (0.6%)
(underwent
neurologically
intervention)

CATCH rule:
TP =156
FP=1851
FN=3

TN = 1856
Sensitivity =
98.1 [95, 100]
Specificity =
50.1 [48, 52]

TP =24
FP=1144

FN=0

TN = 2698
Sensitivity = 100
[86 - 100]
Specificity =
70.2 [69 - 72]

Comments

Source of

funding:
Funded by
grants from the
Canadian
Institutes of
Health
Research (CIHR
funding
reference MOP-
43911), the
emergency
Health services
Branch of the
Ontario
Ministry of
Health and
Long-Term Care
and the Alberta
Children’s
Hospital
Foundation.
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Reference

Study type

Number of patients

Exclusion criteria:
1) Obvious
penetrating skull
injury or obvious
depressed fracture,
acute focal
neurologic deficit,
chronic generalised
developmental delay
or head injury
secondary to
suspected child
abuse.

2) Patients returning
for reassessment of a
previously treated
head injury and those
who were pregnant.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Intervention and comparison
(Index test and reference
standard)

Canadian Assessment of
Tomography for Childhood Head
Injury: the CATCH rule

High risk (need for neurologic
intervention

1) GCS <15 at 3 hours after injury

2) Suspected open or depressed
skull fracture

3) History of worsening headache
4) Irritability on examination
Medium risk (brain injury on CT

scan)
5) Any sign of basal skull fracture

6) Large, boggy haematoma of the
scalp

7) Dangerous mechanism of injury

Outcome
measures

endotrachial tube
for treatment of
head injury)

Validation of
CATCH rule, n =
4060

Neurological
intervention -

high risk

Validation of
CATCH rule, n =
4060

Brain injury - high
and medium risk

Effect sizes

CATCH rule:
TP =20

FP =538

FN=3

TN = 3487
Sensitivity = 87
[68 - 95]
Specificity =
87 [86 - 86 - 88]
CATCH rule:
TP =193
FP=1331
FN=4

TN = 2520
Sensitivity = 98
[95 - 99]
Specificity =

65 [64 - 67]

Comments
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Table 16: Pandor 2011

Reference

Pandor et
al, 2011%"°

Only data
relating to
decision
rules
presented
here. HTA
report also
reviews
studies
relating to
bio-
markers,
individual
patient
characteris
tics

Study type

Health
Technology
Assessment
systematic
review of
diagnostic
cohort studies
(prospective or
retrospective)
with a minimum
of 20 patients

Excluded: Case
control studies,
animal studies,
narrative
reviews,
editorials,
opinions, non-
English
language
papers, reports
in which
insufficient
methodological
details reported
to allow critical
appraisal of the
study quality.

Number of patients

Adults

N = 19 studies
reporting data for 25
decision rules, 11
were evaluated in
more than one
dataset

6 also stratified into
two categories, one
to identify those
needing
neurosurgery (high
risk) and one to
identify those at risk
of ICl (medium risk)
6 included
coagulapathy as part
of the decision rule
(criteria varied
between rules).

Children

N = 14 studies
reporting data for 15
decision rules, 4 were
evaluated in more
than one dataset for
ICl only

4 presented more

National Clinical Guideline Centre, 2014.

Patient Intervention and comparison

characteristics (Index test and reference
standard)

Inclusion Index tests:

criteria e Application of a clinical

Population: All decision rule (defined as a

adults and decision making toll that

children of any
age with mild
head injury
(defined as
patients with
blunt head
injury and a GCS
of 13-15 at
presentation.
Studies with a
broad range of
head injury *
provided >50%

had mild head

injury.

Exclusion
criteria:
Population:
Moderate or
severe head
injury (defined
as GCS of <12 at
presentation) or
no history of
injury.

incorporates 3 or more
variables obtained from
the history, physical
examination or simple
diagnostic tests)

Reference standard:

CT scan

Combination of CT scan
and follow-up for those
without CT scan

MRI scan

Outcome
measures

The need for
neurosurgical
intervention

Any intracranial
injury

Effect sizes

Each study tests
their population
against one or
more decision
rules. Results
given in forest
plots. Summary
of studies and
rules tested
presented in
Table 18 - Table
21 below.

Comments

Source of

funding:
National
Institute for
Health
Research
(NIHR) Health
Technology
Assessment
programme
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Referen

ce

Study type

Table 17: Ro 2011

Referen

Ro 2011

ce

418

Study type

Prospective
diagnostic
cohort
(comparing
CCHR, NOC
and NEXUS II
CT rules)

Setting:

5 tertiary
academic
emergency
departments
in Korea.

Number of patients

than one version of
the rule

Number of patients

N=7131

Inclusion criteria:

Consecutive patients
enrolled who
sustained acute blunt
head trauma (any
physical evidence of
head trauma, unless
they had an obvious
penetrating head
injury.

National Clinical Guideline Centre, 2014.

Patient

characteristics

Patient
characteristics

Patients with
minor head
injury

Number of
patients
meeting
inclusion
criteria for
rules:

CCHR: 696
Mean age (SD) =
46.1 (+18.9)
Sex, male = 477
(68.5%)

NOC: 657

Mean age (SD) =
42.8 (+20.7)
Sex, male =451
(68.7%)

NEXUS II: 2951
Mean age (SD) =
39.9 (+22.9)

Intervention and comparison
(Index test and reference
standard)

Intervention and comparison

(Index test and reference
standard)

Used a surveillance registry to

capture predictive variables for
intracranial injury based on CT
rules.

Patients stratified according to
CCHR (high and medium risk
criteria), NOC and NEXUS I
rules. Patients enrolled were
only considered for decision
rule analyses if they met the
inclusion/exclusion criteria of
the specific decision rules.
Primary data collection was by
general physicians (injury
team). Not all patients
underwent CT, but all patients
underwent a structured proxy
outcome measure via
telephone to capture admission
and operation history and other
hospital and neurologic
outcomes at 6 months.

CT scans were interpreted by
the clinical radiologist and also

Outcome
measures

Outcome
measures

Clinically
important brain
injury (any
traumatic finding
identified on CT
scan that
required hospital
admission and
neurosurgical
follow-up.

Effect sizes

Effect sizes

CCHR

TP =112

FP =32

FN= 228

TN =324
Sensitivity = 79.2%
(70.8 — 86%)
Specificity = 41.3%
(37.3 -45.5%)

NOC

TP =91

FP =433

FN=8

TN =125
Sensitivity = 91.9%
(84.7 —96.5%)
Specificity = 22.4%
(19 - 26.1%)

NEXUS Il
TP =511

Comments

Comments

Source of
funding:
Korean
Centers for
Disease
Control and
Prevention
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Reference

Study type

Number of patients

National Clinical Guideline Centre, 2014.

Patient
characteristics

Sex, male =
2059 (69.8%)

Intervention and comparison
(Index test and reference
standard)

independently retrospectively
reviewed by an emergency
physician.

Outcome
measures

Need for
neurosurgical
intervention
(death within 7
days secondary to
TBI, or need for
craniotomy,
elevation of skull
fracture,
intracranial
pressure
monitoring, or
intubation due to
TBI within 7 days
of injury)

Effect sizes

FP=1271

FN= 65

TN =1104
Sensitivity = 88.7%
(85.8 —91.2%)
Specificity = 46.5%
(44.5 — 48.5%)
CCHR

Sensitivity = 100%
(59 - 100%)
Specificity = 38.3%
(34.5-41.9%)

NOC

Sensitivity = 100%
(54.1 - 100%)
Specificity = 20.4%
(17.4 - 23.7%)

NEXUS Il
Sensitivity = 95.1%
(90.1 — 98.0%)
Specificity = 41.4%
(39.5 -43.2%)

Comments
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H.2 Clinical decision rules for imaging the head; summary of studies included

H.2.1 Adult rules

Table 18: Summary of studies reproduced from the HTA: decision rules for adults with mild head injury, definitions of outcomes and reference standards
Reference standard

Rule(s) Reference standard Patients who had Definition of need for used for need for
Study tested Definition of ICI used for ICI CT (n) neurosurgery neurosurgery
Arientaet  Arientaetal. Intracranial lesion: not CT scan or follow-up 762/9917 Neurosurgery or death Retrospective chart
al. 1997" 1997 defined. Injuries listed include  telephone call. Further  (7.7%) review, telephone
extradural haematoma, details NR follow-up
cortical contusion,
subarachnoid haemorrhage,
pneumocephalus, depressed
fracture with contusion,
intracerebral haematoma and
subdural haematoma
Fabbri et CCHR495'497, Stein et al. 2009 — any lesion: Patients were 4177/7955 (52.5%)  Stein et al. 2009 — surgical Assume Hospital
al. 2005"%,  NCWFNs*’,  surgical (intracranial managed accord to intracranial lesion: intracranial records
Stein et NICE>*, haematoma large enough to NCWEFS guidelines haematoma large enough to
al2009%*  NoC*, o require surgical evacuation) where low-risk require surgical evacuation
Nexus.ll ’ pr nonsurgical (other . pe?tients sent home Fabbri et al. 2005: Haematoma
Sg;asndlnawa |n'tracran|al abnormalltY V\.Ilthoutf CT, m.edlum evacuation, skull fracture
n diagnosed on CT) Fabbri et al. risk patients given CT

2005 — any post-traumatic
lesion at CT within 7 days
from trauma: depressed skull
fracture, intracerebral
haematoma/brain contusions,
subarachnoid haemorrhage,
subdural haematoma,
epidural haematoma,
intraventricular haemorrhage

National Clinical Guideline Centre, 2014.

and observed for 3—6
hours if negative then
discharged, high-risk
patients given CT and
observed 24-48 hours.
All discharged with
written advice of signs
and symptoms with
which they should
return

elevation within first 7 days of
injury. Injuries after this period
not considered in this analysis
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Haydel et
al. 2000***

Holmes et
al. 1997°7

Ibanez
and Arikan
2004°*

194

Miller et al.
1997°%

Ibanez and
Arikan
2004°%,
Stein
1996
Tomei et al.
1996°",

481

Arienta et al.

1997",
Lapierre
1998°%,
Murshid
19987,

NOC194

ICI — presence of acute
traumatic ICl: a subdural,
epidural or parenchymal
haematoma, subarachnoid
haemorrhage, cerebral
contusion or depressed skull
fracture

Abnormal CT scan: any CT
scan showing an acute
traumatic lesion (skull
fractures or intracranial
lesions: cerebral oedema,
contusion, parenchymal
haemorrhage, epidural
haematoma, subdural
haematoma, subarachnoid
haemorrhage or
intraventricular haemorrhage)

Relevant positive CT scan:
acute intracranial lesion, not
including isolated cases of
linear skull fractures or
chronic subdural effusions

National Clinical Guideline Centre, 2014.

CT scan

CT scan: patients with
abnormal CT scan

followed to discharge;

those with normal CT
not studied further

CT scan

520/520
(100%)

909/909
(100%)a

264/264
(100%)

1101/1101
(100%)

Neurosurgery

NA

Patients with
abnormal CT scan
followed to discharge
Those with normal CT
not studied further

NA
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Scandinavia
n’>, SIGN
2000*%,
NCWFNS*/,
CCHR495’497,
EFNS>
Madden et Madden et Clinically significant scan: CT scan: scans 537/537 NA NA
al. 1995°%° | 19957 pathology related to trauma examined for bony and  (100%)
affecting the bony calvaria or  soft tissue injury, 273/273
cerebrum (including non- herniation, (100%)®
depressed skull fractures, pneumocephalus,
excluding scalp haematomas, ~ Penetrating injury and
those with no bony skull or the size and location of
intracerebral pathology) any cortical contusions,
lacerations or external
axial haematomas
Miller et Miller et al. Abnormal CT scan: acute CT scan: within 8 hours  2143/2143 Surgical intervention: Hospital records of
al. 1997°% 19973% traumatic intracranial lesion of injury (100%) craniotomy to repair an acute those with positive CT
(contusion, parenchymal traumatic injury or placement scan followed until
haematoma, epidural of a monitoring bolt discharge
haematoma, subdural
haematoma, subarachnoid
haemorrhage) or a skull
fracture
Mower et NEXUS I’ Significant ICI: any injury that  CT scan 13,728/13,728 NA NA
al. 2005*” may require neurosurgical (100%)

intervention, (craniotomy,
intracranial pressure
monitoring, mechanical
ventilation), lead to rapid
clinical deterioration or result
in significant long-term

National Clinical Guideline Centre, 2014.
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Study

Ono et al.
2007°%°

Rosengren
et al.

20047

Smits et al.

2005""

Rule(s)
tested

Ono et al.
2007°%

CCH R495,497

CCH R495,497

NOC194

’
473,474
CHIP B

NCWEFNS™*’,

EFNS>*°,

NICE**

SIGN™*?,

Scandinavia

n’> CHIP

Definition of ICI
neurological impairment

Intracranial lesion: not
defined. Injuries listed include
subdural and epidural
haematoma, subarachnoid
haemorrhage, contusion,
pneumocephalus

Clinically significant ICI:

CT abnormalities not
significant if patient
neurologically intact and had
only one of the following:
solitary contusion <5 mm in
diameter, localised
subarachnoid blood <1 mm
thick, smear subdural
haematoma < 4 mm thick,
isolated pneumocephaly,
closed depressed skull
fracture not through the inner
table (as per Stiell et al. 2001)

Any neurocranial traumatic
finding on CT: any skull or
skull base fracture and any
intracranial traumatic lesion
Smits et al. 2007 (CHIP
derivation) definition differs:
any intracranial traumatic
findings on CT that included
all neurocranial traumatic
findings except for isolated
linear skull fractures

National Clinical Guideline Centre, 2014.

Reference standard
used for ICI

CT scan

CT scan

CT scan

Patients who had
CT (n)

1064/1064
(100%),
152/168
(90.5%)

240/240
(100%)

3181/3181
(100%)
1307/1307
(100%)"

Definition of need for
neurosurgery

NA

Neurological
intervention: not defined

Neurosurgery: a neurosurgical
intervention was any
neurosurgical procedure
(craniotomy, intracranial
pressure monitoring, elevation
of depressed skull fracture or

ventricular drainage) performed

within 30 days of the event

Reference standard
used for need for
neurosurgery

NA

NA

Assume patient
records
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Stielletal.  CCHR***’ Clinically important 1. CT scan ordered on 2078/3121 Within 7 days: death due to Performance Of
2001%%* brain injury on CT: all injuries  basis of judgement of (67%) head injury, craniotomy, neurosurgery as
unless patient neurologically physician in ED or elevation of skull fracture, reported in patient
intact and had one of result of follow-up intracranial pressure records and 14-day
following: solitary contusion < telephone interview monitoring, intubation for head  follow up telephone
5 mm, localised subarachnoid 2. Proxy telephone injury demonstrated on CT interview (interview
blood < 1 mm thick, smear interview performed 100% sensitive for
subdural haematoma <4 mm by registered nurse need for
thick, closed depressed skull (24.4%). For those neurosurgery)
fracture not through inner whose responses did
table not warrant recall for a

CT scan this was the
only reference

standard
Stielletal.  CCHR*™*¥, As per Stiell et al. 2006 As per Stiell et al. 2001 2171/2707 As per Stiell et al. 200126 As per Stiell et al. 2001
2005 Noc™* (80.2%)
1378/1822
(75.6%)"

CHIP, CT in Head Injury Patients; EFNS, European Federation of Neurological Societies; ICD, International Classification of Diseases; NA, not applicable; NCWFNS, Neurotraumatology Committee of
the World Federation of Neurosurgical Societies; NEXUS Il, National Emergency X-Radiography Utilization Study II; NR, not reported.

(a) Different cohort of data.

(b) Subset of cohort.

National Clinical Guideline Centre, 2014.
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Table 19: Decision rules for adults with mild head injury reproduced from the HTA

Criteria
Decision rule

Tested in
study by

Eligibility
criteria®

Mental status
Focal/neurolo

gical deficits

Skull fracture

LOC
Vomiting
Age

Amnesia

Coagulopathy

Seizures

Visible injury

CCHR - High risk

Stiell 2001, Stiell
2005, Stein 2009,
Rosengren 2004

CCHR — Medium
risk

Stiell 2001, Steill
2005, Stein 2009,
Rosengren 2004,
Smits 2005,
Ibanez 2004°

GCS 13-15, clinical characteristics.
Some significant exclusions.

Suspected open,
depressed or
basal

>65

Amnesia before
impact of >30
minutes

National Clinical Guideline Centre, 2014.

NOC

Haydel 2000,
lbanez 2004,
Smits 2005, Stiell
2005, Stein 2009

GCS 15, clinical

characteristics®®

Any
>60 years

Any

Trauma above
clavicles

NICE 2003, 2007°

- lenient - strict
Fabbri 2005 Smits 2007
(NICE 2003),

Smits 2007 (NICE
2003), Stein 2009
(NICE 2007)

Sustained head
injury

Any

Suspected open, depressed or basal

Recurrent
>65 years if with LOC/amnesia®'

Amnesia before
impact of >30
minutes

If with A
LOC/amnesia'

PTS

NICE 2003, 2007°

NCWEFNS — high NCWENS -
risk medium risk
Smits 2007 Fabbri 2005,

Smits 2007, Stein
2009, lbanez
2004°

Mild, minor or trivial head injury (GCS
14-15")

Neurological
deficits

Any

Any
Any

>60 yea rs

Any

Pre-trauma
epilepsy

Arienta” groups
BandY

Arienta 1997,
Ibanez 2004°

Head Injury (GCS
9-15)

Impaired
consciousness

Neurological
deficits

Otorrhagia/otorr
hoea,
rhinorrhoea,
signs of basal
skull fracture

Transitory

Any

Any

Anticoagulant
therapy or
coagulopathy

Any or epileptic

Penetrating or
perforated
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wounds

Intoxication Any Any Alcoholic
patients

Behaviour Uncooperative

Headache Any Diffuse

Previous Intracranial

neurosurgery operations

Failure to GCS<15at2 GCS <15 at 2 hours after injuryi Any

improve hours after injury

Mechanism of DangerousI Dangerous, if

injury with '

LOC/amnesia'

Deterioration

in mental

status

Other Subgaleal
swelling

Table 20: Decision rules for adults with mild head injury reproduced from HTA continued

Testedin  Smits 2007 lbanez Madden 1995 Ono 2007 Smits 2007 Smits 2007, Smits 2007 Smits 2007, Stein 2009,

study by 2004°, Smits Smits 2007, Ibanez 2004° Mower 2005
2007 Ibanez 2004°

Eligibility ~ Mild TBI, GCS 13-15 Acute head MHI Minimal, mild and moderate head Patients with head injury Blunt head

criteria® trauma injury trauma

Mental GCS 13-15 GCS 15 GCS <15° JCS >0 GCS 9-13 GCS 14-15" GCS <12° GCS <15 with  Altered level of

status failure to alertness

National Clinical Guideline Centre, 2014.
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Focal/neu
rological
deficits

Skull
fracture

LOC

Vomiting

Age

Amnesia

Coagulop
athy

Seizures
Visible
injury

Intoxicati
on

Behaviour

National Clinical Guideline Centre, 2014.

Present

Clinical signs
skull fracture
(skull base or
depressed)

Any

<2 years’ or
>60 years

Continued
PTA

Coagulation
disorders
Any

Trauma
above
clavicles

Alcohol/drug
s

p

<30
minutes

p

p

PTA <60
minutes

p

p

Acute
papillary
inequality
Palpable
depressed
skull fracture,
signs of basilar
skull fracture

History of LOC
or LOC>5 mins

Facial injury,
penetrating
skull injury

Combativenes
S

Present

Radiographically demonstrated
skull fracture or clinical signs of
depressed or basal skull fracture

Any >5 minutes <5 minutes

Vomiting or
nausea

60 years®
Any
Therapeutic anticoagulation or

haemophilia
PTS

Progressive
signs

improve within
4 hours

New signs that
are not getting
worse

Radiological/cli
nical evidence
of a fracture.
whatever the
level of
consciousness

(0]

Nausea or
vomiting

Irritability/alte
red behaviour

Neurological
deficit

Evidence of
significant skull
fracture

Persistent

>65 years

Coagulopathy

Scalp
haematoma

Abnormal
behaviour
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Headache Severe Severe or
persistent

Previous Shunt-treated hydrocephalus

neurosurg

ery

Failure to Failure to

improve improve (from
GCS <15)
within 4 hours
of clinical

observation

Mechanis  High-energy P 0

m of accident”

injury

Deteriora Decreasing Deteriorating

tion in level of level of

mental consciousness consciousness

status

Other Unclear or P Multiple injuries ‘Other
ambiguous features’ are
accident not fully
history enumerated®

EFNS, European Federation of Neurological Societies; JCS, Japanese Coma Scale; NEXUS I, National Emergency X-Radiography Utilization Study II; PTA, post-traumatic amnesia.

(a) NICE 2003 and 2007 rules: for children < 16 years, there are additional indications listed in the 2007 update. These may have been applied by Stein et al. 2009 as their cohort included
adolescents. Adults over 65 years with LOC or amnesia are included in the strict and lenient criteria in 2003 version, but only included in the strict criteria in 2007 version.

(b) Rule consists of four risk groups according to clinical characteristics, covering all severity of injury. Clinical characteristics from the two risk groups that predict need for a CT scan in patients
with GCS 13-15 are presented here, taking the most inclusive definition where a characteristic is covered by more than one risk group.

(c) Assume the most inclusive version of the rule used by Ibanez and Arikan.

(d) Eligibility criteria are either the inclusion criteria of the derivation cohort or the patients the rule was intended for where there is no derivation cohort.

(e) Not listed in Smits et al.

(f) Not listed in Stiell et al.

(g) Not reported in Rosengren et al.

National Clinical Guideline Centre, 2014.
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(h) Reported in Smits et al. as GCS 13-14.

(i) Reported in Fabbri et al. as GCS 14 or GCS < 14 at any point, signs of basal skull fracture only, any vomiting and LOC/amnesia proviso not included for coagulopathy, age and mechanism of
injury.

(j) Not reported in Fabbri et al.

(k) Not reported in Stein et al.

(I) Dangerous mechanism is a pedestrian struck by a motor vehicle, an occupant ejected from a motor vehicle or a fall from an elevation of > 3 feet or five stairs.

(m) Rule defines four risk categories according to clinical characteristics for those with GCS 13-15. Category 0 is discharged, category 1 is recommended to have CT or radiography, and categories 2
and 3 are required to have CT scan. Clinical characteristics for the three groups that predict need for CT scan (categories 1, 2 and 3) are presented here, taking the most inclusive definition
where a characteristic is covered by more than one risk category.

(n) Reported in Smits et al. as GCS 13-14.

(o) Sign emergency reported in Smits et al.70 as GCS 13—14 at 4 hours post injury. Sign CT urgently reported as including LOC, PTA, external injury to the skull, unclear history and non-trivial
mechanism of injury, which are listed as indications for skull radiography in the original rule.

(p) Reported in Smits et al. with the following differences: LOC time not defined, < 2 years not listed, all risk factors identified for CT mandatory version of the rule also listed for CT recommended
version of the rule.

(q) Reported in Vos et al. as vehicle accident with initial speed > 64 km/hour, major auto deformity, intrusion into passenger compartment > 30 cm, extrication time from vehicle > 20 minutes, falls
from > 6 m, rollover, auto—pedestrian accidents or motorcycle crash at speed > 32 km/hour or with separation of rider and bike.

National Clinical Guideline Centre, 2014.
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H.2.2 Child and infant rules

Table 21: Summary of studies reproduced from HTA: decision rules for children and infants with mild head injury, definitions of outcomes and reference
standards

Reference standard

Patients who

Definition of need for

Reference standard used

Study Rule(s) tested Definition of ICI used for ICI had CT (n) neurosurgery for need for neurosurgery
Atabaki et Atabaki et al. ICI: subdural, epidural, CT scan 1000/1000 Neurosurgery, including Medical record review
al. 2008*° 2008*° subarachnoid, (100%) craniotomy, craniectomy,  (unclear when performed)
intraparenchymal and evacuation or intracranial
intraventricular pressure monitoring
haemorrhages as well as
contusion and cerebral
oedema
Buchanich Buchanich ICI: intracranial haematoma, CT scan 97/97 (100%) NA NA
2007% 2007% intracranial haemorrhage, Follow-up
cerebral contusion and/or questionnaire/
cerebral oedema telephone interview
Da Daltetal. DaDaltetal. ICI: identified on CT either CT scan obtained at 79/3806 (2%) NA NA
2006°° 2006°° at initial ER presentation or  discretion of treating
during any hospital physician
admission or readmission All children discharged
immediately from ER or
after short observation
received a follow-up
telephone interview
approximately 10 days
later. Hospital records
were checked for
readmissions for 1
month after conclusion
of study
Dietrich et Dietrich et Intracranial pathology: CT scan 166/166 NA NA
al. 1993'®  al.1993'% epidural or subdural (100%)

haematoma, cerebral

National Clinical Guideline Centre, 2014.

71/71 (100%)°
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Study

Dunning et
al. 2006’

Greenes and
Schutzman
1999,
2001171,172

Rule(s) tested

CHALICE™®,

RCS
guidelines**®

Greenes and
Schutzman
1999,
2001171,172

Definition of ICI

contusions or lacerations,
intraventricular

haemorrhage

pneumocephaly or cerebral

oedema, with or without
skull fracture

Clinically significant ICI:
death as a result of head
injury, requirement for
neurosurgical intervention

or marked abnormalities on

the CT scan

Greenes and Schutzman
1999

ICI: acute intracranial
haematoma, cerebral
contusion and/or diffuse
brain swelling evident on
head CT

Greenes and Schutzman
2001

ICl: cerebral contusion,
cerebral oedema or
intracranial haematoma

National Clinical Guideline Centre, 2014.

Reference standard
used for ICI

All patients treated
according to RCS
guidelines. This
recommends admission
for those at high risk and
CT scan for those at
highest risk

Follow-up: all patients
who were documented
as having had a skull
radiograph, admission to
hospital, CT scan or
neurosurgery were
followed up

Greenes and Schutzman
1999
CT scan, follow-up calls,

review of medical
records

Greenes and Schutzman
2001
CT scan

Patients who
had CT (n)

744/22,772
(3.3%)

188/608 (31%).

73 symptomatic
patients did not

receive CT
©172/172
(100%)

Definition of need for

neurosurgery

NR

Reference standard used
for need for neurosurgery

NR, assume as the same
for ICI

NA
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Study

Guzel et al.
2009
Haydel and
Schembekar
2003

Kupperman
et al. 2009

Oman
2006°%;
Sun et al.
2007°%

Osmond et

Rule(s) tested

Guzel et al.
20098

NOC195

Kupperman
et al. 2009

NEXUS 11>**,

pilot

PECARN**®

CATCH"®

Definition of ICI
noted on CT

Positive CT scan: definition
NR

ICl on head CT: any acute
traumatic intracranial
lesion, including subdural
epidural or parenchymal
haematoma, subarachnoid
haemorrhage, cerebral
contusion or depressed skull
fracture

Clinically important brain
injury: death from TBI,

neurosurgery, intubation for

> 24 hours for TBI, or
hospital admission of two
nights or more associated
with TBI on CT. Brief
intubation for imaging and
overnight stay for minor CT
findings not included

Clinically important/
significant ICI: any injury
that may require
neurosurgical intervention,
lead to rapid clinical
deterioration, or result in
significant long-term
neurological impairment

Brain injury

National Clinical Guideline Centre, 2014.

Reference standard
used for ICI

CT scan

CT scan

CT scans, medical
records, and telephone
follow-up.

Those admitted: medical
records, CT scan results
Those discharged:
telephone survey 7 to 90
days after the ED visit,
and medical records and
county morgue records
check for those
uncontactable

CT scan

CT scan

Patients who
had CT (n)

337/337
(100%)
175/175
(100%)

9420/25,283
(37.3%)°
2632/8502
(31.0%)°
2223/6411
(34.7%)°
694/2216
(31.3%)°

1666/1666
(100%)°
309/309
(100%)°
208/208
(100%)

NR

Definition of need for
neurosurgery

NA

Need for neurosurgical or
medical intervention in
patients with ICl on CT

NR

NA

Neurosurgery:

Reference standard used
for need for neurosurgery

NA

All patients with abnormal
CT scan admitted and
followed until discharge

NR for neurosurgery.
Assume as for ICI

NA

NR
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Reference standard Patients who Definition of need for Reference standard used
Study Rule(s) tested Definition of ICI used for ICI had CT (n) neurosurgery for need for neurosurgery
al. 2006°”° 14-day telephone craniotomy, elevation of
interview skull fracture, intubation,
intracranial pressure
monitor and/or
anticonvulsants within 7
days®
Palchak et Pilot TBIl identified on CT scan or  CT or performance of 1271/2043 Need for neurosurgical NR
al. 2003°” PECARN***® TBI requiring acute intervention (62.2%) intervention
intervention or intervention 1098/1098
by one or r_nore of: (100%)
neurosurgical procedure,
ongoing antiepileptic 194/194
pharmacotherapy beyond 7 (100%)
days, the presence of a
neurological deficit that
persisted until discharge
from the hospital, or two or
more nights of
hospitalisation because of
treatment of the head injury
Quayle et al. Quayle et al. ICI: definition NR CT scan 321/321 NA NA
1997 1997'%® (100%)

CATCH, Canadian Assessment of Tomography for Childhood Injury; Cs, consecutive; Cv, convenience; NA, not applicable; NEXUS II, National Emergency X-Radiography Utilization Study II; NR, not
reported; P, prospective; PECARN, Paediatric Emergency Care Applied Research Network; R,retrospective; RCS, Royal College of Surgeons; UCD, University of California—Davis rule.

(r) Dietrich et al.: large cohort was split into two separate cohorts of different ages.

(s) Greenes and Schutzman derived rule for asymptomatic subset of original cohort reported in Greenes and Schutzman, using only thosewith CT.

(t) Kupperman et al. report two separate cohorts of patients, with each cohort split into two groups of different ages.

(u) Oman and Sun et al. use a subset of the NEXUS Il derivation cohort; all cohorts reported here are subgroups with overlapping patients.

(v) From Mehta.

National Clinical Guideline Centre, 2014.
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Table 22: Decision rules forchildrena nd infants with mild head injury reproduced from from HTA

Version of rule Medium- High-risk Decision Scoring
risk factors factors rule system
Eligibility <21lyearsall <3years, <16 years, >2 years to < 16 years, < 16 years, <16 years, <2years,all  Asymptoma <16 years,
criteria severity GCS 14-15 all severity, 20 years, all  all severity GCS 13-15, GCS 13-15, severity tic<2years GCS13-15
some severity, with clinical  with clinical
exclusions some characteristi  characteristi
exclusions cs cs
Mental status GCS <15 Abnormal GCS <15 Abnormal Depressed
GCS GCS <14 or
GCS <15 if
<1 year old
Focal/neurologi  Sensory Abnormal Focal Abnormal
cal status deficit neurological neurological vital signs
examination  deficits indicating
possible
increased
intracranial
pressure or
focal
neurological
findings
Skull fracture Defect or Clinical signs Clinical signs  Signs of Abnormal
signs of in risk area, of skull basal skull vital signs
basilar skull skull base fracture fractureb indicating
fracture fracture possible
increased
intracranial
pressure or
focal

National Clinical Guideline Centre, 2014.
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neurological
findings
LOC Prolonged LOC LOC LOC LOC
Vomiting Vomiting Vomiting Vomiting Two or Vomiting
more
Age <2 years Risk factorc
Amnesia Persistent For the Amnesia PTA
event
Coagulopathy
Seizures Seizures Seizures Seizures
Visible injury Scalp Scalp Large boggy Scalp
lacerations trauma scalp haematoma
haematoma location and
size®
Behaviour Inconsolable Persistent b Irritability Lethargy or
drowsiness on irritability
examination
Headache Persistent Headache b Worsening Headache
headache
Previous
neurosurgery
Failure to b Failure to
improve reach GCS
15in 2
hours
Mechanism of Bicycle- High speed Dangerous
injury related road traffic,
injury or high

National Clinical Guideline Centre, 2014.
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speed or fall
>3 m
Deterioration in  Mental
mental status status
change
Other Dizziness Vision Suspicion of Bulging Blurred
changes, non- fontanelle vision
gender, area accidental
of residence injury

Table 23: Decision rules forchildren and infants with mild head injury reproduced from from HTA continued

Version of rule

Eligibility
criteria®

Mental status

Focal/neurolo
gical status

All ages, blunt
head trauma

Altered level
of alertness

Neurological
deficit

5—17 years,
GCS 15 with
clinical
characteristics
, some
exclusion

National Clinical Guideline Centre, 2014.

> 2 years to
<18

>2 yearsto <
18 years, GCS
14-15, some
exclusions
(e.g. trivial
injury)

Altered

<2 years

<2 years, GCS
14-15, some
exclusions
(e.g. trivial
injury

Altered

<18 years,
non-trivial
injury (with
clinical
characteristics

)

Altered

Focal
neurological
deficit

All severities
and ages,’
with
additional
protocol for
children

Neurosurgery

<18 years,
non-trivial
head injury,
with clinical
characteristics
, some
exclusions

Abnormal®

Focal
neurological
deficit

Intervention
or brain injury
<18 years, not
trivial head
injury, with
clinical
characteristics
, some
exclusions

Abnormal®

TBI

<18 years,
GCS 14-15,
non-trivial,
with clinical
characteristics
, some
exclusions

Abnormal®
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Skull fracture

LOC
Vomiting

Age

Amnesia
Coagulopathy
Seizures

Visible injury

Intoxication

Behaviour

Headache

Previous
neurosurgery

Failure to

Evidence of
significant
skull fracture

Persistent

N/A to
children (>65
years)

Coagulopathy

Scalp
haematoma

Abnormal
behaviour

Clinically
suspected
skull fracture

Vomiting

PTS

Trauma above
L f
the clavicles

Drug or
alcohol

Headache

National Clinical Guideline Centre, 2014.

Clinical signs Palpable or

of basilar skull  unclear

fracture

LOC LOC

Vomiting
Scalp
haematoma
Acting
abnormally
according to
parent

Severe

Signs of
basilar skull
fracture

Clinical signs
of skull
fracture
Loc*
Persistent” Vomiting Vomiting®
Amnesia®
Scalp Scalp
laceration, haematoma in
bruise or a child <2
swellingd years
Significant
maxillofacial
injuriesd
Persistent® Headache®

Clinical signs
of skull
fracture

Vomiting

Scalp
haematoma in
a child <2
years
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improve
Mechanism of Severe® Severe" Violent® fall
injury from >1m' or
on to hard
surface'
Deterioration
in mental
status
Other Short term Tense
memory fontanelle'
deficits' Suspected
non-
accidental
injuryi

MVC, motor vehicle collision; RCS, Royal College of Surgeons.

(a) RCS guidelines for all ages is in three parts: (1) Indications for referral to neurosurgeon and/or urgent CT: coma; deteriorating level of consciousness or progressive focal neurological deficit;
fracture of the skull if with confusion, deteriorating impairment of consciousness, fits, or neurological symptoms or signs; open injury (depressed compound fracture of skull vault, base of skull
fracture or penetrating injury); patient fulfils criteria for CT of the head within referring hospital but this cannot be performed within a reasonable time (e.g. 2—4 hours). (2) Indications for CT of
the head prior to referral to neurosurgeons: full consciousness but with a skull fracture; fits without a skull fracture; confusion or neurological symptoms/signs persisting after initial assessment
and resuscitation; unstable systemic state precluding transfer to neurosurgery, diagnosis uncertain; tense fontanelle or suture diastasis in a child; significant head injury requiring general
anaesthesia. (3) Indications for referral to neurosurgeons after CT of the head: abnormal CT scan (after neurosurgical opinion on images transferred electronically) or normal CT scan but
unsatisfactory progress.

(b) Eligibility criteria are either the inclusion criteria of the derivation cohort or the patients for whom the rule was intended if there is no derivation cohort.

(c) Abnormal mental status present if GCS < 15, if patient confused, somnolent, repetitive or slow to respond to verbal communication.

(d) Indications for skull radiography in children. If skull radiograph is positive, CT required. Other indications for all ages also apply.a

(e) Definition used by Sun et al.; high-risk vomiting, severe or progressive headache.

(f) Contusions, abrasions, lacerations, haematoma, deformity, clinically suspected facial or skull fracture.

(g) Severe mechanism defined as MVC with patient ejection, death of another passenger, or rollover, pedestrian or bicyclist without helmet struck by a motorised vehicle, falls of > 1.5 m, head
struck by a high-impact object

(h) Motor vehicle collision with patient ejection, death of another passenger, or rollover, pedestrian or bicyclist without helmet struck by a motorised vehicle, falls of > 0.9 m, head struck by a high-
impact object.

(i) Indications for skull radiography in infants. If skull radiograph is positive, CT required. Other indications for all ages also apply.a

(j) Defined by persistent anterograde amnesia and normal GCS, to three-object recall.

National Clinical Guideline Centre, 2014.
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Anticoagulation and antiplatelets

Table 24: Anticoagulation

Reference Study Number of patients
type
Fabbri et al, Retros N=7955
2005741, pectiv
Fabbgimet al € All cases with mild
2004 dw_gn head injury defined
OStic 55 all patients
cohort  attending for acute
injury of head,
other than

superficial injury to
face, GCS 14 or 15,
aged >10 years.

9,464 registered
cases, 1509
excluded because:
unclear if trauma
primary event
(559); unstable vital
signs (239); GCS
<14 (172);
penetrating injuries
(22); voluntary
discharge (235);
reattendance
within 7 days (282)

National Clinical Guideline Centre, 2014.

Patient characteristics  Follow-
up
Median age: 44 (IQR: 7 days
27-71) years. 736
patients: 10-18 years, & rrerilhe
2497 patients: >65 for all
I patients
with
Median injury time to lesions

admission: 60 (IQR: 42-
110) minutes

GCS score =14 at >2
hours since injury in
529 cases

Scan performed in
4168/4560 of cases
according to
Neurotraumatology
Committee of the
World Federation of
Neurosurgical Societies
(NCWEFNS) proposal
Scan performed in
2536/2733 of cases
according to NICE
guideline

Outcome measures

Incidence of intracranial lesions (ICL)

ICL in patients discharged without
indication for CT scan who re-attended

Coagulopathy patients with & without
lesions (i.e. scanned according to
NCWEFNS proposal)

Coagulopathy patients with loss of
consciousness or amnesia with &
without lesions (i.e. scanned according
to NICE guideline)

Coagulopathy patients with no loss of
consciousness or amnesia with &
without lesions (i.e. subtracted NICE
guideline figures from NCWFNS
proposal)

Coagulopathy as in independent factor
associated with lesions in a multivariate
analysis of all NCWFNS proposal factors

Coagulopathy as in independent factor
associated with lesions in a multivariate
analysis of all NICE guideline factors

Coagulopathy patients with & without
lesions who would not have been
scanned according to NICE guideline

Effect sizes

542/7955
9/7955

Lesion: 67/542

No lesion: 198/7413
OR: 5.1 (3.8-6.9)
Lesion: 42/542

No lesion: 140/7413
OR: 4.4 (3.1-6.2)

Lesion: 25/542

No lesion: 58/7413
OR: 6.1 (3.8-9.9)
Calculated by NCGC

OR: 8.4 (5.5-12.6)

OR: 4.8 (2.6-8.6)

Lesion: 16/40
No lesion: 50/461
OR:5.48 (2.7-11.0)

Comments

Source of
funding:

No
commercial,
financial or
other
relationship
s that might
create a
conflict of
interest.

High risk
patients,
which
includes
coagulo-
pathy were
managed
with a strict
24 to 48
hour
observation
regardless
of CT
findings
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Table 25: Antiplatelets

Reference Study Number of patients Patient characteristics Follow- Outcome measures Effect sizes Comments
type up
Fabbri et al, Retros N=14,288 Median age: 49 (IQR: 7 days Incidence of intracranial lesions (ICL) 880/14,288 Source of
2010"* pectiv 29-75) years. 5180 Antiplatelet patients with & without Lesion: 180/880 funding:
€ All cases with mild ~ Patients: 265 years; 6 months lesions No lesion: No
Patients diagn  head injury defined 3701 patients: >80 for all 1186/13,348 commercial,
taken from ostic 35 all patients years. patients OR: 2.6 (2.2-3.1) financial or
the same cohort  4ttending for acute with ) . B other
dataset/regis injury of head, Adherence to local lesions Antlplatelet.drugs a.s in |n'depe.ndent OR: 2.8 (2.0-3.9) relationship
ter as Fabbri other than protocol nearly factqr as.souated W_'th lesions in a s that might
et al, superficial injury to  complete with CT scan multivariate analysis create a
20057, face, GCS 14 or 15,  performed in 9056 of conflict of
and Stein et aged >10 years. cases (63.6%). interest.
al, 2009***

16,799 registered
cases, 2511
excluded because:
unclear if trauma
primary event
(1100); unstable
vital signs (378);
GCS <14 (302);
penetrating injuries
(33); discharge
against medical
advice (388);
reattendance
within 7 days (310)

National Clinical Guideline Centre, 2014.

Antiplatelet drugs
recorded: platelet
aggregation inhibitors
treatment with aspirin
100 mg, ticlopidine
250mg, indobufen
200mg. Other anti-
inflammatory drugs
not considered.
Clopidogrel excluded:
not available at
protocol set up and
later regulatory
limitations in Italy.
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Biomarkers

$100B

Table 26: Biberthaler 2001

Reference  Study type Number of patients Patient
characteristics
Biberthaler Prospective N =52
2001* cohort. Male = 38
(derivation) |nclusion criteria: Female= 14
Consecutive patients
Setting: selected. Interval
Emergency  patients with history  between
department  of jsolated minor trauma and
head trauma, a GCS admission
Country: scoreof 13to 15and  (mean +SEM) =
Germany at least one of the 73.46+ 47
following: amnesia, minutes
loss of consciousness,
nausea, vomiting Interval
vertigo or severe A
headache. trauma and
sampling (mean
Exclusion criteria: +SEM) = 116+

Patients with focal 18.8 minutes

deficits

National Clinical Guideline Centre, 2014.

Intervention and comparison
(Index test and reference
standard)

Index test: Blood samples taken at
admission and processed to serum.
S-100b in serum measured using an
immunoluminometric assay (LIA-
mat Sangtec; BykSangtec).

Cut-off point for diagnosis =
0.1ng/ml.

Reference standard: Spiral CCT
scan were performed within 6
hours of injury. Radiological
findings were defined as pathologic
if intracranial haemorrhage, skull
fracture, or diffuse brain swelling
was detected.

Concentrations of PMN elastase
were taken as a general marker of
trauma.

Outcome
measures

Intracerebral
injury

Sensitivity

Specificity

Positive
predictive value

Negative
predictive value
TP

FP

FN

TN

Effect sizes

100

40.5

40.5

100

15
22

15

Comments

Source of
funding:

Supported by the
Deutsche
Forschungs-
Germeinschaft,
Sonderforschung
sbereich 469 of
the Ludwig-
Maximilians
University
Munich. The
authoris a
recipient of a
postdoctoral
grant from the
Deutsche
Forschungs-
Gemeinschaft Bi
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Reference  Study type

Table 27: Biberthaler 2002

Reference  Study type

Biberthaler
2002

Prospective
(derivation)

Setting:
Emergency
department

Country:
Germany

Number of patients

Number of patients

N = 104 (recruited
over 18 months)

Inclusion criteria:
GCS =13-15

At least one of:
transient loss of
consciousness (less
than 5 mins),
amnesia for the
traumatic event,
nausea, vomiting,

National Clinical Guideline Centre, 2014.

Patient
characteristics

Patient
characteristics

Male = NR
Female= NR

Intervention and comparison
(Index test and reference
standard)

Intervention and comparison
(Index test and reference
standard)

Index test

Blood sampling within 2 hours of
traumatic event (before CT
performed, venous blood taken,
processed to serum and citrated
plasma and stored at -80°C.

Serum and plasma S-100B assessed
using LIA-mat procedure (LIA-mat
Sangtec 100: Byk-Sangtec
Diagnostica) which requires a
processing period of more than 3

Outcome
measures

Positive CT

Outcome
measures

Posttraumatic
lesions

Sensitivity

Specificity

Positive
predictive value

Negative
predictive value

Effect sizes

15/52 (28.8%)

Effect sizes

100%

46%

36%

100%

Comments

675-1/1

Incomplete
patients
characteristics —
no details of age
or proportion of
GCS 13 -15.

Comments

Source of
funding:
Supported by
the Deutsche
Forschungs-
Germeinschaft,
Sonderforschun
gsbereich 469
of the Ludwig-
Maximilians
University
Munich. The
authoris a
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Patient
characteristics

Reference  Study type Number of patients

vertigo and severe
headache.

Exclusion criteria:
None reported.

National Clinical Guideline Centre, 2014.

Intervention and comparison Outcome Effect sizes
(Index test and reference measures
standard)
hours or the LIAISON version (Byk-  Tp 24
Sangtec Diagnostica) which EP 43
provides data within approx 40
mins. FN 0
TN 37
Effective cut off level obtain
through generating a ROC curve =
0.12ng/ml for serum (LIA-mat and
LIASISON) and 0.15ng/ml (LIA-mat)
and 0.18ng/ml (LIAISON) for Positive CT 24
plasma.
Negative CT 80

Reference standard

After physical and neurological
examination CT scans were
performed with additional bone
window reconstruction using a high
reconstruction kernel for the skull
base. CT scans were judged by 2
independent radiologists and
respective findings were stratified
according to the classification of
Marshall into CT+ (diffuse injury |-
IV, evacuated mass lesion and
nonevacuated mass lesion) and CT-
(no pathological signs).

Comments

recipient of a
postdoctoral
grant from the
Deutsche
Forschungs-
Gemeinschaft
Bi 675-1/1 and
Bi 675-1/2

Patient
selection not
reported e.g.
consecutive etc

Incomplete
patients
characteristics
— no details of
age or
proportion of
GCS 13 -15.
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Table 28: Biberthaler 2006

Reference

Biberthaler
2006"

Study type

Prospective
(Derivation)

Setting:
3 level one
trauma
centers

Country:
Germany

Number of patients

N =1309

Inclusion criteria:

Consecutive patients
with a history of
isolated head trauma
and admission within
3 hours; GCS score of
13 to 15 upon
admission; and one
or more of 10 clinical
risk factors: brief loss
of consciousness,
post-traumatic
amnesia, nausea,
vomiting, severe
headache, dizziness,
vertigo, intoxication,
anticoagulation, and
age above 60 years.

Exclusion criteria:

Patients aged under
18, pregnant women,
prisoners, and
multiple-injured
patients were
excluded.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Median age: 47
(32-65)

Male: 855
Female: 454

GCS 15: 1152
GCS 14:122
GCS 13: 35

Intervention and comparison
(Index test and reference
standard)

Index test

Venous blood samples were
processed to serum and deep
frozen at -20°C until assay with an
electrochemiluminescence
immunoassay kit (Elecsys S100;
Roche Diagnostics). According to
manufacturers’ instructions, the
test system requires 18mins.

ROC analysis was conducted to
determine the discriminative ability
of S100B measurements according
to CT positive or negative findings.
A cut-off level of 0.1ug/l was
determined.

Reference standard:

All patients received a head CT
scan. Negative scans: mild head
injury patients without any signs of
trauma-relevant intracerebral
lesions. Positive CT scans: Mild
head injury patients with at least
one of the pathophysiological
trauma-relevant findings
(haemorrhage or cortex contusion).

Outcome
measures

Intracerebral
lesions

Sensitivity

Specificity

CCT positive

Positive
predictive value

Negative
predictive value

Effect sizes

99%

30%

92

855
361

93

10%

99.68%

Comments

Source of funding:

Supported by
Roche Diagnostics
who supplied the
diagnostic kits and
managed the
technical aspects
of data accrual and
storage.

Additional data:

Additional patients
were recruited to
the study as
negative and
positive controls.

Negative control:
healthy individuals
without a history
of head trauma
acted as volunteer
blood donors. N =
540

Positive control:
patients with
moderate to
severe head injury
n=>55.
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Table 29: Bouvier 2012

Reference

Bouvier
20127

Study type

Prospective
cohort

(Validation)

Setting:
Paediatric
emergency

department.

Country:
France

Number of patients

N = 241 patients with
mild head injury (65
received a CT and
were included in the
diagnostic accuracy
calculations

Inclusion criteria:

All children (<16
years) with Mild TBI,
GCS13-150n
admission and 1 or
more of clinical risk
factors. Risk factors
include: brief LOC,
posttraumatic
amnesia, nausea,
vomiting, severe or
progressive
headache, dizziness,
vertigo, intoxication,
anticoagulation, skull
fracture, seizure, age
<2 years.

Exclusion criteria:
Pregnant women,
children whose TBI
occurred >3h before
presentation, and
multiply injured
patients.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Male: Female =
1.68

Median age: 5.2
years (2.1-9.9
years)

Intervention and comparison
(Index test and reference
standard)

Index test

Venous blood sample taken within
3 hours were processed to serum
and deep frozen at -80°C until
assayed after being checked for
instability. Serum S100B
concentrations were determined
by eletrochemiluminescence
immunoassay on a Roche
Diagnostics Modular Analytics
system E170 and performed in
duplicate. Reference intervals were
derived for 3 age groups:

0.35ug/L for 0 - 9 months
0.23ug/L for 10 - 24 months
0.18ug/L for >24 months

Patients below the cut off were
counted as S100B negative and
those with concentrations above
the as S100B positive.

Reference standard

CT scan using helical mode with a
slice thickness of 2.25mm, interval
of 1.25mm, 120kV, and a maximum
of 280mA, from C1 to the top of
the head, with additional bone
window reconstructions.

CCT negative patients had no signs
of trauma relevant intracerebral

Outcome
measures

Abnormalities on

T

Sensitivity

Specificity

Positive
predictive value

Negative
predictive value

TP
FP
FN
N

CT positive
findings

Effect sizes

100% (85.2% -
100%)

33% (20% -
50%)

45% (31% -
60%)

100% (97% -
100%)

23
28
0

14

Epidural
haemorrhage
(21.5%)
Haemorrhagic
contusion (14%)
Bone fracture
(18%)

Subdural
haemorrhage
(11%)

Comments

Source of

funding:

Paper states
that the finding
organisations
played no role
in the design of
study, choice of
enrolled
patients, review
and
interpretation
of data, or
preparation of
data, or
preparation or
approval of
manuscript.

Limitations:
patient
characteristics
given for entire
cohort and not
just those
receiving a CT
scan (those
included in the
analysis)
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Reference  Study type

Table 30: Calcagnile 2012

Reference  Study type

Calcagnile
2012%

Prospective
cohort

(Validation)

Setting:
Level Il
trauma
centre,
emergency

department.

Country:
Sweden

Number of patients

Number of patients

N =512

Inclusion criteria:
Consecutive adult
patients with mild
head injury (acute
trauma to the head
with GCS 14 - 15
during examination
and loss of
consciousness <5
mins and/or amnesia,
wit addition of the
S100B sample).
Patients with
antiplatelet agents
(such as aspirin or
clopidogrel) were
included.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Patient
characteristics

S100B <10ug/L
(n=138)

Male: 85
Female: 53
Mean age: 32.6

S100B >10ug/L
(n=374)

Male: 229
Female:145
Mean age: 46.6

All

Male: 314
Female:198
Mean age: 42.2

Intervention and comparison
(Index test and reference
standard)

lesions and CCT positive patients
had at least 1 pathophysiological
trauma-relevant intracerebral
lesion.

Intervention and comparison
(Index test and reference
standard)

Index test

5ml blood sample was drawn from
each patient’s cubital vein in the
ED. Samples were analysed with
the automated Elecsys S100 (Roche
AB). A cut of of 0.1ug/L and a
window of sampling of 3 hours
from the time of accident. Lab
results were available to treating
physicians within 1 hour of
sampling.

Reference standard

CT scans were performed with a 64
multislice detector. 10mm thick
slices were used. A CT scan was
considered positive if any signs of
cranial (skull fracture) or
intracranial pathology
(haematoma, air or contusion)

Outcome
measures

Outcome
measures

Significant
intracranial

complications

Sensitivity

Specificity

Positive
predictive value

Negative

predictive value
TP
FP
FN
TN

Effect sizes

Othematoma
(3%)

Effect sizes

100%

28%

6% (4.2 - 10)

100% (97 - 100)

24
350

138

Comments

Comments

Source of

funding:
Funded with
non-
commercial
(Swedish state)
funds via the
Scientific
Committee at
the Halmstad
Regional
Hospital and
Region Skane,
Sweden.
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Reference

Study type

Number of patients

Exclusion criteria:
Age less than 18
years, non-Swedish
citizens (difficult to
follow up),
neurological deficits,
additional risk factors
rom the SNC
guideline:
therapeutic
anticoagulation or
haemophilia, clinical
signs of depressed
skull fracture or skull
base fracture,
posttraumatic
seizures, shunt-
treated
hydrocephalus and
multiple injuries) and
patients where
serum sample for
S100B was done
more than 3 hours
post-injury.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Intervention and comparison
(Index test and reference
standard)

were present. In addition to CT a
postal questionnaire was sent 3
months after the injury to identify
any significant intracranial
complications.

Outcome
measures

CT positive
findings

Effect sizes

24 (traumatic
abnormalities:
isolated skull
fracture = 3,
intracranial air =
1, combination
of traumatic
intracranial
findings = 10). 2
patients
showed CT
pathology not
related to
trauma (
cerebral tumour
and
pathological
intracranial
calcification).
No patients
required
neurosurgical
intervention. !
patients died as
a result of head
injury.

Comments
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Table 31: Castellani 2009

Reference

Castellani

2009"" cohort

(Validation)

Setting:

Paediatric

Country:

Austria

Study type

Prospective

Number of patients

N =109

Inclusion criteria:

All patients under 18
who presented to
hospital with mild
traumatic brain injury
(MTBI) after blunt
head trauma were
included after
acquisition of
informed consent.
MTBI was defined as
GCS of 13-15 at
admission in
combination with
associated clinical
symptoms (vomiting,
loss of consciousness
—and in patients > 4
persistent headache,
retrograde amnesia
and vertigo).

Exclusion criteria:
None reported

National Clinical Guideline Centre, 2014.

Patient
characteristics

Male: 73
Female: 36

Mean age at
admission: 9.5
years (SD 4.7)

GCS 15: 86
GCS 14:13
GCS 13:10

32 were
admitted to ICU

Intervention and comparison
(Index test and reference
standard)

Index test

Serum 100B was determined by
sampling 1-3 ml of venous blood
within 6 hours of trauma. The
blood was allowed to clot for at
least 30 mins, centrifuged and the
serum was immediately analysed.
An electrochemiluminescence
immunoassay (Roche Diagnostics)
on a Modular Analytics instrument
was used for the analysis of serum
S1008B levels. Measurements and
calibrations were as per
manufacturers instructions. The
upper reference of serum S100B
was set to 0.16pg/L.

Reference standard

Cranial CT was performed in all
patients, and was classified as
pathological in the presence of a
skull fracture or intracranial
haemorrhage.

Outcome
measures

Abnormalities on
CcT

Sensitivity

Specificity

Positive
predictive value

Negative

predictive value
TP
FP
FN
TN

Abnormalities on
CT

Effect sizes Comments
Source of
funding:

100% Not stated

42.5% [109 patients
selected from a

46% cohort of 928 —
differential
verification
bias]

100%

36

42

0

31

36 (30.3%)



Head Injury
Clinical evidence tables

Table 32: Cervellini 2012

Reference  Study type

Cervellin
2012”7

Prospective
cohort

(Derivation)

Setting:
Emergency
department

Country:
Italy

Number of patients

N =60

Inclusion criteria:

Consecutive patients
aged 14-80 years,
presenting to the
emergency
department with a
history of mild head
injury and a GCS of
14-15 at
presentation.
Patients received a
CT if met the local
guideline used: loss
of consciousness,
peritraumatic
amnesia, previous
neurosurgical

procedures, inherited

coagulopathy or
anticoagulant

therapy, more than 1

episode of vomiting,

National Clinical Guideline Centre, 2014.

Patient
characteristics

Male: 41
Female: 19

Mean age: 58
(14-80)

Mean time from
injury to
sampling;
62mins

Intervention and comparison
(Index test and reference
standard)

Index test

Peripheral venous blood samples
were collected within 3 h from
injury shipped to the laboratory
(within 30mins).

Serum S100B levels were measured
with a immunoluminometric
sandwich immunoassay on Liaison
(DiaSorin SpA). Detection limit:
0.02u/L. ROC analysis was
performed to determine diagnostic
performance: cut-off = 0.38u/L

Reference standard

CT interpretation was performed
immediately after examination by
an attending neuroradiologist. Any
intracranial pathology associated
with injury (acute subdural,
epidural or parenchymal
hematoma, traumatic
subarachnoid haemorrhage,
cerebral contusion and brain
swelling) detectable on CT was

Outcome
measures

Intracranial injury

Sensitivity

Specificity

Negative
predictive value

Positive
predictive value
TP

FP

FN

TN

Effect sizes

100%

58%

100%

54%

20
17

23

Comments

Source of

funding:
Not reported
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Reference

Study type

Number of patients

epilepsy or post-
traumatic seizures, or
worsening headache,
drug or alcohol
intoxication, clinical
sighs of depressed or
basilar skull fracture
or focal neurological
findings.

Exclusion criteria:
Patients with
unknown time of
injury or acute non-
traumatic
intracerebral lesions.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Intervention and comparison Outcome
(Index test and reference measures
standard)

considered positive. CT scans were  pgsitive CT

reviewed by a senior
neuroradiologist who was blinded
to the conclusion of previous
reading.

Effect sizes

20/60

Comments
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Table 33: Egea 2012

Reference  Study type

Egea
2012

Prospective
cohort
(Validation
of
Biberthaler
2006, and
Derivation)

125

Setting:
Emergency
department

Country:
Spain

Number of patients

N =143

Inclusion criteria:
Aged over 14, GCS =
15 at hospital
admission and with
one or more of the
following: transitory
loss of consciousness,
amnesia, persistent
headache, nausea or
vomiting and vertigo.

Exclusion criteria:

Under 14 years of
age, pregnancy,
previous history of
drug/alcohol abuse,
renal failure, GCS
below 15, hospital
admission after 6
hours post-trauma,
history of syncope or
seizure before head
trauma, other
previous nervous
system disorders,
absence of post-
trauma head CT,
hospital discharge

National Clinical Guideline Centre, 2014.

Patient
characteristics

Male: 89
(62.2%)

Female: 54
(37.8%)

Mean age: 49
(SD+ 20.6)

GCS 15: 143

Intervention and comparison
(Index test and reference
standard)

Index test

A 5ml venous blood sample was
taken during the first 6 hours post
trauma. Samples were processed
to serum and stored at -80°C.
Serum S100B protein levels were
measured using an
electrochemiluminescence assay
(ECLIA, Elecsys 2010 immunoassay;
Roche). Detection begins at
0.0005uglL™

The biochemist and technician
performing the assays were blind
to clinical and radiological findings.

ROC analysis provided an optimal
cut-off for S100B.

Reference standard

A CT scan was performed within 24
hours of the accident.
Neuroradiological findings were
reviewed and classified by a
neuroradiologist blind to study
goals and data.

Intracranial lesions were defined as
cerebral contusion, traumatic
subarachnoid haemorrhage,
epidural haematoma and subdural

Outcome
measures

Intracranial lesion

Validation: S100B

cut off of 0.105
ugl™

Sensitivity

Specificity

Positive
predictive value

Negative
predictive value

S100B cut off of
-1

0.105 pgl
TP

FP
FN
N

Derivation:
Intracranial lesion

S100B cut off of
0.130 pgL™

Sensitivity

Effect sizes

100

26.56

13.76

100

15
94

34

100

Comments

Source of

funding:
Protein S100B
Electrochemilu
minescence
Assay Kits from
Roche
Diagnostics.

[patients
selected for
inclusion rather
than included
consecutively]
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Reference  Study type Number of patients Patient
characteristics

before the first 24
hours post TBIl and
ICU
admission/transfer
due to associated
severe extracranial
lesions.

National Clinical Guideline Centre, 2014.

Intervention and comparison
(Index test and reference

standard)
haematoma.

Outcome
measures

Specificity

Positive
predictive value

Negative
predictive value
S100B cut off of

0.130 ugl™*
TP

FP
FN
™

Effect sizes

32.81

14.85

100

15
86

42

Comments
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Table 34: Morochovic 2009

Reference

Morochovi

€ 2009

322

Study type

Prospective
cohort

(validation)

Setting:
Emergency
department

Country:
Slovakia

Number of patients

N =102

Inclusion criteria:

Consecutive patients
of all ages, who
presented to the
trauma emergency
department with
history of mild
traumatic brain injury
between December
2006 and December
2007.

Exclusion criteria:
Any patients with
unknown time of
injury or acute non-
traumatic
intracerebral lesions
were excluded from
the study. Patients
with chronic
intracerebral lesions
were included to the
study except
suspected/visible
brain tumour.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Male: 71
Female: 31

Mean age: 42.0
(SD 19.7 years,
range 12 — 84
years)

GCS 13: 3 (2.9%)
GCS 14: 23
(22.5%)

GCS 15: 76
(74.6)

Intervention and comparison
(Index test and reference
standard)

Index test

Peripheral venous blood samples
were taken within 6 hours of injury
and sent to the laboratory within
30 mins. Electrochemiluminometric
immunoassay (Elecsys S100, Roche
Diagnostics) was used to measure
S100B serum protein concentration
with a detection limit at
0.005ng/ml. S100B serum
concentrations of 0.1 ng/ml or
greater were considered positive
for patients of all ages. Precision
studies were carried out using
commercial controls
(PreciControls) provided by Roche
Diagnostics.

CT scanning

Unenhanced CT scans were
performed with Siemens Somatom
Sensation Open scanner. CT scans
were performed in all patients
involved in the study within 30
mins of blood drawing. CT
interpretation was performed
immediately after examination by
attending senior radiologist. First
CT scan was reviewed by an
experienced radiologist blinded to

Outcome
measures

Intracranial injury

(CT detectable)
Sensitivity
Specificity

TP

FP

FN

TN

Positive

predictive value

Negative
predictive value

Effect sizes

83.3%

29.8%

59
25
15

20%

89%

Comments

Source of
funding:
Supported by a
the scientific
grant agency of
The Ministry of
Education of
the Slovak
Republic and of
The Slovak
Academy of
Sciences.

Additional
information
given about the
3 cases of
negative S100B
and positive CT
(epidural
haematoma,
traumatic
subarachnoid
haemorrhage
and acute
subdural
haematoma).
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Reference

Study type

Table 35: Muller 2011

Reference

Muller

2011

331,332

Study type

Prospective
cohort
(Validation)

Setting:
Emergency
department

Country:
Switzerland

Number of patients

Number of patients

N =233

Inclusion criteria:

All patients, 16 or
over, with mild head
trauma (GCS 13-15)
admitted to the
emergency
department were
consecutively
enrolled.

National Clinical Guideline Centre, 2014.

Patient

characteristics

Patient

characteristics

Median age:

48.4 years (IQR;

24-72)

Male: 143
Female: 90

Median time
between

admission to
sampling: 77

Intervention and comparison
(Index test and reference
standard)

the result of the first interpretation

Any intracranial pathology
associated with an injury (acute
subdural, epidural or parenchymal
hematoma, traumatic
subarachnoid haemorrhage,
cerebral contusion and brain
swelling) detectable on CT was
considered positive.

Intervention and comparison
(Index test and reference
standard)

Index test

Blood samples were collected from
all patients and processed to serum
and S100B levels were determined
by electrochemiluminescence
immunoassay on a Modular
Analytics E411 (Elecsys S100, Roche
Diagnostics).

TheS100B cut-off for the presence
of relevant TBI was chosen as
0.105ug/l based on previous

Outcome
measures

Positive CT

Outcome
measures

Intracranial injury

(reported)

Sensitivity

Specificity

Negative

predictive value

Positive

Effect sizes

18/102

Effect sizes

86.4%

12.2%

85.7%

12.8%

Comments

Comments

Source of

funding:
None stated
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Reference

Study type

Number of patients

Exclusion criteria:
Patients suffering
from cancer, stroke
or other neurological
diseases, or
presenting with
intracranial bleeds
with a diameter
>5mm or more than
one bleed, a history
of inherited
coagulopathy or
anticoagulant
therapy, platelet
aggregation inhibitor
or intoxication were
excluded.

Patients were also
excluded if they had
late admission to the
emergency
department and/or
multiple associated
injuries.

National Clinical Guideline Centre, 2014.

Patient
characteristics

min (IQR: 60-
120)

GCS: 15:129
GCS 13-14: 10

Intervention and comparison
(Index test and reference
standard)

studies (Biberthaler 2006)

Reference standard

All patients underwent a head CT
scan (GE 64-row, multislice).

Outcome Effect sizes

measures
predictive value

Intracranial injury

(calculated: error

in paper)

Sensitivity 86.4%
Specificity 31.8%
Negative 95.7%
predictive value

Positive 11.7%
predictive value

TP 19

FP 144
FN 3

TN 67

Comments
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Table 36: Mussack 2002

Reference

Mussack
2002338,339

Study type

Prospective
cohort
(Derivation)

Setting:
Emergency
department

Country:
Germany

Number of patients

N =139

Inclusion criteria:

Patients
consecutively
admitted to a level 1
trauma center
emergency
department during
during the
Oktoberfest in
Munich from Sept —
Oct 2000. Patients
presented with a
history of trauma, a
GCS of 13-15 and
showed at least one
of: transient loss of
consciousness (less
than 5 mins), entero-
or retrograde
amnesia, nausea,
vomiting or vertigo.

Exclusion criteria:

Patients who refused
a cranial CT or blood
drawing, or suffered
concurrent injuries
that precluded use of

National Clinical Guideline Centre, 2014.

Patient
characteristics

Male: 106
Female: 33

Median age: 36
years (28.0 —
60.1)

GCS 15:129
GCS 14:7
GCS13:3

Median serum
alcohol
concentration =
182 (59 — 235)

Intervention and comparison
(Index test and reference
standard)

Index test

Immediately after admission, two
5ml blood samples were taken
from the cubital vein and
processed to serum or plasma.

S100B levels were analysed by
immunoluminometric assay
(LIAISON, Sangtec). Lower
detection limit of 0.02ng/mL and a
test performance time of 35min.
NSE levels determined by
electrochemiluminescence
immunoassay (Roche Diagnostics,
Elecsys). Lower detection limit of
0.01ng/mL and a test performance
time of 20min.

ROC analysis gave an optimal cut-
off of S100B plasma of >0.21
ng/mL.

ROC analysis gave an optimal cut-
off of NSE of >12.28 ng/mL.

Test results were reported to the
emergency room at a median time
of 55 min (48.6 — 60.2) after
delivery of samples to the
laboratory.

Reference standard

Cranial head CT was performed to
detect relevant post-traumatic
lesions such as skull fracture or

Outcome
measures

S100B Post
traumatic lesions

Sensitivity

Specificity

Positive
predictive value

Negative
predictive value

S100B Post
traumatic lesions

TP

FP

FN

TN

NSE Post

traumatic lesions
Sensitivity
Specificity

Effect sizes

100%

40%

24.1%

100%

19
60

60

100%

6.9%

Comments

Source of
funding:

None stated

Additional data:

Data from 20
healthy
volunteers as a
negative
control.

No statistical
significance
between S100B
and serum
alcohol
concentration.
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Reference  Study type Number of patients

CT as well as those
who did not report at
least one of the
inclusion criteria
symptoms due to
traumatic event were
excluded.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Intervention and comparison
(Index test and reference
standard)

subarachnoid haemorrhage,
epidural or subdural haematoma,
intracerebral haemorrhage, or
diffuse brain oedema. All CT scans
initially interpreted by radiologists
on duty and were independently
reviewed (blinded) by one staff
radiologist and one CCT-
experienced trauma surgeon.

Outcome
measures

Positive
predictive value

Negative
predictive value

NSE Post
traumatic lesions

TP
FP
FN
N

Positive CT

Effect sizes

24.1%

100%

32
100
0

7

19 (13.7%)

Comments
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Table 37: Polide-de-Figueiredo 2006

Reference  Study type
Polide-de-  Prospective
Figueirdo  (validation)
2006"*
Setting:
Emergency
department
Country:
Brazil

Number of patients

N =50

Inclusion criteria:

Consecutive patients
sustaining mild head
injury (GCS 13-15)
and presenting at
least one of the
following symptoms:
amnesia, loss of
consciousness,
nausea, vomiting,
vertigo, or severe
headache on
admission.

Exclusion criteria:
Patients with focal
neurological deficits
were excluded.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Male: 28
Female: 22

Age: Not
reported

GCS 15: 37
GCS 14:11
GCS13:2

Median time
from trauma to
blood sampling
=82 mins

Intervention and comparison
(Index test and reference
standard)

Index test

Venous blood samples were drawn
on admission and processed to
serum. The deep frozen serum
samples were transported to the
Ludwig-Maximilians-University
Hospital in Munich, and levels of
S100B were measured using a
newly developed heterogeneous
immunoassay (Elecsys 2010)
according to manufacturer’s
instructions. The cut off point used
was 0.1pg/L, as determined from
previous studies.

Reference standard

Cranial CT was performed within 6
hours of emergency room
admission, and radiological findings
were defined as pathological (CT+)
if intracranial haemorrhage, skull
fracture, and/or diffuse brain
swelling were detected.

Outcome
measures

Abnormalities on
CcT

Sensitivity

Specificity

Positive
predictive value

Negative

predictive value
TP
FP
FN
TN

Abnormalities on
CT

Effect sizes

100%

20%

15%

100%

35

6

Comments

Source of
funding:
Supported by
the program
‘CAPES-
BAVARIA’, a
project of the
Bavarian
ministry of
science,
research and
art and the
‘CAPES’
administration
in Brazil, grant
number Z4-
L0142B2-
8/30321. Test
systems were
supplied by
Roche
Diagnostics.

Additional
information: a
negative
control group
of 21 healthy
volunteers was
also studied.
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Table 38: Zongo 2012

Reference

Zong
2012

(o]
542

Study type

Prospective
cohort

(derivation)

Setting:
Emergency
department
(tertiary
neurosurgica
| regional
center)

Country:
France

Number of patients

N = 1560

Inclusion criteria:

Consecutive patients
15 years or over
presenting to the
emergency
department within 6
hours with minor
head injury (GCS of
13 to 15), and with
one or more risk
factor: Loss of
consciousness,
posttraumatic
amnesia, repeated
vomiting, severe
headache, dizziness,
vertigo, alcohol
intoxication,
anticoagulation, and
age older than 65
years.

Exclusion criteria:

Patients were
excluded on
admission if a severe
injury was suspected
(Abbreviated injury
score >2). Patients

National Clinical Guideline Centre, 2014.

Patient
characteristics

Male: 870

Age: (median
and IQR) 57 (32-
82)

GCS 15: 1186
GCS 14: 335
GCS 13: 39

Intervention and comparison
(Index test and reference
standard)

Index test

Plasma was extracted from blood
samples routinely taken in the
emergency department and frozen
at -20°C until assayed using an
electrochemiluminescence
immunoassay kit (Elecsys; Roche).

ROC curve analysis determined the
optimal cut-off of 0.12pg/L.

Reference standard

CT was performed within 6 hours
after the head trauma with a
Philips Brilliance CT. Trauma
relevant lesions (subdural,
epidural, or intracerebral
haemorrhages; bland contusion;
edema; pneumocephalus; and skull
fracture) were searched for and
coded by a resident in radiology
and confirmed by a board certified
radiologist, blinded to the S100B
level.

Outcome
measures

Intracranial injury

Sensitivity

Specificity

Negative
predictive value

Positive
predictive value
TP

FP

FN

TN

Effect sizes

99.1

19.7

99.7

8.6

110
1164

286

Comments

Source of

funding:

This study was
funded by
INSERM, the
Reunica Group,
and the
teaching
hospital of
Bordeaux

[Potential
selection bias
through a large
amount of
missing data
(568 patients
excluded from
the analysis):
S100B not
available = 387,
interval > 6 h=
95, no CT scan =
86]
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Reference  Study type Number of patients Patient Intervention and comparison Outcome Effect sizes Comments
characteristics (Index test and reference measures
standard)

with a nontraumatic
neurologic disease
and patients with a
known history of
motor neuron
disease. Patients with
> 6 hours between
injury and blood
sampling.

National Clinical Guideline Centre, 2014.
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NSE

Table 39: Fridriksson 2000

Reference

Fridriksson
2000™

Study type

Prospective
pilot study

Setting:
Emergency
department
of an
academic
tertiary care
children’s
hospital

Country:
USA

Number of patients

N =49

Inclusion criteria:
Patients presenting
with blunt head
trauma within 24
hours of injury and
requiring head CT
evaluation in
accordance with the
written ED practice
guidelines.

Exclusion criteria:

Patients with
penetrating head
trauma, injury
sustained more than
24 hours prior to
presentation, or
bleeding disorders.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Age: 2 months
to 16 years

Male: 27
Female: 22

Mean GCS:
+CT for
intracranial
lesions
(ICL)=11.9+4.2

-CT for
ICL=13.9+2.6

Mean time from
injury to blood
sampling:

+CT for ICL= 256
+ 310 min

Intervention and comparison
(Index test and reference
standard)

Index test

5ml blood was drawn, spun and the
serum frozen at -70°C. Serum NSE
levels were determined using
standard radio-immunoassay
technique (Specialty Laboratories).
The NSE reference range provided
by Specialty Laboratories was
undetectable (<10 ng/mL),
indeterminable (10-15 ng/mL, and
abnormal (>15 ng/mL).

Reference standard

CT scans were obtained on a GE
high speed scanner at 5mm cuts for
all patients. All CTs obtained were
interpreted by one of four board-
certified paediatric radiologists.
Head CT was defined as positive for
intracranial lesions when cerebral
oedema, parenchymal bleeding,
cerebral contusion, or
subarachnoidal, subdural, or

Outcome
measures

Intracranial
lesions

Sensitivity

Specificity

Positive
predictive value

Negative

predictive value
TP
FP
FN
TN

Effect sizes

77%

52%

57%

74%

17
13

14

Comments

Source of
funding:

Supported by a
grant from the
Medical College
of Wisconsin
Clinical
Research
Center grant
number 627.

[method of
patient
selection not
reported]
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Reference  Study type Number of patients

National Clinical Guideline Centre, 2014.

Patient
characteristics

-CT for ICL= 242
+ 147 min

One patient was
excluded from
analysis
because the
blood sample
was drawn 72
hours post
injury.

Intervention and comparison Outcome Effect sizes
(Index test and reference measures
standard)

epidural bleeding was identified.

An ROC curve demonstrated that a
level of >15.3 ng/mL yields the
highest sensitivity and specificity
for predicting ICL.

Comments
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GFAP

Table 40: Papa 2012

Reference  Study type

Papa Prospective
2012*%*®  controlled
cohort

(derivation)

Setting:
Emergency
department

Country:
USA: 3 level
1 trauma
centers.

Number of patients

N =108 (117 with the
additional 9 control
patients who had a
CT)

Inclusion criteria:

(convenience
sample)

Adult patients with
suspected traumatic
brain injury,
determined by the
treating physician
according to the
history of blunt head
trauma followed by
loss of consciousness,
amnesia, or
disorientation and
presenting to the
emergency
department within 4

National Clinical Guideline Centre, 2014.

Patient
characteristics

Mean age: 39
(SD: 15, range:
18-89)

Male: 70%,
65/108

GCS 13 to 15: 97
GCS9to 12:11

Average time to
serum
collection:2.6h
(95% Cl: 1.9 to
3.2 h)

Intervention and comparison
(Index test and reference
standard)

Index test

Blood samples were obtained from
each patient with traumatic brain
injury and non-head-injured
trauma control cohort shortly after
arrival to the emergency
department and within 4 hours of
the reported time of injury. A single
vial of 5ml of blood was processed
to serum within 30 mins and frozen
at -70°C until transported to a
central laboratory. Samples were
analysed using enzyme-linked
immunosorbant assay to GFAP-
break down products (Banyan-
Biomarkers). Laboratory personnel
were blinded to clinical
information. ROC curves were
generated to find optimal cut-off
points. Cut off for intracranial
lesions: 0.035ng/mL, cut off for
need for neurosurgery: 0.17ng/mL

Outcome
measures

Intracranial
lesions on CT

Sensitivity

Specificity

Positive
predictive value

Negative
predictive value

CT positive

TP

FP

Effect sizes

97%

18%

31%

94%

32/108

31

70

15

Comments

Source of
funding:

Supported in
part by the
Department of
Defence and
the National
Institute of
Neurological
Disorders and
Stroke. Drs Liu,
Mo, Zhang and
Mondello and
Ms Akinyi are
employees of
Banyan
Biomarkers and
Drs Wang and
Hayes own
stock, receive
royalties from
and are officers
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Reference

Study type

Number of patients

hours of injury with a
GCS score of 9 —15.

Exclusion criteria:
Patients were
excluded if they were
younger than 18
years; there was no
history of trauma as
their primary event
(e.g. syncope or
seizure; they had no
known dementia,
chronic psychosis, or
active central
nervous system
pathology; or they
were pregnant.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Intervention and comparison
(Index test and reference
standard)

Reference standard

Patients underwent standard CT
scan of the head according to the
judgement of the treating
physician. CT ordering was that
that most patients with blunt head
injury and with subsequent
symptoms had a CT scan as part of
usual care. CT scans were
interpreted by board-certified
radiologists, who recorded
location, extent and type of brain
injury. Radiologists were blinded to
the study protocol, but had the
usual clinical information.
Intracranial lesions on CT defined
as any acute traumatic intracranial
lesion visualised on the CT scan.
Neurosurgical intervention defined
as either death within 7 days as a
result of head injury or need for
the following procedures within 7
days: craniotomy, elevation of skull
fracture, intracranial pressure
monitoring, or intubation for head
injury.

Outcome
measures

Need for

neurosurgical
intervention

Sensitivity

Specificity

Positive
predictive value

Negative
predictive value

Neurosurgical
intervention

TP
FP
FN

TN

Effect sizes

100%

42%

19%

100%

14/108

14

60

43

Comments

of Banyan
Biomarkers.

[Head CTs were
performed at
the discretion
of the treating
physician — not
all patients
received
reference
standard. An
additional 9
controls were
added to the
analysis that
had a head CT
due to clinician
judgement. ]

Additional
information:
Subgroup of
normal adult
volunteers
(control group)
and a group of
non-head
injured patients
( single limb
orthopaedic
injury or after a
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Reference  Study type Number of patients Patient Intervention and comparison Outcome Effect sizes Comments
characteristics (Index test and reference measures
standard)

vehicle crash
without blunt
head trauma).

National Clinical Guideline Centre, 2014.
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Clinical decision rules for cervical spine imaging

Adults

Table 41: Bandiera 2003

Reference  Study type Number of patients Patient Intervention and comparison
characteristics (Index test and reference
standard)
Banidiera” Prospective N = 6265 Male: 3177 Index test
observation Age: 36.6 (SD Normal clinical assessment
al cohort Patient selection not 16) (prospectively to predict
(validation)  rahorted. In Stiell 2001 probability of c-spine injury -
Thisisasub et al described as a Radiographs data not extracted)
study of convenience sample. performed:
Stiell498 R 4344 (69.3%) The Canadian C-spine rule was
20017 : :
! Inclusion criteria: applied retrospectively
Phase 1 of
the original Ambulatory or CT scan
AT immobilised adult performed: 236  Reference standard
study. patients who were (3.8%) Plain radiography with or
hemodynamically stable without flexion and extension
- (systolic blood pressure - cocfollowed  Vviews and CT imaging at the
o >90mmHg and up by discretion of the treating
10 Canadian  respiratory rate between telephone: 1956  physician.
urban 10 and 24 breaths/min), (31.2%)
teachingand  were alert (GCS15) and Patients who did not und
community UL CHUSALEL I r:dliigr:\&yopalrti:ic;altjgd ier:gaO
emergency from any mechanism of . .
departments  injury or no neck pain structured telephone interview

but some visible injury

National Clinical Guideline Centre, 2014.

by a study nurse 14 days after

Outcome
measures

Diagnostic
accuracy of C-
spine injury - C-
spine rule

Sensitivity
Specificity

P
FP

FN

TN

Diagnostic
accuracy of C-
spine injury -
Physicians
judgment

Sensitivity
Specificity

Effect sizes

100 (94 - 100)
44 (43 - 45)

64
3475

2726

92.2 (94 - 100)
53.9 (82 - 96)

Comments

Source of
funding:
Supported by
peer-
reviewed
grants from
the Medical
Research
Council of
Canada and
the Ontario
Ministry of
Health
Emergency
Health
Services
Committee.

Additional
information:
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Reference

Study type

Country:
Canada

Number of patients

above the clavicles, had
not been ambulatory,
and had experienced a
dangerous mechanism of
injury.

Exclusion criteria:

Age younger than 16
years, GCS < 15, unstable
vital signs, time of injury
more than 48 hours
before assessment,
penetrating trauma,
acute paralysis, known
vertebral disease,
reassessment of the
same injury and
pregnancy.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Intervention and comparison
(Index test and reference
standard)

discharge to determine patient
outcome and search for
undetected injuries.

Clinically unimportant injuries
were defined as isolated
avulsion fracture of an
osteophyte, isolated fracture of
a transverse process not
involving body or facet joint,
isolated fracture of a spinous
process not involving the
lamina, and isolated
compression fracture less than
25% of the vertebral body
height.

Outcome
measures

Clinically
important c-spine
injury: (some
patients had >1)

Clinically
unimportant c-
spine injury

Fracture:

Dislocation:

Ligamentous
instability:

Developed
neurologic deficit

Stabilising
treatments:

Admitted to
hospital

Effect sizes

64 (1%)

16 (0.3%)

76 (1.2%)

6 (0.1%)

5(0.1%)

5 (0.1%)

69 (1.1%)
(internal fixation:
14, Halo: 23,
Brace 5, rigid
collar: 27)

437 (7%)

Comments
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Table 42: Coffey 2011

Reference  Study type

Coffey
2011%

Prospective
observation
al -
Validation

Setting:
Emergency
department
of 2
hospitals

Country:
UK

Number of patients

N = 1420

Inclusion criteria:

Neck pain following
acute blunt trauma to
the head and/or neck.
No neck pain, non
ambulatory and
evidence of injury
above the clavicle.
Alert and stable (GCS
>15) with normal vital
signs). Ages over 16
and injury sustained
within the previous 48
hours.

Exclusion criteria:
Patients under 16
years, no trauma to
head and neck,
ambulatory patients
with no neck pain,
minor head/facial
injury and a low risk
mechanism. Major
trauma, GCS < 15.
Injury occurred >48
hours previously,
penetrating trauma,
acute paralysis/
paresis. Vertebral

National Clinical Guideline Centre, 2014.

Patient
characteristics

Male: 716
Female: 704

Age: NR

GCS 15: all
patients

C-spine
radiography
performed in
987 patients
C-spine injury:
Vertebral
fractures: 5
Fracture
dislocations: 3

Intervention and comparison
(Index test and reference
standard)

Index test

Canadian c-spine rule.
Decision rule algorithm was
appended to the recruited

patient’s notes by the triage
nurse.

Doctor’s were instructed to
record their findings and to
order radiographs as they
normally would, irrespective
of the decision rule.

Reference standard

Radiography or follow up by
telephone (14 days) by a
study nurse using a validated
proxy outcome tool. Patients
were recalled for re-
assessment if any of the
following were present:
moderate or severe neck pain,
moderate or severe
restriction of neck movement,
ongoing use of a neck collar,
the neck injury had prevented
a return to their usual pre-
accident activity. If re-
assessment suggested the
possibility of a significant
cervical injury, further

Outcome
measures

Diagnostic
accuracy of
C-spine
injury

Sensitivity
Specificity
TP
FP

FN
TN

Effect sizes

100% (95% Cl:
56 — 100)
43% (95% Cl:
39-45)

807

605

Comments

Source of funding:

This study was partially
funded by the Special
Trustees Fund of the
University Hospital
Nottingham.

Additional information:

There were 202
‘indeterminate’ cases, in
which doctors did not
evaluate the range of
motion as required by the
decision rule.

Aim of study was to
investigate if the Canadian
c-spine rule would reduce
the number of
radiographs ordered,
rather than validating the
diagnostic accuracy.

Data on mechanism of
injury available.

Study size large but, due
to small incidence of c-
spine injuries, this study is
not statistically powered
to validate the rule in this
setting.
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Reference  Study type

Table 43: Duane 2011A

Reference  Study type

Duane
2011A114,1l
5

Prospective
validation

Setting:
Level 1
trauma
center

Country:
Virginia, USA

Number of patients

disease, returned for

assessment.
Pregnancy.

Number of
patients

N =3201

Inclusion criteria:
All adults (>16
years) who
suffered blunt
trauma resulting
in a trauma team
activation.
Exclusion criteria:

None reported.

National Clinical Guideline Centre, 2014.

Patient

characteristics

Patient characteristics

Patient characteristics

reported by

fracture/non-fracture

Fracture
Age: 42.7 +19 years
GCS13.8+4.4

No fracture

Age: 37.8 +17.5 years

GCS14.4+4.3

192 patients had a
total of 310 c-spine
fractures.

Intervention and comparison
(Index test and reference
standard)

imaging was performed.

Intervention and comparison
(Index test and reference
standard)

Index test

A data collection form was
completed in the trauma bay
in which all the answers to
the Canadian cervical spine
rule were documented on all
patients. Only active rotation
(45°) of the neck was
excluded as part of the
evaluation because the
trauma facility felt it was too
much of a risk for c-spine
injury

Reference standard

All patients had a complete c-

Outcome
measures

Outcome
measures

Diagnostic
accuracy of C-
spine fracture

Sensitivity

Specificity

Positive
predictive value
Negative
predictive value
TP

FP

FN

TN

Effect sizes

Effect sizes

100%
0.06%

6.03%

100%

192
2991

18

Comments

Comments

Source of funding:

None reported.

Additional
information:

The authors
conducted
univariate analysis
on the 30 clinical
findings in the
decision rule. Eight
of these were
identified as
predictors of c-
spine injury (tender
to palpation
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Number of
patients

Reference  Study type

National Clinical Guideline Centre, 2014.

Patient characteristics

Fractures:

Vertebral body
fractures: 94

Transverse process
fractures: 69

Facet fractures: 61
Laminar fractures: 48

Spinous process
fractures: 36

Other: 2

Outcome Effect sizes

measures

Intervention and comparison
(Index test and reference
standard)

spine CT. CT was used to
determine accuracy of clinical
examination. A Siemens
Sensation 16 multidetector CT
was used in all patients. The
scan extended from the base
of the skull to the level of the
third thoracic vertebra.

Comments

midline, GCS <15,
Age >65,
parathesias, high
speed motor
vehicle collision
(MVC), rollover
MVC, patient
ejection, never in
sitting position in
emergency
department)

Noted that the rule
used was derived
in a population of
haemodynamically
stable patients
with GCS
15(population in
this study has
wider inclusion
criteria)
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Table 44: Griffith 2011

Reference  Study type

Griffith
2011

Retrospectiv
e validation

Setting:
Emergency
department
of a level 1
trauma
centre

Country:
Detroit, USA

Number of patients

N = 1552 (1589
examinations, 30
patients had multiple
scans)

Inclusion criteria:
Retrospective review
of patients older than
18 years and have
search terms
‘trauma, rule out
fracture, motor
vehicle accident or
assault’.

Exclusion criteria:

Patient had no
documented trauma
despite indication
given on CT, patient
presented as an
outpatient or an
inpatient (i.e. not in
emergency
department), trauma
>48 h before
presentation,
penetrating injuries,
follow up
examinations of a
known fracture.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Male: 921
Female: 631

Age, mean: 43.4
(18-100 years)

Mechanism of
injury:

Fall: 381/1589
Assault
477/1589

Motor vehicle
crash: 599/1589
Pedestrian vs
motor vehicle:
70/1589

Other: 62/1589

30 patients
underwent
multiple CT
examination: 24
patients twice,
5 patients three
times and one
patient four
times.

Intervention and comparison
(Index test and reference
standard)

Index test

NEXUS criteria were evaluated
using emergency department
documentation. The patient was
considered to have normal
mental status if they were
documented to be alert and
oriented to person, place, and
time or if there was no
documentation of GCS. In
addition, information regarding
paravertebral cervical tenderness
and painful or decreased cervical
range of motion was also
collected — not part of NEXUS
criteria, but reported here as
‘liberalized NEXUS criteria’.

Reference standard

Radiologist confirmed fracture of
any type, a dislocation or
subluxation based on CT findings.
Intermediate injuries were those
in which a radiologist suggested a
finding may be related to trauma
or other cause and warranted
further imaging to confirm
findings.

Outcome measures

Cervical spine
injury — NEXUS
criteria, n = 1589

Sensitivity
Specificity
Positive predictive
value

Negative predictive
value

TP
FP
FN
TN

Indeterminate CT

with negative
follow up

Cervical spine
injury — liberalised
NEXUS criteria, n =
1217

TP
FP
FN
TN
Indeterminate CT

with negative
follow up

Effect sizes

90.2%
23.8%
3%

98.%

37
1160

364
24

37
1216

308
24

Comments

Source of

funding:
Not reported.

Additional
information:

Study not
designed to test
performance of
NEXUS criteria
(but to
investigate if
implementing
NEXUS would
lead to
reduction in
unnecessary CT
scans).
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Table 45: Hoffman 1992

Reference  Study type Number of Patient Intervention and comparison Outcome measures Effect sizes Comments
patients characteristics (Index test and reference
standard)
Hoffman Prospective N =1000(n=974 Male: 59.3% Index test Diagnostic accuracy Source of
1992°°?®  observation  cases, as 26 forms Median age Prospective data collection of C-spine injury funding:
al cohort had incomplete (range): 25 (6 forms were completed detailing  Midline neck Not reported
(derivation) data). months - 98 history and physical tenderness or altered
Pilot NEXUS years) examination, prehospital level of alertness Additional
study Inclusion criteria: T‘Leij[l:ner:jt’ ?nd eétir:ﬁatc.ed Sensitivity 93 (76 - 99) information:
Consecutive 27 patients with .I _e Tnveiere] @i EEIEEl-Epine SpECIfICIty 50.6 (473 . 538) Historical
Setting: patients. c-spine fracture Injury. NPV 996 (98.5-100)  findingsand
UCLA were admitted to  No specific attempt to modify : ) signs and
emergency A S el the hospital phc}/.sn:lan I:Jsebo]t cerv;lcal.—spme Sy SE—— symptoms
ici during the entire ~ radiography betore, auring, or i
el blunt trauma who stud . o] after the study period. tenderness or altered given for
center. underwent yp . v combiring data elements level of alertness or fracture and no
radiography of | el severely painful fracture.
: : the authors identified mostand |
Country: the cervical spine injury
: St in some cases all of the patients
USA in a participating . Sensitivity 96 (81 - 100)
emergency with fracture.
department Specificity 41.8 (38.6 - 45.0)
Reference standard NPV 99.7(98.6 - 100)
Midline neck

Exclusion criteria:

No exclusion
criteria.

National Clinical Guideline Centre, 2014.

All patients received at least
cross-table lateral,
anteropostierior, and odontoid
views, supplemented by
oblique views, flexion-extension

tenderness or altered
level of alertness or
severely painful
injury or intoxication

radiographs, and cervical CT as Sensitivity 100(87 - 100)
determined by emergency Specificity 37.3(34.2-40.4)
physicians. NPV 100 (99.0 - 100)
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Reference

National Clinical Guideline Centre, 2014.

Study type

Number of
patients

Patient
characteristics

Intervention and comparison
(Index test and reference
standard)

The presence of fracture was
confirmed by review of the final
radiographic diagnosis of the ED
studies as well as any additional
studies performed in the
inpatient setting.

Preliminary diagnoses of ‘no
fracture’ were confirmed by:
reviewing quality assurance
logs and risk management
records and searching the
diagnoses of discharged
patients up to 3 months.

Outcome measures

Any of midline neck
tenderness or altered
level of alertness or
severely painful
injury or intoxication
or midline neck pain
Sensitivity
Specificity
NPV

Any of midline neck
tenderness or altered
level of alertness or
intoxication but
exclude all patients
with whiplash
mechanism

Sensitivity
Specificity
NPV

Effect sizes

100 (87 - 100)
12.5(10.4 - 14.7)
100 (96.9 - 100)

100 (87 - 100)
52.2 (48.9 - 55.4)
100 (99.3 - 100)

Comments
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Table 46: Hoffman 2000

Reference  Study type
Hoffman Prospective
2000%°*°%®  observation
methodolo ~ al cohort
gy also (validation)
Hoffman
1998°%21 Setting:
21 centers -
Sub group  university
analysis of  and
patients community
aged >65 hospitals,
years old varied in size
in Touger and activity
2002°Y level in the
emergency
department.
Country:
USA

Number of patients

N = 34069 all
patients

(<65 = 30443, >65
years old = 2943)

Inclusion criteria:
All patients with
blunt trauma who
underwent
radiography if the
cervical spinein a
participating
emergency
department.

Exclusion criteria:
Patients with
penetrating trauma
and those who
underwent cervical
spine imaging for
any other reason,
unrelated to
trauma, were not
eligible for
inclusion.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Male: 58.7%
Mean age
(range): 37 (1 -
101)

C-spine injury:
Mean age
(range): 40 (2 -
100)

Intervention and
comparison (Index test and
reference standard)

Index test

NEXUS criteria:

no tenderness at posterior
midline of cervical spine; no
focal neurological deficit;
normal level of alertness; no
evidence of intoxication;
and no clinically apparent,
painful injury that might
distract them from the pain
of cervical spine injury.
Patients who met all 5
criteria were considered to
have a low probability of
injury and not require
radiographic or other
imaging.

At each center a physician in
the emergency department
served as a liaison to the
study investigators and a
dedicated radiologist
ensured that data collection
was complete and correct.
Clinicians were trained in
the NEXUS criteria and
cautioned against using the
set of criteria as the sole
determinant of whether
patients needed imaging.

Outcome measures

Diagnostic accuracy of
Clinically significant C-
spine injury
Sensitivity

Specificity

TP

FP

FN

TN

Any injury
(radiographically

documented)
TP

FP
FN
N

Diagnostic accuracy of
Clinically significant C-
spine injury
Sensitivity

Specificity
NPV
PPV

Diagnostic accuracy of
Clinically significant C-
spine injury
Sensitivity

Effect sizes

all patients

100% (99-100)
13% (13 - 13)
576

29184

2

4307

810
28950
8
4301

>65 years olds

100 (97.1 - 100)
14.7 (14.6 - 14.7)
100 (99.1 - 100)
4.94 (4.94 - 5)

<65 years olds

99.6 (98.4 - 99.9)

Comments

Source of

funding:
Grant from the
Agency for
Healthcare
Research and
Quality.

Additional
information:
Details of the 8
missed injuries
given (including
2 with clinically
significant
injury - 1. no
symptoms, but
plain films
showed a
fracture of an
anteroinferior
portion of the
second cervical
vertebra. 2.
plain film
showed
fracture of the
right lamina of
the sixth
cervical
vertebra and



Head Injury

Clinical evidence tables

Reference

Study type

Number of patients

National Clinical Guideline Centre, 2014.

Patient
characteristics

Intervention and
comparison (Index test and
reference standard)

Reference standard

A standard set of 3 views of
the spine was obtained in all
patients, unless CT or MRI
imaging of the entire spine
was performed because
plain film radiography was
impractical or impossible.
Other imaging studies could
be ordered at the discretion
of the treating physician.
Injuries were defined as not
clinically significant if they
typically require no specific
treatment and, if not
identified, would be
expected to result in no
harm. Radiographically
documented cervical spine
injuries were categorised as
not clinically significant if
they were isolated and
there was no evidence of
other bony injury or
ligamentous or spinal cord
injury.

Outcome measures

Specificity

All patients:
NPV

PPV
C-spine injury

All patients

<65 years

>65 years
Fractures
Occipital condyle
C1

C2 nonodontoid
C2 odontoid

c3

ca

C5

C6

c7

Fractures
Occipital condyle
C1

C2 nonodontoid
C2 odontoid

c3

NPV
PPV

Effect sizes

12.7 (12.7 - 12.7)
99.9 (99.8 - 100)
1.6 (1.6 - 1.6)

99.8 (99.6 - 100)
2.7 (2.6 -2.8)

818

683

135

Aged <65
18/30443
79/30443
141/30443
51/30443
44/30443
78/30443
160/30443
219/30443
220/30443
Aged 65 and over
2/2943
26/2943
52/2943
40/2943
6/2943

Comments

fracture of the
right clavicle).

Noted that the
decision
instrument
identified 2
patients with
an odontoid
fracture that
was not initially
diagnosed by
the physicians.

Touger et al
2002 did not
provide
sufficient data
to calculate
diagnostic 2x2
tables.
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Reference  Study type Number of patients Patient Intervention and Outcome measures Effect sizes Comments
characteristics comparison (Index test and
reference standard)

ca 6/2943
C5 17/2943
C6 23/2943
c7 27/2943
Dislocation — subluxation Age < 65
Atlanto-occipital 5/30443
Cl-C2 15/30443
c2-C3 20/30443
c3-c4 22/30443
C4-C5 33/30443
C5-C6 53/30443
C6—-C7 46/30443
C7-T1 9/30443
Dislocation — sublaxtion Aged 65 and over
Atlanto-occipital 0/2943
Cl-C2 9/2943
c2-C3 3/2943
c3-c4 3/2943
C4-C5 5/2943
C5-C6 6/2943
C6—-C7 9/2943
C7-T1 0/2943
Spinal cord injuries

Age < 65 61/30443
Age >65 8/2943
SCIWORA

Age < 65 22/30443
Age >65 5/2943

National Clinical Guideline Centre, 2014.
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Table 47: Stiell 2001

Reference  Study type

Stiell
2001%984%°

Prospective
observation
al cohort

(derivation)

Setting:

10
emergency
departments
in large
community
and
university
hospitals

Country:
Canada

Number of patients

N = 8924

Inclusion criteria:

Convenience sample
(stated in abstract)
Consecutive (stated
in methods) adult
patients presenting
to the ED after
sustaining acute
blunt trauma to the
head or neck.

Neck pain from any
mechanism of injury
or no neck pain but

had all the following:

some visible injury
above the clavicles,
had not been
ambulatory, and had
sustained a
dangerous

mechanism of injury.

Alert (GCS 15), and
stable (normal vital
signs - systolic bp
>90mmHg and a
respiratory rate
between (10 and
24/min).

Exclusion criteria:

National Clinical Guideline Centre, 2014.

Patient
characteristics

Male: 4600
(51.5%)

Mean age: 36.7
years (range 16
- 98)

C-spine
radiography
performed:
6145 (68.9%)
CT scan
performed: 436
(4.9%)

Cases followed
up by
telephone: 2779
(31.1%)

577 excluded as
they did not
have C-spine
radiography and
were unable to
be followed up.

Time from
injury to
assessment,
mean (SD):
4.5h(7.4)

Intervention and comparison (Index
test and reference standard)

Index test

Derivation of Canadian C-spine rule.
Univariate analyses were used to
determine the strength of
association between each variable
and the primary outcome to aid
selection of the best variables for the
multivariable analyses. Those
variables found to be both reliable (k
>0.6) and strongly associated with
the outcome measure (P<0.5) were
combined using either recursive
partionting or logistic regression.
Clinical variables included in the
proposed rule:

Dangerous mechanism, age >65,
paresthesias in extremeties,
ambulatory at any time after injury,
sitting position in ED, delayed onset
of neck pain, absence of midline neck
tenderness, able to rotate neck 45°
left and right and simple rear-end
MVC

Reference standard

Patients were subject to clinical
examination and then plain
radiography (minimum 3 views) of
the c-spine according to the
judgment of the treating physician.
Additional flexion-extension views
and CT of the c-spine were at the

Outcome

measures
Diagnostic
accuracy of C-
spine injury

Sensitivity

Specificity

TP
FP
FN
N

Clinically
important c-
spine injury
Fracture
Dislocation
Ligamentous
injury
Developed

neurological
deficit

Stabilising

Effect sizes

100 (98 - 100)
42.5 (40.44)
151

5041

0
3732

151

143 (1.6%)
23 (0.3%)
9 (0.1%)

11 (0.1%)

Comments

Source of
funding:
Funded by
peer-
reviewed
grants fro the
Medical
Research
Council of
Canada and
the Ontario
Ministry of
Health
Emergency
Health
Services
Committee.

Additional
information:

3281 eligible
patients were
examined, but
not enrolled
in this study
by treating
physicians.
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Reference

Study type

Number of patients

Younger than 16, had
minor injuries, GCS
<15, grossly
abnormal vital signs,
injured >48 hours
previously, had
penetrating trauma,
presented with acute
paralysis, had known
vertebral disease,
had returned for
reassessment or
were pregnant.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Intervention and comparison (Index
test and reference standard)
discretion of the treating physician.
Radiographs were interpreted by
qualified staff radiologists who were
blinded to the data collection sheet.
All patients who did not have
radiography had telephone follow up
at 14 days. Patients were classified
as having no clinically important c-
spine injury if the met all criteria for
14 days: no or mild neck pain, no or
mild restriction of head movement,
use of cervical collar not required,
neck injury has not prevented return
to usual occupation activities.

All c-spine injuries were considered
clinically important unless the
patient was neurologically intact and
had one of the following: isolated
avulsion fracture of an osteophyte,
isolated fracture of a transverse
process not involving body or facet
joint, isolated fracture of a spinous
process not involving the lamina, and
isolated compression fracture less
than 25% of the vertebral body
height.

Outcome
measures
treatments

Admitted to

hospital

Effect sizes Comments
161 (1.8%)

(internal fixation:

25, Halo: 55,

Brace 19, rigid

collar: 62)

726 (8.1%)
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Table 48: Stiell 2003

Reference

Stiell
2003492,498

Study type

Prospective
observation
al cohort

(validation)

Setting:
9 emergency
department

Country:
Canada

Number of patients

N = 8283

(3603 eligible patients
were not enrolled by
physicians, and
another 635 had data
forms but no outcome
assessments).

Inclusion criteria:
Consecutive adults (>
16 years) with acute
trauma to the head or
neck who were both in
a stable condition and
alert and who had
either neck pain or no
neck pain, but met all
of the following
criteria: they had
visible injury above the
clavicles, were
nonambulatory, and
who had a dangerous
mechanism of injury.
GCS 15, normal vital
signs and injury within
the previous 48 hours.

National Clinical Guideline Centre, 2014.

Patient
characteristics

Male: 4328
(52.3%)
Age: 37.6 (+16)

CT scan
performed: 5936
(71.7%)

Cases followed up
by telephone:
2338 (28.2%)

Admitted to
hospital: 430
(5.2%)

Mean length of
stay: 232.9
min(those who
underwent
radiography n =
4608) 123.2 min
(did not undergo
radiography n =
1997)

Data reported
excludes 845

Intervention and comparison
(Index test and reference
standard)

Index test
Canadian C-spine
NEXUS low risk criteria

Patients assessed by attending or
resident emergency medicine
physicians.

Clinically important c-spine injury
defined as: any fracture,
dislocation, or ligamentous
instability demonstrated by
imaging. All injuries considered
clinically important unless
radiography showed; osteophyte
avulsion, a transverse process not
involving lamina, or a simple
vertebral compression of less than
25% of body height.

Reference standard

Patients underwent standard plain
radiography according to the
judgement of the treating
physicians. Additional views and
investigations were ordered at the

discretion of the treating physician.

Outcome Effect sizes
measures
Canadian C-
spine -
diagnostic
accuracy of C-
spine injury
Sensitivity 99.4 (96 - 100)
Specificity 45.1 (44 - 46)
TP 161
FP 3995
FN 1
TN 3281
NEXUS -
diagnostic
accuracy of C-
spine injury
Sensitivity 90.7 (85 - 94)
Specificity 36.8 (36 - 38)
TP 147
FP 4599
FN 15
TN 2677

Comments

Source of
funding:
Supported by
peer-
reviewed
grants from
the Canadian
Institutes of
Health
Research and
the Ontario
Ministry of
Health
Emergency
Health
Services
Committee.

Additional
information:
Mechanism of
injury
reported.
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Reference

Study type

Number of patients

Exclusion criteria:
Under 16; had
penetrating neck
trauma, acute
paralysis, or known
vertebral disease; had
been evaluated
previously for the
same injury; or were
pregnant.

National Clinical Guideline Centre, 2014.

Patient
characteristics

cases classified as
indeterminate
and (omitted
from the
analysis).
Indeterminate
defined as:
physicians did not
evaluate range of
motion as
required by the
Canadian c-spine
rule

Intervention and comparison
(Index test and reference
standard)

All patients with an identified
injury had a CT scan. Patients who
did not have radiography
underwent telephone follow up at
a4 days. Patients were recalled for
radiography if they did not meet
any of the following: mild neck pain
or none, mild neck-movement
restriction or none, neck collar not
used, and a return to usual
occupation activities.

Outcome
measures

Clinically
important c-
spine injury
Fracture
Dislocation
Ligamentous
injury
Stabilising
treatments

Effect sizes

169

209
71

(internal
fixation: 44,

Halo: 45, Brace
13, rigid collar:

81)

Comments
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Children

Table 49: Pieretti 2009

Reference  Study type

Pieretti
2009°%°

Retrospectiv
e, derivation
and
validation.

Setting:
22 trauma
centres.

Country:

USA/Canada
/Brazil

Number of patients

N = 12882
Included = 12537

(345 excluded that
died at the
emergency
department)

Inclusion criteria:
Patients younger
than 3 years who
sustained blunt
trauma during a 10
year period.

No universal cervical
spine clearance
protocol was used
across the study
sites. 5
predominantly used
physical examination,
6 depended on plain
films and 11 used CT
scans liberally.
Exclusion criteria:

Patients older than
36 months

National Clinical Guideline Centre, 2014.

Patient
characteristics

Male: Not
reported
Female: Not
reported

Age: Not
reported

83 confirmed
patients with c-
spine injury (by
plain film and
CT).

Imaging:
Plain
radiograph:
4046

CT: 3358
MRI: 478

Intervention and comparison
(Index test and reference
standard)

Index test

PEDSPINE = Sample split into 2
cohorts, the first to derive clinical
predictors for a protocol and the
second (n = 4179) to validate the
protocol. Multiple logistic
regression analysis was used on the
first cohort to identify 4
independent predictors of cervical
spine injury (GCS <14, GCS EYE = 1,
motor vehicle collision, and age >2
years i.e. 24 — 36 months). A
weighted score was developed
based on the magnitude of effect
of predictor.

GCS<14:3

GCSge=1:2

motor vehicle collision: 2
age >2 years: 1

Reference standard

Cervical spine injury was defined as
osseous or ligamentous injury to
the c-spine seen on CT, radiograph
or MRI.

Outcome
measures

Diagnostic
accuracy of C-
spine fracture

(weighted score

ofOor1l)
Sensitivity
Specificity

Positive
predictive value

Negative
predictive value

Derivation set
TP
FP
FN
TN
Validation set
TP
FP
FN
TN

Effect sizes

92.9
69.9

Not reported

99.93

28
1224

2925

50
2524

5777

Comments

Source of
funding:
Supported by a
grant from the
American
Association for
the Surgery of
Trauma
Foundation and
a grant by
Anthem Blue
Cross/Blue
Shield of
Conneticut.

Additional
information:

Patient
characteristics
not reported,
only given for
no injury vs
injury.
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Table 50: Viccellio 2001

Study type Number of patients Patient Intervention and comparison (Index Outcome Effect sizes Comments
characteristics test and reference standard) measures
Prospective, N =3065 Male: Index test Diagnostic Source of
validation. (NEXUS cohort = NEXUS low risk criteria: accuracy of funding:
Subgroup of  34069) Female No tenderness at posterior midline of C-spine Funded by a
et Inclusion criteria: Age: cervical spine; no neurologic fracture grant from the
validation SerfiTie wihe < =88 abnormality; normal level of alertness; Sensitivity 100 (87.8-100)  Agency for
Hoffmazrz)seztog e no evidence of intoxication; and no Specificity 19.9 (18.5-21.3)  Healthcare
al 20007 radiographic 2-8=817 clinically apparent, painful distracting Research and
evaluation. 9-17=2160 injury. Positive 1.2 (0.8-1.8) Quality
Setting: Subgroup = Patients who met all 5 criteria were predictive
Multicenter,  patients <18. Intoxication = considered to have a low probability of value 100 (99.2 - 100) Additional
mix of 110 patients injury and not require radiographic or e ' information:
S N other imaging. predictive Characteristics
hospitals, e All patients underwent clinical value and prevalence
academic Patients f”'th evaluation prior to radiography, unless of NEXUS
medical penetrating trauma the patient was judged to be too 30 criteria for
institutions, ~ and those who . unstable prior to radiography. The P 2432 patients who
tertiary care un.der.went. cervical decision to radiograph was at the FP 0 sustained
facilities, LU ELASiel physicians discretion and nor driven by FN 603 cervical spine
trauma 3:‘;;";?:; ;iasc’n' the NEXUS criteria. N injury. 24/30
EEMAES and trauma. were not At each center a physician in the Clinically 30 were clinically
children’s oli ible,for emergency department served as a important c- stable, 21/30
hospitals. incglusion liaison to the study investigators and a spine injury were male. No
' dedicated radiologist ensured that data incidence of
Country: collection was complete and correct. SCIWORA, >1

National Clinical Guideline Centre, 2014.
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Reference  Study type Number of patients

USA

National Clinical Guideline Centre, 2014.

Patient
characteristics

Intervention and comparison (Index
test and reference standard)

Clinicians were trained in the NEXUS
criteria and cautioned against using the
set of criteria as the sole determinant of
whether patients needed imaging.
Reference standard

Radiographic imaging used a minimum
of 3-view examination, including cross-
table lateral, anteroposterior, and open
mouth odontoid views. Other imaging
studies, including CT, were ordered at
the discretion of the treating physician.
Injuries were defined as clinically
significant based on the final
interpretation of all radiographic studies
(including CT/MRI).

Outcome
measures

Effect sizes

Comments

non-low-risk
finding in 13/30
- full details for
entire NEXUS
cohort given,
not just
paediatric.
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H.6 Patient information and discharge advice

H.6.1 Qualitative studies

Table 51: Falk 2008

139

Study Falk 2008

Aim To identify information needs of the family when a child is hospitalised with mild head injury.

Population Families of 57 children (0-15 years) who visited the ED as a result of mild head injury with reported postconcussional symptoms (such as headache,
fatigue or nausea) and children admitted to a hospital ward for observation. Country — Sweden.

Methods Follow up questionnaire contained one open-ended question ' what questions did you have when your child had injured his/her head'? - mailed to
the families 3 months after the injury. Date of interview: March 2003 - June 2003

Analysis The answers received were subjected to content analysis. Text was coded and organised into categories. Repeated checks of the entire transcript
were performed to ensure no changes from the original text were made.

Themes with Need for information Need for immediate information regarding the head injury. The family needed the health-care staff to treat their

findings concerning the head injury  child on the basis of their professional observations, as well as to inform the entire family of the results of these

observations, e.g. “Is this a concussion?”. In addition, they wanted to be informed of the acute management strategy
e.g. “What investigations are you planning to perform?”. Furthermore, they wanted to know what the immediate
complications might be “Could it be a brain injury? Is there any bleeding in the brain or fracture of the skull?”.

Need for information concerning everyday care. The family wanted to know information concerning daily care of
their child at home, “What should we be aware of?”, “What should we look for in particular when we are at home?.

They also wanted information about the recovery process, “For how long will he/she feel like this?” and possible
restrictions on the educational and other activities of their child “How active should | let my child be?”, “ How about
watching television, reading, computer games and physical activities — what is he/she allowed to do?

Need for reassurance and Need for reassurance and support for coping. The families had questions concerning the recovery of their child “Will

support he/she recover” and sought reassurance, “Will he/she get well?”. They also wanted to know about any long-lasting
consequences of the injury “Will there be any long-lasting consequences?”. In addition, the parents of children less
than 5 years of age asked questions like “Will this injury lead to a delay in physical development?” that were not
asked by parents of older children.

National Clinical Guideline Centre, 2014.
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Need to share the emotional burden. The families expressed a need to share aspects of their emotional burden,
describing feelings such as “l was so scared!”, anxiety and overall concern about the situation. They also sought
assurance about possible guilt regarding their own management of their child’s injury with questions like “Should we
have come to the hospital by ambulance?” and “Should we have come to the hospital sooner?”.

e Uncertain if needs expressed are those of the child and/or parent.

e Use of single-open ended questions may have limited the range of answers received, authors note that interviews may have provided
richer and more varied information.

e Information requested at 3 months post head injury, some families may have forgotten questions they had at the time of injury.

Table 52: Gagnon 2008

Study
Aim

Population

Methods

Analysis

Themes with
findings

Gagnon 2008

To identify specific needs of adolescents after a mild TBI.

Adolescents (12 - 16 years) with mild TBI (according to WHO criteria, including GCS 13 - 15 after 30 mins post-injury or less), not due to drugs,
alcohol, medication, caused by other injuries or problems. Patients selected from databases of the TBI programmes and emergency department of
2 paediatric trauma centres. 15 adolescents (5 girls, 10 boys) and 13 mothers and 2 fathers. These patients were separated into 3 groups, 1)
Adolescents seen solely in the emergency department (n = 6), 2) Adolescents who were admitted to hospital for less than 24 hours for observation
and referred to the TBI programme of the institution (n = 4), 3) Adolescents who were admitted to hospital (1 — 6 days) and required rehab
services from a specialised TBI team because of the complexity of their injury or persisting symptoms (n = 5). Country — Canada.

Individual semi-structured in-depth interviews were completed with each adolescent and at least one parent (separately) in their home. Interviews
lasted 45-60 mins and conducted in their language of choice (English or French) by the same interviewer. An interview guide, comprised of open-
ended questions designed to promote interaction between participants and the interviewer, was used.

Interview did evolve over the course of the study, but the following themes were always discussed:

The impact of the mild TBI on the various spheres of the adolescent's life (social, academic, leisure/physical activities), needs following a mild TBI
during adolescence, the quality of services received since their injury and any additional services they wish they had received to ensure optimal
recovery.

Interviews were audiotaped and transcribed. Information regarding injury was extracted from medical notes. Interviews were coded to identify
key elements emerging from data. A preliminary coding frame was created, revised and refined allowing themes to emerge and categorisation of
data in a structured manner.

Recovery from a mild TBI Need to seek care after mild TBI. Need for pain management and how to manage other symptoms e.g. headaches,
(related to impairments, nausea or irritability. Impairments such as postconcussion symptoms or loss of consciousness. Group 3 adolescents
activity limitations and expressed needing management of more symptoms (dizziness, fatigue, sensitivity to noise, irritability) and indicated

National Clinical Guideline Centre, 2014.
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participation restrictions

secondary to the mild TBI).

Information

National Clinical Guideline Centre, 2014.

they were not always met and needed multiple visits to the emergency department or physician. “...Basically all |
wanted was to get rid of the headaches, they were so bad and everything they gave me it wouldn’t work. So | went
back to the hospital and | stayed there for a couple of nights. | was hoping for them to find something to give me to
get rid of the headaches but nothing was working”. (group 3 adolescent) “...| went to school the next day and | had
really bad headaches the whole day and | was like crying in class it hurt so much, so that night | went to the
hospital...” (group 1 adolescent)

Need to obtain an accurate and prompt diagnosis. Participants found the waiting times in the emergency
department unacceptable, adolescents and parents considered a blow to the head to be a serious condition.

Activities and participation. Adolescents expressed a strong desire to reintegrate into their milieu and to return to
their familiar surroundings and activities as soon as possible. They were worried that postconcussion symptoms
could prevent their return to physical activities. As part of discharge they were advised that they should only return
to physical activities once symptoms had resolved.

Need for information following mild TBI. Adolescents and parents felt that information should be readily available
and that professionals should address adolescents directly and not only the parents.

Information was requested about circumstances of the injury — what happened? Adolescents looked for explanations
from their families or professionals. For parents, it was their absence at the time of injury or at the time their teen
was brought to hospital that created the need to find out about the circumstances of the injury. “What state was he
in when he got there, did an ambulance bring him in, | don’t know. | put the pieces back together afterwards, you
don’t know what’s going on and it seems like nobody can...I don’t know if | arrived during a change of shifts...The
more | think about it the more you say to yourself, is somebody going to be able to tell me what happened...” (group
1 parent)

Information was requested about mild TBI— what to expect? All adolescents expressed the need to know as much as
possible about the nature of their injury, sequelae and recovery. All parents wanted to know what to expect later
and to be reassured about the condition. Parents sought information from sources other than the initial contact with
the healthcare system even if it was from less reliable sources e.g. internet or friends. Parents also wanted to know
about the type and level of care needed at home to facilitate recovery. “...When it first happened all | basically
wanted to know was how bad my head injury was. Because | have had so many concussions | was really worried
because the doctors always said don’t hit your head again, because it could be the last time. And so | was really
worried about that. And the headaches, | wanted them to go away (group 3 adolescent) “...well Iguess it would have
been nice if they could’ve had some kind of a handout | guess with different degrees and different symptoms and
maybe what to do like I said, a list with symptoms and possible solutions....” (group 1 parent)

Information was requested about return to activities — what can | do now? Adolescents in groups 1 and 2 mainly
wanted to know about return to physical activities following a mild TBI, whereas group 3 wanted this information,
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Support

National Clinical Guideline Centre, 2014.

but expressed a fear of poor performance. Group 3 wanted reassurance and wanted more information on
adjustments for return to school after their absence and what was required for a smooth return. “I wanted to know
and he only said...no he didn’t say anything. He said | was ok to go back to school, and | went back...and that’s all”
(group 3 adolescent) “Not right away, about 2 months later. Because | didn’t want to go back. | asked and they said
that it would be better for me not to go back, that | shouldn’t go back but | went back, but you know the team knows
if there’s something | don’t want to do, well | just don’t” (group 3 adolescent)

Information was requested about return to activities — what can my teen do now? Parents of group 1 and 2
adolescents expressed a need for information regarding return to school, over 75% wanted details on how to
facilitate their adolescents return to school. All groups were worried about the impact of the injury on the child’s
academic performance. All parents required information on return to physical activity, with group 3 being
particularly concerned. Group 3 also wanted information on prevention of future injuries. “...maybe what to do
especially seeing as to how she’s a hockey player and she’s gonna have recurrent situations like this, | guess it would
have been nice to have something that says you know what to look out for, what to do....” (group 1 parent) “But she
had a lot of problems like | said, she doesn’t compete anymore, it really stopped her...She only did dances and she
taught smaller kids. It really affected her a lot... That’s the problem because she looks like she’s ok but there are a lot
of things she doesn’t do anymore. She did double jumps, she doesn’t anymore, she’s afraid of falling so she cut that
completely...” (group 3 parent)

Support from family and friends. Adolescents reported the need to feel secure from injury throughout their care and
to receive support from people they felt comfortable with (friends and family). Parents expressed wanting to be
close to their teenager and wanted professionals to facilitate their presence. “I didn’t understand, | really needed my
mom there, she was there, she stayed with me all week, she slept on a rocking chair beside me. | don’t know, | just
needed to be comfortable...| wasn’t ok, | didn’t understand, | just needed to feel safe and all, | was scared, | was in
pain, | didn’t understand (group 3 adolescent). “I didn’t want to leave her, | didn’t want her if something happened,
but | wanted to be with her at home. | didn’t want to leave her and go to work (group 2 parent).

Support from professionals. Adolescents in all groups wanted a trusting relationship with professionals
(healthcare/teachers etc). Groups 1 and 3 spoke about support when returning to school and physical sport. “...It was
really hard. | was so hard to concentrate because the headaches got worse. And so | was only going to school for half
of the day. And when | was in class, | was really tired, | got bad headaches...The teachers did not help at all.”....
Parents expressed the need for a post admission follow-up and the name and telephone number of someone they
could contact if needed. “....You don’t even have a name, you have the same paper for everyone, no doctor’s name,
no paper for school...that is, | would have liked to have a sheet that...that date, mild traumatic brain injury, the
doctor that was seen, the hospital. After...I didn’t even know the doctor’s name so in that was it was pretty
anonymous.” (group 1 parent). Some of the teens in group 2 reported receiving a follow-up telephone call and their
parents stated that this met their need for support post-hospitalisation.
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Support from community partners. Participants reported that services in the community were lacking and they
wanted schools and sports providers to be more knowledgeable about their injury and how to support them.
Suggestions for school included allowing gradual return and extra time for assignments. “The teachers, they could
have probably, they could have understood what happened, they could have given me more time to hand in my
work....They were getting mad at me because | was missing half days of school...” (group 3 adolescent).

The need for a more formal link between the healthcare system and school systems or team coach was also
discussed. “We monitor them...Where | would have noted something...I would have liked a link between...the
hospital and schools in a certain way. If there was for example a programme that was there for cases like this...”
(group 3 parent)

Specificity of adolescents Adolescents expressed the need to exert some control over the situation (either during hospital stay or when
receiving care from their parents). Specific needs included for professionals to address them directly and appear
genuinely interested in them, and not only their injury. Need for professionals to develop appropriate and rimely
communication with their teachers and high school to facilitate a progressive and smooth return to academic
activities.

Table 53: Keenan 2010

Study
Aim

Population

Methods

Analysis

Themes with

Keenan 2010**

To identify needs of individual family members of a relative with severe TBI and to determine if those needs change over time.

25 family members associated with 15 patients. Family members of patients aged 16 to 65 with severe TBI, as identified by GCS of 9 or less within
first 24h and post traumatic amnesia in excess of one week. Country — Canada.

Semistructured interviews over 2 time periods. Time 1 = in acute care within 4 days of the patient having transferred out of ICU. Time 2, discharge
from acute care occurred primarily in the same setting, or in rehab or complex care settings, within one week of discharge.

3 open ended questions were asked:
e Can you tell us what it’s been like since (your family member) was injured?
e  What has been the most difficult for you since your family member was injured?
e What has been the most helpful for you since your family member was injured?
Additional prompt questions were used.

Thematic analysis, analysis of recurring topics. Themes emerging from the data were coded. Transcripts of interviews were read and re-read in
entirety. A code book was developed to enable aspects of family members’ responses to be categorised. Verified by a second researcher.

Lots of themes emerged, but only one small section on information. The rest on getting the news, uncertainty, making sense of the news, moving

National Clinical Guideline Centre, 2014.
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findings on, progress of patient, transition and letting go/building a new connection, which were unrelated to discharge advice.

Information

Support

Time 1 (in acute care). The family expressed an intense “need to know” about their relative’s injuries and what the
prognosis was. Most families wanted information that was consistent, understandable, honest and updated on a
frequent basis. They wanted information specific to their relative, not based on statistics or probabilities. Most
families felt well informed, but some were not reassured and felt they need more information.

Time 2 (discharge from acute care, or in rehab or complex care settings, within one week of discharge). Need for
information was important, but the intense “need to know” diminished. The number of exemplars related to
information needs decreased by more than 50% from intensive care to acute care. Most families realised that there
was no definite answers. “...you just always want to know, but there is no real answer. It is sort of unpredictable, so
they told us what they could...give us the negatives and the positives — which we always didn’t want to hear the
negatives, but they have to and that is the way it is. The positives come along. You feel you have another
accomplishment and they are there to support you.”

Professional support (time 2). The majority of descriptors referred to the positive support provided by the team as a
whole, with nurses identified as providing support most often. Nurses were identified as spending time with the
patient and family, developing a close link and being described as competent and having effective communication.
Physician support was often linked to brief communication that was delivered in a supportive manner.

Community support (time 2). Continued community support was a vital factor assisting family members in coping.
Emotional support from family and friends was described as a necessary part of the recovery, so that family didn’t
feel alone in dealing with challenges. “Oh, the most helpful has been the support that we’re getting from his friends
and our friends and families. It’s very important to have that support because you’re not in this alone, this continues
to be a major part of our rehab, both my wife and mine, ‘cause it’s a long process and we need some support from
friends and families and we’re getting it, and it’s helpful”.

Limitations e Family members were interviewed separately; different family needs may have been identified if the family were interviewed as a whole.

e The large number of female caregivers may not reflect the reality of male caregivers.

National Clinical Guideline Centre, 2014.
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Table 54: Engel 2012
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Population

Methods

Analysis

Themes with
findings

Engel 2012'%

To identify what patients understand following discharge from the ED - Identifies gaps in patients understanding post discharge. Measures
concordance between direct patient recall and ED chart review.
Adult English-speaking patients, 24 - 36 hours after discharge from the ED with one of: ankle sprain, back pain (muscle strain), head injury, kidney
stone or laceration. Exclusion criteria were non-English speaking patients, patients age <18 years, patients with significant psychiatric history,
patients with a history of significant dementia or cognitive impairment, patients who were not responsible for their care at home, and any patient
without a phone number listed in the chart. Survey took place between April 2010 - March 2011.
N = 159 patients (29 patients with head injury). Country —USA
2 types of computer generated discharge instruction sheets given to patients at discharge. 1st = patient specific (diagnosis, medications, follow up
recommendations and open comments), 2nd = diagnosis specific (commercially available documents containing information on diagnosis, home
care instructions and reasons to return to the emergency department). Telephone interviews were audiotaped and transcribed for review to
assess satisfaction and understanding of discharge instructions. Interview contained scripted questions that were part of a structured interview
guide.
Interviews transcribed in full and accuracy assessed. Domains were identified: diagnosis, medications, home care, follow up and return to ED.
Patients were assessed at to level of understanding and key teaching points obtained from diagnosis specific discharge instructions. A four
category concordance coding scale was used (no concordance, minimal concordance, partial concordance and complete concordance).

1. What were you told was wrong with you?

2.  What medications, if any, were you told to take?

3. Were you told to do other things to take care of this problem besides taking medication?

4. Are you supposed to follow-up with any doctors about this problem?

5. Which symptoms or changes should cause you to come back to the ED?
Percentage of severe Diagnosis = 3.5%
knowledge deficits given
by domain and diagnosis. Medication = 3.6%
(n =29 head injured Home care = 58.6%

patients) Follow up =41.4%
Return to ED = 44.4%

National Clinical Guideline Centre, 2014.
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Knowledge deficits most frequent for home care, follow-up and return to ED.

Limitations Study looks at a range of patients diagnoses, one being head injury (other diagnoses have not been extracted into this evidence table)
Did not assess literacy levels and the quality and quantity of verbal communication that was provided by the provider team.

Table 55: Falk 2009

140

Study Falk 2009
Aim To investigate how families with children perceive information provided after a head injury.
Population Families of children (0-15 years) who visited the emergency department with a history of head injury , and with the initial tentative diagnosis of

concussion made by a triage nurse.
51 families with children aged < 5 and 45 families with children aged 5 and over. N = 96 children and parents
Groups identified:
e Minimal head injury (no unconsciousness, GCS 15) - 79%, n = 76
e Mild head injury (unconsciousness <5 mins and/or amnesia, GCS 14 - 15) 15%, n = 14
e Moderate head injury (GCS9-13) 1%, n=1
e Severe head injury (GCS <8)
5 (5%) children unclassifiable due to lack of information in medical records.
93% from falls, 1% sport related, 1% traffic related, 1% bumps on head.
Exclusion criteria were a severe head injury, other injuries than the head injury or a head injury caused by violence or abuse.
Country - Sweden

Methods Questionnaire given to families to investigate general opinion of information given - posted 3 months after head injury. Families were directed to
let the child answer, or the parent or together. For children < 5 parents completed the questionnaire. The content was then discussed with a multi-
professional team for validation.

e Did you understand the information you received concerning the head injury? (in most, in some, not at all)

e Did you receive you receive the information you needed regarding head injury? (in most, in some, not at all)

e Did you receive information about common symptoms? (Yes, no, don't know)

e Was the information you received age appropriate for your child? (Yes, no, don't know)

e Was the information about the head injury addressed to your child specifically? (Yes, no, don't know)

e Who informed you during your stay at the ED? (attending physician, nurse, both or other)

e Have you been in contact with any healthcare service because of the head injury after your visit at the ED? (Yes/No)

National Clinical Guideline Centre, 2014.
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e Any other comments?

Children divided into 2 age groups (<5 and 5 and over. Descriptive statistical procedures were computed and chi square used to compare
categorical variables and the severity of head injury with the information questions.

Informational needs -
83% of families stated they for the most part understood information concerning the injury.
69% for the most part did get the information they needed about the head injury before discharge.
Age 5 and over 46% received information about common symptoms, compared to 20% of <5 year olds.
Age 5 and over 58% received age appropriate information compared to 16% in younger age group.
59% received info from both physician and nurse, 28% physician only and 13% from nurse only

17% contacted healthcare services because of questions about the head injury after their visit to the ED - no
difference between age groups.

None identified

Table 56: Heng 2007

Study
Aim

Population

Methods

Heng 2007"®

To evaluate patients' and caregivers' compliance to discharge instructions and their ability to recall HI advice.

Adults diagnosed with minor head injury discharged from ED within 24h of presentation.

N = 110 adults between April 2006 - May 2006 Questionnaire drafted based on the head injury advice leaflet given to patients. Questionnaire
asked about patient's well-being and general symptoms and if they received head injury advice upon discharge from the ED. Surveys were
terminated if they did not receive any advice. The second part of the questionnaire assessed compliance to 3 instructions in the leaflet: whether
the patient had been left alone for more than 2 hours, whether they drank alcohol or drove any vehicle within 24h of discharge. The third part
assessed the patient's ability to recall the 9 symptoms in the leaflet.

Country = Singapore

Questionnaire drafted based on the head injury advice leaflet given to patients. Questionnaire asked about patient's well-being and general
symptoms and if they received head injury advice upon discharge from the ED. Surveys were terminated if they did not receive any advice. The
second part of the questionnaire assessed compliance to 3 instructions in the leaflet: whether the patient had been left alone for more than 2
hours, whether they drank alcohol or drove any vehicle within 24h of discharge. The third part assessed the patient's ability to recall the 9
symptoms in the leaflet.

National Clinical Guideline Centre, 2014.
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Data analysed using SPSS. Categorical data was analysed with chi-square test, and scale data analysed with Student's t-test.

Interviewees responded that head injury advice was given to patient, caregiver, both patient and caregiver 57%, 26% and 16% of the time
respectively. 29% reported non-compliance to head injury advice, 19% were left alone for more than 2 hours, 7% drove a vehicle and 3% drank
alcohol within 24 hours of injury. Maximum number of symptoms recalled was 6 (mean 1.9 SD 1.3). Commonest symptoms recalled were
persistent vomiting (64%), dizziness (53%) and persistent headache (35%). Least recalled were seizures (4%). Incorrect symptoms recalled included
fever, numbness, feeling cold, tinnitus, sore throat and cold sweats. Recall scores not statistically different regardless of how advice given (verbally
or printed, or both). Scores statistically higher in females compared to males and no difference in age, race or nationality.

None identified

Table 57: McMillan 2009

Study
Aim

Population

Methods

Analysis

Themes with
findings

297

McMillan 2009
To explore views of hospital attenders about advice received and compliance with advice

Participants recruited during attendance at the ED for head injury and followed up by telephone within 1 month.

Patients over 15. Patients with abnormal neurological signs, loss of consciousness, post traumatic amnesia for more than 5 mins, abnormal
behaviour, significant medical or social problems or skull fracture are normally admitted. Inpatients were excluded as were those who were self
discharged.

200 patients assessed (194 followed up by telephone, 6 postal questionnaire only) within 4-31 days of injury during a 6 month period in 2006
Country - Scotland

Back ground information taken from medical records. Telephone interview - post-concussional symptom checklist. Questions about information
and compliance with advice involved open ended questions:

Were you given advice? What advice were you given? What did you think of the advice? Is your daily routine the same as it was before the injury?
If not how has it changed?

Prompts were used about 5 categories given in the information sheet and SIGN recommendation.

Information was quantified in terms of presence or absence of knowledge or action. Categorical variables were described using the number and
percentage of participants and were compared between groups using chi squared test.

Details on views about advice and memory for compliance to advice. Other information about retrospective assessment of post traumatic amnesia
and symptom reporting not linked to discharge advice.

National Clinical Guideline Centre, 2014.
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Views about advice 82.5% of attenders (and 5.5% relatives) received a leaflet, 6.5% did not and 5.5% could not remember.
92% of those who received advice had read it.
8% had been given advice in the emergency department, but had not received a leaflet.
Overall 96% said that advisory information had been given in some form.

Satisfaction with overall advice was positive for 84.5%, negative for 4.5% and the remainder said they could not
remember the advice.

Memory for and Memory for advice was poor (remembered advice correctly) — work (36%), sport (36%), medication (38%), alcohol
compliance with advice (44%), rest/sleep (56%).

Of those who acknowledged receiving advice about specific categories, few said they did not follow it — work (4%),
sport (1%), medication (0%), alcohol/drugs (4%), rest/sleep (6%), although this was not verifiable.

Those who would have been admitted under SIGN 46 criterion of post traumatic amnesia >5 minutes, more often did
not know whether or not they had received advice (p<0.0001) or the leaflet (p = 0.023).

Forward stepwise multiple logistic regression on demographics and hospital record variables, values of adjusted R?
were low (<15% for all models) and no informative regression model emerged: the odds ratio confidence interval
was wide for each covariate — no factors associated with memory for advice.

Limitations Study author notes that there may be bias from self reported data and that the future studies may also include separate interviews with a friend
or relative who was in close contact with the participant before and after the injury.

Table 58: Yates 2006
Study Yates 2006°>°

Aim To investigate health literacy in emergency department patients and to assess differences in understanding standard and simplified head injury
advice sheets.

Population Emergency medicine patients aged 15 years or over. Patients were excluded if they were unable to comprehend spoken or written English, if they
had severe illness or pain, if they were triaged as needing to be seen immediately, if they had a significant eye condition or complaint, or if their
corrected visual acuity was less than font size 10.
N =200
Country — New Zealand

Methods A prospective randomised trial using a convenience sample of adults - randomised using opaque envelopes given either Accident Compensation
Corporation (ACC) head injury advice sheet or the simplified sheet. Participants were given 5 - 10 mins to read the advice sheet and then were
interviewed by a researcher, using a data collection sheet that included a script to standardise the interviews. Participants were asked 10

National Clinical Guideline Centre, 2014.
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Study

Analysis

Themes with
findings

Limitations

Yates 2006°>°

questions to assess comprehension of the advice sheet and were able to refer to their sheet at any time. Data was also collected on gender, age,
years of schooling and ethnicity and also shown the advice sheet they had not seen and asked which they preferred.
Health literacy was estimated using the Rapid Estimate of Adult Literacy in Medicine (REALM), a validated word recognition test that takes 3 - 5
mins to administer and classifies participants in to 3rd grade or less, 4-6th grade, 7 - 8th grade, high school (9th grade) or above.
Logistic regression used to investigate interaction of literacy levels and the form used.
Logistic regression showed no evidence of effect of the form on comprehension scores for different REALM groups.
Simplified form preferred by both study groups: 94% of those in ACC and 95% in simplified group.
Comprehension scores (questions correct out of 10) for the group were — median of 9 for ACC and 10 for simplified.
Mann-Whiney U test showed that the simplified for group had significantly higher comprehension scores (p<0.0001).

Recommendations: People of all literacy levels prefer (and have a better understanding of) simple written materials
compared to complex material. Simplified advice sheet was at 5th grade level or lower, that common words should
be used or difficult words explained, that short sentences and large font be used, and that the layout should have
large blank spaces to make text look easier to read. They also aimed to provide a simple one-page document that
was "internet friendly" so that the document could be stored on the ED intranet website and printed off anywhere in
the department when busy.

Emergency medicine patients rather than specific to head injury population?

High level of literacy in population - low representation from lower literacy groups and therefore may be less applicable to other emergency
departments.

Over 20% of patients approached declined to participate for various reasons — selection bias likely.

Table 59: Stevens 2010

Study
Aim

Population

Stevens 2010*°

To evaluate parents ability to identify postconcussive symptoms in children when given verbal and written discharge instructions.

Parents of consecutive children with mild TBI aged 5 - 17 who were treated and released from the paediatric emergency department after having
been seen for concussion. Children under 5 were excluded, as verbal report of postconcussive signs would likely be inconsistent in this age group.
Inclusion criteria - traumatic mechanism of injury, no evidence of intracranial haemorrhage in CT scan, GCS 15 on discharge, ability to speak and
understand English. Exclusion criteria — inpatient hospital admission, GCS 14 or less upon discharge from the emergency department, positive
finding on CT scan, inability to speak or understand English, and patients without a telephone.

105 parents of children aged 5 - 17 years in Autumn 2009

Country - USA

National Clinical Guideline Centre, 2014.
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Study Stevens 2010*°

Methods Questionnaire by telephone call 2 - 5 days post injury (to coincide with peak of postconcussive symptoms) for data collection from parents - based
on CDC categories for screening paediatric athletes for postconcussive symptoms: headache or pressure to the head, nausea, balance problems or
dizziness, double or fuzzy vision, sensitivity to light or noise, feeling sluggish or slowed down, feeling foggy or groggy and does not "feel right".
There are also 5 additional signs that a parent may identify used in the questionnaire: appears dazed or stunned, moves clumsily, answers
questions slowly, loses consciousness, even briefly and shows behaviour or personality changes. Additional data included demographic
information, mechanism of injury, and test results.

Analysis Results of each parameter were analysed in aggregate to determine frequency of each sign or symptom, and to identify any relationships between
gender, age, type of injury, and symptomology.

Themes with Of 105 children with TBI, 62.9% developed postconcussive symptoms

findings

69.5% of parents initially stated their child did not exhibit post concussive signs or symptoms.

When asked about each sign or symptom individually, 46.6% of parents who reported an asymptomatic child identified 1 or more symptoms in
their child.

In symptomatic children, there was a significant difference between those parents who were able to identify symptoms in their child and those
who could not (xz (1, N=66) = 16.01, p <0.05), supporting the hypothesis that parents of postconcussive children were unable to recognise
symptoms in their children.

Of parents who reported that their children was asymptomatic, when asked about the symptoms individually, headache was the most common
observed symptom (37%), followed by nausea (12.7%), feeling slow r sluggish (11%), appearing dazed or stunned (4.1%), answering questions
slowly (4.1%), dizziness or balance problems (2.7%), and behaviour or personality changes (2.7%).

The remainder of parents reported that their children was symptomatic (30.5%). Headache was the most common observed symptom (81.3%),
followed by nausea (28.1%), feeling slow r sluggish (28.1%), not feeling right (21.9%) and balance problems or dizziness (18.8%).

No significant relationship between symptomatic and asymptomatic children with respect to age, gender or mechanism of injury.

Study concludes that current methods of providing discharge instructions to parents of children with concussion are ineffective and suggests
individualised care planning should be done by the nurse to meet the needs of the family.

Limitations None identified

National Clinical Guideline Centre, 2014.
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Clinical decision rules for imaging the head

Table 60: Pandor 2011%"°

A. Pandor, S. Goodacre, S. Harnan, M. Holmes, A. Pickering, P. Fitzgerald, A. Rees, and M. Stevenson. Diagnostic management strategies for adults and children with
minor head injury: a systematic review and an economic evaluation. Health Technol.Assess. 15 (27):1-202, 2011.

Study details

Economic analysis:
CUA (health outcome =
QALYs)

Study design:

Probabilistic decision
analytical model

Approach to analysis:
Markov model
estimating the cost-
effectiveness of
diagnostic strategies
for mild head injury
(MHI) for children and
adults. Patients
assumed to: i) have an
intracranial lesion
requiring neurosurgery
(e.g. extradural
haemorrhage); or ii)
intracranial lesion not
requiring surgery; or
iii) no intracranial

Population & interventions
Population:
Adults and children admitted

to ED with mild head injury
(MHI).

Cohort settings:

Start age = decision rules
evaluated for 1, 10, 40 and
75 years old

Decision rules for adults:
CT all (theoretical);
“abnormal arrival” GCS;
CCHR (high risk); CCHR (high
or medium risk); NCWFNS;
NOC; NEXUS lII; NICE;
Scandinavian.

Decision rules for children:
CT all (theoretical option);
CHALICE, PECAR, UCD and
therule of Atabaki et al 2008.

National Clinical Guideline Centre, 2014.

Costs

Total costs (mean per
patient) for adults aged 40
years (with and without
intracranial lesion):

Discharge all: £3305
Abnormal arrival GCS: £2991.
CT all: £2955.

NCWFNS: £2911.
Scandinavian: £2905.

NEXUS II: £2908.

NICE: £2923.

CCHR (high risk): £2918.
NOC: £2922.

CCHR (high or medium risk):
£2909.

Total costs (mean per
patient) for adults aged 75
years (with and without
intracranial lesion):
Discharge all: £1716
Abnormal arrival GCS: £1543

Health outcomes

QALYs (mean per patient) for
adults aged 40 years (with and
without intracranial lesion):

Discharge all: 18.6633
Abnormal arrival GCS: 18.6839
CT all: 18.6868

NCWEFNS: 18.6878
Scandinavian: 18.6880

NEXUS II: 18.6880
NICE: 18.6881

CCHR (high risk): 18.6882
NOC: 18.6884

CCHR (high or medium risk):
18.6888

QALYs (mean per patient) for
adults aged 75 years (with and
without intracranial lesion):

Discharge all: 7.8277
Abnormal arrival GCS: 7.8363
CT all: 7.8368

Cost-effectiveness

ICER compared with next last effective
treatment on the NICE frontier — adults
aged 40 years (with and without
intracranial lesion):

The following strategies were dominated:
Discharge all; Abnormal arrival GCS; CT
all; NCWFNS; NICE, CCHR (high risk); NOC.
The NEXUS Il strategy was extendedly
dominated.

CCHR (high or medium risk) versus
Scandinavian: £3879 per QALY gained (pa)
Cl: Not reported

Probability CCHR (high or medium risk)
cost-effective for willingness —to-pay
thresholds between £0 and £50,000 is 28-
42%

ICER compared with next last effective
treatment on the NICE frontier — adults
aged 75 years (with and without
intracranial lesion):

The following strategies were dominated:
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haemorrhage on
admission to ED.
Health states were
modelled as Glasgow
Outcome Scores (GOS)
states over time.

Perspective: UK NHS
Time horizon: lifetime

Treatment effect
duration: GOSs at 1
year were compared
with outcomes at

5-7 years, with
patients randomly
assigned a time
between 5 and 7 years
at which point they
change state, based on
Whitnall et al. After
that, patients were
assumed to stay in
that state for life as no
further data were
available.

Discounting: Costs and
outcomes discounted
at a rate of 3.5%

National Clinical Guideline Centre, 2014.

CT all: £1567

NCWENS: £1523

NICE: £1535

NEXUS II: £1520
Scandinavian: £1517
NOC: £1534

CCHR (high risk): £1521

CCHR (high or medium risk):

£1521

Total costs (mean per
patient) for a child aged 10
years (with and without
intracranial lesion):

CHALICE: £3567
PECARN: £3611
UCD: £3608

Atabaki et all: £3621
CT all: £3666
Discharge all: £4115

Total costs (mean per
patient) for a child aged 1
year (with and without
intracranial lesion):

CHALICE: £3648
PECARN: £3699
UCD: £3700

Atabaki et all: £3713
CT all: £3771
Discharge all: £4206

NCWFNS:7.8376

NICE: 7.8376

NEXUS II: 7.8377
Scandinavian: 7.8377

NOC: 7.8378

CCHR (high risk): 7.8378
CCHR (high or medium risk):
7.8381

QALYs (mean per patient) for
children aged 10 years (with
and without intracranial
lesion):

CHALICE: 22.4156

PECARN: 22.4119

UCD: 22.4112

Atabaki et all: 22.4108

CT all: 22.4072

Discharge all: 22.3847

QALYs (mean per patient) for
children aged 1 year (with and
without intracranial lesion):

CHALICE: 22.9857
PECARN: 22.9787
UCD: 22.9760

Atabaki et all: 22.9764
CT all: 22.9663
Discharge all: 22.9549

Discharge all; Abnormal arrival GCS;

CT all; NCWFNS; NICE; NEXUS II; NOC;
CCHR (high risk).

CCHR (high or medium risk) versus
Scandinavian: £10,397 per QALY gained

(pa)
Cl: Not reported

Probability CCHR (high or medium risk)
cost-effective for willingness —to-pay
thresholds between £0 and £50,000 is 34-
42%

ICER for children aged 10 years (with and
without intracranial lesion):

CHALICE dominant strategy
Cl: Not reported

Probability CHALICE cost-effective for
willingness —to-pay thresholds between
£0 and £50,000 is 70-100%

ICER for children aged 1 year (with and
without intracranial lesion):

CHALICE dominant strategy
Cl: Not reported

Probability CHALICE cost-effective for
willingness —to-pay thresholds between
£0 and £50,000 is 75-100%

Analysis of uncertainty: (describe



Head Injury
Economic evidence tables

National Clinical Guideline Centre, 2014.

Currency & cost year:
2008 UK pounds

Cost compoents
incorporated:

ED visit; CT scan; admission
with no deterioration or
neurosurgery; neurosurgical
intervention before
deterioration; long-term
costs for patients with GOS 3
and 4; intensive care,
rehabilitation, and nursing
home costs for patients with
GOS 2; costs of cancer (due
to radiation exposure)

methods and give a verbal overview of
the results, describing factors that were
sensitive and reporting important
thresholds at which the most c/e strategy
shifts)

Several sensitivity analyses were
conducted.

First, the deterministic findings for all
patients groups were replicated using the
prevalence estimates of neurosurgical
and non-neurosurgical lesions in Stein et
al. The CHALICE rule remained dominant
for children, but the NEXUS Il rule was
dominant for adults (but the absolute
cost and QALY differences between the
CCHR and NEXUS Il were very small in
both analyses and attributable to small
differences in point estimate of
sensitivity).

Univariate SA was conducted on several
parameters using lowest and highest
value of 95% CI — for all ages, no
parameter change altered the decision on
optimal strategy. The findings were also
not sensitive to changes in the interest
rate (from 0 to 6%).

PSA showed that the optimal strategy for
children (aged 1 and aged 10 years)

remains the CHALICE rule. For adults, the
CCHR (high or medium risk) was found to
dominate all other strategies, both for 40
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and 75 years old.
Data sources

Health outcomes:

To estimate outcomes, a systematic review and fixed-effect meta-analysis was conducted to estimate the proportion of patients in GOS states (from 1 to 5) post
intervention (i.e. neurosurgery). Movements between GOS states over time based were estimated from a prospective cohort study by Whitnall et al. (2006). This
determined the outcomes at 5-7 years compared with outcomes at 1 year. Types, relative prevalence and costs of radiation-induced cancers in children based on
estimated in Stein et al. (2008).

Quality-of-life weights: EQ5D from Smits et al. (2007) and Smits et al. (2010)

Cost sources: National Schedule of Reference Costs 2007-08; PSSRU 2009; Beecham et al (2009) for long term costs for GOS 4 and 3.
Comments

Source of funding: National Institute for Health Research - Health Technology Assessment programme

Limitations:

The model presents the following limitations:

1) Estimating the benefit of treating neurosurgical and non-neurosurgical lesions relied upon observational data with small numbers. For example, the
probabilities of GOS 2 and 3 are subject to great uncertainty, which in turn can greatly affect the cost-effectiveness findings. However the study estimates
were validated by experienced neurosurgeons and emergency physicians who felt that the estimates were appropriate.

2) The model assumed that hospital admission and treatment provided no benefit for patients with a non-neurosurgical lesion that did not deteriorate or those
with a normal CT scan, as no clear evidence was found of these benefits.

3) Limitations of the primary data used in the model were especially important for the children analyses, as very little validation of clinical decision rules has been
conducted in this area. It was found that the diagnostic parameters (particularly specificity) varied between the derivation data and the limited validation data
available. This implies greater uncertainty over the conclusions for optimal decision rules for children respect to adults.

4) No data was available to investigate patients with MHI who are on anticoagulant medication

5) The model favour policies that provide treatment more promptly, as a consequence of the assumption that patients in GOS states keep their associated level
of utility over the entire time horizon.

Other: 95% confidence interval and p-values not reported for cost and QALY outcomes

Overall applicability*: Directly applicable Overall quality**: Potentially serious limitations
Abbreviations: CCA = cost-consequence analysis; CEA = cost-effectiveness analysis; Cl = 95% confidence interval; CUA = cost-utility analysis; ED = Emergency Department; EQ-5D = Euroqol five
dimensions (scale: 0.0 [death] to 1.0 [full health]; <0.0 = worse than death); GOS = Glasgow Outcome Scores ; ICER = incremental cost-effectiveness ratio; NR = not reported; MHI = mild head injury;
pa = probabilistic analysis; PSA = Probabilistic Sensitivity Analysis; QALYs = quality-adjusted life years; SA = sensitivity analysis
* Directly applicable / Partially applicable / Not applicable; ** Minor limitations /Potentially serious limitations / Very serious limitations
Partially applicable / Not applicable; ** Minor limitations /Potentially serious limitations / Very serious limitations

National Clinical Guideline Centre, 2014.
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Appendix J: Forest plots

J.1 Clinical decision rules for imaging the head (reproduced from HTA
and updated)
J.1.1 Decision rules for adults with mild head injury: sensitivity and specificity for which more

than one data set is available for the outcome intracranial injury.

Figure 3: CCHR high and medium risk: intracranial injury

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bouida 2013 207 472 11 892 0.95[0.91,0.97] 0.65[0.63, 0.68] - =
Ibanez 2004 71 505 12 513 0.86[0.76,0.92] 0.50[0.47, 0.54] —= =
Rosengren 2004 8 118 2 112 0.80[0.44,0.97] 0.49[0.42,0.55] . -
Smits 2005 171 1105 34 718 0.83[0.78,0.88] 0.39[0.37,0.42] - L]

Stein 2009 526 3935 5 3489 0.99[0.98, 1.00] 0.47[0.46, 0.48] u u
Stiell 2001 250 1446 4 1421 0.98[0.96, 1.00] 0.50[0.48, 0.51] L u
Stiell 2005 231 1458 0 1018 1.00[0.98,1.00] 0.41[0.39, 0.43] .F | I )

0020406081 002040608 1

Figure 4: CCHR high and medium risk adapted to cohort: intracranial injury

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity

Smits 2005 265 1731 47 1138 0.85[0.80,0.89] 0.40[0.38,041] | , . | :" | — IF —
0020406081 0020406081

Figure 5: NOC: intracranial injury

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity

Bouida 2013 187 976 31 388 0.86[0.80,0.90] 0.28[0.26, 0.31] = L

Haydel 2000 57 640 0 212 1.00[0.94,1.00] 0.25[0.22, 0.28] - =

Ibanez 2004 79 828 4 190 0.95[0.88,0.99] 0.19[0.16, 0.21] —= L

Rosengren 2004 10 221 O 9 1.00[0.69,1.00] 0.04 [0.02, 0.07] —an

Smits 2005 115 1123 2 67 0.98[0.94, 1.00] 0.06 [0.04, 0.07] - =n

Stein 2009 526 4974 5 2450 0.99[0.98, 1.00] 0.33[0.32, 0.34] L] L]

Stiell 2005 97 1506 0 219 1.00[0.96,1.00] 0.13[0.11, 0.14] . f L . . .

0 020406081 002040608 1
Figure 6: NOC adapted to cohort: intracranial injury

Study TP FP EN TN
Smits 2005 310 2777

Sensitivity Specificity Sensitivity
2 92 099[0.98,1.00] 0.03[0.03,004 , , . . ., W
0 020406081

Specificity

02 04 06 0.8 1

oTm
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Figure 7: NCWEFNS high and medium risk: intracranial injury

Study TP FP FN TN Sensitivity Specificity
Fabbri2005 530 4010 12 3403 0.98[0.96,0.99] 0.46 [0.45, 0.47]
Ibanez 2004 81 877 2 142 0.98[0.92,1.00] 0.14[0.12,0.16]
Smits 2007A 307 2786 5 83 0.98[0.96,0.99] 0.03[0.02, 0.04]

Figure 8: NICE lenient: intracranial injury

Study TP  FP FN TN Sensitivity Specificity
Fabbri 2005 507 2223 35 5190 0.94[0.91,0.95] 0.70[0.69, 0.71]
Smits 2007A 256 1545 56 1324 0.82[0.77,0.86] 0.46[0.44,0.48]
Stein 2009 526 5123 5 2301 0.99[0.98,1.00] 0.31[0.30, 0.32]

Figure 9: Scandinavian lenient criteria: intracranial injury

Study TP FP FN TN Sensitivity Specificity
Ibanez 2004 70 409 13 609 0.84[0.75,0.91] 0.60[0.57, 0.63]
Smits 2007A 291 2260 21 609 0.93[0.90,0.96] 0.21[0.20, 0.23]
Stein 2009 510 3489 21 3935 0.96[0.94,0.98] 0.53[0.52, 0.54]

Figure 10: CCHR high risk: intracranial injury

Study TP FP FN TN Sensitivity Specificity
Rosengren 2004 5 52 5 178 0.50[0.19,0.81] 0.77[0.71,0.83]
Stein 2009 515 3638 16 3786 0.97[0.95,0.98] 0.51[0.50, 0.52]

Figure 11: Arienta et al. 1997 rule: intracranial injury

Study TP FP FN TN Sensitivity Specificity
Arienta1997 95 874 0 8948 1.00[0.96,1.00] 0.91[0.91, 0.92]
Ibanez 2004 73 466 10 552 0.88[0.79,0.94] 0.54[0.51,0.57]

Figure 12: Madden et al. 1995 rule: intracranial injury

Study TP FP FN TN Sensitivity Specificity
Madden 1995 42 182 2 47 0.95[0.85,0.99] 0.21[0.15, 0.26]
Madden 1995 88 354 3 92 0.97[0.91,0.99] 0.21[0.17,0.25]

National Clinical Guideline Centre, 2014.
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Figure 13: Ono et al. 2007 rule: intracranial injury

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Ono2007 13 101 O 54 1.00[0.75,1.00] 0.35[0.27, 0.43] — -
Ono2007 50 705 0 309 1.00[0.931.00] 030[0.28,033 , , . , ., W, . ® . 6 . |

0020406081 0020406081

Figure 14: SIGN 2000 CT urgently: intracranial injury

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity

Ibanez 2004 54 260 29 759 0.65[0.54,0.75] 0.74[0.72,0.77] — u

Smits 2007A 309 2799 3 70 0.99[0.97,1.00] 0.02[0.02,003] , , , ., . ®w@®@ . . . |
0020406081 0020406081

Figure 15: NEXUS IlI: intracranial injury (update with Ro 2011)

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Mower 2005 80 736 3 282 0.96[0.90,0.99] 0.28[0.25, 0.31] - =

Ro 2011 511 1271 65 1104 0.89[0.86,0.91] 0.46 [0.44, 0.49] = u
Stein 2009 312 2869 O 0 1.00[0.99, 1.00] 0.00 [0.00, 0.00] .

0020406081 002040608 1
Figure 16: EFNS CT recommended and mandatory: intracranial injury

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Ibanez 2004 80 736 3 282 0.96[0.90,0.99] 0.28[0.25,0.31] - u
Smits 2007A 312 2869 0 0 1.00[0.99, 1.00] 0.00 [0.00, 0.00] , mm

0020406081 002040608 1

Figure 17: Miller et al. criteria: intracranial injury

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Holmes 1997 18 72 17 157 0.51[0.34,0.69] 0.69 [0.62, 0.75] — el
Miller 1997 90 751 48 1254 0.65[0.57,0.73] 0.63[0.60, 0.65] , &+, 0, L, L m

0020406081 0020406081

J.1.2 Decision rules for adults with mild head injury: sensitivity and specificity for which more
than one data set is available for the outcome need for neurosurgery.

Figure 18: CCHR high risk: neurosurgery

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bouida 2013 34 622 0 926 1.00[0.90,1.00] 0.60[0.57,0.62] —= =
Rosengren 2004 1 56 0 183 1.00[0.03,1.00] 0.77[0.71,0.82] . -
Stein 2009 107 4080 1 3767 0.99[0.95, 1.00] 0.48[0.47,0.49] - u

Stiell 2001 44 962 0 2115 1.00[0.92,1.00] 0.69 [0.67,0.70] —a u
Stiell 2005 41 918 0 1748 1.00[0.91,1.00] 0.66 [0.64, 0.67] - N B

National Clinical Guideline Centre, 2014.
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Figure 19: NOC: neurosurgery

Study TP FP FN TN Sensitivity Specificity
Bouida 2013 28 1152 6 396 0.82[0.65,0.93] 0.26[0.23, 0.28]
Rosengren 2004 1 230 O 9 1.00[0.03, 1.00] 0.04[0.02,0.07]
Smits 2005 2 1236 O 69 1.00[0.16,1.00] 0.05[0.04, 0.07]
Stein 2009 107 5414 1 2433 0.99[0.95,1.00] 0.31[0.30,0.32]
Stiell 2005 8 1595 0 219 1.00[0.63,1.00] 0.12[0.11, 0.14]

Figure 20: NOC adapted to cohort: neurosurgery

Study TP FP FN TN Sensitivity Specificity

Smits 2005 17 3070

0 94 1.00[0.80, 1.00] 0.03[0.02, 0.04]

Figure 21: CCHR high and medium risk: neurosurgery

Study TP FP FN TN Sensitivity Specificity
Rosengren 2004 1 125 0 114 1.00[0.03,1.00] 0.48[0.41, 0.54]
Smits 2005 7 1269 0 752 1.00[0.59,1.00] 0.37[0.35,0.39]
Stein 2009 107 4316 1 3531 0.99[0.95,1.00] 0.45[0.44, 0.46]
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Figure 22: CCHR high and medium risk adapted to cohort: neurosurgery

Study TP FP FN TN Sensitivity Specificity

Smits 2005 17 1979

0 1185 1.00[0.80,1.00] 0.37 [0.36, 0.39]

Figure 23: NCWFNS high and medium risk: neurosurgery

Study TP FP
Fabbri 2005 107 4433
Smits 2007B 16 3077

FN TN Sensitivity Specificity
1 3414 0.99[0.95,1.00] 0.44 [0.42,0.45]
1 87 0.94[0.71,1.00] 0.03[0.02,0.03]

Figure 24: NICE lenient criteria: neurosurgery

Study TP FP
Fabbri 2005 102 2628
Smits 2007B 16 1785
Stein 2009 106 5571

FN TN Sensitivity Specificity
6 5219 0.94[0.88,0.98] 0.67 [0.65, 0.68]
1 1379 0.94[0.71,1.00] 0.44[0.42,0.45]
2 2276 0.98[0.93,1.00] 0.29 [0.28, 0.30]

National Clinical Guideline Centre, 2014.
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Forest plots

Figure 25: Scandinavian lenient criteria: neurosurgery
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Figure 26: Miller et al. criteria: neurosurgery
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J.1.3 Decision rules for children with mild head injury: sensitivity and specificity for which more
than one data set is available for the outcome intracranial injury.

Figure 27: Pilot PECARN rule: intracranial injury

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
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Sun 2007 125 876 13 652 0.91[0.84,0.95] 0.43[0.40,0.45] , . . | -, K 0=
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Figure 28: PECARN rule: intracranial injury
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Figure 29: CATCH rule: intracranial injury (update)

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Osmond 2006 167 1802 3 1809 0.98[0.95,1.00] 0.50 [0.48, 0.52] - u
Osmond 2010 156 1851 3 1856 0.98[0.95,1.00] 0.50 [0.48, 0.52] u u
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0020406081 002040608 1

J.1.4 Decision rules for children with mild head injury: sensitivity and specificity for which only
one data set is available for the outcome intracranial injury.

Figure 30: Atabaki et al, 2008: intracranial injury
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Figure 31: CHALICE rule: intracranial injury

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
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Figure 32: Da Dalt et al. group A+B vs C+D: intracranial injury
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Figure 33: Dietrich et al. 1993 rule: intracranial injury
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Figure 34: Guzel et al. 2009 rule: intracranial injury
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Figure 35: NEXUS IlI: intracranial injury
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Figure 36: NOC: intracranial injury
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Figure 37: Quayle 1997 rule: intracranial injury
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Figure 38: RCS guidelines: intracranial injury
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J.1.5 Decision rules for children with mild head injury: sensitivity and specificity for the outcome
neurosurgery.

Figure 39: Atabaki et al, 2008: neurosurgery
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Figure 40: CATCH rule: neurosurgery (update)
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Figure 41: CHALICE rule: neurosurgery
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Figure 42: NOC: neurosurgery
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Figure 43: Pilot PECARN rule: neurosurgery
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Figure 44: PECARN > 2 years: neurosurgery
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Decision rules for infants with mild head injury: sensitivity and specificity for the outcome
intracranial injury.

Figure 45: PECARN < 2 years rule: intracranial injury infants
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Figure 46: Pilot PECARN rule: traumatic brain injury only, infants

Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
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Figure 47: Buchanich et al. 2007 rule: intracranial injury infants
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Figure 48: Dietrich et al. 1993 rule: intracranial injury infants
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Figure 49: Greenes and Schutzman 1999 rule: intracranial injury infants
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Figure 50: Greenes and Schutzman 2001 scoring system: intracranial injury infants
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Figure 51: NEXUS IlI: intracranial injury infants
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Figure 52: Fabbri et al., 2011: intracranial injury infants
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Decision rules for infants with mild head injury: sensitivity and specificity for the outcome
neurosurgery.

Figure 53: PECARN < 2 years rule: intracranial injury infants
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Figure 54: S100B - intracranial injury in adults
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Figure 55: S100B - intracranial injury in children
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NSE

Figure 56: NSE - intracranial injury in adults
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Figure 57: NSE - intracranial injury in children
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Figure 58: GFAP - intracranial injury in adults
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Figure 59: GFAP — Need for neurosurgery in adults
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Clinical decision rules for cervical spine imaging

Adults - initial imaging

Figure 60: Canadian cervical spine rule in adults - cervical spine injury

Study TP FP FN TN
Bandiera 2003 64 3475 0 2726
Coffey 2011 8 807 0 605
Stiell 2001 151 5041 0 3732
Stiell 2003 161 3995 1 3281

Sensitivity
1.00 [0.94, 1.00]
1.00 [0.63, 1.00]
1.00 [0.98, 1.00]
0.99 [0.97, 1.00]

Specificity
0.44 [0.43, 0.45]
0.43 [0.40, 0.45]
0.43[0.42, 0.44]
0.45 [0.44, 0.46]

0 02 0406081 002040608 1

Sensitivity Specificity
- ]
—a [ ]
[ ] ]
L 1 1 ' .

0 02 0.4 06 08 1

0 02 04 06 08 1

Figure 61: Canadian cervical spine rule in adults (CT as reference standard) - cervical spine injury
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Figure 62: NEXUS criteria in adults - cervical spine injury
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Figure 63: NEXUS criteria in adults (CT as reference standard) - cervical spine injury
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Figure 64: NEXUS criteria, all ages - cervical spine injury
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J.3.2 Children and infants — initial imaging

Figure 65: NEXUS criteria in children - cervical spine injury
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Figure 66: PEDSPINE in infants - cervical spine injury
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Appendix K: Excluded clinical studies

Table 19: Direct transport to neuroscience

Reference
Barnett 2013%°
Cheung 20127
Ciesla 20137

Cox 2011 & 2012%%

Cudnik 2012
Dinh **!

Domeier 2002
Garner 2001

113

Hartle 2006™°

Hedges 1987"°

Henry 1996°%

Holmes 2011*

Kejriwal 2009**

Moen 2008>"

Moen 2009

Morris 1986°2

Newgard 2005>*°

Newgard 2010**

Newgard 2011°*"

Ornato 1985’

Pickering 2011*%°

Purtill 2008"”’

Sampalis 1997*7

Simons 2010%"°

Sollid 2003*"’

Subaiya 2012°%

Tiesman 2007°"

Wouerz 1996°%

Reason for exclusion

No data specific to head injury in report

No data specific to head injury in report

No data specific to head injury in report

All head injured patients sent direct to a major trauma centre
Not data specific to head injury, abstract only

No data specific to head injury patients

Immobilised spinal cord injury patients not head injury

Uses data from patients presenting at trauma centres. Unclear if this
includes all patients triaged prehospital

Not a decision rule or triage tool. Study investigates benefit of direct
transport.

No data specific to head injury patients
No data related to head injury patients

Specific to motor vehicle accidents. No data related to head injured
patients. Abstract only, not much data reported

Not a decision rule or triage tool. Study investigates benefit of direct
transport.

Not a decision rule or triage tool. Study investigates benefit of direct
transport.

Not a decision rule or triage tool. Study investigates benefit of direct
transport.

Analysis of patients transferred to a trauma centre. Not analysing patients
transferred to nearest ED or specialist care

Specific to motor vehicle accidents. No data related to head injured
patients.

Predictors for identifying patients with major trauma. Not about direct
transport to specialist care vs transport to nearest ED

Predictors for identifying patients with major trauma. Not about direct
transport to specialist care vs transport to nearest ED

No data specific to head injury patients

Not about decision rules or triage tools. Systematic review assessing the
benefit of direct transfer

No data specific to head injury patients

Not a decision rule or triage tool. Study investigates benefit of direct
transport.

Not a decision rule or triage tool. Study investigates benefit of direct
transport.

Not a decision rule or triage tool. Study investigates benefit of direct
transport.

Not about transport to hospital

Not a decision rule or triage tool. Study investigates benefit of direct
transport.

Air transport triage tool. No data specific to head injury patients
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Table 61: Clinical decision rules for imaging the head

Reference Reason for exclusion

Agrawal 2012° Abstract only. No useable diagnostic data.
Beaudin 2007% Incorrect study design, no useable diagnostic data
Bin 2010 Reference standard does not meet protocol
Brehaut 2010°’ Incorrect study design, no useable diagnostic data
Brown 2011%° Review

103

Dehdari 2010 Abstract only. No useable diagnostic data.

135

Fabbri 2008a No relevant index test or reference standard

Fabbri 2008"* Incorrect study design (prognostic rather than diagnostic)

146

Forsyth 2006 Discussion paper

248

Kerr 2007 No useable diagnostic data

Maas 2007°%* No relevant index test or reference standard
Mannix 2010°* No useable diagnostic data

Mittal 2009°** Incorrect study design (case report)
Morton2011%* Abstract only. No useable diagnostic data.
Murray 2007°* No relevant index test or reference standard
Nelson 2010*" No relevant index test or reference standard

358

Norlund 2006 No relevant index test or reference standard

386

Papa 2012 Incorrect reference standard

393

Perel 2009 No relevant index test or reference standard

422

Rodrigues 2011 Abstract only. No useable diagnostic data.

440

Schachar 2011 Reference standard does not meet protocol

463

Sharif-Alhoseini 2011 No useable diagnostic data

510

Zonmw 2005 Non-English language

Table 62: Anticoagulants and antiplatelets

Reference Reason for exclusion

Ahmed2009 ° All patients have confirmed intracranial lesion

Ahmed2010 *° Not about patients with head injury on anticoagulation or antiplatelet treatment

Alrajhi2010 1 Not everyone scanned. Not enough data in abstract to assess study. Not all patients
followed up.

Barbosa 2012 *® Study about updating a guideline, not about anticoagulation therapy

Batchelor 2012 ** Systematic review of studies excluded from review

Batchelor 2013 ** Systematic review of studies excluded from review

Brewer2011 *° No indication that patients were followed up

National Clinical Guideline Centre, 2014.
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Excluded clinical studies

Reference
Claudia2011 *

Cohen2006 *

Fabbri 2010"*®

131

Fabbri 2013
Fortuna2008
Franko2006 **°

147

Garra1999 **°

Gittleman2005

Grandhi2008 *”°

Howard2009 **°

Ivascu2006 **
Ivascu2008
Kaen2010 **’

227

Kalina2008 **°

Lavoie2004
Lee et al, 2011

262
264
Leiblich2011 %
Li2001 *"*

280
Lohrer

Major2009 *%

Melville2012 *®

Menditto2012 >

Mina2003 **

Nishijima2010
353,355
Nishijima2012
354,357

Nishijima2013 **°

0tt2010 "

Peck2011 **

164

Reason for exclusion

Does not report data relating to intracranial lesions in anticoagulated patients with
LOC or amnesia

Not reported how patients were selected for CT scanning. No indication of follow up
of patients without CT other than if they returned to hospital. No indication of follow
up period for patients.

Study not exclusively about antiplatelet or anticoagulation therapy. It excluded
clopidogrel and included an NSAID

All patients have confirmed intracranial lesion
All patients have confirmed intracranial lesion

Does not report data relating to intracranial lesions in anticoagulated patients with
LOC or amnesia

None of the patients have intracranial lesions

Only includes anticoagulated patients who had a CT scan but unclear what criteria
were for selecting patients for CT scan or what happened to anticoagulated patients
who did not have a CT scan. Timing of scan and follow up period not reported.

No data for intracranial lesions

Not exclusively head injury and proportion of head injured patients not reported.
Does not assess for intracranial bleeding.

All patients have confirmed intracranial lesion
All patients have confirmed intracranial lesion

Only includes anticoagulated patients who had a negative initial CT scan. No data
reported for anticoagulated patients with no loss of consioussness or amnesia with a
positive initial CT scan.

All patients have confirmed intracranial lesion
No data for anticoagulated patients with no loss of consciousness or amnesia.

Study of children with any bleeding disorders, including anticoagulation therapy. CT at
discretion of physician, unclear how many were selected for CT scanning.

Narrative review

Only includes anticoagulated patients who had a CT scan but unclear what criteria
were for selecting patients for CT scan or what happened to anticoagulated patients
who did not have a CT scan. Timing of scan and follow up period not reported.

Not about anticoagulation or antiplatelet therapy

Includes anticoagulated patients who had a CT scan but unclear what criteria were for
selecting patients for CT scan. Timing of follow up period not reported. No analysis for
predictors.

Does not report data relating to intracranial lesions in anticoagulated patients with
LOC or amnesia

Only includes anticoagulated patients who had a negative initial CT scan. No data
reported for anticoagulated patients with no loss of consioussness or amnesia with a
positive initial CT scan.

Unclear how many patients in study had a CT scan. No follow up reported.

All patients have confirmed intracranial lesion

Patients excluded if no CT scan obtained. Data relating to intracranial lesions with no
loss of consciousness or amnesia not reported.

Patients excluded if no CT scan obtained.
About blunt injury to thorax or abdomen

Only includes anticoagulated patients who had a negative initial CT scan. No data

National Clinical Guideline Centre, 2014.
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Excluded clinical studies

Reference

Pieracci2007 >*

Prowse2010 *®

Quintana et al,
2012°”

Rendell 2012 ***

Reynolds2003 s

Salottolo2011 ***

Schaller2010 **
Siracuse2010
Spektor2003
Tauber2009

471
478

504

Taylor 2012 °*®

Wong 2008 **

Reason for exclusion

reported for anticoagulated patients with no loss of consioussness or amnesia with a
positive initial CT scan.

Patients only selected for study if they had a CT scan. Unclear how patients were
selected for CT scan.

Not all patients CT scanned. Unclear how patients selected for CT scanning. Not
reported what happened to patients not scanned.

Retrospective descriptive study. Unclear if all patients were scanned.

Retrospective review of anticoagulated patients who were selected for CT. Unclear if
there were anticoagulated patients who were not selected for CT.

Not all patients scanned. Followed patients up at 6 months to see if alive but no
indication if they asked about intracranial lesions or need for neurosurgery.

Investigates stopping thromboprophylaxis in traumatic brain injury
Excludes patients using anticoagulation treatments

All patients have confirmed intracranial lesion

State of consciousness unknown in a third of aspirin patients.

Only includes anticoagulated patients who had a negative initial CT scan. No data
reported for anticoagulated patients with no loss of consioussness or amnesia with a
positive initial CT scan.

Investigates the benefit of delayed CT scanning

Only patients with evidence of intracranial injury included

Table 63: Biomarkers

Reference
Bechtel 2009

Egeaguerrero 2010

Filippidis 2010™*

Gradisek 2011%°

Hallen 2010™%

Herrmann 2000°%

Honda 2010%*
225

Ingbrigtsen 2000

Jeromin 201273

Kotlyar 20117
260

Lange 2012

Levitt 1995°%

Lee 2010°®

Lind 2011°7

124

Reason for exclusion

Inadequate reference standard

Abstract only, no useable diagnostic data

Non-systematic review

Abstract not freely available

Inadequate reference standard

Inadequate index test (blood sample taken >6 hours after injury)

Incorrect setting - not in emergency department (admitted to intensive care >
2 days)

Inadequate index test (blood sample taken >6 hours after injury)
Abstract only, no useable diagnostic data

Inadequate index test (diagnostic accuracy data based on cohort where not all
patients received the index test)

Inadequate index test (blood sample taken within >6 hours after injury)
No relevant index test
No useable diagnostic data

Abstract only

National Clinical Guideline Centre, 2014.
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Excluded clinical studies

Reference

283

Lumpkins 2008

Mercier 2012°%

Muller 2007°%

Mussack 2000°%°

Naeimi 2006>*°

0h 2007°%

Papa 2011A%%

Papa 2012°%°

Papa 2013A**

Papa 2013B°*

Pickering 2010°”

Pickering 2011’

Romner 2000**

Schiavi 2012**

Tavarez 2012°%

Zurek 2012°*

Reason for exclusion

Incorrect setting - not in emergency department (intensive care)
Abstract only, no useable diagnostic data

Inadequate index test (blood sample taken within >6 hours after injury)
No useable diagnostic data

Inadequate index test (blood sample taken within >6 hours after injury)
Incorrect population - includes non-traumatic brain injury

Abstract only, no useable diagnostic data

Non-systematic review

Abstract only, no useable diagnostic data

Abstract only, no useable diagnostic data

Abstract only, no useable diagnostic data

Non-systematic review

Inadequate index test (blood sample taken within >6 hours after injury)
Non-systematic review

Non-systematic review

No useable diagnostic data (predominantly a prognostic study)

Table 64: Clinical decision rules for cervical spine imaging — initial imaging

Reference
Ackland 2011"

Bailitz 2009
Brehaut 2006
Ehrlich 2009'%°
Eubanks 2006
Fehlings 2011A
Garton 2008
Gonzalez 2009
Halpern 2010'%
Hennessy 2010"*°
Hutchings 2009°*
Kaiser 2012%%*
Leonard 2011
Michaleff 2012
Moak 2011°*°
Ong 2006°%

130

141

166

267

306

Panczykowski 2011

Perry 2006***

Reason for exclusion

Incorrect population. The inclusion and exclusion criteria do not meet our

protocol and therefore this paper is not applicable to our population.
Incorrect index test - not a clinical decision rule
Incorrect study design - abstract only

Incorrect study design - diagnostic case-control
Incorrect study design - non-systematic review
Incorrect study design - summary of a review

Incorrect population - all patients have c-spine injury
Incorrect index test - not a clinical decision rule
Incorrect study design - non-systematic review
Incorrect index test - not a clinical decision rule
Incorrect setting - intensive care

Retrospective, no useable diagnostic data

Incorrect study design - diagnostic case-control

Non systematic review

Incorrect study design - survey of emergency physicians
No useable diagnostic data

Incorrect study design - non-systematic review

Incorrect study design - non-systematic review
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Reference
Rethnam 2008
Saltzherr 2010*
Schoenwalder2009
Sheikh 2012*°
Stassen 2006
Stelfox 2007
Tilt 2012°*
Tran 2013

414

479

519

446

Reason for exclusion

No useable diagnostic data

No useable diagnostic data

Incorrect setting - intensive care

No useable diagnostic data

Incorrect setting - intensive care

Incorrect setting - intensive care

Incorrect study design - non-systematic review

Abstract, no useable diagnostic data

Table 65: Clinical decision rules for cervical spine imaging — further imaging

Reference
Avellino 2005°°

Adams 2006’

Albrecht 2001"
Bachulis 19877
Banit 2000%°
Barba 2001°’
Benzel 1996
Blackmore 2003"
Como 2011%

Como 2007%
Cooper 2005%

Dalise 1999*
Dare 2002

Davis 1993%

Dickinson 2004

Freedman 2005
Gale 2005™’

150

Ghanta 2002

Goodnight 2008"%

Hendey 2002"

Hogan 2005°"

Jaffe 1987

Kasimatis 2008

Reason for exclusion

Reasons for mis-diagnosis of c-spine injuries in infants and children, error rate.
No useable data on predictors.

Evaluation of c-spine clearance protocol (not based on a prognostic study), no
comparison of this unreliable subgroup to all patients.

No useable diagnostic data or predictors.

Data of c-spine radiographs and missed cases. No useable data on predictors.
Incidence data of c-spine radiographs, implementation of a protocol.
Implementation of a c-spine protocol using CT.

No useable diagnostic data or predictors.

Non systematic review of c-spine imaging/rules.

Evaluation of c-spine clearance protocol (not based on a prognostic study), no
comparison of this unreliable subgroup to all patients.

Evaluation of c-spine clearance protocol (not based on a prognostic study), no
comparison of this unreliable subgroup to all patients.

Narrative review and discussion about clearing the c-spine in unconscious head
injured patient.

No useable diagnostic data or predictors.

SCIWORA - case series, detailing MRI findings (no comparison to all
patients/patients without SCIWORA).

Data of c-spine radiographs and missed cases (clinical error, inadequate views).
No useable data on predictors.

NEXUS low risk criteria retrospective validation.
Assessing a protocol in unconscious, uncooperatie patients.

Details of patients undergoing radiography and then CT. No useable data on
predictors.

Eastern guidelines and c-spine evaluation in patients (persistent neck pain,
neurologic deficits, obtunded).

Incorrect index test.

No comparison to all patients/patients without SCIWORA. No useable diagnostic
data or predictors.

Evaluation of c-spine clearance protocol (not based on a prognostic study), no
comparison of this unreliable subgroup to all patients.

No useable diagnostic data or predictors.

SCIWORA - case series, detailing MRI findings (no comparison to all
patients/patients without SCIWORA).
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Reference
Keiper 1998
Kriss 1996°°°
Mahmood 2010
McCulloch 2005
Menaker2008>"

244

287

294

Menaker2010°%

Mower 2001°%®

Muchow 2008
Osenbach 1989

330

368

Panacek 2001°”’

Pang 2004°*°

Sarani 2007*%®

Schoenfeld 2010A
Schuster 2005**

Schuster 2005A*°

Sharma 2009

Steigelman2008*®

Thomas 2002°"

Tomycz 2008°'°

445

Reason for exclusion

No useable diagnostic data or predictors.

Review of SCIWORA in children - clinical findings.

Not a clinical decision rule, No useable diagnostic data or predictors.
Not a clinical decision rule, No useable diagnostic data or predictors.

Evaluation of c-spine clearance protocol (not based on a prognostic study), no
comparison of this unreliable subgroup to all patients.

Evaluation of c-spine clearance protocol (not based on a prognostic study), no
comparison of this unreliable subgroup to all patients.

Data of c-spine radiographs and missed cases. No useable data on predictors.
Non systematic review.

No comparison to all patients/patients without SCIWORA. No useable diagnostic
data or predictors.

Individual NEXUS criteria test performance.
Non systematic review of SCIWORA in children.

Evaluation of c-spine clearance protocol (not based on a prognostic study), no
comparison of this unreliable subgroup to all patients.

Meta-analysis of CT vs CT and MRI in imaging occult injuries to c-spine.
No useable diagnostic data or predictors.

C-spine injury detected by CT, subsequent MRI conducted (positive initial
imaging, therefore does not meet review question).

SCIWORA - case series, detailing MRI findings (no comparison to all
patients/patients without SCIWORA).

Evaluation of c-spine clearance protocol (not based on a prognostic study), no
comparison of this unreliable subgroup to all patients.

Short review of CT for c-spine injury in trauma patients with an altered mental
state.

Evaluation of c-spine clearance protocol (not based on a prognostic study), no
comparison of this unreliable subgroup to all patients.

Table 66: Patient information and discharge advice

Reference
Aitken 2004
Friedemann 2008
Hawley 2003'%

Hokenstad 2006"

Kerr 2007°%

Liddle 2011%"

Moore 2004°%°

Mosconi 2011°%

Murray 2006°>

Nalder 2012 A**?

Nalder 2012 B**

153

Reason for exclusion
Population does not match protocol (broader than head injury/TBI)
Incorrect study design (non-systematic review)

Does not meet protocol (long term consequences of severe traumatic
brain injury and long term follow up needs and assessments)

Population does not match protocol (includes stroke patients)

Does not meet protocol (no information on patient views, audit data
only)

Does not meet protocol (adults with TBI requiring hospital inpatient
treatment and rehabilitation).

Does not meet protocol (no information on patient views, audit data
only)

Incorrect setting (discharge from rehabilitation centre)
Population does not match protocol (acquired brain injury)

Not related to discharge advice - factors associated with transition from
hospital to home.

Not related to discharge advice - factors associated with transition from
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Ocallaghan 2011%%

Omalley 2011°%"

Pegg 2005°%

Turner 2007°%

Turner 2008
Turner 2011
Tyers 2011°%

523

524

hospital to home.
Does not meet protocol (exploring carers perspectives on rehabilitation)

Not directly applicable to question - Implementation of a TBI educational
model.

Does not meet protocol (relates to rehab outcomes, not discharge from
ED)

Population does not match protocol (acquired brain injury)
Incorrect study design (non-systematic review)
Population does not match protocol (acquired brain injury)

Abstract only
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Appendix L:

Excluded economic studies

Table 67: Clinical decision rules for imaging the head

Reference

Reason for exclusion

Excluded Studies identified in the 2014 update.

Campbell 2007%°

Norlund 2006*®

Smits 2010""

Stein 2008**

Early diagnosis of inflicted traumatic brain injury as a way to reduce
morbidity and mortality associated with repeated inflicted
traumatic brain injuries. Study estimates the cost-effectiveness of a
policy of head computed tomography (CT) for inflicted traumatic
brain injury in selected infants seen in an emergency department.

Excluded because not relevant population.

Cost analysis of immediate computed tomography during triage for
admission versus observation in hospital. Study set in Sweden.

Excluded due to the availability of directly applicable economic
evidence based on a cost-utility analysis.

CUA set in the Netherland. Societal perspective adopted. The study
was excluded due to its partial applicability and to its very serious
limitations, as the findings of the probabilistic sensitivity analysis
contradicted those of the deterministic analysis (the CCHR was
found cost-effective in the former case, and the CHIP rule in the
latter).

Cost-effectiveness of routinely re-scanning patients compared with
repeating the scan only after a clinical deterioration for patients in
which the initial scan revealed an intracranial abnormality which
did not require surgery. Model set in the US system; a societal
perspective was adopted. The study findings are greatly uncertain,
with routine CT scanning ranging from dominant to being
dominated in a probabilistic sensitivity analysis. The study did not
explore the source of this uncertainty. Moreover, the risk of cancer
from radiation was not modelled in the study.

Excluded due to the availability of directly applicable economic
evidence based on a cost-utility analysis.

Studies included in 2007 Head injury update, but selectively excluded in the 2014 update.

Hassan 2005 "%

Shravat 2006’

A UK costing of the implementation of the 2003 guideline that
compared the X-ray and admission based practice with the
Canadian CT head rule and directly applicable to the UK. This study
was selectively excluded in the 2014 update due to the availability
methodologically sounder cost-utility evidence comparing a wider
range of clinical decision rules (Pandor et al, 2011).

A UK cohort study with costing examining the implementation of
the 2003 guideline costs were found to increase by £77 per patient
with the Canadian CT head rule. This study was selectively excluded
in the 2014 update due to the availability of methodologically
sounder cost-utility evidence comparing a wider range of clinical
decision rules (Pandor et al, 2011).
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Stein 2006** » . . .
A decision analysis that compared the Canadian CT head rule with

several strategies including ‘CT all’, ‘admit all’, ‘discharge all’ and ‘X-
ray all’ in a US context. Quality-adjusted life-years (QALYs) and
costs were estimated for both prompt and delayed surgery by
comparing the mortality and recovery rates in different case series.
This study was selectively excluded in the 2014 update due to the
availability of directly applicable and methodologically sounder
cost-utility evidence comparing a wider range of clinical decision
rules (Pandor et al, 2011).

Table 68: Biomarkers

Ruan 2009 _ . . . :
A cost analysis looking at the potential savings of using the

S100B in an emergency department to screen patients as a
way to identify those requiring CT scan of the head. This
study has been excluded due to the cost calculations rely
entirely on a health care system profoundly different from
the UK NHS, and therefore it was felt inappropriate to
extrapolate its findings to the UK health care setting.
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Appendix M: Cost-effectiveness analysis:
Cervical spinal injury clearance strategies

Methods

Model overview

Head injury (HI) patients can sustain bony and/or soft tissue injuries to the cervical (C) spine.
Whether patients experience a soft tissue injury becomes relevant after the initial imaging shows a
bony injury, or if the initial imaging is negative but the clinical picture still suggests that thereis a
high risk of a cervical spine injury (CSI), in which case patients will experience solely a soft tissue
injury of the C-spine.

CG56 included a tentative cost analysis on this topic, with the comparison between the NEXUS and
the Canadian CT rule for CSI prediction. It was estimated that the Canadian rule could save from £4
to £14 per patient to the NHS. However, this cost analysis had limited validity due to the use of
overseas data and simplified assumptions with regards to dealing with indeterminate diagnostic
imaging results.

The management of patients with Hl and suspected CSl is particularly challenging in terms of
resource implications. The main trade offs for this topic are represented by the cost of the diagnostic
tests (whether X-ray, CT scan and MRI) versus the failure to detect their CSI (false negatives).

The guidelines update of the CG56 literature review found no new economic evidence since the
publication of CG56 on the cost-effectiveness of clinical prediction rules for any of the clinical
questions for this topic.

As a consequence, the GDG has identified this topic as a high priority for an original economic
analysis.

The economic analysis will address the following clinical question:

Q1. What is the best clinical prediction rule for determining which patients with head injury should be
imaged (initial imaging with X-ray or CT) for cervical spine injury?

Comparators

Seven clearance strategies for patients with Hl and suspected CSI were devised to allow for
differential use of diagnostic imaging.

The strategies compared in this cost-effectiveness analysis are:

e CTonall: In this strategy, no prediction rule is used. Everyone with HI and suspected CSl is
given a CT scan.

e X-ray on all: In this strategy, no prediction rule is used. Everyone with Hl and suspected CSl is
given an X-ray.

e CT according to NEXUS: In this strategy, the NEXUS prediction rule is used to determine
whether a CT scan is necessary. Only under the direction of the NEXUS prediction rule is a CT
scan undertaken.

e CT according to Canadian C-Spine: In this strategy, the Canadian C-spine prediction rule is
used to determine whether a CT scan is necessary. Only under the direction of the Canadian
C-spine prediction rule is a CT scan undertaken.
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e X-ray according to NEXUS: In this strategy, the NEXUS prediction rule is used to determine
whether an X-ray is necessary. Only under the direction of the NEXUS prediction rule is an X-
ray undertaken.

e X-ray according to Canadian C-spine: In this strategy, the Canadian C-spine prediction rule is
used to determine whether an X-ray is necessary. Only under the direction of the Canadian
C-spine prediction rule is an X-ray undertaken.

e No imaging: In this strategy, patients with Hl and suspected CSI do not receive any diagnostic
imaging.

The CT on all, X-ray on all, and No imaging strategies were included as theoretical strategies to
explore the overall cost-effectiveness of diagnostic imaging. In practice, the first two strategies are
not feasible and the last is not acceptable.

Population

The population of the model consists of patients over the age of 16 with Hl and suspected CSlI.

Time horizon, perspective, discount rates used

The analysis took the perspective of the UK NHS. The time horizon of the model was one in-hospital
episode including diagnosis and treatment, discounting was therefore not applicable.

Deviations from NICE reference case

The search for quality of life evidence did not identify any data which the GDG felt applicable to
inform the expected health benefits for each diagnostic outcome. With long-term management of
CSl patients falling outside of the scope of this guideline, accurate data on the long-term health
outcomes and resource use associated with downstream management were not available.

As a compromise, the GDG identified the cost of prevention of a false negative as the most useful
outcome for decision making and cautioned the interpretation of results due to the lack of evaluation
of all of the trade offs involved between the diagnostic outcomes (such as the benefit of true
positives and negatives, and the health cost of the false positive, noting cost of treating a false
negative case was included in the analysis). To further assess the net cost of avoiding a false
negative, a range of potential litigation costs of a false negative was incorporated in a threshold
sensitivity analysis. Also, a conservative hypothetical scenario where minimal QALY gain was
associated with a true positive and zero health or monetary cost associated with the false diagnostic
outcomes was analysed.

There is divergence from the NICE reference case as the main analysis is a cost-effectiveness analysis
(rather than a CUA) assessing the cost per diagnostic outcome in a time horizon limited to the
diagnostic workup and short-term management. In addition, we employ the litigation cost which may
be associated to a false negative and the underlying assumption that no clinical harm or cost (other
than that of initial treatment) is associated to patients who have a false positive test result to assess
cost-effectiveness. This further analysis is in essence a cost minimisation analysis.

Uncertainty

The base case analysis employs expected values of costs, utilities and probabilities for model
parameters and serves as base case analysis. If there are uncertainties about the values and
assumptions used in the main cost-effectiveness analysis, sensitivity analyses are conducted. Results
from base case and sensitivity analyses are compared.
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There are two types of sensitivity analysis.

Deterministic Sensitivity Analysis (DSA) is where the value of one of the parameters is changed to
observe any effect on the results. This allows determination of the threshold at which a parameter’s
value is likely to change the conclusion. The GDG were uncertain about a number of parameters: the
prevalence of CSl in a population, the cost of no procedure for patients with and without CSI, the
clinical decision for further imaging after an initial X-ray / CT, and the specifications of initial imaging
strategies (the probability of being given CT/X-ray/no imaging initially) and these uncertainties were
tested by deterministic sensitivity analysis.

Probabilistic Sensitivity Analysis (PSA) is conducted to quantify parameter uncertainty. For every
parameter subject to uncertainty (i.e. unit costs, sensitivities and specificities of the prediction rules
and clinician estimates), a distribution is assigned to reflect its uncertainty. Random draws across all
parameter distributions are undertaken using Monte Carlo methods. This process is repeated many
times to build up a simulated sample of the expected value of the model output parameters, as well
as a quantification of parameter uncertainty. The PSA will determine the probability an intervention
is cost-effective given a particular cost-effectiveness threshold.

Approach to modelling

The model is a decision tree which includes evidence on the prevalence of CSI among patients with
head injury as well as on intermediate outcomes (specificity and sensitivity) of all strategies being
compared (for example X-rays, CT scans, MRI, prediction rules). The combination of the prevalence of
CSl with the specificity and sensitivity of each strategy determines the proportion of patients who
have abnormal, indeterminate and normal imaging results. According to diagnostic imaging results,
patients undergo a specific type of medical management (observation, immediate discharge or
surgical and non-surgical treatment). The model tracks the number of patients for whom the clinical
decision is appropriate (TP, TN) or inappropriate (FP, FN).

As there was limited data availability for survival and medical events (such as long term disability)
following medical interventions received or not received by patients, the most important health
outcome was considered to be the number of false negatives identified by each strategy.

Model structure

There are 7 clearance strategies for all patients with Hl and suspected CSl regardless of the presence
or absence of CSI. These seven strategies are described in M.1.1.1.

For Strategies 1 - 7 where no initial imaging is undertaken, patients are treated as normal, receive no
treatment and are either discharged or observed in hospital for a period of 1 week (see

Figure 67). If patients have CSI, they may or may not experience deterioraition. If patients do not
have CSI, they do not experience deterioration.

Figure 67 Model structure for No Initial Imaging

no deterioration

discharge o <]
no treatment deteriorate
<]
O no deterioriation
observe A <]
deterioriate
<]

For strategies 2-7 when initial imaging is a CT scan, further imaging may take place according to the
initial CT scan result.
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If the initial CT result is negative (normal), patients are given no further tests and discharged (see
Figure 68).

Figure 68 Model structure for initial CT scan and negative (normal) result

\MrmalCT [x] N No further tests N discharge

If the initial CT scan result is positive (abnormal), the patient may be treated immediately or provided
a further MRI before treatment (see Figure 69).

Figure 69 Model structure for initial CT scan and positive (abnormal) result

negative; provide

treatment
<]
psitive: provide treatment
MR [q] . posive: 4
- indeterminate; provide
<]

freat [f]

If the initial CT scan is indeterminate (Figure 70), the patient will undergo further diagnostic imaging -
- MRI or Flexion Extension (FE). If the second diagnostic imaging (MRI/FE) is positive, the patient may
be treated immediately or given a third diagnostic scan (MRI/FE). Patients are treated if the third
diagnostic scan is positive. Patients are observed in hospital for a one week period if the third
diagnostic scan is indeterminate. Patients receive no further diagnostic imaging and are dischared if
the third diagnostic scan is negative.
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Figure 70 Model structure for initial CT scan and indeterminate result
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When initial imaging is an X-ray, further imaging can occur according to its results. A negative intial x
rya result warrents no further imaging and patients are either discharged or admitted one week
observation in hospital according to clinical judgement (Figure 71).

Figure 71 Model structure for initial X-ray and negative result

discharge
Negative xray no further imaging <
™ admit and observe according to clinical judgement

A positive or indeterminate X-ray result requires further imaging (MRI / CT). The model structure
following a MRI/CT scan is summarised in Figure 72. As the model structure here is the same as those
described and illustrated above, refer to Figure 68,Figure 69,and Figure 70, for details of the model
structure following a CT scan and Figure 70, branch [h] for details of the model structure following an
MRI).
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Figure 72 Model structure for initial X-ray and positive / indeterminate result
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Patients who need treatment are provided specific procedures according to injury characterisics.
Specifically, the GDG judged that the characteristics of a Cervical Spine Injury — bone; ligamentous;
compression; stability; and presence of (Cervical Spinal Cord Injury) SCIl— would determine the type
of treatment required. The tree structure detailed in Figure 73 show the subcategorisation of injury
characteristics and the appropriate corresponding procedure.

Patients with complete or partial SCl and compression required a surgical or non-surgical procedure.
Those who require surgery receive decompression and, where necessary, fusion. A collar could be
provided in the case that a non-surgical procedure is deemed appropriate.

Patients with partial or complete SCl and no compression were treated according to the stability of
their injury. When the injury is stable, no procedure was necessary and instead, patients would
receive a period of hospital observation. If the injury was unstable, a surgical or non-surgical
procedure is required.

Some patients with cervical spine injury will not have SCI. When these patients have stable injuries,
then no procedure is required. Instead, they receive a period of hospital observation. However, if
these patients sustain an unstable injury, surgical or non-surgical treatment is needed.
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Figure 73 Model structure for patients who require treatment
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Model inputs

Summary table of model inputs

Model parameters were based on clinical evidence identified in the systematic review undertaken for
the guideline and supplemented by additional data sources when necessary. For example, a recent
economic paper, Harlpen et al., was considered to be the best available source in the absence of a
full systematic review on the diagnostic accuracy of the imaging modalities contained within the
model. The authors had conducted a systamtic search on these parameters, and several sources
were used to inform the estimates used.

Model inputs were validated with clinical members of the GDG. In all but one instance only one
source was identified in the clinical review to inform accuracy estimates of the clinical decision rules.
In the case of the rule to xray by Canadian C-spine there was more than one source identified. In clinical
validation of the sources in regards to their applicability and quality, the develpers considered Coffey et al. to
be the only appropriate source to inform the model for the following reasons. Throughout the guideline the
developers placed more emphasis on recent UK studies, with Coffey et al. being the only source for this
parameter to be both derived and validated in the UK context.

A summary of the model inputs used in the base case (primary) analysis are provided in below. More
details about sources, calculations and rationale for selection can be found in the sections following
this summary table.

Table 69: Summary of base-case and sensitivity analysis model inputs

Parameter Deterministic Probability  Distribution
description estimate distribution parameters  Source

Cohort Settings

Patients with Hland  99.5%/0.5%
no CSl/with HI and
CSI

GDG Expert Opinion

Cost of Prediction Rules (£)
Canadian C-spine £0 - - Criteria are freely accessible
NEXUS £0 - -

Cost of Diagnostic Imaging (£)

X-ray £30 Best fit distribution Calculated from 2011-2012 NHS
identified according to reference cost codes DAPF'*
methods described in
Flexion, extension X- £60 section M.1.4, Calculated from 2011-2012 NHS
ray reference cost codes DAPF and
according to GDG Expert Opinion
Table 70 . loa
CcT £104 Calculated from 2011-2012 NHS
reference cost codes RAO8A, RA11Z and
RA13Z '
MRI £182 Calculated from 2011-2012 NHS
reference cost codes RAO1A &RA04Z ***
No imaging £0 N/A

Cost of Treatment (£)
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Parameter Deterministic Probability  Distribution

description estimate distribution parameters Source

Surgical procedure £7,117 Best fit distribution Calculated from 2011-2012 NHS

identified according to reference cost code HCO1-HC04'%*

Surgical or Non- £6,837 methods described in Calculated from 2011-2012 NHS

Surgical Procedure section M.1.4, reference cost code HCO1-HC06'%*

Non —Surgical £ 4,459 Calculated from 2011-2012 NHS

Procedure Table 70. reference cost codes HC05-HC06™**

No procedure, £17,252 Calculated from 2011-2012 NHS

(patients with SCI) reference cost codes HC21B,104

No Procedure, £4,979

(patients with no Calculated from 2011-2012 NHS

SCl) reference cost code HC21C'*

Deterioration after £7,214

treatment GDG Expert Opinion

Discharge £0

Performance of Prediction Tools

Canadian C-spine X- 1.00 Beta a=8,B=0

ray - Sensitivity ' o ) -

) ) Clinical Review- Coffey 2011

Canadian C-spine X- 0.43 Beta o =605,

ray - Specificity ’ =807

Canadian C-spine CT 1.00 Beta a=192,B=0 Clinical Review- Duane 2011A™"

- Sensitivity ’

Canadian C-spine CT 0.06 Beta a=18,8

- Specificity ' =2991

NEXUS X-ray - 0.91 Beta a=147,B Clinical Review- Stiell 2003

Sensitivity ' =15

NEXUS X-ray - 0.37 Beta o=2677,p

Specificity ' =4599

NEXUS CT - 0.90 Beta a=37,B=4 Clinical Review- Griffith 2011""*

Sensitivity ’

NEXUS CT - Beta o =364,

e 0.24

Specificity =1160

Performance of X-ray

Sensitivity 0.568 Beta a =334, Clinical Review- Halpern 2010™
=254

Normal results 80% Beta a =800, GDG Expert Opinion

which are B =200

indeterminate

Abnormal results 10% Beta a =100,

which are B =900

indeterminate

Specificity 0.997 Beta o =45822,B Clinical Review- Halpern 2010™®
=138

Normal results 10% Beta a =100, GDG Expert Opinion

which are B =900

indeterminate

Abnormal results 80% Beta a =800,

which are B =200

indeterminate
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Parameter Deterministic Probability  Distribution
description estimate distribution parameters Source

Performance of CT
183

Sensitivity 0.832 Beta o =1545, B8 Clinical Review- Halpern 2010
=312

Normal results which 90% Beta a =900, GDG Expert Opinion

are indeterminate B =100

Abnormal results 10% Beta a =100,

which are B =900

indeterminate

Specificity 0.999 Beta a=15335B Clinical Review- Halpern 2010
=15

Normal results which 10% Beta a =100, GDG Expert Opinion

are indeterminate B =900

Abnormal results 90% Beta a =900, B

which are =100

indeterminate

Performance of MRI
183

N 0.867 Beta o =386, 3 Clinical Review- Halpern 2010

Sensitivity
=59

Normal results which 10% Beta a =100, B GDG Expert Opinion
are indeterminate =900
Abnormal results 0%
which are
indeterminate
Specificity 0.997 Beta a=565,B=2 Clinical Review- Halpern 2010™
Normal results which 10% Beta a =100, GDG Expert Opinion
are indeterminate B =900
Abnormal results 0%
which are

indeterminate

Performance of FE-X-ray

Sensitivity 0.568 Beta a=334,8 Clinical Review- Halpern 2010™
=254

Normal results which 70% Beta a =700, GDG Expert Opinion

are indeterminate B =300

Abnormal results 20% Beta a =200,

which are B =800

indeterminate

Specificity 0.997 Beta o =45822,B Clinical Review- Halpern 2010'%
=138

Normal results which 90% Beta o =900, GDG Expert Opinion

are indeterminate B =100

Abnormal results 50% Beta a =500,

which are B =500

indeterminate
Clinical events (Positive Cases—Patients with CSI )
After no imaging GDG Expert Opinion

Probability clinician 5% Uniform Min =4.5% ,
chooses immediate
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Parameter Deterministic
description estimate
discharge

Probability clinician 95%

chooses observation
then discharge

After no imaging &
discharge

95.0%
Probability deteriorate

Probability no 5.0%
deterioration

After no imaging &
observe

- . 20.0%
Probability deteriorate ?

Probability no 80.0%
deterioration

After abnormal initial
CT result

Probability clinician 70%
chooses MRI again

Probability clinician 30%
chooses to treat

After indeterminate
initial CT result

Probability clinician 60%
chooses MRI again

Probability clinician 40%
chooses

flexion/extension x-

ray

After indeterminate
CT and abnormal MRI

Probability clinician 10%
chooses

flexion/extension x-

ray

Probability clinician 90%
chooses to treat

After indeterminate
CT and indeterminate
MRI

Probability
distribution

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

National Clinical Guideline Centre, 2014.

Distribution
parameters

Max =5.5%
Min =
85.5%, Max
=100%

Min =
85.5%, Max
=100%

Min = 4.5%,
Max =5.5%

Min = 18%,
Max =22%

Min = 72%,
Max =88%

Min = 63%,
Max =77%

Min = 27%,
Max =33%

Min = 54%,
Max =66%

Min = 36%,
Max =44%

Min = 9%,
Max =11%

Min = 81%,
Max =99%
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Parameter
description

Probability clinician 50%
chooses

flexion/extension x-

ray

Probability clinician 50%
chooses to observe

After indeterminate
CT and normal MRI

Probability clinician 20%
chooses

flexion/extension x-

ray

Probability clinician 70%
chooses to discharge

Probability clinician 10%
chooses to observe 1
week

After indeterminate
CT and abnormal
flexion-extension

Probability clinician 5%
chooses to treat

0,
Probability clinician 95%

chooses MRI

After indeterminate

CT and

indeterminately
flexion-extension
Probability clinician 1%
chooses to observe

and discharge

Probability clinician 99%
chooses MRI

After indeterminate
CT and normal
flexion-extension

Probability clinician 40%
chooses to discharge

Probability clinician 60%
chooses MRI

After first x-ray is
abnormal

Probability clinician 95%
chooses CT

Deterministic
estimate

Probability
distribution

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

National Clinical Guideline Centre, 2014.

Distribution
parameters
Min = 45%,
Max =55%

Min = 45%,
Max =55%

Min = 18%,
Max =22%

Min = 63%,
Max =77%
Min = 9%,

Max =11%

Min = 4.5%,
Max =5.5%
Min =
85.5%, Max
=100%

Min = 0.9%,
Max =1.1%

Min =89.1%,
Max =100%

Min =36% ,
Max =44%
Min = 54%,
Max =66%

Min =85.5%,
Max =100%
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Parameter
description
Probability clinician
chooses MRI

After first x-ray is
indeterminate
Probability clinician
chooses CT

Probability clinician
chooses MRI

After first x-ray is
normal

Probability clinician
chooses discharge
Probability clinician
chooses observe

Deterministic
estimate

5%

99%

1%

95%

5%

Probability
distribution

Uniform

Uniform

Uniform

Uniform

Uniform

Distribution
parameters
Min = 4.5%,
Max =5.5%

Min =89.1%,
Max =100%
Min = 0.9%,
Max =1.1%

Min =85.5%,
Max =100%
Min = 4.5%,
Max =5.5%

Clinical events (Negative Cases—Patients without CSI )

After no imaging

Probability clinician
chooses immediate
discharge

Probability clinician
chooses observation
then discharge

After abnormal
initial CT result

Probability clinician
chooses MRI again

Probability clinician
chooses to treat

After indeterminate
initial CT result

Probability clinician
chooses MRI again

Probability clinician
chooses
flexion/extension x-
ray

After indeterminate
CT and abnormal
MRI

Probability clinician
chooses
flexion/extension x-
ray

95%

5%

99%

1%

90%

10%

10%

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

National Clinical Guideline Centre, 2014.

Min =85.5%,
Max =100%

Min = 4.5%,
Max =5.5%

Min =89.1%,
Max =100%

Min = 0.9%,
Max =1.1%

Min =89.1%,
Max =100%

Min =9% ,
Max =11%

Min = 9%,
Max =11%
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Parameter
description

Probability clinician
chooses to treat

After indeterminate
CT and
indeterminate MRI

Probability clinician
chooses
flexion/extension x-
ray

Probability clinician
chooses to observe

After indeterminate
CT and normal MRI

Probability clinician
chooses
flexion/extension x-
ray

Probability clinician
chooses to discharge

Probability clinician
chooses to observe 1

520
wee™ " k

After indeterminate
CT and abnormal
flexion-extension

Probability clinician
chooses to treat

Probability clinician
chooses MRI

After indeterminate
CT and
indeterminate
flexion-extension

Probability clinician
chooses to observe
and discharge

Probability clinician
chooses MRI

After indeterminate
CT and normal
flexion-extension
Probability clinician
chooses to discharge

Probability clinician

Deterministic
estimate

90%

35%

65%

1%

98%

1%

10%

90%

5%

95%

50%

50%

Probability
distribution

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

National Clinical Guideline Centre, 2014.

Distribution
parameters

Min = 81%,
Max =99%

Min =31.5%,
Max =38.5%

Min =58.5%,
Max =71.5%

Min = 0.9%,
Max =1.1%

Min =88.2%,
Max =100%

Min =0.9% ,
Max =1.1%

Min = 9%,
Max =11%

Min = 81%,
Max =99%

Min = 4.5%,
Max =5.5%

Min =85.5%,
Max =100%

Min = 45%,
Max =55%

Min = 45%,
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Parameter
description

chooses MRI

After first x-ray is
abnormal

Probability clinician
chooses CT
Probability clinician
chooses MRI

After first x-ray is
indeterminate
Probability clinician
chooses CT

Probability clinician
chooses MRI

After first x-ray is
normal

Probability clinician
chooses discharge
Probability clinician
chooses observe

Deterministic
estimate

95%

5%

99%

1%

95%

5%

Probability
distribution

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

Clinical events (Treatment Clinical Judgements)

Of all patients
needing treatment,

percentage who
have Cervical Spinal
Cord Injury (CSCI)

percentage who do
not have CSCI

Of all patients with
Cscl,

percentage who
have complete CSCI
?

percentage who
have partial CSCI

Of the patients with
complete CSClI,

percentage who
have compression

percentage who do
not have
compression

10%

90%

50%

50%

90%

10%

Uniform

Uniform

Uniform

Uniform

Uniform

Uniform

National Clinical Guideline Centre, 2014.

Distribution
parameters

Max =55%

Min = 85%,
Max =100%
Min = 4.5%,
Max =5.5%

Min =89.1%
Max =100%
Min = 0.9%,
Max =1.1%

Min = 85%,
Max =100%
Min = 4.5%,
Max =5.5%

Min =9% ,
Max =11%

Min = 81%,
Max =99%

Min = 45%,
Max =55%

Min = 45%,
Max =55%

Min = 81%,
Max =99%
Min = 9%,

Max =11%
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Parameter Deterministic Probability  Distribution
description estimate distribution parameters
Of the patients with

complete CSCI and

compression,

Percentage who 90% Uniform Min = 81%,
have surgical Max =99%
treatment

Percentage who 10% Uniform Min = 9%,
have non-surgical Max =11%
treatment

Of the patients with

complete CSCI and

no compression,

percentage who are  50% Uniform Min = 45%,
stabl Max =55%
percentage who are  50% Uniform Min = 45%,
unstable Max =55%
Of the patients with

partial CSClI,

percentage who 50% Uniform Min = 45%,
have compression Max =55%
percentage who do 50% Uniform Min = 45%,
not have Max =55%
compression

Of patients with

partial CSCl and

compression,

percentage who 90% Uniform Min = 81%,
have surgical Max =99%
procedure

percentage who 10% Uniform Min = 9%,
have non-surgical Max =11%
procedure

Of patients with

partial CSCI and no

compression,

percentage who are  75% Uniform Min = 68%,
stable Max =83%
percentage who are  25% Uniform Min = 23%,
unstable Max =28%
Of patients with no

Cscl,

percentage who are  90.0% Uniform Min = 81%,
stable? Max =99%
percentage who are  10.00% Uniform Min = 9%,

National Clinical Guideline Centre, 2014.
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Parameter Deterministic Probability  Distribution
description estimate distribution parameters Source
unstable Max =11%

CSI = Cervical Spine Injury; CT = Computed Tomography; FE = Flexion Extension X-ray; HI = Head Injury; MRl = Magnetic
Resonance Imaging; NEXUS = National Emergency X-Radiography Utilisation Study;

Resource use and cost

NHS reference costs 2011-2012 ' were used to identify cost estimates for diagnostic imaging and
treatment for CSl used in the base case analysis. Details are reported below.

Diagnostic Imaging

Diagnostic imaging costs are routinely incorporated in inpatient HRG codes. However, Multiple
Trauma HRG codes and Emergency Medicine HRG codes relevant to our population were considered
inadequate for our purposes as these cost codes were minimally influenced by differences in
diagnostic imaging interventions and were largely derived from surgical and medical procedures.

As a result, unbundled costs for diagnostic imaging were used to allow for clear cost differentiations.
The GDG judged this to be appropriate especially because a significant proportion the population
could have diagnostic imaging without patient admittance into hospital.

The cost of CT and MRI diagnostic imaging techniques were calculated by taking a weighted average
of total activities and cost in outpatient, direct access and other settings. The GDG judged that a CT
or MRI scan requires a scan of two areas considering patients will need their head and cervical spine
areas examined (NHS Reference Cost Codes 2011-2012 RA11Z; RA04Z). The cost of a CT was £104
and the cost of a MRI was £182.

The cost of diagnostic imaging with x-ray (Plain Film Radiograph) was £30.3 and was derived from
NHS Reference Costs 2011-2012 cost code DAPF. The GDG judged a flexion extension investigation
would require 2 plain film X-rays with a total cost of £61.

Cost of treatment

Costs for treatment were derived from NHS Reference Costs 2011-2012, HC codes (Spinal Surgery
and Disorders Chapter). There is a certain degree of double counting as each NHS reference cost
code (HCO1-HCO6) is applied to more than one treatment cost calculation. This was deemed
appropriate as the GDG judged procedures within NHS reference codes HCO1-HC06 were applicable
to multiple treatment categories.

A patient who is discharged upon clinical impressions and diagnostic imaging results showing no
abnormality does not require treatment and accrues a cost of £0. The GDG judged the cost of
discharge to be similar across all patients who remain alive. Thus, the cost of discharge was not
considered necessary for our incremental analysis.

Some patients with CSI and in need of treatment are inappropriately discharged and experience
deterioration. The GDG assumed that a patient who deteriorates will again present to the hospital,
undergo diagnostic imaging, and then receive treatment. Assuming a worst-case scenario where the
diagnostic investigation requires all types of diagnostic imaging (a CT, MRI, FE X-ray and an X-ray) and
the treatment requires a surgical and/or non-surgical procedure, the maximum cost for deterioration
is £7,214. Those patients who do not experience deterioration did not accrue any additional costs.

In particular, where a surgical procedure was deemed appropriate, the cost was £7,117, the
weighted average of NHS cost codes HCO1-HCO4. The cost of a non-surgical procedure was £4,459
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and was the weighted average of NHS cost codes HCO5 and HC06.Using the NHS Reference cost code
HC21B weighted across settings, the cost of no procedure with SCl was £17,252 for an average length
of stay of 42 days. The cost of a surgical or non-surgical procedure was £6,837 calculated as the
weighted average of NHS reference cost codes HCO1-HCO06. According to the NHS reference cost code
HC21C weighted across settings, the cost of no procedure for patients without CSI was £4,979 for an
average length of stay of 5.6 days.

Diagnostic mark-up

For each strategy, the diagnostic mark-up provides the total cost and number of diagnostic images
undertaken per diagnostic technique (X-ray, CT, MRI, and FE X-ray). The total number of diagnostic
imagings was the sum of diagnostic imagings undertaken at initial and at further imaging stages.

Initial Imaging

The number of patients who received initial imaging (CT, X-ray, or no imaging) was different
according to strategy. In blanket Strategies 1-3, the entire cohort received initial CT / X-ray imaging
or no imaging. In Strategies 4-7, the number of patients who received initial imaging was determined
by the sensitivity and specificity of prediction rules. These strategies did not indicate diagnostic
imaging (CT/X-ray) for all patients. For Example, in Strategy 4 (Canadian C-spine for X-ray), the
prediction rule did not recommend an X-ray for 58% of patients without CSI. The GDG assumed that
these patients might still be imaged. To determine the proportion of patients who would receive the
remaining diagnostic imaging alternatives, the GDG estimated half of all remaing patients would
receive no imaging and the other half of all remaining patients would receive the alternative
diagnostic imaging technique (CT/X-ray). In Strategy 4, the prediction ruled did not recommend an X-
ray for 58% of patients without CSI and of these 58%, 29% received CT and 29% received no Imaging
Details on the GDG estimated apportioning of patients to all initial imaging alternatives for each
strategy can be found in Figure 74.

Figure 74
Probability of having a given initial image Initial clinical decision Initial clinical decision
strategy (for those without injury) (for those with injury)
No imaging CT first X ray first No imaging CT first X ray first
Strategy 1: No imaging 100% 100%
Strategy 2: CTall 100% 100%
Strategy 3: x ray all 100% 100%
Strategy 4: Canadian C spine for Xray 29% 29% 43% 0% 0% 100%
Strategy 5: Canadian C Spine for CT 49.7% 0.6% 49.7% 0% 100% 0%
Strategy 6: NEXUS for Xray 32% 32% 37% 4.65% 4.65% 90.70%
Strategy 7: NEXUS for CT 38% 24% 38% 5% 90% 5%

Further Imaging

The number of further diagnostic imaging performed was determined by the results from the initial
diagnostic imaging technique. Results from a diagnostic imaging technique were categorised as
normal (diagnostic imaging and clinical impression finds no abnormality), indeterminate (diagnostic
imaging and clinical impression finds presence or absence of injury uncertain) or abnormal
(abnormality is clear from diagnostic imaging and clinical impression). The number of normal and
abnormal results were derived by from the sensitivity (abnormal) and specificity (normal) of
diagnostic clearance strategies found in published literature (Halpern 2010)*®. However, there is no
data available to inform the number of indeterminate results from diagnostic imaging. The GDG
considered that a certain proportion normal and abnormal results would be considered
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‘indeterminate’ and that these proportions would differ for a population with CSl and a population
without CSI.

Patients who did not receive initial imaging and patients with normal initial imaging results would not
be given any further imaging or treatment.

Patients with an indeterminate or abnormal initial imaging result could receive further diagnostic
imaging. The type and number of further diagnostic imaging (maximum number = 3) was determined
by clinical judgement.

Therefore, the cost of diagnostic imaging was the product of the total number of diagnostic imagings
undertaken per diagnostic technique and the unit cost of each diagnostic technique.

Where there is indication of abnormality from diagnostic imaging results and clinical impressions,
further management is required.

Treatment component

The treatment component uses GDG clinical judgments to subcategorise patients requiring
treatment according to injury characteristics so as to identify the type of treatment required and
apply the correct weighting to costs. These GDG judgements are detailed in section M.1.2.1. The cost
of treatment was calculated as the sum of the cost of each category of treatment. The cost of each
category of treatment was the product of the number of treatments and the unit cost of treatment.

Computations

The analysis was undertaken using Microsoft Excel 2010. The model is a cohort decision-tree. The
PSA was conducted using 7500 simulations (see M.1.4). Each strategy is made up of a diagnostic and
treatment component. The prevalence of CSI combined with the performance of prediction rules and
the performance of diagnostic imaging techniques determined the number of patients correctly
provided treatment (TP), incorrectly provided treatment (FP), correctly left untreated (TN), and
incorrectly left untreated (FN).

For computations informing estimation of cost effectiveness please refer to sections M.1.5 and
M.1.6.

Sensitivity analyses

A number of deterministic sensitivity analysis were undertaken to investigate uncertain individual
input parameters. The GDG wished to identify whether varying that individual input value would
have an effect on results. The following inputs were investigated using DSA.

1. Cost of no procedure for patients with and without CSI: there was uncertainty around the cost
differentiation for no procedure in patients with (£17,252) and without CSI (£4,979). Hence, the
cost for no procedure was made equal for both patients with and without CSI at £ 5,141. This was
the weighted cost of HC21B and HC21C across NHS settings for a 10 day length of stay.

2. Litigation cost associated with a FN: given the uncertainty around the average litigation cost for a
missed CSlI, the litigation cost was varied from £0 to £1,000,000.

3. Initial imaging decisions: there was uncertainty over the base case percentage of patients without
CSI who would receive initial imaging (CT/X-ray) or no imaging according to clinical decision rules
in Strategies 1-7. Primary analysis percentages were calculated based on the sensitivity and
specificity of clinical decision rules and GDG estimates. The uncertainty was attributed to the low
quality of specificity data for prediction rules in Duane™ and Griffith'’*. This was explored by
calculating percentages using different GDG estimates as indicated in Figure 75 (see percentages
highlighted by red rectangle) .
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4. QALY pay-offs: in the absence of applicable Quality of Life information for this population, an
extremely conservative QALY pay-off was assigned to each outcome (TP, FN, TN, and FP) in a
hypothetical scenario. The QALY payoffs assigned (TP = 1.5 QALYs, TN & FP =2 QALYs, and FN =1
QALY) served to incorporate the smaller pay-off associated with a FN in comparison to patients
without CSI (TN) and patients who received treatment (TP and FP). Net monetary benefit was
subsequently calculated using Equation 1, where ‘Outcome’ was equal the number of QALYs and
D was equal to the threshold of £20,000 per QALY gained.

5. Prevalence of patients over the age of 16 with CSI: given the absence of information on the
prevalence of CSI, the prevalence was varied between 0.5% (base case) to 5% in increments of
0.5%.

6. Clinical decision for further imaging of indeterminate and negative initial imaging results: Given
the absence of clinical and economic evidence on the clinical and cost-effectiveness identified for
Strategies 1-7 and their application to further imaging scenarios, the following scenarios were
compared

a. further imaging on indeterminate cases only (base case analysis)
b. no further imaging on negative or indeterminate cases
c. further imaging on all negative and indeterminate cases

In scenarios a. to c., positive initial imaging results receive further imaging.

Figure 75 GDG estimation of initial imaging probabilites for those without injury (Strategy 4-7)

Probability of having a given initial Initial clinical decision Initial clinical decision
image strategy [for those without injury] [for those with injury]
7 No imaging CT first ¥ ray first Mo imaging CT first ¥ ray first
Strategy 1: No imaging 100% 100%
Strateqy - CT all 100% 100%
Strategy 3: x ray all 100% 100%
Strategy 4: Canadian C spine for
Xray 54% 3% 43% 0% 0% 100%
Strategy 5: Canadian C Spine for
cT 54% 46% 0% 0% 100% 0%
Suategy 6: NEXUS for Xray 60% 3% 37% 4,65% 4,65% 90.70%
Suateqy 7: NEXUS for CT 22% 40% 38% 5% 90% 5%

Probabilistic Sensitivity Analysis
For the probabilistic analysis, inputs were parameterised with distributions as described in
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Table 70 below. To parameterise the reference costs probabilistically, three distributions (gamma,
lognormal and normal) were fitted and the best-fit distribution was chosen. Each distribution was fit
using the standard deviation of the trust cost (calculated using the reported mean and interquartile
range), and where appropriate, the distribution’s alpha and beta values. The distribution that
provided the interquartile range closest in value to the interquartile range reported by the NHS
reference cost was considered the best fit distribution. Estimates from the best-fit distribution were
applied to the formulas listed below to calculate the standard error of the mean NHS cost and
subsequently, the probabilistic value was drawn.
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Table 70: Description of the type and properties of distributions used in the probabilistic sensitivity

analysis

Parameter

Clinical Judgements

Performance of
prediction rules
(sensitivity and
specificity)

Performance of
diagnostic imaging
techniques (sensitivity
and specificity)

Number of
indeterminate results
after imaging technique

NHS Reference Costs
(diagnostic and
treatment)

NHS Reference Costs
(diagnostic and
treatment)

NHS Reference Costs
(diagnostic and
treatment)

Probability
distribution

Uniform

Beta

Beta

Beta

Gamma

Lognormal

Normal

Properties of distribution

Uniform distribution fitted between the minimum and maximum
range allows an equal chance of any value within this range being
selected in any simulated run of the probabilistic analysis.

The minimum and maximum range for clinical judgements was
1+10% of the base case value with a maximum of 100%.

Beta distribution fitted between 0 and 1. As the sample size and the
number of events were specified alpha and beta values were
calculated as follows:

Alpha: (number of patients with CSI/without CSI)

Beta=(Number of patients)-(number of patients with CSI/without
Csl)

Beta distribution fitted between 0 and 1. Derived from mean of a
domain or total quality of life score and its standard error, using the
method of moments.

Alpha and Beta values were calculated as follows:
Alpha = mean” *(1-(mean/SE’)-mean
Beta = Alpha *((1-mean)/mean)

Beta distribution fitted between 0 and 1. The sample size and the
number of events were specified by the cohort size and GDG
estimations. Thus, alpha and beta values were calculated as follows:

Alpha = (number of patients with indeterminate result)
Beta = (Number of patients )-(number of patients with
indeterminate results )
Gamma distribution bounded at 0 and positively skewed. Derived
from mean and its standard error.

Alpha and Beta values were calculated as follows:

Alpha = (mean/SE)’
Beta = SE>/Mean

Where appropriate, the lognormal distribution may provide a better
fit than the gamma distribution for costs. The natural log of the
mean was calculated as follows:

Natural log of the mean = [Ln(mean) — (InSE)*]/2

Where the natural log of the standard error (InSE) was calculated
by:

SE? + mean?

In 5
mean

Where appropriate, the normal distribution may provide a better
first than the gamma and lognormal distribution for costs. The

mean and standard error was calculated as follows:

sum of all values
Mean = ———
number of values

standard deviation

Standard Error = —————
vnumberof values
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With all distributions drawn, a simulation was run for each strategy independently and key results of
each simulation were copied and stored. To compare the results generated for a single iteration, the
starting seed for each random number selected for the probabilistic analysis was reset to original
with each rerun of the probabilistic simulation. This assured, for example, the PSA referred to the
same prevalence for all seven strategies in any given iteration and ensured the results for each
iteration across the strategies were comparable.

Estimation of cost effectiveness

The widely used cost-effectiveness metric is the incremental cost-effectiveness ratio (ICER). This is
calculated by dividing the difference in costs associated with two alternatives by the difference in
QALYs. The decision rule then applied is that if the ICER falls below a given cost per QALY threshold
the result is considered to be cost effective. If both costs are lower and QALYs are higher the option
is said to dominate and an ICER is not calculated.

ICER — Costs(B) — Costs(A)

- _ e Cost-effective if:
QALYS(B) QALYS(A) ICER < Threshold

Where: Costs/QALYs(X) = total costs/QALYs for option X

When there are more than two comparators, as in this analysis, options must be ranked in order of
increasing cost then options ruled out by dominance or extended dominance before calculating ICERs
excluding these options. An option is said to be dominated, and ruled out, if another intervention is
less costly and more effective. An option is said to be extendedly dominated if a combination of two
other options would prove to be less costly and more effective.

It is also possible, for a particular cost-effectiveness threshold, to re-express cost-effectiveness
results in term of net monetary benefit (NMB). This is calculated by multiplying the total QALYs for a
comparator by the threshold cost per QALY value (for example, £20,000) and then subtracting the
total costs (formula below). The decision rule then applied is that the comparator with the highest
NMB is the most cost-effective option at the specified threshold. That is the option that provides the
highest number of QALYs at an acceptable cost.

NMB(X) = (QALYs(X)x 1)—Costs (X) Gl
highest net monetary
Where: NMB= Net Monetary Benefit; Costs/QALYs(X) = total costs/QALYs for benefit

option X; A = threshold

Both methods of determining cost effectiveness will identify exactly the same optimal strategy. For
ease of computation, adaptations of the NMB formula are used in this analysis to identify the optimal
strategy.

In the case of cost-effectiveness analysis where cost per QALY is not estimated, and rather an
alternative outcome (i.e. cost per false negative avoided) is used, there is not a specific cost per
effect threshold employed to assess cost effectiveness. However, these outcomes can still be used to
identify dominated and extendedly dominated options. Further, an assumed cost and/or QALY
weight can be attached to such outcomes to enable net monetary benefit calculations, as described
in the below equations:

NMB (X) = (Outcome(X) x QALY_Weight x /1)— Costs(X) o Cost-effective if:
highest net monetary
Where: NMB = Net Monetary benefit; Outcome(x) = the diagnostic outcome for benefit

which the QALY weight applies; A = threshold of £20,000
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NMB(X) = (FN(X) x —LitigatiorCost ) - Costs(X ) . Costoffective i

highest net monetary
Where: NMB = Net Monetary Benefit; FN = False negativs identified; litigation benefit

costs represents the negative cost associated with the false negative and Costs (x)
is the total cost of the strategy

Interpreting results

NICE’s report ‘Social value judgements: principles for the development of NICE guidance’ sets out the
principles that GDGs should consider when judging whether an intervention offers good value for
money. In general, an intervention was considered to be cost effective if either of the following
criteria applied (given that the estimate was considered plausible):

. The intervention dominated other relevant strategies (that is, it was both less costly in terms
of resource use and more clinically effective compared with all the other relevant alternative
strategies), or

o The intervention costs less than £20,000 per quality-adjusted life-year (QALY) gained
compared with the next best strategy.

In the absence of data to inform a lifetime costs and QALYs associated with the strategies (i.e. data
on longterm survival and medical events), the model evaluates the diagnostic startegies using three
types of analyses, each referencing a different key outcome. These are:

a) A cost effectiveness anaylsis which compares the cost per false negative avoided in a given
strategy.

b) A cost minisation analyisis whereby the litigation costs accrued are evaluated against the cost
of the strategy, with results expressed in net monetary benefit.

c) A simplistic cost utility sensitivity analysis which compares the net monetary benefit
associated with each strategy given minimal QALY gains per correct diagnosis and minimal
QALY loss per incorrect diagnosis.

As we have several strategies of comparison, we use Net Monetary Benefit to rank the strategies on
the basis of their relative cost-effectiveness and identify dominated or extendly dominated options.

A note on Net Monetary Benefit Analysis using litigation costs.

Using information on total cost and outcome and assuming the litigation cost penalty associated with
a FN was -£200,000, net monetary benefit was calculated. This statistic was calculated as the number
of False Negatives multiplied by the cost penalty (a litigation penalty of -£200,000) minus the total
cost of strategy (Equation 1). Because the cost penalty of a false negative was greater than the total
cost of strategy, the net monetary benefit figure is negative. Net Monetary Benefit Results were
ranked from 1 to 7 across all strategies with Rank 1 representing the largest Net Monetary Benefit
and Rank 7 as the least Net Monetary Benefit.

To minimise costs, the GDG would consider the strategy with the highest net monetary benefit. In
the sensitivity analysis where QALYs were assigned to each outcome, the monetary value associated
with each QALY gained was £20,000. The GDG would consider the optimal or dominant strategy from
this analysis when making recommendations.

National Clinical Guideline Centre, 2014.
204



M.1.7

M.2

M.2.1

Head Injury
Cost-effectiveness analysis: Cervical spinal injury clearance strategies

Model validation

The model was developed in consultation with the GDG; model structure, inputs and results were
presented to and discussed with the GDG for clinical validation and interpretation.

The model was systematically checked by the health economist undertaking the analysis; this
included inputting null and extreme values and checking that results were plausible given inputs. The
model was peer reviewed externally and by a second experienced health economist from the NCGC;
this included systematic checking of the model calculations.

Results

Base Case Results

Each strategy is composed of diagnostic imaging, outcomes, and treatments. Thus, Table 71 - Table
74 qualify the differences in base case deterministic diagnostic imagings, outcomes and treatments
across strategies. Understanding these differences will help the interpretation of base case
probabilistic results in Table 75 and Table 76.

Table 71 presents a breakdown of the total number of diagnostic imaging according to the strategy.
The table also shows the percentage of the cohort who receives each type of diagnostic imaging.

Table 72 presents a breakdown of the performance of each strategy. Outcomes are considered as
the percentage of TP, FN, TN and FP. In each strategy, majority of patients without CSI are correctly
diagnosed as TN and very few are incorrectly diagnosed as FP. A significant proportion of patients
with CSl are incorrectly diagnosed as FN. The strategy with the smallest (28%) and largest (100%)
percentage of FNs are Strategy 2/Strategy 5 (CT for all/Canadian C-spine for CT) and Strategy 1 (No
Imaging) respectively.

As Table 73 illustrates, very few patients are treated across strategies. At the extremes, no one is
treated in Strategy 1 (No Imaging) and 7 patients out of 1,000 are treated in Strategy 5 (Canadian C-
spine for CT). Of those who receive treatment, the majority do not receive a procedure but are
instead observed in hospitals (those who are given no procedure with or without CSl).

Table 74 presents the total cost of each strategy. Strategy 3 (X-ray all) is most costly while Strategy 1
(No Imaging) is least costly. The cost of each strategy is most influenced by the cost of diagnostic
imaging and the cost of observation. Because of the small number of patients treated across
strategies, the cost of treatment assumes a relatively small proportion of the total cost of strategy.
By considering both the number of diagnostic imaging results as well as the differential cost across
types of diagnostic imaging, the total costs of each strategy is calculated. The strategies with the
highest (£289,558) and lowest (£0) diagnostic imaging costs are Strategy 2 (CT all) and Strategy 1 (No
Imaging) respectively.

The Net Monetary Benefit analysis (Table 75) provides the base case deterministic results and
illustrates that Strategy 5 (Canadian C-spine for CT) is the optimal strategy (highest net monetary
benefit) while Strategy 1 (No Imaging) was the least optimal (lowest net monetary benefit).

In addition, Table 76 presents the results of the cost effectiveness analysis where incremental costs
and false negatives avoided were calculated using Strategy 1 (No Imaging) as the base comparator.
The lowest (£88,458) and highest (£271,310) costs per false negative avoided were associated with
Strategy 5 (Canadian C-Spine for CT) and Strategy 3 (X-ray on all) respectively.
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Sensitivity Analysis Results

Strategy 5 remained the optimal strategy in the probabilistic analysis and it was the most cost-
effective strategy in 93% of the simulations. Strategy 5 was optimal despite variation to individual
inputs - equal costs for no procedure with or without CSI (Table 76); GDG estimated initial imaging
decisions (Table 78); QALY pay-offs (Table 79); prevalence of CSI between 0.5%-5% (Figure 76) in the
deterministic sensitivity analysis. Assuming that Strategy 1 (No Imaging) is not an ethical option,
Strategy 5 was also the optimal strategy when the litigation costs associated with a missed FN was
between £0 and £1,000,000 (Table 77). Strategy 5 was also the optimal strategy when the clinical
decision was to not further image normal and indeterminate results or to only further image
indeterminate results. When the clinical decision was to further image both normal and
indeterminate results, Strategy 2 (CT all) became optimal.

In the sensitivity anayisis that assigned a minimal QALY advantage per correct diagnosis it was found
that no imaging ranked optimal. If no imaging was not considered an acceptable or ethical strategy,
then strategy 5 would be the most optimal strategy.

Interpreting results

Summary of results

The probabilistic analysis identified Strategy 5 (Canadian C-spine for CT) to be dominant at a
threshold of £200,000 for each FP outcome meaning that Strategy 5 was less costly and advoided
more FPs than all the other strategies. Strategy 5 also had the lowest cost per False Negative
avoided. This conclusion was robust to variations in the prevalence of CSI (0.5%-5%), cost of no
procedure with or without CSl and GDG estimated initial imaging decisions and when the decision to
not further image or to further image only indeterminate results. When the clinical decision was to
further image both normal and indeterminate results, the optimal strategy changed to Strategy 2 (CT
all).

The results were sensitive to the cost of litigation associated with a false negative, with the optimal
ranking switching from no imaging to strategy 5 when litigation costs rose from £75,000 to £100,000.
No imaging was also seen as an optimal strategy if only a minimal QALY advantage was associated
with achieving a true positive in comparison to other diagnostic outcomes. Strategy 5 was the next
optimal strategy in this analysis.

Limitations and interpretation

We acknowledge the CEA does not fully account or quantify all of the trade offs involved with the
diagnostic decision question, as no weighting or penalty was given to other diagnostic outcomes such
as false positives (although unnecessary treatment cost is taken into account). However, the
estimated negative monetary payoff of £200,000 associated with each FN outcome implicitly took
into account the adverse effects of radiation and the potential of deterioriation after treatment or no
treatment. Nonetheless, it is necessary to interpret this analysis with caution as it has some
potentially serious limitations.

That the ‘No Imaging’ strategy may be optimal in scenarios where there are limited negative
consequences associated with a false negative finding and where there is little to gain with positive
findings (i.e. correct onward treatment and QALY gain) is a reflection of the low prevalence of CSI
within a head injury population and the trade off involved with the decision problem. A low
prevalence of a condition will inevitably lower the negative predictive values of a diagnostic
intervention (in comparison to if the diagnostic intervention was placed in a high prevalence setting),
an in turn favour a non imaging strategy, especially when the downstream consequences of a correct
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or incorrect diagnostic are marginal in relation to each other. In this model, an extremely
conservative estimate of the gains of diagnostics was specified.

The GDG felt that despite the limitations, the analysis is sufficiently robust for purposes of decision-
making as it explicitly shows and attempts to quantify the parameters, assumptions and structure
underpinning the decision. To interpret the results, the GDG acknowledged that the consequences of
each diagnostic outcome was uncertain, and took the view that in practice a non imaging strategy
was not viable to recommend.

Assuming that Strategy 1 (No Imaging) was a theoretical strategy not plausible (ethical) in practice,
the CT according to Canadian C-spine was optimal when the false negative litigation costs varied
form £0 - £1,000,000. The conclusion that CT using the Canadian C-spine prediction rule remained
gave the greatest net monetary benefit in the scenario of minimal QALY gain associated with each
true positive and minimal QALY loss with each false negative under the assumption that No Imaging
was not appropriate in practice.

With the view that a non imaging strategy could not be recommended, the sensitivity analysis
whereby an extremely conservative scenario was explored in terms of pay-off indicates that despite
the limitations of the CEA, the conclusions formed by the analysis appear robust. In addition, that
Strategy 5 (CT according to Canadian C-spine) remained robust when the threshold value associated
with a FN was varied from £0 to £1,000,000 (assuming the No Imaging strategy was not appropriate
in practice) also supports the conclusions made in this analysis. In line with the NICE reference case,
all parameters subject to uncertainty (i.e. unit costs, sensitivities and specificities of the prediction
rules and clinician estimates) were parameterised probabilistically and probabilistic sensitivity
analysis performed.

Generalisability to other populations

A separate subgroup analysis was not conducted for a paediatric population. The results of this
analysis are not applicable for children under the age of 16 with HI and suspected CSI. The GDG felt
this economic analysis could not be extrapolated to the paediatric population as this is clinically quite
different from the adult population. No evidence was identified for paediatrics and so, it was not
possible to determine the appropriateness of model inputs for the paediatric population (in
particular, the prevalence of CSI & the clinical judgements for further imaging and treatment used in
the analysis for adults). For this population, the trade off between the accuracy of diagnosis and the
radiation risk associated with a CT scan (equivalent to 2 years background radiation) requires
particular discussion. The GDG would consider that a plain film X-ray has lower levels of radiation
than a CT scan when writing recommendations for children.

Comparisons with published studies

No studies that looked at the use of prediction rules for the selection of HI patients with suspected
CSI for diagnostic imaging were identified. One study by Pandor et al 2011,*”° which investigated the
use of prediction rules for the management of patients with minor HI found that in comparison to 9
other strategies, the Canadian CT Head Rule (CCHR) medium and high-risk prediction rule was the
most cost-effective. Given this conclusion, the GDG considered that the CCHR could be used for a
patient with HI and suspected CSl to rule out HI. Then, according to the conclusions from this
analysis, Canadian CT Spine rule could be used for the same patient to rule out suspected CSI.

Conclusion

For patients with HI and suspected CSI, the Canadian C-spine decsion rule is cost-effective for
selecting patients for diagnostic imaging.
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Implications for future research

The time horizon of this analysis only extended to the end of treatment. Considering this short time
horizon and exclusion of quality of life health outcomes in this analysis, future research could explore
the costs and health outcomes for a lifetime horizon. Results from this analysis were not
extrapolated to the patient subgroup under the age of 16 because of a dearth of available
information. Should clinical studies that look at the accuracy of prediction rules for children be
available in the future, this analysis can be modified to provide information on the cost-effectiveness
of C-spine injury clearance strategies for this subgroup.
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Health economic appendix C: Tables and Figures

Base Case Results

Table 71 : Base Case Deterministic Analysis— Breakdown of Diagnostic Imaging for each
Strategy

Base case Breakdown of Diagnostic Imaging for each strategy (prevalence 0.5%,
cohort N = 1000)

Strategy # of Xrays (%) #of CTs(%) # of MRIs(%) # of FE X-
rays(%)

Strategy 1: No 0 (0%) 0 (0%) 0 (0%) 0 (0%)

imaging

Strategy 2: CT 0 (0%) 1000 (100%) 751 (75%) 812 (82%)

all

Strategy 3: X-ray 1000 (100%) 792 (80%) 602 (61%) 643 (65%)

all

Strategy 4: 433(43%) 626 (63%) 473 (48%) 508 (51%)

Canadian C-

spine for X-ray

Strategy 5: 495 (50%) 403 (40%) 307 (31%) 326 (33%)

Canadian C-

spine for CT

Strategy 6: 371 (37%) 608 (61%) 459 (46%) 493 (50%)

NEXUS for X-ray

Strategy 7: 379 (38%) 542 (54%) 410 (41%) 439 (44%)

NEXUS for CT

Table 72: Base Case Deterministic Analysis — Performance of Strategies

Base case Results: Performance of Strategy (prevalence 0.5%, cohort N = 1000)

patients without CSI patients with CSI
Strategy % True % False %False %True
Negative Positive Negative Positive
Strategy 1: No imagin
= 3 100.0% 0.0% 100% 0%
Strategy 2: CT all
99.7% 0.3% 28% 72%
Strategy 3: X-ray all
99.7% 0.3% 56% 44%
Strategy 4: Canadian C-
. 99.8% 0.2% 56% 44%
spine for X-ray
Strategy 5: Canadian C-
. 99.8% 0.1% 28% 72%
spine for CT
Strategy 6: NEXUS for X-ray
99.8% 0.2% 57% 43%
Strategy 7: NEXUS for CT
99.8% 0.2% 33% 67%
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Table 73: Base Case Deterministic Analysis — Breakdown of Treatment Types

Base case Results: Breakdown of Types of Treatment (prevalence 0.5%, cohort N = 1000)

Strategy # of T* # of T* #of T*  #of T* with #Hof T* Total #
using using where CSCl using  without Treated
surgical  non surgical no CSCl using
procedu  surgical or non procedure1 no
resonly  procedur surgical procedure2

es only treatm
entis
possibl
e

Strategy 1: No imaging - - - - - 0.0

Strategy 2: CT all 0.4 0.0 0.7 0.1 5.5 6.8

Strategy 3: X-ray all 0.3 0.0 0.5 0.1 3.9 4.8

Strategy 4: Canadian C- 0.3 0.0 0.4 0.1 3.4 4.2

spine for X-ray

Strategy 5: Canadian C- 0.3 0.0 0.5 0.1 4.0 4.9

spine for CT

Strategy 6: NEXUS for X-ray 0.3 0.0 0.4 0.1 3.3 4.1

Strategy 7: NEXUS for CT 0.3 0.0 0.5 0.1 4.1 5.1

T* = treatments

' = Number of patients with CSCI where diagnostic result indicates the need for
treatment but injury characteristics indicate that no surgical or non surgical
procedure is beneficial. Thus, no procedure is provided.

’= Number of patients without CSCI where diagnostic result indicates the need for
treatment but injury characteristics indicate that no surgical or non surgical
procedure is beneficial. Thus, no procedure is provided.

Table 74: Base Case Deterministic Analysis — Breakdown of Cost of Strategy

Base case Breakdown of Costs of Strategy (prevalence 0.5%, cohort N = 1000)

Strategy Cost of Treatment  Cost of Cost of Total Cost of
Diagnostic Observation Strategy
Imaging
Strategy 1: No imagin
= 3 £- £- £1,245 £1,245
Strategy 2: CT all
£37,930 £289,558 £1,264 £328,753
Strategy 3: X-ray all
£26,547 £260,916 £270,549 £558,012
Strategy 4: Canadian C-
. £23,496 £194,888 £117,019 £335,403
spine for X-ray
Strategy 5: Canadian C-
. £27,151 £132,283 £135,132 £294,566
spine for CT
Strategy 6: NEXUS for X-
- £22,957 £187,678 £100,324 £310,960
Strategy 7: NEXUS for CT
£28,313 £168,905 £103,883 £301,102
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Table 75: Base Case Deterministic Analysis Results with Probablistic Analysis Rank

Base Case Deterministic Analysis CEA Results (prevalence 0.5%, cohort N = 1000)

Strategy

Strategy 1: No imaging
Strategy 2: CT all
Strategy 3: X-ray all

Strategy 4: Canadian C-
spine for X-ray

Strategy 5: Canadian C-
spine for CT

Strategy 6: NEXUS for X-ray

Strategy 7: NEXUS for CT

Table 76: Base Case Probablistic Analysis—Cost per False Negative Avoided

Total Cost of
Strategy

£1,245
£328,753
£558,012

£335,403

£294,566

£310,960

£301,102

Total # of False

Negatives
Identified

5.00
1.42
2.79

2.79

1.42

2.83

1.66

Base Case Probablistic Results (prevalence 0.5%, cohort N = 1000)

Strategy

Strategy 1: No imaging
(reference)

Strategy 2: CT all
Strategy 3: x ray all

Strategy 4: Canadian C
spine for Xray

Strategy 5: Canadian C
Spine for CT

Strategy 6: NEXUS for
Xray

Strategy 7: NEXUS for
CcT
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Total Cost of  Increment  Total # of
Strategy al Cost of FN

Strategy Identified
£1,214 - 5.00
£328,041 £326,828 1.69
£556,884 £555,670 2.95
£333,997 £332,783 2.95
£293,948 £292,734 1.69
£310,297 £309,083 2.99
£300,537 £299,324 1.91

Net
Monetary
Benefit

-£1,001,245
-£612,099
-£1,116,022

-£893,413

-£577,912

-£876,751

-£633,022

Incremen
tal # of
FN
Avoided

3.31
2.05

2.05

3.31

2.01

3.09

Rank %
ranked
in PSA

6 0%

2 7%

7 0%

5 0%

1 93%

4 0%

3 0%

Net Benefit

-£1,000,947

-£665,914
-£1,146,996

-£924,109

-£631,821

-£907,807

-£683,070

Incremental
Cost per False
Negative
Avoided

£98,760
£271,310

£162,483

£88,458

£153,875

£96,994
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Deterministic Sensitivity Analyses Results

Table 77: DSA with Cost for No Procedure with or without CSI Equal

Deterministic Sensitivity Analysis on Costs for no procedure with and without CSI (prevalence
0.5%, cohort N = 1000, Equal cost for no procedure with and without CSI )

Strategy Total Cost of Total # of False  Net Monetary Rank

Strategy Negatives Benefit

identified
Strategy 1: No imagin
&y gine £1,285 5.0 -£1,001,285 6

Strategy 2: CT all

£327,933 1.4 -£611,278 2
Strategy 3: X-ray all

£566,211 2.8 -£1,124,221 7
Strategy 4: Canadian C-spine
for X-ray £338,677 2.8 -£896,687 5
Strategy 5: Canadian C-spine
for CT £298,346 1.4 -£581,692 1
Strategy 6: NEXUS for X-ray

£313,702 2.8 -£879,493 4
Strategy 7: NEXUS for CT

£303,838 1.7 -£635,759 3
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Table 78 DSA with Litigation Costs (£0 - £1,000,000)

Deterministic Sensitivity Analysis on Litigation costs (£0-£1,000,000) ; Prevalence of CSI 0.5%; Cohort N =1000

Strategy
Strategy 1: No imaging
Strategy 2: CT all

Strategy 3: X-ray all

Strategy 4: Canadian C-spine
for X-ray

Strategy 5: Canadian C-spine
for CT

Strategy 6: NEXUS for X-ray

Strategy 7: NEXUS for CT

£0
-£1,245
-£328,753
-£558,012
-£335,403

-£294,566

-£310,960

-£301,102

£25,000

-£126,245
-£364,171
-£627,763

-£405,154

-£329,984

-£381,684

-£342,592
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£50,000

-£251,245
-£399,589
-£697,514

-£474,906

-£365,402

-£452,407

-£384,082

£75,000

-£376,245
-£435,008
-£767,266

-£544,657

-£400,821

-£523,131

-£425,572

Litigation Cost
£100,000 £125,000
-£501,245 -£626,245
-£470,426  -£505,844
-£837,017  -£906,768
-£614,408 -£684,160
-£436,239 -£471,657
-£593,855 -£664,579
-£467,062  -£508,552

£150,000

-£751,245
-£541,262
-£976,520

-£753,911

-£507,075

-£735,303

-£550,042

£175,000
-£876,245
-£576,680
-£1,046,271
-£823,662

-£542,494

-£806,027

-£591,532

£200,000
-£1,001,245
-£612,099
-£1,116,022
-£893,413

-£577,912

-£876,751

-£633,022

£225,000
-£1,126,245
-£647,517
-£1,185,774
-£963,165

-£613,330

-£947,475

-£674,512

£250,000
-£1,251,245
-£682,935
-£1,255,525
-£1,032,916
-£648,748

-£1,018,198

-£716,002

£1,000,000

-£5,001,245
-£1,745,482
-£3,348,064
-£3,125,455
-£1,711,295

-£3,139,915

-£1,960,704
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Table 79: DSA with GDG estimates for initial imaging decisions

Base case CEA Results (prevalence 0.5%, cohort N = 1000, prediction rule performance according
to GDG estimates )

Strategy Total Cost of Total # of False Net Monetary Rank

Strategy Negatives Benefit

identified
Strategy 1: No imagin
gy Eing £1,245 5.0 -£1,001,245 6

Strategy 2: CT all

£328,753 1.4 -£612,099 2
Strategy 3: X-ray all

£558,012 2.8 -£1,116,022 7
Strategy 4: Canadian C-spine

£335,403 2.8 -£893,413 5
for X-ray
Strategy 5: Canadian C-spine

£294,566 1.4 -£577,912 1
for CT
Strategy 6: NEXUS for X-ray

£310,960 2.8 -£876,751 4
Strategy 7: NEXUS for CT

£301,102 1.7 -£633,022 3
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Table 80 : DSA using QALY pay-offs (per cohort of 1000 patients)

Strategy 1: No imaging

Strategy 2: CT all

Strategy 3: X-ray all

Strategy 4: Canadian C-spine for X-ray
Strategy 5: Canadian C-spine for CT
Strategy 6: NEXUS for X-ray

Strategy 7: NEXUS for CT

! QALYs from TP = # of TP multiplied by 1. 5 QALYs
% QALYs from FP = # of FP multiplied by 1 QALY

® QALYs from TN = # of TN multiplied by 2 QALYs

* QALYs from FP = # of FP multiplied by 2 QALYs

National Clinical Guideline Centre, 2014.

QALYs from TP*
0.00
5.37
3.29
3.29
5.37
3.23

5.01

QALYs from
FN?

5.00
1.42
2.79
2.79
1.42
2.83

1.66

QALYs from TN®
1990.00
1983.51
1983.42
1985.32
1986.69
1985.53

1985.95

QALYs from
Pt

0.00
6.49
5.17
4.07
2.61
3.95

3.52

Total QALY

1,995.00
1,996.79
1,994.67
1,995.47
1,996.09
1,995.54

1,996.13

NMB (£20K)

£39,898,755
£39,607,080
£39,335,356
£39,574,054
£39,627,239
£39,599,905

£39,621,524

Rank
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Figure 76 DSA with Prevalence of CSI ranging between 0.5%-5% (Cohort N =1000)
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Figure 77 DSA with Further Imaging Clinical Decision Scenarios after Initial CT/X-ray
(Prevalence 0.5%, Cohort N =1000)

# 5Strategy 1: No imaging

W Strategy 2: CT all

A Strategy 3:x ray all

> Strategy 4: Canadian C spine for Xray
F Strategy 5: Canadian C Spine forCT
®Strategy 6: NEXUS for Xray

+Strategy 7: NEXUS for CT

Ranking (1= optimal)

Only Indeterminate results
(be)

Nane - neither
indeterminate nor normal
resu fts

All- both indeterminate and
normal results

FurtherImaging Clinical Decision after Initial CT or Initial X-ray

National Clinical Guideline Centre, 2014.

217




Appendices
Head Injury

Appendix N: Research recommendations

1. Is the clinical outcome of patients with head injury with a reduced level of
consciousness improved by direct transport from the scene of injury to a tertiary centre
with neuroscience facilities compared with the outcome of those who are transported
initially to the nearest hospital without neurosurgical facilities?

Why this is important

Although this research recommendation was set in 2007, the GDG felt that it is still a high
priority for research following this guideline update. No evidence review was conducted
specifically for this question, but the GDG are aware that an HTA report (in press) has
concluded that there is minimal evidence to support patients with signs suggestive of severe
head injury being taken from the scene directly to neuroscience care, when this involves
bypassing their nearest emergency department. Nevertheless, within current NHS England
trauma systems some patients with apparent severe head injury are bypassing their nearest
emergency department and experiencing prolonged journey times of up to 45 minutes in
order to be taken directly to a neuroscience centre. For pre-hospital healthcare workers, and
for the effective functioning of the new NHS trauma systemes, it is important to define which,
if any, patients would do better by being transported directly to a neuroscience centre.

Guidance will be required to define the patient population — for example, researchers may
focus on age, or isolated head injury versus apparent multiple trauma. Further specification
is needed about what level of consciousness would indicate the need for primary transfer to
a neuroscience centre. Researchers should look at the impact of the duration of transport on
study outcome, for example, less than 20 minutes, or where the additional journey time is
less than 10 minutes. Criteria for selecting high-priority research recommendations:

Full PICO table, relevance, current evidence base etc not detailed as this is a question from
the 2007 version of the guideline that has not been updated.

2. What is the clinical and cost effectiveness of the 2014 NICE guideline recommendation
on CT head scanning versus clinical decision rules including CHALICE, CATCH and
PECARN for selection of children and infants for head CT scan?

Why this is important

The current NICE guideline for determining which patients need a CT head scan is based on
the CHALICE clinical decision rule. CHALICE was derived in the UK but has yet to be validated,
and limited evidence has been identified since the NICE clinical guideline was published in
2007. There is a need for a prospective validation and direct comparison of the 2014 NICE
guideline and CHALICE, CATCH and PECARN clinical decision rules in a UK setting to
determine diagnostic accuracy (sensitivity, specificity, and predictive values for intracranial
injury and the need for neurosurgery) and cost effectiveness within the relevant population
to which the NICE guideline is applied.

The study should be a prospective study with economic evaluation and should capture
subgroups by age, separating out infants (under 2 years), children and young people (under
16 years) and adolescents (16—18 years). The results of such a study will confirm whether
current practice is optimal and, if not, which would be the ideal clinical decision rule to
implement in a UK population. To warrant recommendation of a different clinical decision
rule and a consequent substantial change in practice, significant improvement in diagnostic
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accuracy must be demonstrated. This can only be done through such a prospective
comparative validation study performed in our population.Criteria for selecting high-priority
research recommendations:

Population: Children and infants with suspected head injury presenting in the
emergency department (all severities of head injury)

[subgroups: infants (<2), children/young people (<16) and adolescents (16 - 18)]
Index test: CHALICE, PECARN, CATCH

Reference standard: CT scan. Follow up at 2 weeks post injury, by structured
telephone interview for those who did not have a CT scan.

Outcome: Diagnostic accuracy of intracranial injury and need for neurosurgical
intervention

Use of a clinical decision rule with a high specificity and sensitivity could lead to
fewer false negatives i.e. cases of missed head injury and also a reduction in
head CT scans, which would reduce patient stress and inconvenience should
they be admitted to hospital and subsequently have a negative CT scan.

Should a different decision rule perform better than the CHALICE rule then this
could lead to a change in recommendation. Conversely, should the CHALICE rule
perform best, the current recommendation would be supported by high quality
evidence.

Better targeting of resources in the management of children with head injury.
Department of Health initiative on regional trauma networks.

The current NICE clinical decision rule for selection of patients for CT scan is
based on the CHALICE. There is a need for CHALICE to be validated and directly
compared to other validated decision rules in a UK setting.

It is important to ensure that unnecessary CT scan should be avoided as children
are more sensitive than adults to the damaging effects of radiation, and have a
longer potential life span in which cancer could develop. The reference standard
suggested for this research takes this into account a reasonable follow up period
can be used as an alternative to a CT scan to detect head injury.

Prospective diagnostic cohort or randomised controlled trial.

Power calculations should be conducted to establish the required sample size of
the trial. It is important that the study is adequately powered to detect a
clinically important effect size.

The GDG do not foresee any feasibility issues.

Economic evaluation assessing the resource use and costs associated with the
intervention (including the need for repeated scans), as well as those resulting
from the diagnostic outcome (including admission and neurosurgery) should be
undertaken. Patients with a negative finding should also be followed up for an
appropriate amount of time and health resources used evaluated.

High priority
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3. In patients with head injury does the use of antiplatelet and anticoagulant drugs
increase the risk of intracranial haemorrhage over and above factors included in the
current recommendations for CT head scans?

Why this is important

Antiplatelet and anticoagulant drugs are widely and increasingly prescribed, and many
patients presenting with a head injury to the emergency department are taking these drugs.
While the majority of these drugs are prescribed in older patients they are also used in
younger people. This guideline provides recommendations on performing CT head scans in
patients on warfarin. However, limited evidence has been identified for patients using other
antiplatelet or anticoagulant drugs within studies deriving or validating clinical decision rules
for determining which patients need CT head scans. There is a particular paucity of evidence
in determining whether they are at increased risk of intracranial haemorrhage.

A study with appropriate economic evaluation is needed to quantify the risk of taking these
drugs over and above the risk factors included in an existing clinical decision rule.
Antiplatelet and anticoagulant drugs should be studied as a predictor of intracranial injury
and analysed within a multivariate analysis with other predictors (including the risk factors
used in this guideline to determine when a CT head scan is needed). Univariable analyses of
risk of intracranial injury in groups of head injury patient who are / are not taking these
agents and have no other indication for CT head scan under current guidance is also useful.
The Guideline Development Group (GDG) felt that, where possible, each drug should be
considered separately, particularly aspirin and clopidogrel, and that the reference standard
should include CT head scan and a follow-up period of sufficient duration to capture delayed
bleeding, for example, at 7 days and 1 month. Analysis would benefit from subgroup results
by age (children, adults and patients over 65 years). The GDG suggested reporting similar
data used in the AHEAD study (www.shef.ac.uk/scharr/sections/hsr/emergency/ahead).

Criteria for selecting high-priority research recommendations:
PICO question Population:

e Patients with head injury taking antiplatelet or anticoagulany drugs with
suspected head injury presenting in the emergency department (all
severities of head injury).

e Pharmacological agents to consider either alone or as combinations:
o Antiplatelets
= Abciximab
= Aspirin (300, 150, 75 mg?)
= Clopidogrel
= Dipyridamole
=  Prasugrel
=  Ticagrelor
= Tirofiban
o Vitamin K antagonists:

=  Acenocoumarol and phenprocoumon
[phenprocoumon does not have a UK license]

= Phenindione

o Direct factor Xa inhibitors
=  Rivaroxaban
=  Apixaban

o Direct thrombin inhibitors
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=  Dabigatran
=  Argatroban
o Parenteral anticoagulants

=  Heparin
=  Low molecular weight heparin
=  Epoprostenol

Index test:

e (Tscan
Reference standard:

e (T scan and follow up at one month and (ideally) at six months post
injury (for those where CT is not indicated or performed just follow up
at one and six months post injury. Follow up can be done by telephone,
checking hospital/patient records and checking death certificates..

Outcomes:

e Incidence of intracranial injury where no current indication for CT
scanning exists (any clinical intervention related to the head injury)

e Incidence of definitive neurosurgical intervention including intracranial
pressure monitoring where no current indication for CT scanning exists
and excluding other disease.

Subgroups:

e Age:<16,16-64, >65

e Drugclass
Economic evaluation assessing the resource use and costs associated with the
intervention (including the need for repeated scans), as well as those resulting
from the diagnostic outcome (including admission and neurosurgery) should be
undertaken. Patients with a negative finding should also be followed up for an
appropriate amount of time and health resources used evaluated.

To identify whether patients taking antiplatelet agents are at risk of developing
an intracranial bleed (i.e. and therefore potentially a missed bleed), and
therefore need to have a CT scan performed, or is it safe to observe and / or
discharge the patient home without a CT scan (and reduce radiation burden for a
patient /NHS costs).

Should this study highlight that patients receiving antiplatelet agents are at a risk
of developing a bleed, this would need to be incorporated within the current
NICE head injury decision rule; this subgroup of patients would therefore have a
CT scan performed or be observed.

This depends on the result of the evidence which should clarify whether or not
current guidance is cost-effective in relation to this patient group, or needs
modification— by increasing the indications for CT head where ICER’s indicate
this could prevent avoidable morbidity.

Relevant to the roll out of the recent trauma networks and NHS outcomes
framework

The current NICE clinical decision rule for selection of patients for CT scan is
based on the Canadian CT Head Rules. The evidence identified since the NICE
recommendation was made in 2007 (NICE CG56) is limited and of low quality
and does not include key antiplatelet agents for example, clopidogrel.
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Equality Although this question is predominantly aimed at adults (making up the majority
of those who take ant platelet agents) it is important to include children as there
are incidences where they are prescribed these agents.
Study design e  Prospective cohort study
e Retrospective analysis of prospectively collected data (provided it is
possible to analyse patients who would not have been CT scanned
according to NICE guideline criteria)
Power calculations should be conducted to establish the required sample size of
the trial. It is important that the study is adequately powered to detect a
clinically important effect size.
Feasibility The GDG would not anticipate any challenges to theses feasibility elements.
Other comments Other populations/groups to consider:
e Alcoholics
e People that have intrinsic bleeding disorders
Drugs that affect platelets or coagulant function as a side effect (for
example. SSRIs)
Importance High priority. Whilst we have a developing knowledge and understanding of the

information pertaining to formal anticoagulants, the prescription of antiplatelets
is very common and in many patients living active lives; hence an increasing and
continuing risk of (head) injury and need for clarity regarding management.

4. In adults with medium risk indications for brain injury under current NICE CT head
injury guidance, what is the clinical and cost-effectiveness of using the diagnostic
circulating biomarker S100B to rule out significant intracranial injury?

Why this is important:

Circulating biomarkers, if validated, could provide a convenient and clinically applicable aid
to the diagnosis of mild traumatic brain injury (TBI) — a ‘troponin for the brain’. If such
biomarkers were sufficiently sensitive as well as specific for injury type (separating patients
with traumatic axonal injury (TAI) from those with contusions), panels of biomarkers might
not only help to determine which patients need neuroimaging but also allow us to devise
rational, cost-effective pathways for neuroimaging — perhaps reserving primary use of
advanced MRI for patients who have TAl as these lesions are undetectable on CT head
scans.”® In addition, the availability of quantifiable biomarkers, scaled with the severity of
injury, could help clinicians monitor the progression of brain injury in patients with more
severe TBI, help stratify patients for trials and therapies, and provide significant prognostic
information across all severities of TBI.

There is low-quality clinical effectiveness data for using the biomarker S100B to rule out
significant intracranial injury in patients in the emergency department. Current evidence
suggests that there is variation in the use of biomarker tests, including in the timing of
testing, the concentration of biomarker used as a diagnostic cut-off, protocols used for
sample transport and storage, and the equipment used for biomarker assays in laboratories.
A diagnostic study (using randomised or consecutively selected patients) is needed to
investigate the role of S100B in patients with selected head injury patterns.

The GDG also recognised the potential utility use of near-patient testing for biomarker tests
to reduce the time from injury and blood sampling to test results. In addition, the GDG
would welcome an additional outcome of 3-month follow-up of functional outcome/post-
concussion symptoms alongside this study with appropriate economic evaluation. This
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research would provide UK-based evidence as to the potential benefit of biomarkers and any
associated reduction in CT head scans and hospital admissions.

Criteria for selecting high-priority research recommendations:
Setting: Emergency department

Population: All patients with medium risk indications for CT head scan under
current NICE guidance(including infants, children and adults) with head injury (all
severities). Adults and children should be stratified and analysed separately.

Index test: S100B (sample taken within 3 hours). Near patient testing was
thought to be more useful than a lab based diagnostic test, in order to reduce
time from injury to testing to results.

Reference standard: Head CT (for detection of CT lesions), MRI (for detection of
traumatic axonal injury), or follow up (minimum of 1 month adults, 2 weeks
children infants; for clinical sequelae).

Outcome: Diagnostic accuracy of intracranial injury

Economic evaluation assessing the resource use and costs associated with the
intervention (including the need for repeated tests and scans where results are
indeterminate), as well as those resulting from the diagnostic outcome
(including admission and neurosurgery) should be undertaken. Patients with a
negative finding should also be followed up for an appropriate amount of time
and health resources used evaluated.

Missing intracranial bleeding is potentially catastrophic to patients therefore
finding diagnostic tools that support early and accurate diagnosis is highly
desirable. Finding a safe serum concentration within a diagnostic tool to exclude
bleeding or to guide treatment would be the greatest support to clinicians. Use
of biomarkers could lead to a reduction in head CT scans, which could reduce
patient stress and inconvenience should they be admitted to hospital and
subsequently have a negative CT scan. The GDG note that CT head scans in
medium risk patients can take some hours to obtain so biomarker results could
be available first. Timing will likely be highly variable depending on local CT
infrastructure, whether scan is requested in working hours or out of hours etc.
In addition to stratifying patients for neuroimaging, research might also be able
to identify patients who have normal CT, but nevertheless are at risk of late
cognitive and behavioural sequelae, and therefore merit more advanced
neuroimaging, more intensive follow up, and/or participation in trials of new
interventions.

High quality evidence may lead to the current review question on biomarkers
being updated and help decide whether there are benefits to using biomarkers
and if so to endorse further research into including them as part of a clinical
decision rule for selecting patients with head injury for imaging. The GDG did not
wish to support adoption of their use following a review of the evidence at this
time.

Biomarkers are already used in clinical practice for other conditions outside of
their potential role in head injury. As a result some of the potential costs In
relation to implementation may have already been addressed. An ideal would be
to develop near patient testing to support effective triaging of patients. i.e. is it
safe to wait to see certain patients or should their care be fast-tracked? This
approach would also overcome the issue currently related to the testing
‘window’. When some patients are at the scene of the injury for some time or
when it takes up to 1 to 2 hours to transfer a patient to hospital and then there
is a subsequent wait for clinical assessment, it can often mean that it may be
beyond three hours when a sample is taken. Their potential ability to rule out
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National priorities

Current evidence base

Equality

Study design

Feasibility

Other comments

Importance

the need to CT head scan in medium risk patients is also highly desirable

Regional Trauma systems are currently being implemented across NHS England.
This research question could improve these systems by earlier identification of
traumatic brain injury, and contributing to more rational referral pathways for
mild to moderate TBI.

There is low quality clinical effectiveness for using diagnostic biomarker S100B to
rule out head injury in patients in the emergency department. Current evidence
suggests variation in the use of biomarker tests including timing, concentration
of biomarker used as a diagnostic cut-off and equipment used for storage and
assessment of biomarkers within the laboratory.

Unnecessary CT scans should not be performed, especially in children, due to
radiation risk. The reference standard suggested for this research takes this into
account that a reasonable follow up period could be used as an alternative to a
CT scan to detect significant intracranial injury.

Diagnostic cohort or randomised controlled trial. Power calculations should be
conducted to establish the required sample size of the trial. It is important that
the study is adequately powered to detect a clinically important effect size.
Because of the low incidence of CT abnormalities any research proposal should
contain a feasibility element

This question is part of a large international collaborative venture (the
International Traumatic Brain Injury Research initiative; INTBIR, which is
attracting a total of ~$50 million funding from the European Commission, NIH
and CIHR over the next 5-7 years. It may be useful to allow that process to
mature a little, so that decisions regarding the articulation of research questions
and funding provision are complementary to those international efforts.

For details see:

http://ec.europa.eu/research/health/medical-research/brain-
research/international-initiative_en.html

http://www.cihr-irsc.gc.ca/e/45665.html

http://www.ninds.nih.gov/funding/funding_announcements/rfa/RFA-NS-13-
008.htm

Potentially high — if the technology is validated, it could substantially change
management pathways for mild TBI. Conversely, failure to produce high quality
evidence synthesis could result in poorly validated technology creeping into use
with substantial cost implications.

5. Research is needed to summarise and identify the optimal predictor variables for long
term sequelae following mild traumatic brain injury. A systematic review of the
literature could be used to derive a clinical decision rule to identify, at the time of
injury, relevant patients. This would in turn lay the foundation for a derivation cohort

study.

Why this research is important

We performed a review of the literature in this area, repeated in this update process. While
394 studies were identified that attempted to use a wide range of variables and tests to
predict a range of longer term outcome measures, no robust clinical decision tools has
successfully been derived and validated to identify patients at the time of injury who could
be considered for follow-up due to a higher risk of long term sequelae. A systematic review
of the literature would summarise and identify the optimal predictor variables for such a
clinical decision rule and also identify the optimal outcome variables, thus laying the
foundation for a derivation cohort study.
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The derivation cohort study to create this clinical decision rule could potentially be
conducted in conjunction with the validation of the CHALICE rule, with follow up of patients
involved in this study at 6mths-1yr. This would ensure optimal value for money for funders
and ensure good results in a large cohort of patients. Separate studies could also be
performed in adults but the initial study may in fact be more urgent in the childhood
population.

Identification of patients likely to suffer from long term sequelae will allow targeted research
regarding responsiveness to, or effectiveness of focused rehabilitation programmes.
Preventative action could potentially be taken, thus reducing the strain on resources further
down the care pathway. Furthermore, patient outcomes could potentially be improved by
early identification and treatment (both curative and preventive) of problems. However,
further research is required before we can be certain that a robust framework exists with
which to cope with individuals identified by the clinical decision rule proposed above.

Update 2014

Although this recommendation was first made in 2007, the GDG felt that this is still an area
of high priority for research and the question remains unanswered. The diagnosis of
traumatic brain injury is essentially a clinical one.*®**** However, although this approach
provides the best current solution it can be imprecise, particularly in mild traumatic brain
injury (TBI), where conventional imaging may be normal and cognitive abnormalities may be
due to confounders such as pre-existing dementia, hypoxia or hypotension from associated
injuries, alcohol or recreational drugs, and/or other conditions (such as post-traumatic stress
disorder) which result in overlapping phenotypes (and possibly even imaging findings).***

The availability of novel, objective methods of detecting brain injury provides an attractive
means of better defining the presence of TBI in these contexts, with improvements in
epidemiological precision. Perhaps more importantly, there is an increasing recognition that
even mild TBI can result in prolonged cognitive and behavioural deficits,**%10203,263.468512
and the ability to identify patients at risk of these sequelae would aid clinical management,
help determine which patients need novel therapeutic interventions, and refine resource
allocation. The techniques that have been explored in this regard include advanced
neuroimaging with magnetic resonance imaging (MRI), electroencephalographic (EEG) based
diagnosis, and circulating biomarkers. The relative effectiveness and cost-effectiveness of
these techniques, individually and in combination, is not yet completely defined, and their
role in contributing to a clinical decision rule that allows triage of patients to specific
management pathways needs definition. A systematic review would be the first step in
collating the available evidence in this area, followed by a rational application of available
evidence, identification of key research questions that need to be addressed, and definition
of the data collection needed in a derivation cohort study that allows these questions to be
addressed.

Criteria for selecting high-priority research recommendations:

Full PICO table, relevance, current evidence base etc. not detailed as this is a question from
the 2007 version of the guideline that has not been updated.
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Text removed from CG56 (2007 guideline)

Forward

Updating a document can be more difficult than starting from scratch; certainly we have
found incorporation of new evidence into the guideline first published by NICE four years
ago to be more complex than initially envisaged the. | thank the Guideline Development
Group and the team at the National Acute Care Collaboration Centre for their enthusiastic
and professional support and advice throughout this process. We have been helped in our
task by contributions from patient groups and stakeholders. The final document is
undoubtedly richer as a result of the extensive consultations which followed the publication
of the first draft.

Perhaps the most important prompt for this update was the publication of validation studies
related to the advice on CT imaging; one of the most significant components of the first
Guidance. New research evidence on the management of paediatric head injuries was also
available and this has been particularly useful in clarifying the subtle differences in guidance
for adults and children.

Emerging evidence on the value of CT in cervical spine imaging — and the increasing
awareness that plain films may not reveal clinically important lesions — has led the Guideline
Development Group to recommend greater use of CT in the assessment of the neck in those
head injured patients who have impaired consciousness.

The transfer of critically ill or injured patients between hospitals is rarely out of the news and
it has been an agenda item at our meetings throughout the update process. There are two
issues. Should ambulances “by pass” local hospitals en route from the scene of an incident to
reach a specialist centre? Secondly, if all patients continue, as at present, to be transported
to the nearest hospital, what are the indications for “secondary transfer”? The evidence in
both areas is weak — but there is more than there was four years ago. On balance the
Guideline Development Group consider the case for transferring all seriously head injured
patients to a specialist neuroscience centre to be sufficiently strong to recommend that
“secondary transfer” should be the norm for this group of patients, irrespective of the need
for a neurosurgical operation. In contrast, we do not consider the case has been made for
“by pass”. Both issues are critically important; there is an urgent need for a stronger
evidence base. We therefore recommend research in this area be given high priority.

The plight of those disabled after brain injury continues to cause concern. Our remit
prevented a detailed examination of this important topic but we do comment on the
indications for follow up and emphasise the need for further research.

Finally, we have taken the opportunity to review all sections of the previous document,
addressing issues which have caused concern to users. | hope this update is even more
helpful than its predecessor and that it will contribute to the improved care of head injured
patients to which we all aspire.

Professor David Yates
Chair, Guideline Development Group

1st June 2007
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0.1.2 Conflict of interests (2003 and 2007)

The Guideline Development Group were asked to declare any possible conflict of interest
they might have that could interfere with their work on the guideline. No conflicts of interest
were declared.

0.1.3 Stakeholder involvement

The following stakeholders commented on draft versions of these guidelines (2003):
e Brain and Spine Foundation
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e British Dietetic Association

e British Medical Association

e British Orthopaedic Association

e British Paediatric Neurology Association

e British Psychological Society, The

e British Society of Rehabilitation Medicine
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e Royal College of Physicians

e Royal College of Psychiatrists

e Royal College of Speech and Language Therapists

e Society of British Neurological Surgeons

e Staffordshire Ambulance HQ

e Victim Support

e Walton Centre for Neurology and Neurosurgery NHS Trust
e Welsh Ambulance Trust Headquarters

e Wessex Neurological Centre
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e Acute Care Collaborating Centre
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e Addenbrooke's NHS Trust

e Adults Strategy and Commissioning Unit

e Aintree Hospitals NHS Trust
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e Association of British Neurologists
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e Dudley Group of Hospitals NHS Trust

e East and North Herts NHS Trust

e Eaton Foundation

e Faculty of Dental Surgery

e Gloucestershire Partnership NHS Trust

e Good Hope Hospitals NHS Trust

e Great Ormond Street Hospital for Children NHS Trust
e Hampshire PCT

e Headway - The Brain Injury Association
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e NHS Direct
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e NHS Quality Improvement Scotland

e North Cumbria Acute Hospitals NHS Trust

¢ North Staffordshire Combined Healthcare NHS Trust
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e The Stroke Association

e Tissue Viability Nurses Association

e UK Specialised Services Public Health Network

e University College London Hospitals (UCLH) Acute Trust
e University Hospital Birmingham NHS Trust

e Vitaline Pharmaceuticals UK Ltd

e Walsall PCT

e Walton Centre for Neurology and Neurosurgery NHS Trust
e Welsh Assembly Government

e Welsh Scientific Advisory Committee (WSAC)

e Wessex Neurological Centre
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Guideline Review Panel (2007)

The Guideline Review Panel is an independent panel that oversees the development of the
guideline and takes responsibility for monitoring its quality. The members of the Guideline
Review Panel were as follows:

Mr Peter Robb

Consultant ENT Surgeon, Epsom and St Helier University Hospitals and The Royal Surrey
County NHS Trusts

Dr Christine Hine

Consultant in Public Health (Acute Commissioning), Bristol and South Gloucestershire PCTs
Mr Mike Baldwin

Project Development Manager, Cardiff Research Consortium

Mr John Seddon

Patient representative

Mrs Jill Freer

Acting Director of Provider Services, NHS Warwickshire

The need for this update guideline

Up to 2 years after publication of all NICE guidelines any new evidence is considered for
relevance and importance. The original guideline was produced in June 2003 and this
current version is the 2 year partial update of the previous guideline. There was sufficient
new evidence to prompt an update to be carried out. This update affects only a few
recommendations within the original guideline.

New evidence has been incorporated using the latest version of the NICE technical manual
(April 2006). The original guideline was produced using standard methodology between
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2001-03, prior to the first version of the NICE technical manual. In this update we have not
sought to revisit previously reviewed literature and recommendations except in the areas
that we are updating. The write up of sections that we have not updated has not been
amended and we have added sections only where an update was needed. A full update will
be considered 2 years after publication of this version.

What are clinical practice guidelines?

Our clinical guidelines are recommendations for the care of individuals in specific clinical
conditions or circumstances within the NHS — from prevention and self-care though primary
and secondary care to more specialised services. We base our clinical guidelines on the best
available research evidence, with the aim of improving the quality of healthcare. We use
predetermined and systematic methods to identify and evaluate the evidence relating to
specific clinical questions.

Clinical guidelines can:
e provide recommendations for the treatment and care of people by health professionals

e be used to develop standards to assess the clinical practice of individual health
professionals

e be used in the education and training of health professionals to help patients to make
informed decisions

e improve communication between patient and health professional

While guidelines assist the practice of healthcare professionals, they do not replace their
knowledge and skills. We produce our guidelines using the following steps:

e Guideline topic is referred to NICE from the Department of Health

e Stakeholders register an interest in the guideline and are consulted throughout the
development process.

e The scope is prepared by the National Collaborating Centre for Acute Care

e The National Collaborating Centre for Acute Care establish a guideline development
group

e Adraft guideline is produced after the group assesses the available evidence and makes
recommendations

e There is a consultation on the draft guideline.

e The final guideline is produced.

The National Collaborating Centre for Acute Care and NICE produce a number of versions of
this guideline:

e the full guideline contains all the recommendations, plus details of the methods used and
the underpinning evidence

e the NICE guideline presents the recommendations from the full version in a format suited
to implementation by health professionals and NHS bodies

e the quick reference guide presents recommendations in a suitable format for health
professionals

e information for the public is written using suitable language for people without specialist
medical knowledge.
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This version is the full version. The other versions can be downloaded from our website at
www.rcseng.ac.uk/surgical_research_units/nccac/ or are available from NICE
www.NICE.org.uk.

The National Collaborating Centre for Acute Care

This guideline was commissioned by NICE and developed by the National Collaborating
Centre for Acute Care. The centre is one of seven national collaborating centres funded by
NICE and comprises a partnership between a variety of academic, professional and patient-
based organisations. As a multidisciplinary centre we draw upon the expertise of the
healthcare professions and academics and ensure the involvement of patients in our work.
Further information on the centre and our partner organisations can be found at our
website. (www.rcseng.ac.uk/surgical_research_units/nccac/)

Who developed this guideline?

A multidisciplinary Guideline Development Group (GDG) comprising professional group
members and consumer representatives of the main stakeholders developed this guideline
(see section on Guideline Development Group Membership and acknowledgements).

The National Institute for Health and Clinical Excellence (NICE) funds the National
Collaborating Centre for Acute Care (NCC-AC) and thus supported the development of this
guideline. The GDG was convened by the NCC-AC and chaired by Professor David Yates in
accordance with guidance from NICE.

The group met every 6-8 weeks during the development of the guideline. At the start of the
guideline development process all GDG members declared interests including consultancies,
fee-paid work, share-holdings, fellowships and support from the healthcare industry. At all
subsequent GDG meetings, members declared arising conflicts of interest, which were also
recorded (Appendix B). Members are either required to withdraw completely or for part of
the discussion if their declared interest makes it appropriate, however this was not deemed
necessary for any group members on this guideline.

Staff from the NCC-AC provided methodological support and guidance for the development
process. They undertook systematic searches, retrieval and appraisal of the evidence and
drafted the guideline. The glossary to the guideline contains definitions of terms used by
staff and the GDG.

Methods

Systematic reviews

The systematic reviews performed for these guidelines were designed to identify different
types of clinical decision rule. The studies reviewed included derivation designs (usually
cohort studies where the predictive power of a number of prognostic variables were
explored) and validation designs (where the sensitivity and specificity of previously defined
rules were examined). Data collection may have been prospective or retrospective. The
follow-up rate for important outcomes was also recorded: a standard of at least 80% follow-
up is often stated for studies on the development of clinical decision rules. The use of
multivariate statistics to identify the independent contribution of each variable to the rules
was also an important determinant of study quality. Systematic reviews of studies on the
development of clinical decision studies and/or prognostic variables in head injury were also
sought.

National Clinical Guideline Centre, 2014.
234



0.1.9.2

0.1.9.3

Appendices
Head Injury

The Guideline Development Group agreed to use classifications adapted from the Oxford
Centre for Evidence-based Medicine Levels of Evidence (May 2001), to summarise the
evidence levels for reviewed studies. These differ from the levels of evidence normally used
by NICE, as the NICE classification is not suitable for certain study designs.

The levels of evidence used for studies on the development of clinical decision rules were as
follows:

1. Cohort study with consecutive patients and good reference standards, used to validate
clinical decision rules;

2. Cohort study with consecutive patients and good reference standards used to derive
clinical decision rules (or validated on split samples only);

3. Non-consecutive study or without consistently applied reference standards;

4. Case-control study, poor or non-independent reference standard;

5. Expert opinion without explicit critical appraisal, or based on physiology, bench research
or "first principles".

The levels of evidence used for systematic reviews were as follows:

1. Systematic review (with homogeneity) of mostly Level 1 studies

2. Systematic review (with homogeneity) of mostly Level 2 studies

3. Systematic review (with homogeneity) of mostly Level 3 studies

It was also agreed to adopt the Oxford Centre for Evidence-based Medicine classification for
grade of recommendations (May 2001). This was used so that consistency with the levels of
evidence classification could be achieved.

The grades of recommendation used in this guideline are as follows:

A. Consistent level 1 studies

B. Consistent level 2 or 3 studies or extrapolations from level 1 studies

C. Level 4 studies or extrapolations from level 2 or 3 studies

D. Level 5 evidence or troublingly inconsistent or inconclusive studies of any level

Prioritisation of recommendations for implementation

To assist users of the guideline in deciding the order in which to implement the
recommendations, the GDG identified up to ten key priorities for implementation. The
decision was made after discussion and voting by the GDG. They selected recommendations
that would:

e Have a high impact on patient outcomes, including mortality and morbidity
e Have a high impact on reducing variation
e Lead to a more efficient use of NHS resources

e Mean patients reach critical points in the care pathways more quickly

Validation of the guideline

Registered stakeholders were given the opportunity to comment on the draft guideline,
which was posted on the NICE website. A Guideline Review Panel also reviewed the
guideline and checked that stakeholders' comments had been addressed.
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Updating the guideline

NICE clinical guidelines are updated as needed so that recommendations take into account
important new information. We check for new evidence 2 and 4 years after publication, to
decide whether all or part of the guideline should be updated. If important new evidence is
published at other times, we may decide to do a more rapid update of some
recommendations.

Summary of recommendations

Below are the recommendations that the GDG selected as the key priorities for
implementation followed by the full list of recommendations.

Key Priorities for Implementation

Training in risk assessment

It is recommended that General Practitioners, nurses, dentists and ambulance crews should
receive training, as necessary, to ensure that they are capable of assessing the presence or
absence of the risk factors listed in section 3.3.2. [Amended] [Recommendation 3.2.3.1]

Pre-hospital management

Patients who have sustained a head injury should be transported directly to a facility that
has been identified as having the resources necessary to resuscitate, investigate and initially
manage any patient with mulitiple injuries. It is expected that all acute hospitals and all
neuroscience units accepting patients directly from the incident will have these resources,
and that these resources will be appropriate for the patient’s age. [NEW] [3.4.2.5]

Initial assessment in the emergency department

All patients presenting to an emergency department with a head injury should be assessed
by a trained member of staff within a maximum of 15 minutes of arrival at hospital. Part of
this assessment should establish whether they are high risk or low risk for clinically
important brain injury and/or cervical spine injury, using the guidance on patient selection
and urgency for imaging (head and neck cervical spine — see later recommendations).
[3.5.1.6]

Selecting patients for CT imaging of the head

Adult patients who have sustained a head injury and present with any one of the following
risk factors should have CT scanning of the head requested immediately.

e GCSless than 13 on initial assessment in the emergency department.
e GCS less than 15 at 2 hours after the injury on assessment in the emergency department.
e Suspected open or depressed skull fracture.

e Any sign of basal skull fracture (haemotympanum, ‘panda’ eyes, cerebrospinal fluid
otorrhoea, Battle’s sign).

e Post-traumatic seizure.
e Focal neurological deficit.
e More than one episode of vomiting.

e Amnesia for greater than 30 minutes of events before impact. [Amended] [3.5.3.1]
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For children:

Children (under 16 years) who have sustained a head injury and present with any one of the
following risk factors should have CT scanning of the head requested immediately.

e Loss of consciousness lasting more than 5 minutes (witnessed by a healthcare
professional).

e Amnesia (antegrade or retrograde) lasting more than 5 minutes.
e Abnormal drowsiness.

e 3 or more discrete episodes of vomiting.

e C(linical suspicion of non-accidental injury.

e Post-traumatic seizure but no history of epilepsy.

e Glasgow Coma Score (GCS) less than 14, or for a baby under 1 year GCS (paediatric) less
than 15, on assessment in the emergency department.

e Suspicion of open or depressed skull injury or tense fontanelle.

e Any sign of basal skull fracture (haemotympanum, ‘panda’ eyes, cerebrospinal fluid
otorrhoea, Battle’s sign).

e Focal neurological deficit.
e If under 1 year, presence of bruise, swelling or laceration (more than 5 cm) on the head.
e Dangerous mechanism of injury (high-speed road traffic accident either as pedestrian,

cyclist or vehicle occupant, fall from a height of greater than 3 metres, high-speed injury
from a projectile or an object). [NEW] [3.5.3.3]

Selecting patients for CT imaging of cervical spine

The current initial investigation of choice for the detection of injuries to the cervical spine is
the plain radiograph. Three views should be obtained and be of sufficient quality for reliable
interpretation. However, in certain circumstances CT is preferred. [Amended] [3.5.5.1]

Adult patients who have any of the following risk factors should have CT imaging of the
cervical spine requested immediately:

e patients with a GCS below 13 on initial assessment
e those that have been intubated

e plain film series is technically inadequate (for example, desired view unavailable),
suspicious or definitely abnormal

e there is continued clinical suspicion of injury despite a normal X-ray

e a definitive diagnosis of cervical spine injury is required urgently (for example, prior to
surgery) and the patient is having other body areas scanned for head injury or multi-
region trauma. [NEW] [3.5.6.2]

Children aged 10 years or more can be treated as adults for the purposes of cervical spine
imaging. [3.5.6.3]

In children under 10 years, because of the increased risks associated with irradiation,
particularly to the thyroid gland, and the generally lower risk of significant spinal injury, CT of
the cervical spine should only be used in cases where patients have a severe head injury
(GCS 8 or less), or where there is a strong clinical suspicion of injury despite normal plain
films (for example, focal neurological signs or paraesthesia in the extremeties), or cases
where there is a strong suspicion of injury and plain films are inadequate. [NEW] [3.5.6.6]
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Organisation of transfer of patients between receiving hospital and neuroscience unit

Local guidelines on the transfer of patients with head injuries should be drawn up between
the referring hospital trusts, the neuroscience unit and the local ambulance service. These
should be consistent with established national guidelines and recognise that such transfer is
indicated for all seriously head injured patients (GCS 8 or less). Details of the transfer of the
responsibility for patient care should also be agreed. [Amended] [3.6.1.1]

Advice about long term problems and support services

All patients and their carers should be made aware of the possibility of long term symptoms
and disabilities following head injury and should be made aware of the existence of services
that they could contact should they experience long term problems. Details of support
services should be included on patient discharge advice cards. [Amended] [3.8.10.1]

The complete list of clinical practice recommendations

Glasgow Coma Scale

The assessment and classification of patients who have sustained a head injury should be
guided primarily by the adult and paediatric versions of the Glasgow Coma Scale and its
derivative the Glasgow Coma Score. Recommended versions are shown in Appendix M and
Appendix N. Good practice in the use of the Glasgow Coma Scale and Score should be
adhered to at all times, following the principles below.

Monitoring and exchange of information about individual patients should be based on the
three separate responses on the GCS (for example, a patient scoring 13 based on scores of 4
on eye-opening, 4 on verbal response and 5 on motor response should be communicated as
E4, V4, M5). (D)

If a total score is recorded or communicated, it should be based on a sum of 15, and to avoid
confusion this denominator should be specified (for example, 13/15). (D)

The individual components of the GCS should be described in all communications and every
note and should always accompany the total score. (D)

The paediatric version of the GCS should include a ‘grimace’ alternative to the verbal score
to facilitate scoring in pre-verbal or intubated patients. (D)

Best practice in paediatric coma observation and recording as detailed by the National
Paediatric Neuroscience Benchmarking Group should be followed at all times. (these
principles are detailed in Appendix N). (D)

Public health literature

Public health literature and other non-medical sources of advice (for example, St John
Ambulance, police officers) should encourage people who have any concerns following a
head injury to themselves or to another person, regardless of the injury severity, to seek
immediate medical advice. (D)
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Training in risk assessment

It is recommended that General Practitioners, nurses, dentists and ambulance crews should
receive training, as necessary, to ensure that they are capable of assessing the presence or
absence of the risk factors listed in section. [Amended] (D)

Support for familes and carers

There should be a protocol for all staff to introduce themselves to family members or carers
and briefly explain what they are doing. In addition a photographic board with the names
and titles of personnel in the hospital departments caring for patients with head injury can
be helpful. (D)

Information sheets detailing the nature of head injury and any investigations likely to be
used should be available in the emergency department. The patient version of these NICE
guidelines may be helpful. (D)

Staff should consider how best to share information with children and introduce them to the
possibility of long term complex changes in their parent or sibling. Literature produced by
patient support groups may be helpful. (D)

Healthcare professionals should encourage carers and relatives to talk and make physical
contact (for example, holding hands) with the patient. However, it is important that relatives
and friends do not feel obliged to spend long peiods at the bedside. If they wish to stay with
the patient, they should be encouraged to take regular breaks. [Amended] (D)

There should be a board or area displaying leaflets or contact details for patient support
organisations either locally or nationally to enable family members to gather further
information. (D)

Presentation and referral

A person with a head injury may present via a telephone advice service or to a community
health service or minor injury clinic. The following recommendations apply in these settings.

Telephone advice lines

Telephone advice services (for example, NHS Direct, emergency department helplines)
should refer people who have sustained a head injury to the emergency ambulance services
(that is, 999) for emergency transport to the emergency department if they have
experienced any of the following (alternative terms to facilitate communication are in
parenthesis).

¢ Unconsciousness, or lack of full consciousness (for example, problems keeping eyes
open).

e Any focal (that is, restricted to a particular part of the body or a particular activity)
neurological deficit since the injury (examples include problems understanding, speaking,
reading or writing; loss of feeling in part of the body; problems balancing; general
weakness; any changes in eyesight; and problems walking).

e Any suspicion of a skull fracture or penetrating head injury (for example, clear fluid
running from the ears or nose, black eye with no associated damage around the eye,
bleeding from one or both ears, new deafness in one or both ears, bruising behind one or
both ears, penetrating injury signs, visible trauma to the scalp or skull).

e Any seizure (‘convulsion’ or ‘fit’) since the injury.
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e A high energy head injury (for example, pedestrian struck by motor vehicle, occupant
ejected from motor vehicle, a fall from a height of greater than 1 metre or more than five
stairs, diving accident, high-speed motor vehicle collision, rollover motor accident,
accident involving motorised recreational vehicles, bicycle collision, or any other
potentially high energy mechanism). A lower threshold for height of falls should be used
when dealing with infants and young children (that is, aged under 5 years).

e The injured person or their carer is incapable of transporting the injured person safely to
the hospital emergency department without the use of ambulance services (providing
any other risk factors indicating emergency department referral are present). (D)

Telephone advice services (for example, NHS Direct, emergency department helplines)
should refer people who have sustained a head injury to a hospital emergency department if
the history related indicates the presence of any of the following risk factors (alternative
terms to facilitate communication are in parenthesis).

e Any previous loss of consciousness (‘knocked out’) as a result of the injury, from which
the injured person has now recovered.

e Amnesia for events before or after the injury (‘problems with memory’). The assessment
of amnesia will not be possible in pre-verbal children and is unlikely to be possible in any
child aged under 5 years.

e Persistent headache since the injury.

e Any vomiting episodes since the injury.

e Any previous cranial neurosurgical interventions (‘brain surgery’).
e History of bleeding or clotting disorder.

e Current anticoagulant therapy such as warfarin.

e Current drug or alcohol intoxication.

e Age greater than or equal to 65 years.

e Suspicion of non-accidental injury.

e Irritability or altered behaviour (‘easily distracted’ ‘not themselves’ ‘no concentration’ ‘no
interest in things around them’) particularly in infants and young children (that is, aged
under 5 years).

e Continuing concern by the helpline personnel about the diagnosis. (D)

In the absence of any of the factors listed in 3.3.1.1 and 3.3.1.2, the helpline should advise
the injured person to seek medical advice from community services (for example, General
Practice) if any of the following factors are present.

e Adverse social factors (for example, no-one able to supervise the injured person at
home).

e Continuing concern by the injured person or their carer about the diagnosis. (D)

Community health services and NHS minor injury clinics

Community health services (General Practice, ambulance crews, NHS walk-in centres, dental
practitioners) and NHS minor injury clinics should refer patients who have sustained a head
injury to a hospital emergency department, using the ambulance service if deemed
necessary (see section 3.4.1), if any of the following are present.

e GCS less than 15 on initial assessment

e Any loss of consciousness as a result of the injury.
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Any focal neurological deficit since the injury (examples include problems understanding,
speaking, reading or writing; decreased sensation; loss of balance; general weakness;
visual changes; abnormal reflexes; and problems walking).

Any suspicion of a skull fracture or penetrating head injury since the injury (for example,
clear fluid running from the ears or nose, black eye with no associated damage around
the eyes, bleeding from one or both ears, new deafness in one or both ears, bruising
behind one or both ears, penetrating injury signs, visible trauma to the scalp or skull of
concern to the professional).

Amnesia for events before or after the injury. The assessment of amnesia will not be
possible in pre-verbal children and is unlikely to be possible in any child aged under 5
years.

Persistent headache since the injury.

Any vomiting episodes since the injury (clinical judgement should be used regarding the
cause of vomiting in those aged 12 years or younger, and the need for referral).

Any seizure since the injury.
Any previous cranial neurosurgical interventions.

A high energy head injury (for example, pedestrian struck by motor vehicle, occupant
ejected from motor vehicle, a fall from a height of greater than 1 metre or more than five
stairs, diving accident, high-speed motor vehicle collision, rollover motor accident,
accident involving motorized recreational vehicles, bicycle collision, or any other
potentially high energy mechanism). A lower threshold for height of falls should be used
when dealing with infants and young children (that is, aged under 5 years).

History of bleeding or clotting disorder.

Current anticoagulant therapy such as warfarin.
Current drug or alcohol intoxication.

Age greater than or equal to 65 years.
Suspicion of non-accidental injury.

Continuing concern by the professional about the diagnosis. [Amended] (D)

In the absence of any the factors listed in 3.3.2.1, the professional should consider referral to
an emergency department if any of the following factors are present depending on their
own judgement of severity.

Irritability or altered behaviour, particularly in infants and young children (that is, aged
under 5 years).

Visible trauma to the head not covered above but still of concern to the professional.

Adverse social factors (for example, no-one able to supervise the injured person at
home).

Continuing concern by the injured person or their carer about the diagnosis. (D)

Transport from community health services and NHS minor injury clinics and pre-hospital
management

Transport to the emergency department

Patients referred from community health services and NHS minor injury clinics should be
accompanied by a competent adult during transport to the emergency department. (D)
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The referring professional should determine if an ambulance is required, based on the
patient's clinical condition. If an ambulance is deemed not required, public transport and car
are appropriate means of transport providing the patient is accompanied. (D)

The referring professional should inform the destination hospital (by phone) of the
impending transfer and in non-emergencies a letter summarising signs and symptoms should
be sent with the patient. (D)

Pre-hospital management

The following principles should be adhered to in the immediate care of patients who have
sustained a head injury.

Adults who have sustained a head injury should initially be assessed and their care managed
according to clear principles and standard practice, as embodied in the Advanced Trauma
Life Support (ATLS) course/European Trauma course, International Trauma Life Support
(ITLS) course, Pre-hospital Trauma Life Support (PHTLS) course and current JRCALC Clinical
Practice Guidelines (2006) for Head Trauma. For children, clear principles are outlined in the
Advanced Paediatric Life Support (APLS) / European Paediatric Life Support (EPLS) course,
the Pre-hospital Paediatric Life Support (PHPLS) course and the Paediatric Education for Pre-
hospital Professionals (PEPP) course materials. [NEW]

Ambulance crews should be fully trained in the use of the adult and paediatric versions of
the GCS and its derived score. (D)

Ambulance crews should be trained in the detection of non-accidental injury and should
pass information to emergency department personnel when the relevant signs and
symptoms arise. (D)

The priority for those administering immediate care is to treat first the greatest threat to life
and avoid further harm. (D)

Patients who have sustained a head injury should be transported directly to a facility that
has been identified as having the resources necessary to resuscitate, investigate and initially
manage any patient with multiple injuries. It is expected that all acute hospitals and all
neuroscience units accepting patients directly from the incident will have these resources,
and that these resources will be appropriate for the patient’s age. [NEW]

Patients who have sustained a head injury and present with any of the following risk factors
should have full cervical spine immobilisation attempted unless other factors prevent this:

e GCS less than 15 on initial assessment by the healthcare professional
e neck pain or tenderness

e focal neurological deficit

e paraesthesia in the extremities

e any other clinical suspicion of cervical spine injury [Amended] (D)

Cervical spine immobilisation should be maintained until full risk assessment including
clinical assessment (and imaging if deemed necessary) indicates it is safe to remove the
immobilisation device. [Amended] (D)

Standby calls to the destination emergency department should be made for all patients with
a GCS less than or equal to 8, to ensure appropriately experienced professionals are
available for their treatment and to prepare for imaging.(D)
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Pain should be managed effectively as it can lead to a rise in intra-cranial pressure.
Reassurance and splintage of limb fractures is helpful; catheterisation of a full bladder will
reduce irritability. Analgesia as described in 1.4.1.9 should only be given under the direction
of a doctor. [New]

Assessment and investigation in the emergency department
Good practice in emergency department assessment

The main focus of emergency department assessment for patients who have sustained a
head injury should be the risk of clinically important brain injuries and injuries to the cervical
spine and the consequent need for imaging. Due attention should also be paid to co-existing
injuries and to other concerns the clinician may have (for example, non-accidental injury,
possible non-traumatic aetiology such as seizure). Early imaging, rather than admission and
observation for neurological deterioration, will reduce the time to detection of life-
threatening complications and is associated with better outcomes.

The priority for all emergency department patients is the stabilisation of airway, breathing
and circulation (ABC) before attention to other injuries. (D)

Depressed conscious level should be ascribed to intoxication only after a significant brain
injury has been excluded.(D)

All emergency department clinicians involved in the assessment of patients with a head
injury should be capable of assessing the presence or absence of the risk factors in the
guidance on patient selection and urgency for imaging (head and neck cervical spine — see
later recommendations). Training should be available as required to ensure that this is the
case. (D)

Patients presenting to the emergency department with impaired consciousness (GCS less
than 15) should be assessed immediately by a trained member of staff. (D)

In patients with a GCS less than or equal to 8 there should be early involvement of an
anaesthetist or critical care physician to provide appropriate airway management, as
described in section 3.6, and to assist with resuscitation. (D)

All patients presenting to an emergency department with a head injury should be assessed
by a trained member of staff within a maximum of 15 minutes of arrival at hospital. Part of
this assessment should establish whether they are high risk or low risk for clinically
important brain injury and/or cervical spine injury, using the guidance on patient selection
and urgency for imaging (head and neck cervical spine — see later recommendations). (D)

Patients who, on initial assessment, are considered to be at high risk for clinically important
brain injury and/or cervical spine injury should be re-examined fully to establish the need to
request CT imaging of the head and/or cervical spine. The guidance on patient selection and
urgency for imaging (head and cervical spine) should form the basis for the final decision on
imaging after discussion with the radiology department. For recommendations on selection
for and urgency of CT imaging of the head see recommendations 3.5.3.1 to 3.5.4.2. For
recommendations on imaging of the cervical spine see recommendations 3.5.5.1 to 3.5.7.2
[Amended] (D)

Patients who, on initial assessment, are considered to be at low risk for clinically important
brain injury and/or cervical spine injury should be re-examined within a further hour by an
emergency department clinician. Part of this assessment should fully establish the need to
request CT imaging of the head and/or imaging of the cervical spine. The guidance on
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patient selection and urgency for imaging (head and cervical spine) should again form the
basis for the final decision on imaging after discussion with the radiology department. See
recommendations 3.5.3.1 to 3.5.4.2 (imaging of the head) and 3.5.5.1 to 3.5.7.2 (imaging of
the cervical spine). [Amended] (D)

Pain should be managed effectively as it can lead to a rise in intra-cranial pressure.
Reassurance and splintage of limb fractures is helpful; catheterisation of a full bladder will
reduce irritability. Significant pain should be treated with small doses of intravenous opiates
titrated against clinical response and baseline cardiorespiratory measurements. [NEW]

Throughout the hospital episode, all care professionals should use a standard head injury
proforma in their documentation when assessing and observing patients with head injury.
This form should be of consistent format across all clinical departments and hospitals in
which a patient might be treated. A separate proforma for those under 16 years should be
used. Areas to allow extra documentation should be included (for example, in cases of non-
accidental injury). (Examples of proformas that should be used in patients with head injury
are provided in Appendices J, K1 and K2). (D)

It is recommended that in-hospital observation of patients with a head injury, including all
emergency department observation, should only be conducted by professionals competent
in the assessment of head injury. (D)

Patients who returned to an emergency department within 48 hours of transfer to the
community with any persistent complaint relating to the initial head injury should be seen by
or discussed with a senior clinician experienced in head injuries, and considered for a CT
scan. (B)

Investigations for clinically important brain injuries

The current primary investigation of choice for the detection of acute clinically important
brain injuries is CT imaging of the head. (A)

For safety, logistic and resource reasons, MRI scanning is not currently indicated as the
primary investigation for clinically important brain injury in patients who have sustained a
head injury, although it is recognised that additional information of importance to the
patient’s prognosis can sometimes be detected using MRI. (D)

MRI is contraindicated in both head and cervical spine investigations unless there is absolute
certainty that the patient does not harbour an incompatible device, implant or foreign body.
(D)

There should be appropriate equipment for maintaining and monitoring the patient within
the MRI environment and all staff involved should be aware of the dangers and necessary
precautions for working near an MRl scanner. (D)

Plain X-rays of the skull have no role in the diagnosis of significant brain injury. However,
they are useful as part of the skeletal survey in children presenting with suspected non-
accidental injury. [NEW]

For patients over 65 presenting out of hours it is acceptable to admit for effective over-night
observation and delay the CT scan until the next morning unless indications for an
immediate CT scan are present. [NEW]

If CT is unavailable because of equipment failure then patients with a GCS of 15 may be
admitted for observation. Arrangements should be in place to transfer them urgently to a
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centre with CT scanning available should there be a clinical deterioration that indicates
immediate CT scanning is necessary. [NEW]

Skull X-rays in conjunction with high quality in-patient observation also have a role where CT
scanning resources are unavailable. (D)

Selection of patients for CT imaging of the head
For adults

Adult patients who have sustained a head injury and present with any one of the following
risk factors should have CT scanning of the head requested immediately.

e GCS less than 13 on initial assessment in the emergency department.
e GCS less than 15 at 2 hours after the injury on assessment in the emergency department.
e Suspected open or depressed skull fracture.

e Any sign of basal skull fracture (haemotympanum, ‘panda’ eyes, cerebrospinal fluid
otorrhoea, Battle’s sign).

e Post-traumatic seizure.

e Focal neurological deficit.

e More than one episode of vomiting.

e Amnesia for greater than 30 minutes of events before impact. [Amended] (B)

CT should also be requested immediately in patients with any of the following risk factors,
provided they have experienced some loss of consciousness or amnesia since the injury:

e Age greater than or equal to 65 years.
e Coagulopathy (history of bleeding, clotting disorder, current treatment with warfarin).

e Dangerous mechanism of injury (a pedestrian or cyclist struck by a motor vehicle, an
occupant ejected from a motor vehicle or a fall from a height of greater than 1 metre or
five stairs). [Amended] (B)

For children

Children (under 16 years) who have sustained a head injury and present with any one of the
following risk factors should have CT scanning of the head requested immediately.

e Loss of consciousness lasting more than 5 minutes (witnessed by a healthcare
professional).

e Amnesia (antegrade or retrograde) lasting more than 5 minutes.
e Abnormal drowsiness.

e 3 or more discrete episodes of vomiting.

e C(linical suspicion of non-accidental injury.

e Post-traumatic seizure but no history of epilepsy.

e Glasgow Coma Score (GCS) less than 14, or for a baby under 1 year GCS (paediatric) less
than 15, on assessment in the emergency department.

e Suspicion of open or depressed skull injury or tense fontanelle.

e Any sign of basal skull fracture (haemotympanum, ‘panda’ eyes, cerebrospinal fluid
otorrhoea, Battle’s sign).

e Focal neurological deficit.
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If under 1 year, presence of bruise, swelling or laceration (more than 5 cm) on the head.

Dangerous mechanism of injury (high-speed road traffic accident either as pedestrian,
cyclist or vehicle occupant, fall from a height of greater than 3 metres, high-speed injury
from a projectile or an object). [NEW]

Urgency in performing CT imaging of the head

CT imaging of the head should be performed (that is, imaging carried out and results
analysed) within 1 hour of the request having been received by the radiology department in
those patients where imaging is requested because of any of the following risk factors.

GCS less than 13 on initial assessment in the emergency department.
GCS less than 15 at 2 hours after the injury.
Suspected open or depressed skull fracture.

Any sign of basal skull fracture (haemotympanum, ‘panda’ eyes, cerebrospinal fluid
otorrhoea, Battle’s sign).

More than one episode of vomiting in adults. In children more than 3 vomiting episodes
(clinical judgement should be used regarding the cause of vomiting in those aged under
or equal to 12 years, and whether imaging is necessary).

Post-traumatic seizure.

Coagulopathy (history of bleeding, clotting disorder, current treatment with warfarin)
providing that some loss of consciousness or amnesia has been experienced. Patients
receiving antiplatelet therapy may be at increased risk of intracranial bleeding but this is
currently unquantified. Clinical judgement should be used to assess the need for an
urgent scan in these patients.

Focal neurological deficit. [Amended] (B)

Patients who have any of the following risk factors and none of the risk factors in 3.5.4.1
should have their CT imaging performed within 8 hours of the injury (imaging should be
performed immediately in these patients if they present 8 hours or more after their
injury).

Amnesia for greater than 30 minutes of events before impact (the assessment of amnesia
will not be possible in pre-verbal children and is unlikely to be possible in any child aged
under 5 years).

Dangerous mechanism of injury (a pedestrian struck by a motor vehicle, an occupant
ejected from a motor vehicle or a fall from a height of greater than 1 metre or five stairs)
providing that some loss of consciousness or amnesia has been experienced. A lower
threshold for height of falls should be used when dealing with infants and young children
(that is, aged under 5 years). (B)

Investigation for injuries to the cervical spine

The current initial investigation of choice for the detection of injuries to the cervical spine is
the plain radiograph. Three views should be obtained and be of sufficient quality for reliable
interpretation. [Amended] (B)

As a minimum, CT should cover any areas of concern or uncertainty on plain film or clinical
grounds. (B)
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With modern multislice scanners the whole cervical spine can be scanned at high resolution
with ease and multiplanar reformatted images generated rapidly. Facilities for multiplanar
reformatting and interactive viewing should be available. (B)

MRI is indicated in the presence of neurological sighs and symptoms referable to the cervical
spine and if there is suspicion of vascular injury (for example, subluxation or displacement of
the spinal column, fracture through foramen transversarium or lateral processes, posterior
circulation syndromes). (B)

MRI may add important information about soft tissue injuries associated with bony injuries
demonstrated by plain films and/or CT. (B)

MRI has a role in the assessment of ligamentous and disc injuries suggested by plain films, CT
or clinical findings. (B)

In CT, the occipital condyle region should be routinely reviewed on 'bone windows' for
patients who have sustained a head injury. Reconstruction of standard head images onto a
high resolution bony algorithm is readily achieved with modern CT scanners.(B)

In patients who have sustained high energy trauma or are showing signs of lower cranial
nerve palsy, the results of initial imaging should be considered and particular attention
should be paid to the region of the foramen magnum. If necessary, additional high
resolution imaging for coronal and sagittal reformatting should be performed while the
patient is on the scanner table.(B)

Selection of patients for imaging of the cervical spine

Adult patients with any one of the following risk factors should have three-view radiograph
imaging of the cervical spine requested immediately.

e |tis considered safe to assess the range of movement in the neck and the patient cannot
actively rotate the neck to 45 degrees to the left and right. Safe assessment can be
carried out if the patient was involved in a simple rear-end motor vehicle collision, is
comfortable in a sitting position in the emergency department, has been ambulatory at
any time since injury and there is no midline cervical spine tenderness; or if the patient
presents wih delayed onset of neck pain.

e |t is not considered safe to assess the range of movement in the neck.

e There is neck pain or midline tenderness with:
(a) age greater than or equal to 65 years or

(b) dangerous mechanism of injury (fall from greater than 1 metre or five stairs; axial load to
head for example, diving; high-speed motor vehicle collision; rollover motor accident;
ejection from a motor vehicle; accident involving motorised recreational vehicles; bicycle
collision). A lower threshold for height of falls should be used when dealing with infants and
young children (that is, aged under 5 years). [Amended] (A)

Adult patients who have any of the following risk factors should have CT imaging of the
cervical spine requested immediately:

e patients with GCS below 13 on initial assessment
e those that have been intubated

e plain film series is technically inadequate (for example, desired view unavailable),
suspicious or definitely abnormal
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e there is continued clinical suspicion of injury despite a normal X-ray

e adefinitive diagnosis of cervical spine injury is required urgently (for example, prior to
surgery) and the patient is having other body areas scanned for head injury or multi-
region trauma. [NEW]

Children aged 10 years or more can be treated as adults for the purposes of cervical spine
imaging. (D)

Children under 10 years should receive anterior/posterior and lateral plain films without an
anterior/posterior peg view. (D)

Abnormalities or uncertainties in those under 10 years should be clarified by CT imaging.
When minor trauma is associated with subsequent torticollis the plain films are almost
uninterpretable; CT imaging is very helpful in this situation. [Amended] (D)

In children under 10 years, because of the increased risks associated with irradiation,
particularly to the thyroid gland, and the generally lower risk of significant spinal injury, CT of
the cervical spine should only be used in cases where patients have a severe head injury
(GCS 8 or less), or where there is a strong clinical suspicion of injury despite normal plain
films (for example, focal neurological signs or paraesthesia in the extremeties), or cases
where there is a strong suspicion of injury and plain films are inadequate. [NEW]

Urgency in performing cervical spine imaging

Imaging of the cervical spine should be performed within 1 hour of a request having been
received by the radiology department or when the patient is sufficiently stable. Where a
request for urgent head CT (that is, within 1 hour) has also been received, the cervical spine
imaging should also be carried out simultaneously. The timing of cervical spine CT in other
patients should be dictated by clinical need. [Amended] (D)

Children under 10 years with GCS of 8 or less should have CT imaging of the cervical spine
within 1 hour of presentation or when they are sufficiently stable. [NEW]

Investigations of non-accidental injury in children

A clinician with expertise in non-accidental injuries in children should be involved in any
suspected case of non-accidental injury in a child under 12 years.
Examinations/investigations that should be considered include: skull X-ray as part of a
skeletal survey, ophthalmoscopic examination for retinal haemorrhage, examination for
pallor, anaemia, tense fontanelle. Other imaging such as CT and MRI may be required to
define injuries. [NEW]

Radiation exposure management

In line with good radiation exposure practice every effort should be made to minimise
radiation dose during imaging of the head and cervical spine, while ensuring that image
quality and coverage is sufficient to achieve an adequate diagnostic study. (D)

Involving the neurosurgeon

The care of all patients with new, surgically significant abnormalities on imaging should be
discussed with a neurosurgeon. The definition of ‘surgically significant’ should be developed
by local neurosurgical centres and agreed with referring hospitals. An example of a
neurosurgical referral letter is shown in Appendix L. (D)
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Regardless of imaging, other reasons for discussing a patient’s care plan with a
neurosurgeon include:

e persisting coma (GCS less than or equal to 8) after initial resuscitation.
e unexplained confusion which persists for more than 4 hours

e deterioration in GCS score after admission (greater attention should be paid to motor
response deterioration)

e progressive focal neurological signs
e aseizure without full recovery
o definite or suspected penetrating injury

e a cerebrospinal fluid leak. (D)

Admission

The following patients meet the criteria for admission to hospital following a head injury.
e Patients with new, clinically significant abnormalities on imaging.

e Patients who have not returned to GCS equal to 15 after imaging, regardless of the
imaging results.

e When a patient fulfils the criteria for CT scanning but this cannot be done within the
appropriate period, either because CT is not available or because the patient is not
sufficiently co-operative to allow scanning.

e Continuing worrying signs (for example, persistent vomiting, severe headaches) of
concern to the clinician.

e Other sources of concern to the clinician (for example, drug or alcohol intoxication, other
injuries, shock, suspected non-accidental injury, meningism, cerebrospinal fluid leak). (D)

Some patients may require an extended period in a recovery setting due to the use of
general anaesthesia during CT imaging. [Amended] (D)

Patients with multiple injuries should be admitted under the care of the team that is trained
to deal with their most severe and urgent problem. (D)

In circumstances where a patient with a head injury requires hospital admission, it is
recommended that the patient only be admitted under the care of a Consultant who has
been trained in the management of this condition during his/her higher specialist training.
The consultant and their team should have competence in assessment, observation and
indications for imaging (see recommendations 3.7); indications for transfer to a
neuroscience centre (see recommendations 3.6) and hospital discharge and follow up (see
recommendations 3.8). [Amended] (D)

It is recommended that in-hospital observation of patients with a head injury should only be
conducted by professionals competent in the assessment of head injury. (D)

Transfer from secondary settings to a neuroscience unit

Transfer of adults

Local guidelines on the transfer of patients with head injuries should be drawn up between
the referring hospital trusts, the neuroscience unit and the local ambulance service. These
should be consistent with established national guidelines and recognise that such transfer is
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indicated for all seriously head injured head patients (GCS 8 or less). Details of the transfer of
the responsibility for patient care should also be agreed. [Amended] (D)

There should be a designated Consultant in the referring hospital with responsibility for
establishing arrangements for the transfer of patients with head injuries to a neuroscience
unit and another Consultant at the neuroscience unit with responsibility for establishing
arrangements for communication with referring hospitals and for receipt of patients
transferred. [Amended] (D)

Patients with head injuries requiring emergency transfer to a neurosciences unit should be
accompanied by a doctor with appropriate training and experience in the transfer of patients
with acute brain injury. They should be familiar with the pathophysiology of head injury, the
drugs and equipment they will use and working in the confines of an ambulance (or
helicopter if appropriate). They should have a dedicated and adequately trained assistant.
They should be provided with appropriate clothing for the transfer, medical indemnity and
personal accident insurance. [Amended] (D)

The transfer team should be provided with a means of communication with their base
hospital and the neurosurgical unit during the transfer. A portable phone may be suitable
providing it is not used in close proximity (that is, within 1 metre) of medical equipment
prone to electrical interference (for example, infusion pumps). (D)

While it is understood that transfer is often urgent, initial resuscitation and stabilisation of
the patient should be completed and comprehensive monitoring established before transfer
to avoid complications during the journey. A patient persistently hypotensive, despite
resuscitation, should not be transported until the cause of the hypotension has been
identified and the patient stabilised. [Amended] (D)

All patients with a GCS less than or equal to 8 requiring transfer to a neurosurgical unit
should be intubated and ventilated as should any patients with the indications detailed in
recommendation 3.6.1.7 and 3.6.1.9. [Amended] (D)

Intubation and ventilation should be used immediately in the following circumstances.

e Coma — not obeying commands, not speaking, not eye opening (that is, GCS less than or
equal to 8).

e Loss of protective laryngeal reflexes.

e Ventilatory insufficiency as judged by blood gases: hypoxaemia (less than 13 kPa on
oxygen) or hypercarbia (PaCO2 greater than 6 kPa).

e Spontaneous hyperventilation causing PaCO2 less than 4 kPa).

e Respiratory arrhythmia [Amended] (D).

Intubation and ventilation should be used before the start of the journey in the following
circumstances.

e Significantly deteriorating conscious level (one or more points on the motor score), even
if not coma.

e Bilateral mandibular fractures.

e Copious bleeding into mouth (for example, from skull base fracture).

e Seizures. [Amended] (D)

An intubated patient should be ventilated with muscle relaxation and appropriate short

acting sedation and analgesia. Aim for a PaO2 greater than 13kPa, PaCO2 of 4.5 to 5.0 kPa
unless there is clinical or radiological evidence of raised intracranial pressure when more
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aggressive hyperventilation is justified to a PaCO2 of not less than 4 kPa. If hyperventilation
is used the inspired oxygen concentration should be increased. The mean arterial pressure
should be maintained at 80mmHg or greater by infusion of fluid and vasopressors as
indicated. In children the blood pressure should be maintained at a level appropriate for the
age of the child. [Amended] (D)

Education, training and audit are crucial to improving standards of transfer; appropriate time
and funding for these activities should be provided. (D)

Carers and relatives should have as much access to the patient as is practical during transfer
and be fully informed on the reasons for transfer and the transfer process. (D)

A multiply injured adult should not be transferred to a service that is unable to deal with
other aspects of trauma. [NEW]

Transfer of children

The recommendations in section 3.6.1 were written for adults but the principles apply
equally to children and infants, providing that the paediatric modification of the Glasgow
Coma Scale is used. (D)

Service provision in the area of paediatric transfer to tertiary care should also follow the
principles outlined in the National Service Framework for Paediatric Intensive Care. These do
not conflict with the principles outlined in 3.6.1. (D)

Transfer of a child or infant to a specialist neurosurgical unit should be undertaken by staff
experienced in the transfer of critically ill children. (D)

Families should have as much access to their child as is practical during transfer and be fully
informed on the reasons for transfer and the transfer process. (D)

A multiply injured child should not transferred to a service that is unable to deal with other
aspects of trauma. [NEW]

Observation of admitted patients

Training in observation

Medical, nursing and other staff caring for patients with head injury admitted for
observation should all be capable of performing the observations listed in 3.7.2 and 3.7.5.

The acquisition and maintenance of observation and recording skills require dedicated
training and this should be available to all relevant staff.

Specific training is required for the observation of infants and young children. (D)

Minimum documented observations

For patients admitted for head injury observation the minimum acceptable documented
neurological observations are: GCS; pupil size and reactivity; limb movements; respiratory
rate; heart rate; blood pressure; temperature; blood oxygen saturation. (D)
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Frequency of observations

Observations should be performed and recorded on a half-hourly basis until GCS equal to 15
has been achieved. The minimum frequency of observations for patients with GCS equal to
15 should be as follows, starting after the initial assessment in the emergency department:

e half-hourly for 2 hours;
e then one hourly for 4 hours;
e then 2 hourly thereafter.

Should the patient with GCS equal to 15 deteriorate at any time after the initial 2-hour
period, observations should revert to half-hourly and follow the original frequency schedule.
(D)

Observation of children and infants

Observation of infants and young children (that is, aged under 5 years) is a difficult exercise
and therefore should only be performed by units with staff experienced in the observation
of infants and young children with a head injury. Infants and young children may be
observed in normal paediatric observation settings, as long as staff have the appropriate
experience. (D)

Patients changes requiring review while under observation

Any of the following examples of neurological deterioration should prompt urgent
reappraisal by the supervising doctor.

e Development of agitation or abnormal behaviour.

e Asustained (that is, for at least 30 minutes) drop of one point in GCS level (greater
weight should be given to a drop of one point in the motor score of the GCS).

e Any drop of greater than two points in GCS level regardless of duration or GCS sub-scale.
e Development of severe or increasing headache or persisting vomiting.

e New or evolving neurological symptoms or signs such as pupil inequality or asymmetry of
limb or facial movement. (D)

To reduce inter-observer variability and unnecessary referrals, a second member of staff
competent to perform observation should confirm deterioration before involving the
supervising doctor. This confirmation should be carried out immediately. Where a
confirmation cannot be performed immediately (for example, no staff member available to
perform the second observation) the supervising doctor should be contacted without the
confirmation being performed. (D)

Imaging following confimed patient deterioration

An immediate CT scan should be considered in patients confirmed as having any of the
changes noted in 3.7.5.1 above. (D)

Further imaging if GCS equal to 15 not achieved at 24 hours

In the case of a patient who has had a normal CT-scan but who has not achieved GCS equal
to 15 after 24 hours observation, a further CT scan or MRI scanning should be considered
and discussed with the radiology department. (D)
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Discharge

Discharge and GCS status

No patients presenting with head injury should be transferred to the community until they
have achieved GCS equal to 15, or normal consciousness in infants and young children as
assessed by the paediatric version of the GCS. (D)

Discharge advice

All patients with any degree of head injury who are deemed safe for appropriate transfer to
the community from an emergency department or the observation ward should receive
verbal advice and a written head injury advice card. The details of the card should be
discussed with the patients and their carers. If necessary (for example, patients with literacy
problems, visual impairment or speaking languages without a written format), other formats
(for example, tapes) should be used to communicate this information. Communication in
languages other than English should also be facilitated. (D)

The risk factors outlined in the card should be the same as those used in the initial
community setting to advise patients on emergency department attendance (see Chapter 4).
Patients and carers should also be alerted to the possibility that some patients may make a
quick recovery, but go on to experience delayed complications. Instructions should be
included on contacting community services in the event of delayed complications. (D)

Patients who presented to the emergency department with drug or alcohol intoxication and
are now fit for discharge should receive information and advice on alcohol or drug misuse.
(D)

Suggested written advice cards for patients and carers are provided in Appendices E, F and
G.

Discharge of patients with no carer at home

All patients with any degree of head injury should only be transferred to their home if it is
certain that there is somebody suitable at home to supervise the patient. Patients with no
carer at home should only be discharged if suitable supervision arrangements have been
organised, or when the risk of late complications is deemed negligible.(D)

Discharge of specific patient groups:

Discharge of low risk patients with GCS equal to 15

If CT is not indicated on the basis of history and examination the clinician may conclude that
the risk of clinically important brain injury to the patient is low enough to warrant transfer to
the community, as long as no other factors that would warrant a hospital admission are
present (for example, drug or alcohol intoxication, other injuries, shock, suspected non-
accidental injury, meningism, cerebrospinal fluid leak) and there are appropriate support
structures for safe transfer to the community and for subsequent care (for example,
competent supervision at home). (D)

Discharge of patients with normal imaging of the head

After normal imaging of the head, the clinician may conclude that the risk of clinically
important brain injury requiring hospital care is low enough to warrant transfer to the
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community, as long as the patient has returned to GCS equal to 15, and no other factors that
would warrant a hospital admission are present (for example, drug or alcohol intoxication,
other injuries, shock, suspected non-accidental injury, meningism, cerebrospinal fluid leak)
and there are appropriate support structures for safe transfer to the community and for
subsequent care (for example, competent supervision at home). (D)

Discharge of patients with normal imaging of the cervical spine

After normal imaging of the cervical spine the clinician may conclude that the risk of injury to
the cervical spine is low enough to warrant transfer to the community, as long as the patient
has returned to GCS equal to 15 and their clinical examination is normal, and no other
factors that would warrant a hospital admission are present (for example, drug or alcohol
intoxication, other injuries, shock, suspected non-accidental injury, meningism,
cerebrospinal fluid leak) and there are appropriate support structures for safe transfer to the
community and for subsequent care (for example, competent supervision at home).(D)

Discharge of patients admitted for observation

Patients admitted after a head injury may be transferred to the community after resolution
of all significant symptoms and signs providing they have suitable supervision arrangements
at home. (D)

Discharge of patients at risk of non-accidental injury

No infants or children presenting with head injuries that require imaging of the head or
cervical spine should be transferred to the community until assessed by a clinician
experienced in the detection of non-accidental injury. (D)

It is expected that all personnel involved in the assessment of infants and children with head
injury should have training in the detection of non-accidental injury. (D)

Outpatient appointments

Every patient who has undergone imaging of their head and/or been admitted to hospital
(that is, those initially deemed to be at high risk for clinically important brain injury) should
be routinely referred to their General Practitioner for follow-up within a week after
discharge. (D)

When a person who has undergone imaging of the head and/or been admitted to hospital
experiences persisting problems, there should be an opportunity available for referral from
primary care to an out-patient appointment with a professional trained in assessment and
management of sequelae of brain injury (for example, clinical psychologist, neurologist,
neurosurgeon, specialist in rehabilitation medicine). (D)

Advice about long term problems and support services

All patients and their carers should be made aware of the possibility of long term symptoms
and disabilities following head injury and should be made aware of the existence of services
that they could contact should they experience long term problems. Details of support
services should be included on patient discharge advice cards. [Amended] (D)
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Communication with community services

A communication (letter or email) should be generated for all patients who have attended
the emergency department with a head injury, and sent to the patient’s General Practitioner
within one week of the end of the hospital episode. This letter should include details of the
clinical history and examination. This letter should be open to the person or their carer, or a
copy should be given to them. (D)

A communication (letter or email) should be generated for all children who received head or
cervical spine imaging, and sent to the relevant General Practitioner and school nurse for all
school aged children within one week of the end of the hospital episode. This letter should
include details of the clinical history and examination. [Amended] (D)

A communication (letter or email) should be generated for pre-school children who received
head or cervical spine imaging, and sent to the General Practitioner and health visitor within
1 week of the end of the hospital episode. This letter should include details of the clinical
history and examination. [Amended] (D)

Recommendations for research

The GDG identified the following priority area for research.

The clinical outcome of head injury patients with a reduced level of consciousness
improved by direct transport from the scene of injury to a tertiary centre with
neurosciences facilities compared with the outcome of those who are transported initially
to the nearest hospital without neurosurgical facilities?

The aim of this study is to conduct a comparison in patient outcome (mortality/morbidity)
for those head injured patients that are transported directly to a centre with neurosciences
facilities with the outcomes of those who are transported to the nearest hospital without
neurosciences facilities, possibly necessitating a secondary transfer. Patients suffering from
serious head injuries with a reduced level of consciousness are currently transported to the
nearest hospital by land ambulance or helicopter. The nearest hospital may not have the
resources or expertise to provide definitive care for these patients. Patients should be
followed as they pass through the care system with mortality and morbidity outcomes
collected. These should be compared to allow, using sub-group analysis, the identification of
patients for whom direct transfer is most beneficial.

Why this research is important

Limited evidence in this area has shown that patients do better in terms of outcome if they
are transported directly to a neurosciences centre when compared to those who are taken
to the nearest DGH. This evidence however does not appear to have influenced current
practice. For people working in the prehospital arena, It is important to define which
patients who have sustained a head injury would do better by being transported directly to a
neurosciences centre.

Currently patients are either always transported to the nearest DGH as is the case in most
land vehicle deployment or in some organisations especially those involving helicopter
emergency medical services the decision is left to the judgement of the clinicians at the
scene. Those patients transported to the nearest DGH may suffer a significant delay in
receiving definitive treatment for their head injury. Information from such research can help
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to define which patients should be transported direct to a neurosciences centre bypassing
the nearest hospital.

Guidance will be required to define the patient population for example, researchers may
focus on isolated injuries or head injuries associated with multi trauma. Further specification
about what level of consciousness would be suitable for primary transfer to a neurosciences
unit would be required. Researchers should look at the impact of the duration of transport
on study outcome. So for a journey time to the neurosciences unit of less than 20 minutes,
direct transport might improve outcomes, (as concluded by the London Severe Injury
Working Group) but beyond this time, direct transport might worsen outcomes.

In addition to measuring changes in morbidity and mortality, the cost-effectiveness of direct
transport should be modelled in terms of the cost per quality-adjusted life-year gained. A
protype model was produced for the 2007 update of this guideline (10.6.4).

Research is needed to establish the validity of previously derived clinical decision rules on
the selection of head injured infants and children for CT scanning to exclude significant
brain injury.

Why this research is important

The 2002 NICE guidelines recommended that children be selected for CT scanning on the
basis of the Canadian Head CT rule, a clinical decision rule derived and validated in adults.
This was due to the absence of such a rule derived in children. However since this date the
CHALICE rule has been published which presents a clinical decision rule derived in a large
group of children and infants from the UK with good sensitivity and specificity.

However, clinical decision rules often provide an overestimate of their performance when
applied to new populations. We now recommend the usage of the CHALICE rule for children
suffering a head injury in the UK, with the caveat that a validation of the rule in a new
population of head injured UK patients be urgently undertaken to ensure its reliability and
reproducibility.

Such a study is now essential and performing a validation of the CHALICE study in a novel UK
population may easily be performed in a 1-2 year timeframe with acceptable costs, and
considerable benefits in terms of assuring clinicians as to the safety of this novel rule.

Research is needed to develop consensus on criteria for lesions not currently considered to
be surgically significant following imaging of a patient with head injury.

Although most neurosurgeons agree about which extradural and subdural haematomas
should be removed, there is controversy about whether or not to remove traumatic
intracerebral haemorrhage (TICH) and cerebral contusions (CC). A prospective randomised
controlled trial (PRCT) should be set up to discover if early surgery improves the outcome in
these lesions compared to initial conservative treatment.

Why this research is important

One option in the management of traumatic intracerebral haemorrhage (TICH) and cerebral
contusions (CC) is to monitor the patient clinically or with Intracranial Pressure Monitoring
and other forms of brain tissue monitoring such as brain tissue oxygen (BtO2) or
microdialysis. When the patient deteriorates, s/he is rushed to the operating theatre. The
problem is that this approach has never been validated in a prospective randomised
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controlled trial (PRCT). Waiting until there is deterioration in the level of consciousness (LOC)
or until there is deterioration in the monitoring parameters builds delay into the
management and results in secondary brain damage occurring and becoming established
prior to surgery in all such cases. The principle of early surgical evacuation of spontaneous
intracerebral haemorrhage (SICH) has been investigated in the surgical trial in intracerebral
haemorrhage (STICH) and reported in the Lancet (2005). The results of such a PRCT in TICH
would fundamentally alter the recommendations made by NICE, in terms of which patients
should be referred to neurosurgery and, more importantly, how their care should be
managed there. There is no level 1 evidence about what to do with these patients and the
need for such a PRCT in head injured patients is urgent. This research question should
immediately be put to UK research funding bodies.

Do patients with significant traumatic brain injury who do not require operative
neurosurgical intervention at presentation, but are still cared for in specialist
neurosciences centres, have improved clinical outcomes when compared to similar
patients who are treated in non-specialist centres?

Why this research is important

Traumatic brain injury (TBI) is amongst the most important causes of death in young adults,
with an overall mortality for severe TBI of over 50%. TBI care consumes one million acute
hospital bed-days, and over 15,000 ICU bed-days annually, and patients who do survive
significant TBI experience an enormous burden of long term physical disability,
neurocognitive deficits, and neuropsychiatric sequelae. The financial impact is significant:
the NHS spends over £1 billion on just the acute hospital care of the 10,000 patients with
significant TBI. The costs of rehabilitation and community care are difficult to estimate, but
probably total many multiples of the figure provided for acute care. These considerations
make TBI a national healthcare priority and its outcome impact is consistent with its
inclusion in the National Service Framework for Long Term Neurological Conditions.

Current referral of patients with acute traumatic brain injury practice is still dominated in
many parts of the United Kingdom by the need for operative neurosurgical intervention at
presentation. This may be inappropriate, since many patients with severe head injury have
evidence of raised intracranial pressure in the absence of surgical lesions, and suffer
morbidity and mortality equal to those with surgical lesions. Further, several studies provide
strong circumstantial evidence that managing such “non-surgical” patients in specialist
neurosciences centres may result in substantial improvements in mortality and functional
outcome, probably due to specialist expertise in areas of non-operative management, such
as neurocritical care. However, these results may be confounded by case-mix effects and
referral bias, and the cost-effectiveness of such specialist management remains uncertain.
There is a strong case to address this question in the context of a formal study, since a
change in practice could have a major impact on death and disability in a condition that is a
major contributor to mortality in healthy young adults. Importantly, the results of such a
study could fundamentally alter the recommendations made by NICE, in terms of where
patients with head injury are treated within the healthcare system, and result in better
optimised (and potentially more cost-effective) patient flows within the NHS.

The available evidence in this area has been addressed in the systematic review that
contributed to the revision of NICE Guidelines on the early management of head injury. This
review could find no high quality clinical evidence on the topic. This is unsurprising, since any
study that addressed these issues would have to be undertaken within the context of a
healthcare system and include ambulance services, district general hospitals and
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neuroscience referral centres. Such a study would therefore require the organisational
backing of a body such as NICE, and careful design to account for confounds and biases.
However, we believe that given careful design, such a study would be both ethically and
logistically feasible. The patient group is well defined, and adequate numbers would be
available to provide a definitive result within a reasonable time frame. While circumstantial
evidence may support transfer of such patients to neurosciences centres, current practice is
not influenced by this view in many regions, and many would argue that there is still clinical
equipoise in this area. There are clear risks from transfer, and there could be clear harm,
both in terms of clinical outcome and health economics, if the anticipated benefits were not
realised. On the other hand, if the benefits from observational studies were confirmed by
the trial, the resulting changes in management that could potentially reduce case-mix
adjusted mortality by 26% and increase the incidence of favourable outcome in survivors by
nearly 20%.

Research is needed to summarise and identify the optimal predictor variables for long
term sequelae following mild traumatic brain injury.

A systematic review of the literature could be used to derive a clinical decision rule to
identify, at the time of injury, relevant patients. This would in turn lay the foundation for a
derivation cohort study.

Why this research is important

We performed a review of the literature in this area, repeated in this update process. While
394 studies were identified that attempted to use a wide range of variables and tests to
predict a range of longer term outcome measures, no robust clinical decision tools has
successfully been derived and validated to identify patients at the time of injury who could
be considered for follow-up due to a higher risk of long term sequelae. A systematic review
of the literature would summarise and identify the optimal predictor variables for such a
clinical decision rule and also identify the optimal outcome variables, thus laying the
foundation for a derivation cohort study.

The derivation cohort study to create this clinical decision rule could potentially be
conducted in conjunction with the validation of the CHALICE rule, with follow up of patients
involved in this study at 6mths-1yr. This would ensure optimal value for money for funders
and ensure good results in a large cohort of patients. Separate studies could also be
performed in adults but the initial study may in fact be more urgent in the childhood
population.

Identification of patients likely to suffer from long term sequelae will allow targeted research
regarding responsiveness to, or effectiveness of focused rehabilitation programmes.
Preventative action could potentially be taken, thus reducing the strain on resources further
down the care pathway. Furthermore, patient outcomes could potentially be improved by
early identification and treatment (both curative and preventive) of problems. However,
further research is required before we can be certain that a robust framework exists with
which to cope with individuals identified by the clinical prediction rule proposed above.

Pre-hospital assessment, advice and referral to hospital

Is the clinical outcome of head injury patients with a reduced level of consciousness
improved by direct transport from the scene of injury to a tertiary centre with
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neurosciences facilities compared with the outcome of those who are transported initially
to the nearest hospital without neurosurgical facilities?

The aim of this study is to conduct a comparison of patient outcomes (mortality/morbidity)
for those head injured patients that are transported directly to a centre with neurosciences
facilities with the outcomes of those who are transported to the nearest hospital without
neurosciences facilities, possibly necessitating a secondary transfer. Patients suffering from
serious head injuries with a reduced level of consciousness are currently transported to the
nearest hospital by land ambulance or helicopter. The nearest hospital may not have the
resources or expertise to provide definitive care for these patients. Patients should be
followed as they pass through the care system with mortality and morbidity outcomes
collected. These should be compared to allow, using sub-group analysis, the identification of
patients for whom direct transfer is most beneficial.

Why this research is important

Limited evidence in this area has shown that patients do better in terms of outcome if they
are transported directly to a neurosciences centre when compared to those who are taken
to the nearest DGH. This evidence however does not appear to have influenced current
practice. For people working in the prehospital arena. It is important to define which
patients who have sustained a head injury would do better by being transported directly to a
neurosciences centre.

Currently patients are either always transported to the nearest DGH as is the case in most
land vehicle deployment or in some organisations especially those involving helicopter
emergency medical services the decision is left to the judgement of the clinicians at the
scene. Those patients transported to the nearest DGH may suffer a significant delay in
receiving definitive treatment for their head injury. Information from such research can help
to define which patients should be transported direct to a neurosciences centre bypassing
the nearest hospital.

Guidance will be required to define the patient population for example, researchers may
focus on isolated injuries or head injuries associated with multi trauma. Further specification
about what level of consciousness would be suitable for primary transfer to a neurosciences
unit would be required. Researchers should look at the impact of the duration of transport
on study outcome. So for a journey time to the neurosciences unit of less than 20 minutes,
direct transport might improve outcomes, (as concluded by the London Severe Injury
Working Group) but beyond this time, direct transport might worsen outcomes.

Assessment in the emergency department

The best clinical prediction rule for selecting adults, infants and children with head injury
for CT imaging of the head (2007)

Introduction and rationale for the clinical question

In order to improve the efficiency of the management of minor head injury, clinical
prediction rules can be applied. A clinical prediction rule is derived from original research
and is defined as a decision making tool that incorporates 3 or more variables from the
history, examination or simple tests****?**¥’_ This review was carried out to examine which
clinical prediction rule was the best for selecting patients for CT imaging who had
experienced a minor head injury. This question was deemed important as the current use of
CT for minor head injury is increasing rapidly; it is highly variable and may be inefficient. The
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interventions included within this review were any prediction rule ranging from NEXUS,
NOC, CHR and any other new rules. The studies were included if the outcomes included
sensitivity and specificity of prediction rules.

Clinical evidence

In the previous guideline, four studies discussed decision rules for selecting patients for CT
imaging which attempted to identify those at a high risk for traumatic brain injury (usually
ICH).'?*39418497 9y examination of these studies it was felt that one study had validated the
rules in a population with a much lower prevalence of abnormal CT scans than an average
UK population*®*!® and this study was not considered. A second study described a rule that
had only a 65% sensitivity for abnormal CT scan results and was also not considered
further.?'° The sensitivity of these rules have been questioned in another study.?*”*"’

The remaining two sets of rules, the Canadian CT-rules*”**® and the ‘New Orleans’ criteria

are now considered.”**** Two versions of the Canadian rules are available, a five point
version designed to detect ‘need for neurological intervention’, and a seven point version
designed to detect ‘clinically important brain injury’. The remit of this guideline is on the
latter outcome, and the seven point rule is therefore the focus of this review. However, it is
recognised that the five point rule has some utility in determining the urgency with which CT
imaging should be performed.

Both papers present high quality evidence, but strictly the New Orleans criteria represents
level one evidence as it has used separate samples for the derivation and validation phases.
The Canadian rules represent level two evidence as they have not yet been validated in a
separate sample (this study is ongoing and will report in 2003). Both sets of authors caution
against adoption of their rules, the Canadians because of the need for validation, and the
New Orleans group because their rules were developed in one centre (the Canadian rules
were developed in a multi-centre study).

The Canadian sample*”**® for a derivation sample, was much larger with 3,121 patients than
the New Orleans sample™**** with 520 patients in the derivation phase and 909 patients in
the validation phase. This led to statistical power problems with certain key variables (for
example, coagulopathy) as not enough patients with these risk factors experienced a
negative outcome. It should be noted that the Canadian study considered a much broader
range of possible predictive variables, and has outlined in great detail the steps taken to
ensure the validity and reliability of the data. Both studies used recursive partitioning as the
multivariate technique used to derive the rules.

Both studies excluded patients who had experienced no loss of consciousness. The New
Orleans study reports an overall abnormal CT rate of 6.5% and a surgical intervention rate of
0.4%, while the Canadian study reports a rate of clinically important brain injury of 8% and a
neurosurgical intervention rate of 1%. The Canadian study included only patients with an
initial GCS on arrival at hospital of 13 to 15 and assumed that all patients with GCS less than
13 would receive immediate CT. Four per cent of patients in this study had an initial GCS of
13 and 17% had a GCS of 14, with the remaining 79% having a GCS of 15. The New Orleans
study focused on patients with GCS equal to 15 in the emergency department (assuming
that all patients with GCS less than 15 would receive immediate CT) and therefore had a
lower severity sample than was seen in the Canadian sample.

The cohort used for the derivation of the Canadian Head CT rule contained 69% males, 11%
greater than or equal to 65 years and 31% patients who had sustained a fall, similar to
figures for the UK. However, as noted in section 1.8: cause of injury, the proportion of
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assaults seen in the Canadian sample (11%) is lower than is usually quoted for the UK (30-
50%). By contrast, the proportion of road traffic accidents in the Canadian sample (43% if
injuries involving pedestrians and cyclists are included) is higher than estimates of 25% for
the UK. It is not clear whether this reflects broad difference in injury patterns between the
two countries, or simply reflects the specific group of patients selected for the Canadian
study (that is, hospital attendees that had experienced some loss of consciousness or
amnesia).

It is also important to note that the Guideline Development Group is under the impression
that head injury episodes are more likely to involve alcohol in the UK than in Canada,
although exact data on this variable is not available.

Both studies report 100% sensitivity (95% Cl: 92-100) for need for neurosurgical
intervention. The New Orleans criteria reports a 100% (95% Cl: 95-100) sensitivity for
positive CT scans, whereas the Canadian seven point rules are 98% (95% Cl: 96-99) sensitive
for detecting clinically important brain injury. The New Orleans rules have a 25% (95% Cl: 22-
28) specificity for detecting positive CT scans whereas the Canadian rules are reported to
have a 50% (95% Cl: 48-51) specificity rate for detecting clinically important brain injury.

The New Orleans criteria would lead to a 78% CT ordering rate in patients with GCS equal to
15. The Canadian seven point rules would lead to a 54% ordering rate in patients with a GCS
of 13 to 15. It is important to note that the New Orleans study reports 100% CT-scanning of
the sample, whereas the Canadian study had a scanning rate of only 67%, and the remaining
33% had a proxy outcome assessment via telephone interview. The final sample in the
Canadian study does not include some 10% of eligible patients who did not undergo CT and
subsequently could not be contacted for follow-up.

The rules have the following similarities. Both suggest that patients with GCS less than 15 on
presentation at emergency departments should have immediate CT imaging. The only caveat
to this is that the Canadian rules specify GCS less than 15 two hours after injury. However, it
should be born in mind that 93% of adults and 96% of children report to emergency
departments with GCS equal to 15,>°"°% implying that CT imaging for those with GCS less
than 15 will not greatly impact on resources. The area of controversy is generally accepted
to relate to patients with GCS equal to 15.

Neither rule suggests a role for skull X-ray or admission for observation without CT imaging.
Both rules agree that vomiting should be included as an indication for imaging, although the
Canadian rule specifies more than one episode. Both rules agree that skull fracture (linear,
basal, depressed, open, depressed and penetrating) should be an indication for CT imaging
but these are defined and dealt with in different ways. In the New Orleans rules this is
included as part of a category named ‘physical evidence of trauma above the clavicles’ which
also includes contusions, abrasions and lacerations. Presumably these would include facial
surface wounds and not only wounds to the skull. The Canadian rules seem to have
considered obvious penetrating skull injury and/or obvious depressed skull fracture as a
priori indications for imaging and have also included any sign of basal skull fracture, and any
‘suspicion’ of open or depressed skull fracture as part of their rules.

Both rules include an age category. The New Orleans rules specify age greater than 60 years,
and the Canadian rules specify age greater than or equal to 65 years.

Both rules agree that post-traumatic seizure should be an indication for CT imaging, but the
Canadian rules considered this an a priori variable, whereas it is explicitly included in the
New Orleans rules.
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It is also important to note that coagulopathy is not included in either set of rules but for
very different reasons. The Canadian study excluded these patients deliberately, presumably
because they were considered a priori candidates for CT imaging. The New Orleans rules
included these patients but did not have enough power to detect a significant predictive
effect. The New Orleans study explicitly states that this variable was not considered by their
study and imply that it should be considered an important predictive variable. A further
exclusion from both samples is focal neurological deficit (this is not completely clear from
the New Orleans study) again, presumably because CT imaging of the head for these patients
was considered non-controversial.

The rules differ in their treatment of amnesia. The Canadian rules include pre-traumatic
amnesia (retrograde — for events before the injury) of greater than 30 minutes, whereas the
New Orleans rules include post-traumatic ‘short-term memory deficits’ (anterograde - for
events after the injury). The Canadian rules contain a variable called ‘dangerous mechanism’
(of injury), which is defined as a pedestrian struck by a motor vehicle, an occupant ejected
from a motor vehicle or a fall from a height of greater than three feet or five stairs. The New
Orleans rules did not consider this variable. The New Orleans rules contain a headache
variable, which was dropped from the Canadian rules.

The New Orleans rules contain a variable for drug or alcohol intoxication whereas this is not
included in the Canadian rules. The Canadian authors seem to imply that having a variable
"GCS less than 15 after 2 hours" will allow the less severe intoxications to resolve and
eliminate a corresponding number of unnecessary scans. The Canadian authors measured
ethanol levels in a sub-sample and found that it had no predictive power for the outcomes
studied.

UPDATE 2007: Adult rules

Three new studies®”*’**% were retrieved for this review looking at clinical prediction rules

in adults in addition to the studies in the previous guidleline (see above).

One of the 3 new studies looking at clinical prediction rules in adults was Stiell et al**>*%,

prospective cohort validation study (diagnostic study level | evidence) of 1822 blunt head
trauma patients in nine Canadian emergency departments. In the previous guideline the
derivation study was included. The inclusion criteria were defined as blunt trauma to the
head resulting in the witnessed loss of consciousness, definite amnesia or witnessed
disorientation, GCS score of 13 or greater and injury within the previous 24 hours. The
Canadian CT head rule (CCHR) was compared to the New Orleans Criteria (NOC). There were
97 patients (5.3%) with clinically important brain injury and 8 patients (0.4%) required
neurosurgical intervention. For the outcome clinically important brain injury both rules had
100% (95% Cl, 96% to 100%) sensitivity. But the Canadian CT head rule had a higher
specificity of 50.6% (95% Cl, 48%to 53%) than NOC 12.7% (95% Cl, 11% to 14%). The
reference standard was the CT scan.

a

The second study was a prospective cohort study (diagnostic study level Il evidence) by Smits
et al*’**> which included 3181 Dutch patients with blunt head injury compared the NOC and
CCHR rules. The inclusion criteria were patients older than 16 years, GCS of 13 to 14 and
presenting within 24 hours. Patients with a GCS score of 15 were included with one of the
following risk factors; history of loss of consciousness, short-term memory deficit, amnesia
for traumatic event, posttraumatic seizure, vomiting, severe headache, clinical evidence of
intoxication, use of anticoagulants, physical evidence of injury above clavicles or neurological
deficit.
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The prevalence of neurocranial traumatic CT finding was 9.8% and the incidence of
neurosurgical intervention was 0.5%. The CT scan was used as the reference standard. For
neurosurgical intervention both rules had 100% (95% Cl, 81.6 to 100%) sensitivity and the
CCHR had a higher specificity of 37.5% (95% Cl, 34.9% to 40.0%) compared to NOC 3.0%
(95% Cl, 1.2% to 4.8%). Neurocranial traumatic CT findings and important CT findings
reported a higher sensitivity for the NOC rule. Outcomes were also reported on the entire
population, which resulted in the authors adapting the rules to their study population. This
study has methodological concerns as the rules tested were adapted to fit into their study
population.

The final study®*’?° was a prospective cohort derivation study (diagnostic study level Il

evidence) for the NEXUS Il rules by Mower et al which has not yet been validated in a
separate sample. This study comprised of 13,728 blunt trauma patients that had undergone
head CT scan in 21 participating centres. The prevalence of intracranial injury was 6.7% (917
out of 13,728). The prediction rule had 8 criteria highly associated with intracranial injuries.
The rule had a sensitivity of 98.3% (95% Cl, 97.2% to 99.0%) and specificity of 13.7% (95% ClI,
13.1% to 14.3%).

UPDATE 2007: Child rules

117,195,364,375

Four new studies in children were retrieved in this update.

One of the 4 new studies, Oman at el,****** a prospective cohort study (diagnostic study level

Il evidence) looked at clinical prediction rules in children which included 1666 children
(under 18 years) with blunt head trauma. Patients underwent CT scanning from 21
emergency departments in the NEXUS cohort. This study looked at children in the NEXUS I
derivation study to determine if the prediction rule was effective on children. The
prevalence of clinically important ICl was 8.3%. The sensitivity was 98.6% (95% Cl, 94.9-99.8)
and the specificity was 15.1% (95% Cl, 13.3-16.9). When the sub-group of children under 3
years old was examined the sensitivity was 100%(95% Cl, 86.3-100).

The second prospective cohort study (diagnostic study level | evidence) by Haydel et al*****®

comprised of 175 children (5-17 years) with minor head injury from trauma centre in US.
Minor head injury was defined as blunt head trauma with loss of consciousness with a
normal GCS score, or modified coma scale for infants and children and normal brief
neurological examination. The reference standard was the CT scan. The NOC prediction rule
was applied to the population to determine children with intracranial injury. The prevalence
was 8%. The sensitivity was 100% (95% Cl, 73-100) and the specificity was 25.5% (95% ClI,
19.1-33.0%). The CT ordering rate was reduced by 23.4% (95% Cl, 17.7-30.2).

Palchak®**”® reported a prospective cohort study (diagnostic study level Il evidence) of
2,043 children (under 18 years) presenting with blunt head trauma (all severities) at a
paediatric emergency department of level 1 trauma centre. Significant predictors of
traumatic brain injury were determined and the prediction rule was derived using recursive
partitioning. The reference standard was CT scanning and clinical follow-up. The prediction
rule had a sensitivity of 100% (95% Cl, 97.2% to 100%) and a specificity of 42.7% (95% Cl,
40.5% to 44.9%) to identify traumatic brain injury requiring intervention. The prediction rule
was