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Disclaimer

The recommendations in this guideline represent the view of NICE, arrived at after careful
consideration of the evidence available. When exercising their judgement, professionals are
expected to take this guideline fully into account, alongside the individual needs, preferences
and values of their patients or service users. The recommendations in this guideline are not
mandatory and the guideline does not override the responsibility of healthcare professionals
to make decisions appropriate to the circumstances of the individual patient, in consultation
with the patient and/or their carer or guardian.

Local commissioners and/or providers have a responsibility to enable the guideline to be
applied when individual health professionals and their patients or service users wish to use it.
They should do so in the context of local and national priorities for funding and developing
services, and in light of their duties to have due regard to the need to eliminate unlawful
discrimination, to advance equality of opportunity and to reduce health inequalities. Nothing
in this guideline should be interpreted in a way that would be inconsistent with compliance
with those duties.

NICE guidelines cover health and care in England. Decisions on how they apply in other UK
countries are made by ministers in the Welsh Government, Scottish Government, and
Northern Ireland Executive. All NICE guidance is subject to regular review and may be
updated or withdrawn.
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1 Selecting adults, children and infants
with head injury for CT or MRI head scan in
sub-groups

1.1 Review question

What are the indications for selecting adults, young people, children and infants with head
injury for CT or MRI head scan in a sub-group including:

- people on anticoagulant or antiplatelet therapy, including those with no history of amnesia
or loss of consciousness

- people with liver or coagulopathy disorders

- people with pre-injury cognitive impairment sustaining injury through low level falls
- people sustaining recurrent head injuries through sport

- people presenting more than 24 hours after injury?

1.1.1 Introduction

The committee identified specific sub-groups of people that frequently suffer head injuries.
This protocol has been developed in order to assess the evidence of risk of intracranial injury
within each subgroup, as there may be specific factors that affect these groups.

It is possible that people taking pre-injury anticoagulant or antiplatelet medication are at
increased risk of significant intracranial injury. After an evidence review CG176 extended the
recommendations for CT brain scan within 8 hours of head injury to people taking warfarin
with no other high or medium risk factors for intracranial injury, considerably increasing
imaging requirements. In 2019 NICE extended this recommendation to people taking pre-
injury Direct Oral Anticoagulants (DOACs). The cost effectiveness of these recommendation
has been questioned. CG176 made no similar specific recommendations with regard to
people taking pre head injury antiplatelet agents, low molecular weight heparin, or with pre-
injury liver or coagulation conditions (due to lack of evidence at that time).

People with cognitive impairment are prone to falls and sustaining head injury; the Canadian
CT head rules (which have informed current recommendations for CT brain in adults)
identified patients with head injury aged 65 and over - with of loss of consciousness or
amnesia - as having increased risk of intracranial injury compared to younger adults.
However, in people with pre-injury cognitive impairment it can be challenging to assess
whether a head injury has been associated with loss of consciousness or new amnesia. This
can lead to frequent, and possibly unnecessary, CT brain scans in people who fall often. This
is also a concern for people who sustain recurrent head injury with associated loss of
consciousness or amnesia in the context of sport, where younger people are at increased
lifetime risk from radiation exposure. Finally, studies suggest that up to 10% of people
attending Emergency Departments and primary care after head injury present more than 24
hours after the injury was sustained. Current recommendations for imaging were based on
studies that excluded these patients, and there was a need to clarify the evidence in this
cohort of people.
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1.1.2 Summary of the protocol

For full details see the review protocol in Appendix A.

Table 1: PICO characteristics of review question

i) Inclusion: Infants, children and adult with suspected or confirmed head
injury

Strata:

- people on anticoagulant or antiplatelet therapy, including those with no history
of amnesia or loss of consciousness

- people with liver or coagulopathy disorders

- people with pre-injury cognitive impairment sustaining injury through low
energy impact/ low level falls

- people sustaining recurrent head injuries

- people presenting more than 24 hours after injury

Strata:

. Adults (aged =16 years)

. Children (aged 21 to <16 years)
. Infants (aged <1 year)

Mixed population studies will be included but downgraded for indirectness. Cut-
off of 60% will be used for all age groups

Exclusion:

Adults, young people and children (including infants under 1 year) with
superficial injuries to the eye or face without suspected or confirmed head or
brain injury.

Clinical variables applicable to both infants, children and adults

Clinical variables:

People on anticoagulant or antiplatelet therapy,

. Age (below 65 years and over 65 years for adults). There is no age-cut
off children

. Glasgow Coma Scale (GCS) (13 to 15)**

. neurological injury severity*

. Patient’s blood measures of coagulopathy prior to CT such as

International Normalised Ration (INR), Prothrombin Time (PT), Activated Partial
Thromboplastin Time (APTT), fibrinogen levels, platelet count

To analyse anti-coagulants and anti-platelets analysed separately

People with liver or coagulopathy disorders

. Age (below 65 years and over 65 years for adults). There is no age-cut
off children

. GCS (13 to 15)**

. neurological injury severity*

. Patient’s blood measures of coagulopathy prior to CT such as

International Normalised Ration (INR), Prothrombin Time (PT), Activated Partial
Thromboplastin Time (APTT), fibrinogen levels

. other indicators of presence and severity of pre-injury disease such as
American Society of Anaesthesiology scale (ASA-PS), Charlson comorbidity
index (CCI) or single disease grades such as severity of liver/Chronic kidney
disease
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People with pre-injury cognitive impairment sustaining injury through low energy
impact/ low level falls

. Age (below 65 years and over 65 years for adults). There is no age-cut
off children

. GCS (13 to 15)**

. neurological injury severity*

. Patient’s blood measures of coagulopathy prior to CT such as

International Normalised Ration (INR), Prothrombin Time (PT), Activated Partial
Thromboplastin Time (APTT), fibrinogen levels, platelet count

. other indicators of presence and severity of pre-injury disease such as
American Society of Anaesthesiology scale (ASA-PS), Charlson comorbidity
index (CCI) or single disease grades such as severity of liver/ Chronic kidney
disease

. indicators of frailty if available such as Rockwood Clinical Frailty Scale
or Electronic Frailty Index (for adults only — not applicable for children)

People sustaining recurrent head injuries

. Age (below 65 years and over 65 years for adults). There is no age-cut
off children

. GCS (13 to 15)**

. neurological injury severity*

. Patient’s blood measures of coagulopathy prior to CT such as

International Normalised Ration (INR), Prothrombin Time (PT), Activated Partial
Thromboplastin Time (APTT), fibrinogen levels

. other indicators of presence and severity of pre-injury disease such as
American Society of Anaesthesiology scale (ASA-PS), Charlson comorbidity
index (CCI) or single disease grades such as severity of liver/ Chronic kidney
disease, platelet count

. indicators of frailty if available such as Rockwood Clinical Frailty Scale
or Electronic Frailty Index

People presenting more than 24 hours after injury

. Age (below 65 years and over 65 years for adults). There is no age-cut
off children

e GCS(13to15)**

. neurological injury severity*

. Patient’s blood measures of coagulopathy prior to CT such as

International Normalised Ration (INR), Prothrombin Time (PT), Activated Partial
Thromboplastin Time (APTT), fibrinogen levels, platelet count

*High risk Markers of neurological injury severity (pupillary responses (usually
both, one or no pupils are reactive), and/or other focal neurological deficits,

** according to current guidance in people with GCS less than or equal to 12 CT
head scan is done within 2 hours of injury. People with GCS =15 would be
discharged

Neurological severity as risk factors in NICE 2014 recommendations such as
loss of consciousness (LOC), amnesia, focal neurological signs, or seizure.

Key confounders:
Age
GCS

Other confounders:
Neurological injury severity
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Blood measures of coagulopathy
Outcomes e Any traumatic intracranial abnormality detected by CT or MR imaging
or autopsy

e Any intracranial abnormality that causes death, neurosurgical
intervention or neuro critical care.

Study design Cohort studies (prospective and retrospective)
Systematic reviews and meta-analyses of the above
Case-control studies will be excluded.

1.1.3 Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question are
described in the review protocol in Appendix A and the methods document.

Declarations of interest were recorded according to NICE’s conflicts of interest policy.

1.1.4 Prognostic evidence

1.1.4.1 Included studies

A search was conducted for prospective and retrospective cohort studies in a sub-group
(people on anticoagulant or antiplatelet therapy, including those with no history of amnesia or
loss of consciousness; people with liver or coagulopathy disorders; people with pre-injury
cognitive impairment sustaining injury through low energy impact/ low level falls; people
sustaining recurrent head injuries; people presenting more than 24 hours after injury) for
investigating the association of the following factors (age, GCS, neurological injury severity,
patient’s blood measures, other indicators of presence and severity of pre-injury disease)
reporting outcomes of any traumatic intracranial abnormality detected by CT or MR imaging
or autopsy; and/or any intracranial abnormality that causes death, neurosurgical intervention
or neuro critical care.

The scope question had overall population and all the sub-groups (people on anti-
coagulants/anti-platelets, people with liver or coagulopathy disorders; people with pre-injury
cognitive impairment sustaining injury through low energy impact/ low level falls; people
sustaining recurrent head injuries; people presenting more than 24 hours after injury) within
the same question. Clinical decision rules (CDR) used to select people for imaging are for
the overall population is covered in a separate evidence review (Evidence review D). For the
sub-groups it will be elements of the CDRs that predicts intracranial injury such as age, GCS,
neurological injury but are not necessarily configured as a CDR, hence a separate question
was drafted for these sub-groups.

Thirteen cohort studies (5 prospective and 7 retrospective) were included in the review "4 ¢ 9
12,15,16, 18, 24, 27, 28, 35, 36 these are summarised in below. Evidence from these studies is
summarised in the clinical evidence summary below (Table 3).

Population

Twelve studies were in adults and one study in infants (less than 24 months). There was no
evidence for children.

Five studies were in adults on anti-coagulants only; 5 studies were in adults on
anticoagulants and anti-platelets; 2 studies were in adults fall from a standing position; and
one study was in infants with late presentation (> 24 hours post- injury).

10
NICE Head Injury (update): evidence reviews for Selecting subgroups for CT or MRI DRAFT
[September 2022]


https://www.nice.org.uk/process/pmg20/chapter/introduction-and-overview
https://www.nice.org.uk/about/who-we-are/policies-and-procedures

O©ooO~NOOPRW N-=-

DRAFT FOR CONSULTATION
Selecting subgroups for CT or MRI

In the strata anti-coagulants only, all 5 studies (Cipriano, 2018, Mason 2017, Turcato 2019,
Turcato 2022, Brewer 2011) included only users (no non-users in the studies).

In the strata anti-coagulants and anti-platelets, only one study (Nishijima 2013) included
people on anti-coagulants and anti-platelets only (no non-users in the studies). Other 4
studies in this stratum (Galliazzo, 2019, Hall, 2019, Nishijima, 2018, Dunham, 2014) were
mixed population [people with (users) and without anti-coagulants/anti-platelets (non -users)].
The proportion of users in the studies varied from 30-70%. These studies included use of
anticoagulants/anti-platelets as variables along with other variables such as age, GCS etc in
the analysis. Data was not stratified separately for users and non-users in these studies. As
other variables/risk factors in these studies will be applicable to the overall population rather
than just the population on anticoagulants/anti-platelets, outcomes for these variables were
downgraded for population indirectness.

Two studies (Ahmed 2015 and De Witt 2020) in the strata fall from standing position (low
energy impact/ low level falls) were in older adults. Participants in both studies were on anti-
coagulants/anti-platelets. It was not clear from the papers if the participants had pre-injury
cognitive impairment hence, they were downgraded for population indirectness.

In the strata for infants with delayed presentation, the study included infants presenting <24
hours and > 24 hours post-injury. Results were not presented separately for these 2
populations; hence the outcomes for the variables were downgraded for population
indirectness.

There was no evidence for people with liver or coagulopathy disorders and people sustaining
recurrent head injuries in adults. There was no evidence for any strata in children. In infants
there was evidence only for infants with delayed presentation.

Clinical variables/ risk factors and confounders

No studies were excluded based on the variables they had included in the multivariate
analysis as any multivariate analysis was considered acceptable.

Most studies adjusted for confounders, but some did not for the key confounders of age and
GCS. Studies were downgraded for risk for bias if they were not adjusted for key
confounders.

Outcomes
All studies reported outcomes specified in the protocol.

Analysis

All studies included in the review had performed some form of multivariate analysis, though
the variables included, and number of variables included varied across studies.

Studies reporting only univariate results were not included for any of the risk factors.

No studies reported comparable clinical variables, adjusting the same confounding variables,
and different definitions of outcomes that could be meta-analysed. Therefore, all outcomes
will be considered individually.

See also the study selection flow chart in Appendix C, study evidence tables in Appendix D,
forest plots in Appendix E.

Evidence from NICE 2014 quideline (GC 176)

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? (2014)
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Anti-coagulant therapy

No clinical decision rules studies were identified. The guideline reported validation studies
assessing clinical decision rules, some of which provided data relating to patients with
coagulopathy as a risk factor. This is presented in the GRADE tables section.

Anti-platelet therapy

One study was identified, but evidence in a GRADE table was not reported in the guideline.

1.1.4.2 Excluded studies

See the excluded studies list in Appendix I.
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1.1.5 Summary of studies included in the prognostic evidence

Table 2: Summary of studies included in the evidence review

Adults

Anti-coagulants only

Cipriano, n=206 Prospective VKA (vitamin K
2018° Inclusion criteria: Age ~ observational antagonists)
Italy above 18 years old; study treatment

(2) MTBI, defined as (yes/no)

blunt head injury Multivariate Age

associated with a GCS  |ogistic
score of 13-15

regression
regardless of the performed with a
presence of loss of penalized
consciousness (LOC)  approach

immediately after the
injury; (3) Patients on
oral anti-coagulants
(OAT); (4) single
patient visit at the ED
for trauma.

Age mean (SD):
81.53 (8.44) years

GCS n (%)
15: 99.0% (204)
14: 1.0% (2)

MV (multivariate) analysis: Intracranial
Age, gender, VKA (vitamin K haemorrhage
antagonists) agent

treatment, high-energy

impact, trauma above the

clavicles, LOC (loss of

consciousness), PTA (post-

traumatic amnesia),

presence of fractures, low

platelet count

(<150,000/mm3)

Not adjusted for key
of GCS
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Study

Mason, 2017
24 AHEAD
study

UK

Turcato
201936

Italy

Population

N= 3566 (aged =216
years) who had
suffered blunt head
injury and were
currently taking
warfarin.

Age n (%)

<60: 251 (7.1)

60 to 69: 313 (8.9)
70 to 79: 925 (26.2)
80 to 89: 1674 (47.4)
90 plus: 371 (10.5)

GCS n (%)

15: 2871 (81.2)

14: 275 (7.8)

13: 23 (0.7)

<13: 60 (1.7)

Not recorded at site:
305 (8.6)

n=451(n= 268 were on
vitamin K antagonists
(VKAs) and n=183 on
direct oral
anticoagulants
(DOACs)

Inclusion criteria:
patients treated with
anticoagulants, GCS
score of 13—15,
regardless of the
presence of loss of

Analysis

Retrospective
observational
study

Multivariable
analysis

Retrospective
observational
study

Comparison
study of people
on VKA agents
(vitamin K
antagonists )vs
people on DOAC
(direct oral anti-
coagulants)
agents

Prognostic
variable(s)

neurological
symptoms -
headache,
vomiting,
amnesia and
loss of
consciousness

VKA (vitamin K
antagonists)
treatment
(yes/no)

GCS <15

Outcomes

Predictors
(neurological
outcomes) of
death or
neurosurgery
resulting from
the initial injury

Confounders

MV analysis: neurological
symptoms — (headache,
vomiting, amnesia and loss
of consciousness), age,
gender

Intracranial
haemorrhage

MV analysis: Pre-trauma
conditions (previous
neurosurgery high-energy
impact, alcohol abuse, post-
trauma symptoms (amnesia,
loss of consciousness, post-
trauma seizures, vomiting,
GCS < 15, worsening
headache, trauma beyond
clavicles, presence of cranial
fracture)

Limitations

Not adjusted for key
confounder of GCS

Study drop-out not
explored, no

adjustment for key
confounder of age
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Population
consciousness or
amnesia immediately
after the injury.

Study

Age median (IQR): 83
(78—88) years
GCS: not stated

Includes symptomatic
and asymptomatic
patients (not reported
proportion)

Turcato 2022 N= 3054 on oral anti-

35 coagulant therapy
(OAT). —direct oral

Italy anticoagulants
(DOACs)- 1212
(39.7%); Vitamin K
antagonists (VKA)
1842 (60.3%)
Inclusion criteria: All
patients in OAT who
required an evaluation
in the ED for mild TBI

Age in years, median
(IQR): 83 (77-88)
GCS: not stated

Anti-coagulants and anti-platelets

Brewer, n=141
20114 Inclusion criteria:
USA included all trauma

registry patients with

Prognostic

Analysis variable(s)

Multivariable
analysis

Multi-centre GCS<15
retrospective

observational

study

binary logistic

regression was

used for the

multivariate

model using the

stepwise

regression

method

Retrospective Aspirin (yes/no)

observation study Clopidogrel
(yes/no) Warfarin
(yes/no)

Confounders

MV analysis: GCS<15,
Major trauma dynamic,
Previous neurosurgery, LOC
(loss of consciousness) ,
Post-traumatic amnesia,
veadache, visible trauma
above the clavicle, focal
neurological signs, post-
traumatic vomiting

MV analysis: Age, gender,
loss of consciousness
(LOC), presence of fracture,
mechanism of injury (fall or

Outcomes

Intracranial
haemorrhage

Positive CT
finding

Limitations

No adjustment for key
confounder of age

Not adjusted for key
confounder GCS
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Study

Dunham
201412

USA

Population

minor head injury who
presented with a GCS
score of 15 while
taking clopidogrel or
warfarin and
underwent head CT.
Age mean (range): 79
(36-101) years

GCS: 15

n=198

(36% were
antithrombotic-
negative and 64%
antithrombotic-
positive)

Inclusion criteria: age
260 years, fall from
standing height or
motor vehicular crash,
physical evidence for
head trauma (facial
fracture, skull fracture,
scalp soft tissue injury,
facial soft tissue injury,
or cervical spine
injury), and trauma
centre admission

Age mean (SD): 78.46
(10) years

Admission GCS 3-12
n (%): 15(7.6)

Analysis
Forward and
backward
unconditioned
logistic
regression
analysis

Retrospective,
consecutive
observational
study
Comparison of
antithrombotic-
negative and
antithrombotic-
positive
individuals
Multivariable
analysis

Prognostic
variable(s)

Age
international
normalized ratio
(INR)

Partial
thromboplastin
time (PTT),

Antithrombotic
agent status
(yes/no)
Warfarin status
(yes/no)

Confounders

motor vehicle collision,
evidence of trauma above
the clavicles on physical
examination, presentation
international normalized ratio
(INR) and Partial
thromboplastin time (PTT),
presence of fracture

MV analysis: Brain atrophy
occurrence, composite brain
atrophy, admission major
neurologic dysfunction

Outcomes

Intracranial
haemorrhage

Limitations

No description of
excluded patients, no
accounting for
participant drop-out,
no adjustment for key
confounders of age
and GCS

Population
indirectness: mixed
population
(participants with and
without anti-
thrombotics)
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Study

Galliazzo,
201915

Italy

Hall, 201918

Population

n=1846 (n=459 CT not
performed; n=1387 CT
performed)

Adults presenting to
the ED with TBI

1222 (66.2%) patients
in group 1 (no
antithrombotic therapy
prior to the index
event), 407 (22.0%) in
group 2 (one
antiplatelet agent),
120 (6.5%) in group 3
(VKAs- vitamin K
antagonists), 51
(2.8%) in group 4
(DOACs- direct-acting
oral anticoagulants;)
and 46 (2.5%) in
group 5 (double
antithrombotic
therapy).

Age median (IQR): 71
(46 to 83) years

GCS score n (%)
15: 1811 (98.1)
14: 29 (1.6)
13: 6(0.3)

n=173

Analysis

Retrospective
observation study

Multivariate
logistic
regression

Retrospective

observation study

Prognostic
variable(s)

Antiplatelet
yes/no

VKA (vitamin K
antagonists)
(yes/no)
DOACSs (yes/no)
Age older than
65 years

GCS score < 15

Antiplatelet or
anticoagulant
(yes/no)

Confounders

MV analysis: Age older than
65 years, any ongoing
antithrombotic treatment,
history of epilepsy, history of
Transient ischaemic attack
(T1A)/stroke/neurosurgery,
history of cerebral neoplasia
and drug/alcohol intoxication
as patient baseline risk
factors; GCS score < 15,
LOC (loss of
consciousness), amnesia,
vomiting, neurological signs,
seizure, headache, clinical
signs of skull fracture,
complicated contused
lacerated wound, other scalp
lesions

MV analysis: Presence of
intracranial haemorrhage on
the initial head CT scan,

Outcomes

Intracranial
haemorrhage

Mortality for 30-
day, 6-month,

Limitations

Adjusted for key
confounders age and
GCS

Population
indirectness: mixed
population
(participants with and
without anti-
coagulants/anti-
platelets)

Not adjusted for key
founders of age and
GCs
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Nishijima
2013%
USA

Adults presenting to
ED with blunt trauma

OAP (oral anti-
platelets)/OAC (oral
anti-coagulants) (n =
115) No
OAP/OAC (n= 58)

In the OAP group, 75
patients took aspirin
and 25 patients took
clopidogrel. In the
OAC group, 22
patients took warfarin,
2 took rivaroxaban, 1
took dabigatran, and 1
took apixaban.

Age mean (SD):

86.9 (5.0) years on
antiplatelets or
anticoagulants,

87.1 (4.7) years not on
antiplatelets or
anticoagulants

GCS: not stated

n=982
Inclusion criteria: adult
(= 18 years old) ED

Comparison of
antiplatelet /
anticoagulation
agents vs no
antiplatelet /
anticoagulation
agents

Multivariate
analysis

Prospective
observational
study

disposition from the ED, and

and overall

patient-specific comorbidities mortality

Clopidogrel use
(yes/no)

MV analysis: Age 65 years
or older, non-ground level
fall mechanism of injury,

Intracranial
haemorrhage

Population
indirectness: mixed
population
(participants with and
without anti-
coagulants/anti-
platelets)

Not adjusted for key
confounder of GCS
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Study

Nishijima,
2018 %7
USA

Population Analysis
patients with pre-injury  Multivariate

warfarin or clopidogrel  analysis

use (within the prior

seven days) and mild

blunt head trauma

(initial ED Glasgow

Coma Scale (GCS)

score 13 to 15).

Age mean (SD): 75.4

years (12.6) years

Admission GCS: 13 to

15

n=1140 Prospective
observational

Inclusion criteria: study

patients 55 years and ~ Random-effects

older with head multivariate

trauma who were logistic

transported to a regression model

hospital by the
participating EMS
agencies

Four hundred thirty-
four (33%) patients
had

anticoagulant or
antiplatelet use and
112 (10%) had
traumatic ICH.

Prognostic
variable(s)

Warfarin use
(yes/no)

Age 65 years or
older

Any
anticoagulant
agent or
antiplatelet agent
use (yes/no)

Age 80 years or
older

abnormal initial
GCS (< 15)

Confounders

headache, vomiting, LOC
(loss of consciousness) or
amnesia, drug or alcohol
intoxication, evidence of
trauma above the clavicles,
abnormal mental status

MV analysis: Age 80 years
or older gender, an

abnormal initial GCS (< 15),
a mechanism of injury other
than a fall from standing
height or less, a history of
loss of consciousness or
amnesia, evidence of trauma
above the clavicles,
vomiting, headache,
presence of physiological,
anatomical, or mechanism of
injury were defined a priori

Outcomes

Intracranial
haemorrhage

Limitations

Adjusted for key
confounders age and
GCSs

Population
indirectness: mixed
population
(participants with and
without anti-
coagulants/anti-
platelets)
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Age median (IQR): 73
(63 to 84) years

GCS n(%)
15: 1003 (77)
14: 203 (16)
13: 32 (2)
<13: 58 (4)
Fall from standing position

Ahmed, n=163

20157 Inclusion criteria: Adult

USA patients (>18 years of
age) were included in
this study if they fell
from a standing
position (FFS) and
had a computed
tomography (CT) scan
of the head to
evaluate their injuries.

n=91 CT bleeding,
n=72 no CT bleeding

Age mean (SD)

No CT bleeding: 64.4
(22.7) years; CT
bleeding: 71.5 (17.9)
years

GCS mean (SD)

CT positive: 13.4 (2.9)
CT negative 13.6 (3.1)

Prospective
observational
study
Comparison CT
bleeding vs no
CT bleeding

Multiple logistic
regression

Age

MV analysis: Age, aspirin,
gender

Mortality

Not adjusted for the
key confounder of
GCSs
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De Wit 2020°
Canada

Children

Gelernter, 201816 Significant TBI on CT

Israel

n=1753 Prospective Anticoagulant MV analysis: New

Inclusion criteria: observational agent use abnormality on neurologic
Patient’s aged 65 or study (yes/no) examination, head laceration
older who presented ~ Multivariable Antiplatelet agent or bruise, chronic kidney

to the ED within 48 analysis use (yes/no) disease (CKD), GCS

hours of the fall on
ground level, a fall
from one or two steps,
or a fall off the bed,
patients were not
required to have hit
their head

Age > 60 years

Age median (IQR): 82
(75-88) years

GCS n (%)

15: 1437 (82)

14: 211 (12)

<14:51 (3)

Missing 60 (3)

with late
presentation)

The study group

n=344 cases (n=68

included children with
late presentation, i.e.
24 hours post-injury

reduced from normal, cancer
treated in past two years,
liver disease, history of
major bleed in last two
years, male, hypertension,
dementia loss of
consciousness, previous
stroke or transient ischaemic
attack (TIA), diabetes, age
congestive heart failure,
anticoagulant therapy, and
antiplatelet use.

GCS reduced
from normal

Retrospectiv.  Duration from injury (< MV analysis: Age,

e cohort 24 hours vs > 24 gender, GCS,
study hours) hematoma,

Age duration of injury
Comparison GCS
of early vs
late

Intracranial
haemorrhage

No adjustment for key
confounder of age

Adjusted for
key
confounders
age and GCS
Population
indirectness:
mixed
population
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The control group
included children with
early presentation,
who underwent CT
within 24 hours of
their injury.

Age mean (SD) late
vs early presentation:
11.4 (5.6) vs 10.5
(7.0)

months

GCS <15 n (%) late
vs early presentation:
10 (15) vs 48 (18)

See Appendix D for full evidence tables

presentation
(> 24 hours)

Logistic
regression
model

(infants
presenting with
<and > 24
hours after

injury)
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1.1.6 Summary of the prognostic evidence

Adults

Table 3: Clinical evidence summary: People on anticoagulants only

Risk factor and outcome
(population)

Number of
participants
(studies)
Follow up

Quality of

the evidence

(GRADE)

Effect (95% Cl)

Independent predictors for intra cranial haemorrhage in people on anticoagulant therapy (all
participants on Vitamin K antagonists (VKA) and Direct oral anti-coagulants (DOACs)

Vitamin K antagonists (VKA) therapy
(ves)

Vitamin K antagonists (VKASs)
treatment (yes)

Amnesia (yes)

Post-traumatic amnesia (PTA) (yes)

Loss of consciousness (yes)
GCS score < 15 (yes)

GCS <15 (yes)

N=451 (1 study)
Turcato 2019 ef

n=206 (1 study)
Cipriano,2018¢°4
first CT scan
(performed

within 6 h of
presentation)

N=451 (1 study)
Turcato 2019 &f
206 (1 study)
Cipriano,2018 ¢4
first CT scan
(performed
within 6 h of
presentation)
N=451 (1 study)
Turcato 2019 &f
N=451 (1 study)
Turcato 2019 ef
N=3054
Turcato 2022 9h

HIGH

LOWa

Due to risk of
bias

cannot
assess
imprecision

HIGH

LOWa

Due to risk of
bias

cannot
assess
imprecision

HIGH

HIGH

HIGH

OR 2.33 (95% CI
1.117 t0 4.847)

OR 3.364 (no ClI
reported)

OR 2.81 (95% ClI
1.102 to 6.556)

OR 2.570 (no CI
reported)

OR 5.29 (95% CI
1.102 to 25.348)

OR 4.72 (95% CI
1.938 to 11.492)

OR 3.056 (95% CI
2.216 t0 4.213)

Predictors (neurological symptoms) of death or neurosurgery resulting from the initial injury-

Compared with no symptoms. - people taking warfarin (in people with GCS 15) (all participants on

warfarin)
Amnesia
(ves)

Vomiting (yes)

Loss of consciousness (LOC) (yes)

Headache(yes)

NICE Head Injury (update): evidence reviews for Selecting subgroups for CT or MRI DRAFT
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N= 2871 (1 study)

Mason, 2017

N= 2871 (1 study)

Mason, 2017

N= 2871 (1 study)

Mason, 2017

N= 2871 (1 study)

Mason, 2017

23

LOWa

Due to risk of
bias

VERY LOW?»

Due to risk of
bias and
imprecision
LOwWa

Due to risk of
bias

VERY LOW?»

RR 3.48 (95% ClI
2.13 to 5.70)

RR 1.80 (95% ClI
0.97 to 3.36)

RR 1.75 (95% ClI
1.03 to 2.99)

RR 1.30 (95% ClI
0.76 to 2.22)
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Number of
participants Quality of
Risk factor and outcome (studies) the evidence
(population) Follow up (GRADE) Effect (95% CI)
Due to risk of
bias and
imprecision

(a)

(b)
(c)

(d)

(e)

(f)

(9)
(h)
(i)

Risk of bias was assessed using the QUIPS checklist. Downgraded by 1 increment if the majority of the evidence
was at high risk of bias and downgraded by 2 increments if the majority of evidence was at very high risk of bias.
Risk of bias was identified for incomplete results

Downgraded by 1 increment as serious imprecision was present as the confidence intervals crossed the null line
(1.0)

Cipriano 2018: MV analysis- Age, gender, VKA (vitamin K antagonists) agent treatment, high-energy impact,
trauma above the clavicles, LOC, PTA (post-traumatic amnesia), presence of fractures, low platelet count
(<150,000/mm3)

Cipriano 2018: Class of OAT: 58.7% (121) VKA (vitamin K antagonists), 41.3% (85) DOAC (direct oral
anticoagulants), 23 out of 206 patients showed immediate ICH’s signs at the first CT scan (prevalence rate 11.2%,
95% Cl 6.5-15.5%). Only 1 (0.5%, 95% Cl 0.0-1.4%) died because of ICH; no one required neurosurgical
intervention. There was increased incidence of intracranial complications after mild TBI in patients treated with
vitamin K antagonists compared with those receiving DOACs (15.7 vs. 4.7%, RR 3.34, 95% Cl 1.18-9.46, P<0.05)
Turcato 2019: MV analysis: Pre-trauma conditions (previous neurosurgery high-energy impact, alcohol abuse,
post-trauma symptoms (amnesia, loss of consciousness, post-trauma seizures, vomiting, VKA therapy, GCS < 15,
worsening headache, trauma beyond clavicles, presence of cranial fracture)

Turcato 2019: n=451 (n= 268 were on VKAs and n=183 on DOACs). DOAC-treated patients had a lower overall ICH
rate compared with the VKA-treated patients. In fact, only 7.7% (14/183) of DOAC-treated patients presented
overall bleeding compared with the 14.9% (40/268) of VKA-treated patients (p = 0.026), whereas early bleeding
was present in 5.5% (10/183) of DOAC-treated patients compared with the 11.6% (31/268) of VKA-treated
patients (p = 0.030). No difference was found for delayed bleeding (3.8 vs. 2.3, p = 0.570). Globally, 1.6% of
patients (7/451) required neurosurgical treatment; 0.7% of the patients (3/451) died as a result of ICH. There was
no difference between the DOAC and VKA treatment groups

Turcato 2022: MV analysis- GCS< 15, major trauma dynamic, Previous neurosurgery, Post-traumatic TLOC, Post-
traumatic amnesia, Headache, Visible trauma above the clavicle, Focal neurological signs, Post-traumatic vomiting
Turcato 2022: DOACs 1212 (39.7%); VKA 1842 (60.3%). post-traumatic ICH occurred in 9.5% of patients
(290/3054) on OAT. 1.4% (43/3054) of patients underwent neurosurgery or died within 30 days as a result of ICH
Mason 2017: MV analysis: neurological symptoms — (headache, vomiting, amnesia and loss of consciousness),
age, gender

Table 4: Clinical evidence summary: anti-coagulants and anti-platelets

Number of
participant Quality of the

Risk factor and outcome s (studies) evidence
(population) Follow up (GRADE) Effect (95% CI)

Predictors of immediate traumatic intracranial haemorrhage- People on anticoagulant or
antiplatelet (all participants on anticoagulant or antiplatelet therapy)

Clopidogrel use (yes) N=982 (1 VERY LOW &b OR 1.68 (95% ClI
StUdy) Due to risk of 0.19 t01472)
NIShIJIma bias and
2013" imprecision

Warfarin use (yes) N=982 (1 VERY LOWab OR 0.62 (95% CI
StUdY) Due to risk of 0.070 to 549)
Nishijima  pias and
20134 imprecision

Vomiting (yes) N=982 (1 LOW=a OR 3.68 (95% ClI
study) Due to risk of 1.55 t0 8.76)
Nishijima bias
20131

24
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Number of
participant  Quality of the
Risk factor and outcome s (studies) evidence
(population) Followup (GRADE) Effect (95% CI)
Abnormal mental status (yes) N=982 (1 LOWa OR 3.08 (95% CI
study) Due to risk of 1.60 to 594)
Nishijima bias
2013
Headache (yes) N=982 (1 VERY LOW &b OR 1.60; 95% ClI
study) Due to risk of 0.93 t0 2.77)
Nishijima bias and
20134 imprecision

Predictors of acute intra cranial bleeding complications (overall sample)-[anti-thrombotic
therapy + people not on anti-thrombotic therapy in Galliazzo 2019 and anti-
coagulant+antiplatelet in Nishijima 2018]

Antithrombotic drug N=1846 (1 LOW®b OR 1.93 (95% CI
Antiplatelet (yes) study) Due to 0.98 to 3.80)
Galliazzo,  jmprecision
2019de
Antithrombotic drug N=1846 (1 LOW®b OR 1.58 (95% ClI
Vitamin K antagonists (VKA) (yes) study) Due to, 0.55 to 4.54)
Galliazzo,  jmprecision
2019 de
Antithrombotic drug N=1846 (1 LOWP OR 1.54 (95% CI
Direct oral anti-coagulants (DOACs) study) Due to 0.33t0 7.16)
(yes) Galliazzo,  imprecision
2019 de
Antithrombotic drug N=1846 (1 LOWP OR 2.11 (95% CI
Double therapy (yes) study) Due to 0.51 to 8.67)
Galliazzo,  imprecision
2019
Any anticoagulant or antiplatelet use N=1140 (1 LOWP OR 1.53 (95% CI
(yes) study) Due to 0.99 to 2.38)
Nishijima,  imprecision
2018k!
Age 265 years vs <65 years N=1846 (1 VERY LOWp®:c OR 1.89 (95% CI
StUdy) Due to 0.92 to 387)
Galliazzo,  jmprecision,
2019de indirectness
Age 80 years or older vs younger than 80 N=1140 (1 VERY LOWe®=° OR 1.53 (95% CI
study) Due to 0.96 to 2.43)
Nishijima,  imprecision,
2018 indirectness
GCS <15 vs GCS >15 N=1846 (1 VERY LOWe®e OR 7.95 (95% CI
study) Due to 3.12 to 20.28)
Galliazzo,  jmprecision,
2019de indirectness
Abnormal EMS GCS score, initial: [GCS  N=1140(1 LOW¢® OR 2.06 (95% CI
score <15 vs GCS >15 study) Due to 1.27 to 3.35)
Nishijima, indirectness
2018k
Loss of consciousness (yes) N=1846 (1 VERY LOWe®e OR 1.31 (95% CI
study) Due to 0.42 t0 4.04)
Galliazzo,  jmprecision,
2019de indirectness
25
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Risk factor and outcome
(population)

Loss of consciousness or amnesia (yes)

Amnesia (yes)

Neurological signs (yes)

Seizure (yes)

Headache (yes)

History of headache (yes)

Vomiting (yes)

History of vomiting (yes)

History of epilepsy (yes)

Predictors for intracranial bleedings. only patients with CT performed. n=1387 CT performed

Number of
participant
s (studies)
Follow up

N=1140 (1
study)
Nishijima,
2018 !
N=1846 (1
study)
Galliazzo,
20194de

N=1846 (1
study)
Galliazzo,
2019

N=1846 (1
study)
Galliazzo,
20194de

N=1846 (1
study)
Galliazzo,
20194de

N=1140 (1
study)
Nishijima,
2018 !
N=1846 (1
study)
Galliazzo,
20194de

N=1140 (1
study)
Nishijima,
2018k
N=1846 (1
study)
Galliazzo,
20194de

Quality of the
evidence
(GRADE)

LOWe

Due to
indirectness

LOWe

Due to
indirectness

LOWp.c

Due to
imprecision,
indirectness
LOWe

Due to
indirectness

LOWe

Due to
indirectness

VERY LOWkee
Due to
imprecision ,
indirectness
LOWe

Due to
indirectness

LOWe

Due to
indirectness

VERY LOWpPe
Due to
imprecision,
indirectness

Effect (95% CI)

OR 1.63 (95% CI
1.02 to 2.61)

OR 6.49 (95% Cl
3.57 to 11.82)

OR 1.04 (95% ClI
0.09 to 11.56)

not estimable

OR 1.11 (95% CI
0.13 to 9.4)

OR 1.11 (95% CI
0.44 to 2.76)

OR 4.45 (95% Cl
1.47 to 13.50)

OR 6.65 (95% CI
2.61 to 16.96)

OR 2.46 (95% CI
0.51 to 11.79)

- people on anti-thrombotic therapy + people not on anti-thrombotic therapy

Antithrombotic drug
Antiplatelet (yes)

Antithrombotic drug
Vitamin K antagonists (VKA) (yes)

Antithrombotic drug
Direct oral anti-coagulants (DOACs)

NICE Head Injury (update): evidence reviews for Selecting subgroups for CT or MRI DRAFT
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n=1387 (1
study)
Galliazzo,
20194de

n=1387 (1
study)
Galliazzo,
2019 de

n=1387 (1
study)
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LOW®

Due to
imprecision

LOW®

Due to
imprecision

LOW®

OR 1.70 (95% CI
0.87 to 3.33)

OR 1.33 (95% CI
0.47 to 3.77)

OR 1.28 (95% ClI
0.28 to 5.88)
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Number of
participant  Quality of the
Risk factor and outcome s (studies) evidence
(population) Followup (GRADE) Effect (95% CI)
(yes) Galliazzo, Due to
20194de imprecision
Antithrombotic drug n=1387 (1 LOWpP OR 1.84 (95% CI
Double therapy (yes) study) Due to 0.46 to 7.44)
Galliazzo,  imprecision
20194de
Age 265 vs <65 n=1387 (1 VERYLOWbc  OR 1.38 (95% ClI
study) Due to 0.67 to 2.83)
Galliazzo,  imprecision,
2019¢9e indirectness
GCS score <15 vs >15 n=1387 (1 VERY LOWpe OR 6.69 (95% CI
study) Due to 2.67 to 16.77)
Galliazzo,  jmprecision,
2019de indirectness
Loss of consciousness (yes) n=1387 (1 VERY LOWe®-e OR 1.10 (95% CI
study) Due to 0.36 to 3.37)
Galliazzo,  imprecision,
2019de indirectness
n=1387 (1 VERY LOWbPe OR 5.62 (95% CI
Amnesia (yes) study) Due to 3.07 to 10.26)
Galliazzo,  imprecision,
2019¢9e indirectness
n=1387 (1 VERY LOWbPe OR 0.92 (95% CI
Neurological signs (yes) study) Due to 0.09 to 9.92)
Galliazzo,  imprecision,
2019¢9e indirectness
n=1387 (1 LOW:e not estimable
Seizure (yes) study) Due to
Galliazzo,  indirectness
2019 de
n=1387 (1 VERY LOWbPe OR 0.91 (95% CI
Headache (yes) study) Due to 0.10 to 8.02)
Galliazzo,  imprecision,
2019¢e indirectness
n=1387 (1 LOW:e OR 4.33 (95% ClI
Vomiting (yes) study) Due to 1.43 10 13.11)
Galliazzo, indirectness
2019 de
History of epilepsy (yes) n=1387 (1 VERY LOWpP< OR 2.15 (95% ClI
study) Due to 0.45 to 10.25)
Galliazzo,  imprecision,
2019de indirectness

Predictors of 30-day mortality - oral antiplatelet and oral anticoagulant + not on oral
antiplatelet and oral anticoagulant

Oral antiplatelet and oral anticoagulant N=173(1 VERY LOWabec HR 1.5 (95% CI1 0.5
(OAP/OAC) (yes) study) Hall  Due to risk of to 5.3)
2019feh bias, imprecision,
indirectness
27
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Number of
participant Quality of the
Risk factor and outcome s (studies) evidence
(population) Followup (GRADE) Effect (95% CI)

Predictors of 6-month mortality- oral antiplatelet and oral anticoagulant + not on oral
antiplatelet and oral anticoagulant

Higher Rockwood score (yes) N=173(1 VERY LOWsa,.c HR 1.8 (95% CI 1.3
study) Hall  Due to risk of to 2.4)
2019%eh bias, indirectness
oral antiplatelet and oral anticoagulant N=173(1 VERY LOWab.e HR 0.8 (95% CI1 0.4
(OAP/OAC) (yes) study) Hall  Duye to risk of to 1.5)
2019%eh bias, imprecision,

indirectness

Predictors of overall mortality- oral antiplatelet and oral anticoagulant + not on oral
antiplatelet and oral anticoagulant

Higher Rockwood score (yes) N=173(1  VERYLOWa¢  HR 1.6 (95% Cl 1.3
study) Hall  Due to risk of to 2.0)
2019feh bias, indirectness
Oral antiplatelet and oral anticoagulant N=173(1 VERY LOW abe HR 0.9 (95% CI 0.5
(OAP/OAC) (yes) study) Hall  Duye to risk of to 1.4)
2019teh bias, imprecision,

(a)

(b)
(c)
(d)

(e)

(f)
(9)

(h)

indirectness

Risk of bias was assessed using the QUIPS checklist. Downgraded by 1 increment if the majority of the evidence
was at high risk of bias and downgraded by 2 increments if the majority of evidence was at very high risk of bias.
Risk of bias was identified for study confounding - not adjusted for key confounders (age, GCS)

Downgraded by 1 increment as serious imprecision was present as the confidence intervals crossed the null line
(1.0)

Downgraded by 1 increment for population indirectness. Mixed population with and without anti-coagulants/anti-
platelets.

Galliazo 2019: MV analysis: Age older than 65 years, any ongoing antithrombotic treatment, history of epilepsy,
history of TIA/stroke/neurosurgery, history of cerebral neoplasia and drug/alcohol intoxication as patient baseline
risk factors; GCS score < 15, LOC, amnesia, vomiting, neurological signs, seizure, headache, clinical signs of skull
fracture, complicated contused lacerated wound, other scalp lesions.

Galliazo 2019: 1222 (66.2%) patients on no antithrombotic therapy prior to the index event), 407 (22.0%) on one
antiplatelet agent), 120 (6.5%) on (VKAs), 51 (2.8%) on DOACs) and 46 (2.5%) on double antithrombotic therapy).
Among patients who underwent brain CT, 68 (4.9% Cl 95%: 3.9-6.2) had acute intracranial bleeding: 36 (4.6%;
95% Cl: 3.2-6.3) in group no antithrombotic therapy prior to the index event, 22 (5.7%,; 95% Cl: 3.6—8.5) in group
on one antiplatelet agent, 5 (4.2%; 95% Cl: 1.4-9.5) in group on VKAs, 2 (3.9%, 95%: 0.5—13.5) in group on VKAs
and DOACs and (7.0%; 95%Cl: 1.5-19.1) in group on double antithrombotic therapy. Intracranial bleeding
prevalence was similar among patient groups. None of the intracranial bleeding lesions required a neurosurgical
treatment. Overall, only 1 patient died. He was on dabigatran (DOACs).

Hall 2019: MV analysis: Presence of intracranial haemorrhage on the initial head CT scan, disposition from the ED,
and patient-specific comorbidities

Hall 2019: OAP/OAC (n = 115); no OAP/OAC (n= 58). In the OAP group, 75 patients took aspirin and 25 patients
took clopidogrel. In the OAC group, 22 patients took warfarin, 2 took rivaroxaban, 1 took dabigatran, and 1 took
apixaban.

Delayed intracranial haemorrhage did not occur in any patient discharged from the ED after the initial fall.
However, 28 patients were readmitted to the hospital within 30 days of their sentinel fall, for an overall
readmission rate of 17.5% (95% confidence interval [Cl], 11.4-23.2). This group had a higher 6-month mortality
(43%) than the group that did not get readmitted (16%, P=0.01).

Hall 2019 (Rockwood score): Frailty was assessed retrospectively using the Rockwood Frailty Score, also known as
the Canadian Study of Health and Aging Clinical Frailty Scale.15 All patients were assigned a frailty number (from
1, very fit, to 7, severely frail) based on functional data from the initial history and physical, progress notes,
physical and occupational therapist notes, rehabilitation assessment, impact of comorbidities on independence,
and ability to complete or perform activities of daily living. As an example, a score of 4, apparently vulnerable, is
defined as those who are not frankly dependent but commonly complain of being slowed down or having disease
symptoms, and a score of 7, moderately frail, describes those who require help with both instrumental and non-
instrumental activities of daily living.
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(i)

(4)

(k)

()

Nishijima 2013: MV analysis: Age 65 years or older, non-ground level fall mechanism of injury, headache,
vomiting, LOC or amnesia, drug or alcohol intoxication, evidence of trauma above the clavicles, abnormal mental
status

Nishijima 2013:

Warfarin use n (%): 714 (72.7)

Clopidogrel use n (%): 279 (28.4)

Concomitant aspirin use n (%): 45 (4.6)

There were 60 patients (6.1%; 95% Cl = 4.7% to 7.8%) with the primary outcome of immediate traumatic ICH (t
ICH) diagnosed on initial ED cranial CT. None of the 65 patients who did not receive initial ED cranial CT scans were
later diagnosed with immediate tICH, although two patients were lost to follow-up. Of the 60 patients diagnosed
with immediate tICH, there were 12 patients (20.0%; 95% Cl = 10.8% to 32.3%) who received neurosurgical
interventions

Nishijima 2018: MV analysis: Age 80 years or older gender, an abnormal initial GCS (< 15), a mechanism of injury
other than a fall from standing height or less, a history of loss of consciousness or amnesia, evidence of trauma
above the clavicles, vomiting, headache, presence of physiological, anatomical, or mechanism of injury were
defined a priori

Nishijima 2018: Of the patients receiving a cranial CT scan, there were 112 (9.8%) with a traumatic ICH and
22(1.9%) with in-hospital neurosurgery or death due to trauma. Four hundred and thirty-four of 1304 patients
(33.3%) had anticoagulant or antiplatelet use. There was no difference in the incidence of traumatic ICH in
patients with (47/434; 10.8%, 95% Cl 8.1%— 14.1%) and without (65/713; 9.1%, 95% Cl 7.1%-11.5%) anticoagulant
or antiplatelet use. There was also no difference in the incidence of in-hospital neurosurgery or death due to
trauma in patients with (6/434; 1.4%, 95% Cl 0.5%—3.0%) and without (16/713; 2.2%, 95% Cl 1.3%—3.6%)
anticoagulant or antiplatelet use. The incidence of traumatic ICH and in-hospital neurosurgery or death due to
trauma also did not differ when compared across specific anticoagulant or antiplatelet medications.
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Table 5

Intracranial lesions in coagulopathy patients

Clinical evidence summary: NICE guideline 2014 (CG 176)

Quality assessment No of patients Effect
No of | Design Risk of bias [Inconsisten Indirectness [Imprecision|Other Coagulo-| No Relative | Absolute
studie cy pathy coagul (95% CI)
S o- Quality | Importanc
Univariate analysis of coagulopathy versus non-coagulopathy in patients who would not have been scanned by NICE 2003 guideline, but were
scanned according to NCWFNS proposal (follow-up 7 days)g)s3
1 Observational | Serious risk . . . None 16/66 24/435 OR 548 | - Low CRITICAL
83 of bias(apc | NO serious No serious No serious (24.2%) (5.5%) 273 to
inconsistency | indirectness | imprecision ’ ’ 11’ 0)
Univariate analysis of coagulopathy versus non-coagulopathy in patients without loss of consciousness or amnesia (follow-up 7 days) (g)®'
181 Observational | Serious risk N . N . N . None 25/83 517/7872| OR 6.1 - Low CRITICAL
of bias(a,) 0 serious 0 serious 0 serious o o
inconsistency | indirectness | imprecision (30-1%) (6:6%) g398) ©
Univariate analysis of coagulopathy versus non-coagulopathy. (follow-up 7 days) (g)®'
181 Observational | Serious risk | No serious Serious No serious | None 67/265 474/7690| OR 5.1 - Very CRITICAL
of bias(a) inconsistency gndirectness(f imprecision (25.3%) | (6.2%) (3.8 10 low
6.9)
Multivariate analysis® of coagulopathy versus non-coagulopathy. (follow-up 7 days) (g)®'
181 Observational | Serious risk | No serious Serious No serious | None 67/265 474/7690| Adjuste - Very CRITICAL
of bias@ inconsistency gndirectness(f imprecision (25.3%) | (6.2%) gSR low
(5.5t0
Univariate analysis of coagulopathy versus non-coagulopathy in patients with loss of consciousness or amnesia. (follow-up 7 days) (g)e1
181 Observational | Serious risk | No serious Serious No serious | None 42/182 500/7773| OR 4.4 - Very CRITICAL
of bias(a,b) inconsistency gndirectness(f imprecision (23.1%) | (6.4%) é3_21) to low

Multivariate analysis(® of coagulopathy versus no coagulopathy in patients with loss of consciousness or amnesia. (follow-up 7 days) (g)®'




le

181 Observational | Serious risk | No serious Serious No serious | None 42/182 500/7773| Adjuste - Very CRITICAL
of bias® inconsistency ;ndirectness(f imprecision (23.1%) | (6.4%) ggR low
(2.6 to

(a) Post-hoc analysis of prospectively collected data relating to a cohort of 7955 mild head injury patients. Some patients were excluded from the eligible 9464 patients because of unclear
history of trauma as the primary event (n=559), refusal of diagnostic and management procedures (n=235).Some of these patients may have been anticoagulated patients without loss
of consciousness or amnesia.

(b) Univariate analysis.

(c) Also reports a further 1235/7955 patients excluded from the analysis for a variety of reasons (numbers not reported). Some of these patients may have been anticoagulated
patients without loss of consciousness or amnesia.

(d) Multivariate stepwise logistic regression analysis. Variables included in analysis are risk factors used in the NCWFNS as indicators for a CT scan.

(e) Multivariate stepwise logistic regression analysis. Variables included in analysis are risk factors used in the NICE guideline (2003 version) as indicators for a CT scan.

(f) The population is not directly applicable. The effect size is reported to illustrate that all patients using warfarin have a large increased risk of developing intracranial lesions regardless
of whether they have loss of consciousness or amnesia.

(g) Patients were followed for 7 days after trauma; later events were not considered in the paper’s analysis. The GDG agreed this was a suitable follow-up period for this question. All
patients using warfarin were scanned according to the NCWFNS proposal.
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Table 6:

position)

Risk factor and outcome

Clinical evidence summary: People with pre-injury cognitive impairment
sustaining injury through low energy impact/ low level falls (fall from standing
Number of
participants
(studies) Quality of the
Follow up evidence (GRADE) Effect (95% CI)

(population)

Risk factors associated with the diagnosis of intracranial bleed (ICB) after a fall from a standing

position
Use of aspirin (gender was adjusted) N= 163 (1 VERY LOWaec OR 2.17, 95 % ClI
Vs no aspirin use study) Due to risk of bias, [1.06 to 4.60]
Ahmed, indirectness
20159
Anticoagulation therapy (yes) N=1753 (1 VERY LOWabc OR 0.87 (95% CI

Antiplatelet therapy (yes) N=1753 (1 VERY LOWabe OR 1.07 (95% CI
study) De Wit Due to risk of bias 0.64 to 179)
202019 and imprecision,
indirectness
Age =70 years (not adjusted for gender) N= 163 (1 VERY LOWab.c OR 1.80, 95 % CI
vs age <70 years study) Due to risk of bias (0.85 to 3.90)
Ahmed, 2015 and imprecision,
i indirectness
Age =70 years (gender was adjusted) vs N= 163 (1 VERY LOW?ae¢ OR 2.67, 95 % CI
age <70 years study) Due to risk of bias, (1.36 to 5.39)
f\hmed, 2015  indirectness
Age, per year N=1753 (1 VERY LOWab.c OR 0.98 (95% CI
(All included patients above 65 years or ~ study) De Wit Dye to risk of bias 0.96 to 1.01)
older) 202019 and imprecision,
indirectness
Reduced GCS compared to normal N=1753 (1 VERY LOWac OR1.9(95% CI 1.0
(yes) study) De Wit Due to risk of bias, to 3.4)
202019 indirectness
Loss of consciousness (yes) N=1753 (1 VERY LOWabe OR 1.03 (95% CI
StUdY) De Wit Due to risk of bias 0.55 to 194)
2020"¢ and imprecision,
indirectness
Vomited after the fall (yes) N=1753 (1 VERY LOWeab.c OR 146  (95%
StUdy) De Wit Due to risk of bias Cl10.57 to 371)
20209

study) De Wit
2020f9

Due to risk of bias
and imprecision,
indirectness

and imprecision,
indirectness

0.48 to 1.59)

(a)

(b)
(c)

(d)
(e)

Risk of bias was assessed using the QUIPS checklist. Downgraded by 1 increment if the majority of the evidence
was at high risk of bias and downgraded by 2 increments if the majority of evidence was at very high risk of bias.
Risk of bias was identified for study confounding - not adjusted for key confounders (age, GCS)

Downgraded by 1 increment as serious imprecision was present as the confidence intervals crossed the null line
(1.0)

Downgraded by 1 increment for population indirectness Population were older fallers, it was not clear if they had
pre-injury cognitive impairment

Ahmed 2015: MV analysis: Age, aspirin, gender

Ahmed 2015: Mortality: Twelve patients with ICB died (13.2 %, 95 % exact Cl [7.0 %, 21.9 %]). This mortality rate
was not significantly different from those patients who had no ICB (9.7 %, 95 % exact Cl [4.0 %, 19.0 %])
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(f) De wit 2020: MV analysis: New abnormality on neurologic examination, head laceration or bruise, CKD, GCS
reduced from normal, cancer treated in past two years, liver disease, history of major bleed in last two years,
male, hypertension, dementia loss of consciousness, previous stroke or TIA, diabetes, age congestive heart failure,
anticoagulant therapy, and antiplatelet use.

(g) De wit 2020: 88 (5%) had ICH (76 at index ED visit and 12 during 42 day follow-up)

Infants
Table 7: Clinical evidence summary: Infants with late presentation (> 24 hours
post-injury)
Number of
participants
Risk factor and outcome (studies) Quality of the
(population) Follow up evidence (GRADE) Effect (95% CI)

Variables associated with increased risk for significant TBI on CT in children with late
presentation (> 24 hours + < 24 hours post-injury) [Significant TBI on CT includes any of the
following descriptions: any intracranial bleeding, pneumocephalus, cerebral oedema, skull
fracture depressed by at least the thickness of skull, or diastasis of the skull]

Age, months N= 344(1 study) LOWe OR 0.91 (95% CI

Older age vs younger age (no cut-  Gelernter, Due to indirectness 0.86 to 0.96)

off specified) 2018d,e

Mean age months: 11.4 (5.6)

GCS<15vs GCS >15 N=344 (1 study) LOWe OR 5.88 (95% CI
Gelernter, 2018 Due to indirectness 2.69 to 1302)
de

Duration from injury >24 hours vs N=68 (1 study) LOWpP OR 1.63 (95% CI

duration <24 hours Gelernter, 2018 Due to imprecision 0.79 to 3.44)

d,e

Variables associated with increased risk for any TBI on CT in children with late presentation (> 24
hours + < 24 hours post-injury) [any TBI on CT as any finding on CT related to the injury (e.g. linear
skull fracture)]

Age, months N=344 (1 study) LOWe OR 0.90 (95% CiI
Older age vs younger age (no cut-  Gelernter, 2018 Due to indirectness 0.86 to 0.94)
off specified) de
GCS<15vs GCS >15 N=344 (1 study) LOWe OR 2.44 (95% CI
Gelernter, 2018 Due to indirectness 1.17 to 526)
d,e
Duration from injury >24 hours vs N=344 (1 study) HIGH OR 2.77 (95% CI
duration <24 hours Gelernter, 2018 1.40 to 5.55)
d,e

(a) Risk of bias was assessed using the QUIPS checklist. Downgraded by 1 increment if the majority of the evidence
was at high risk of bias and downgraded by 2 increments if the majority of evidence was at very high risk of bias.
Risk of bias was identified for study confounding- not adjusted for key confounders (age, GCS)

(b) Downgraded by 1 increment as serious imprecision was present as the confidence intervals crossed the null line
(1.0)

(c) Downgraded by 1 increment for population indirectness. Mixed population with infants < and > 24 hours after
injury.

(d) Gelernter 2018: MV analysis: Age, gender, GCS, hematoma, duration of injury

(e) There were no significant differences between the groups in the incidence of significant TBI (22% vs 19%, p = 0.61),
clinically important TBI and neurosurgery intervention. Any TBI on CT were found in 43 (63%) patients with late
presentation compared with 116 (42%) patients with early presentation (p = 0.002, OR 2.37, 95% Cl 1.37-4.1).
There was no significant difference in hospitalisation duration between children with late and early presentation
(mean 2.5 (SD 2.4) days vs 2.3 (SD 3.3) days, p = 0.84). There was borderline significant difference in intensive care
unit admission between the groups (15% vs 26%, p = 0.057, OR 0.47 (Cl 0.23-0.98)).
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Narrative results: (Incomplete data reported in the papers)

Brewer, 2011 (very low-quality evidence) [anti-coagulants only]

Population: n=141

People with a GCS score of 15 while taking clopidogrel or warfarin and underwent head CT.
Outcome: Predictors of positive CT finding

Loss of consciousness (LOC) (Wald = 7.468, B=1.179, p = 0.008) was the only predictor for
a positive CT result. motor vehicle collision (MVC) as a mechanism of injury (Wald = 3.580,
B= 1.404, p = 0.058) showed a trend toward significance.

Age, gender, presenting INR and PTT, external evidence of injury above the shoulders, and
type of medication (warfarin, aspirin, or clopidogrel) did not reach statistical significance (data
not reported)

Dunham 2014 (very low-quality evidence) [anti-coagulants and anti-platelets]

Population: n=198 (36% were antithrombotic (AT)-negative and 64% antithrombotic-positive)
Patients with signs of external head trauma and age =60 years.

Outcome: Predictors of intercranial haemorrhage (ICH)

Multivariate analysis showed that intercranial haemorrhage (ICH) correlated with composite
brain atrophy (p < 0.0001), but not antithrombotic agent status (p = 0.9293) (n = 192
antithrombotic positive or AT-negative patients).

ICH correlated with composite brain atrophy (p < 0.0001), but not platelet inhibitor agent
status (p = 0.3205) (n = 143 antithrombotic -negative or platelet inhibitor-positive patients).
ICH correlated with composite brain atrophy (p < 0.0001), but not warfarin status (p =
0.2733) (n = 114 antithrombotic negative or warfarin-positive patients). ICH had an
independent association with composite brain atrophy (p < 0.001) and admission major
neurologic dysfunction (p < 0.001), but not antithrombotic status (p = 0.9774) or age (p =
0.8566).

Multivariate logistic regression analysis indicated that ICH neurologic complications were
independently associated with admission major neurologic dysfunction (p < 0.001) and ICH
(p = 0.0218), but not antithrombotic status (p = 0.8953). ICH-neurologic complications were
independently associated with admission major neurologic dysfunction (p > 0.001) and ICH
(p = 0.0202), but not with platelet inhibitor-status (p = 0.7055). ICH-neurologic complications
were independently associated with admission major neurologic dysfunction (p < 0.001) and
ICH (p = 0.0209), but not with warfarin-status (p = 0.7219). In the 72 patients with ICH, the
ICH-neurologic complication rate was similar for the antithrombotic -negative (17.4% [4/23])
and antithrombotic -positive (20.4% [10/49]; p = 1.0) groups.

Multivariate logistic regression analysis, ICH-neurologic complication was independently
associated with admission major neurologic dysfunction (p < 0.001) and ICH (p = 0.0216),
but not with antithrombotic -positive status (p = 0.9966) or coagulation intervention (p =
0.4160).

34
NICE Head Injury (update): evidence reviews for Selecting subgroups for CT or MRI DRAFT
[September 2022]



aArw N

© oo~N o

DRAFT FOR CONSULTATION
Selecting subgroups for CT or MRI

1.1.7 Economic evidence

1.1.7.1 Included studies

One health economic study with the relevant comparison was included in this review. 2! This
is summarised in the health economic evidence profile below (Table 8) and the health
economic evidence table in Appendix G.

1.1.7.2 Excluded studies

No relevant health economic studies were excluded due to assessment of limited
applicability or methodological limitations.

See also the health economic study selection flow chart in Appendix F.
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1.1.8 Summary of included economic evidence

Table 8: Health economic evidence profile: CT scan vs no CT scan

Kuczawski Directly Potentially e Patient-level simulation Intervention  Intervention £111,600 per Threshold analysis:
201621 applicable @  serious model based on UK 2 costs 2 gives QALY gained 58% of the inpatient
(UK) limitations ®) observational data £250©more  0.0022 more attendances (<48 hours)
¢ Cost-utility analysis than _QALYS than would need to be avoided
(QALYs) intervention intervention 1 for intervention 2 to be cost
 Population: People with 1 effective (£30,000
head injury who were threshold)
taking warfarin and
presented to a hospital Deterministic analyses
emergency department increased GOS by 1 in
(ED) but with no those who survive and use
amnesia or loss of different expert opinion for
consciousness the treatment effects.
o Comparators: Results remained robust in
1 T seam all analysis.

2. No CT scan

Abbreviations: CT = Computed tomography; GOS = Glasgow outcome scale; QALYs= quality-adjusted life years.

(a) UK NHS perspective.

(b) Relative treatment effects were estimated through expert opinion only and not through published trials or evidence arguably as there was no direct evidence available. The
patient-level simulation model was based on a very small number of patients who did not receive CT and that would have benefited from CT: four who died and three that were
re-admitted with a positive CT. Probabilistic analysis was not conducted. The population was people taking warfarin only so the results may not be transferable to people under
other anticoagulative treatment. There were errors in the published calculations (personal communication Matthew Stevenson (14" July 2022)

oooNoOOPhW

10

11

12
13

(c) 2014 UK pounds %°. Cost components incorporated: CT scan, neurosurgery, long-term care by GOS state. Admission was included but only in a threshold sensitivity analysis.

1.1.9 Economic model

1.1.9.1 Model specification

Population: Adults with mild head injury who were on warfarin and have no other indication for head CT scan (i.e. without amnesia or loss of

consciousness).
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Comparison: Head CT vs no Head CT
Outcomes: NHS cost, Quality-adjusted life-years (QALYs), Cost per QALY gained.

For model details see Appendix H.

1.1.9.3 Model results

The cost per QALY gained was greater than £20,000 in the base case analysis (Table 9) but was below £20,000 per QALY when alternative
treatment effects were assumed. (Table 10).

Table 9: Health economic evidence profile: CT vs No CT for people on warfarin with minor head injury

NICE Directly Minor e Patient simulation based £201@ 0.0027 £73,639 per The model was subject to
Methods and applicable limitations on Kuczawski 2016 QALYs QALY gained various scenario analyses.
Economics o Cost-utility analysis The cost effectiveness
Team (QALYs) varied from dominant
2022 (using an alternative

e Population: People on

warfarin with minor head NI CUS A

£112,000 (using alternative

N unit costs and utilities).
Time horizon: lifetime

Abbreviations: ICER= incremental cost-effectiveness ratio; QALY= quality-adjusted life years; RCT= randomised controlled trial
(a) 2021/22 UK pounds. Cost components incorporated: CT scan plus long-term care costs (primary and secondary care) by Glasgow Outcome Scale category.
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1

Base case (Probabilstic) £23,156 0.59 £38,925 £201 0.0029 £68,966 54% 43%
Base case (Deterministic) £23,177 0.59 £38,972 £202 0.0029 £69,010 54% 43%
Effect size (Base case=Kuczawski 2016%?)

Effects from Pandor 2011 -£44,518 1.621 Dominant -£131 0.0080 Dominant N/A N/A
Effects from Deverill 2007 £2,031 0.774 £2,625 £98 0.0038 £25,717 8% N/A
Effects from Haselsberger 1988 -£11,607 3.301 Dominant £31 0.0163 £1,895 N/A N/A
Effects from Lecky 2016 -£4,731 1.010 Dominant £65 0.0050 £12,997 N/A N/A
Effects from Smits 2010 -£16,177 1.952 Dominant £8 0.0096 £864 N/A N/A
Effects from Kuczawski 2016 + £7,992 0.939 £8,511 £127 0.0046 £27,534 13% N/A

additional improvement in GOS
Incidence of intracranial abnormality (Base case=0.49%)

1% £23,177 0.595 £38,972 £320 0.0059 £53,779 75% 53%
2% £23,177 0.595 £38,972 £552 0.0119 £46,376 >100% 73%
5% £23,177 0.595 £38,972 £1,247 0.0297 £41,934 >100% >100%
Parameters from Kuczawski 20162

Kuczawski 2016 Costs £33,839 0.595 £56,900 £259 0.0029 £88,281 63% 54%
Kuczawski 2016 Utilities £23,177 0.500 £46,361 £202 0.0025 £82,094 57% 48%
Kuczawski 2016 Costs and utilities £33,839 0.500 £67,688 £259 0.0025 £105,019 66% 59%

2 * For base case calculations see in Appendix H.
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The first few columns of Table 10 show the change in outcomes as a result of earlier surgery
for each patient that has an intracranial abnormality. These figures are then combined with
the cost of a CT scan and the incidence of abnormalities to estimate the mean outcomes for
CT vs No CT. In the base case analysis, the cost per QALY gained for CT was £69,000.
When the incidence of an abnormality is increased the cost per QALY decreases but it does
not drop below £20,000 per QALY. However, using four of the alternative measures of effect
for immediate versus delayed surgery, the cost per QALY was below £20,000 and with the
other two measures of treatment effect, a quite modest reduction in admission rate would be
sufficient for the cost to be less than £20,000 per QALY gained.

1.1.10 Unit costs

Relevant unit costs are provided below to aid consideration of cost effectiveness.

Code Description Unit cost

RDO1A Magnetic Resonance Imaging Scan of One Area, £146.75
without Contrast, 19 years and over

RD01B Magnetic Resonance Imaging Scan of One Area, £215.63
without Contrast, between 6 and 18 years

RD01C Magnetic Resonance Imaging Scan of One Area, £140.83
without Contrast, 5 years and under

RD20A Computerised Tomography Scan of One Area, without £88.06
Contrast, 19 years and over

RD20B Computerised Tomography Scan of One Area, without £159.25
Contrast, between 6 and 18 years

RD20C Computerised Tomography Scan of One Area, without £104.27
Contrast, 5 years and under

PF Plain Film (including x-ray) £28.62

Direct access costs from NHS Reference costs: 2019-2020 version 2
1.1.11 Evidence statements

Economic

e Two cost-utility analysis, including one original analysis, found that selecting a CT scan
was not cost effective compared to no CT scan in a subgroup of people on warfarin with
minor head injury but with no amnesia or loss of consciousness (ICERs: £111,600 and
£69,000 per QALY gained respectively). However, they were very sensitive to
assumptions about the effectiveness of immediate versus delayed surgery. These
analyses were assessed as directly applicable with potentially serious limitations.

1.1.12 The committee’s discussion and interpretation of the evidence

1.1.12.1. The outcomes that matter most

The committee considered all outcomes as equally important for decision making and
therefore they have all been rated as critical: any traumatic intracranial abnormality detected
by CT or MR imaging or autopsy and any intracranial abnormality that causes death,
neurosurgical intervention or neuro critical care.

The majority of the studies reported predictors of intracranial abnormality; however, the
outcome definition varied across studies. One study reported predictors of outcome death or
neurosurgery and another study reported predictors of mortality at 30 days, 3 months and 6
months.
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1.1.12.2 The quality of the evidence

There was evidence from thirteen studies- twelve studies were in adults and one study in
infants (less than 24 months). There was no evidence for children.

Evidence was stratified as: adults on anti-coagulants only (5 studies); adults on
anticoagulants and anti-platelets (5 studies); adults falling from a standing position (2
studies); and infants with late presentation (> 24 hours post- injury) (one study).

In the stratum with anti-coagulants only, all 5 studies included only users (no non-users in the
studies). In the stratum with anti-coagulants and anti-platelets, only one study included
people on anti-coagulants and anti-platelets only (no non-users in the studies). Other 4
studies in this stratum were mixed population [people with (users) and without anti-
coagulants/anti-platelets (non -users)]. The proportion of users in the studies varied from 30-
70%. These studies included use of anticoagulants/anti-platelets as variables along with
other variables such as age, GCS etc in the analysis. Data was not stratified separately for
users and non-users in these studies. As other variables/risk factors in these studies will be
applicable to the overall population rather than just the population on anticoagulants/anti-
platelets, outcomes for these variables were downgraded for population indirectness.

In the stratum for infants with delayed presentation, the study included infants presenting <
and > 24 hours post-injury. Data was not stratified separately for these 2 populations; hence,
the outcomes for the variables were downgraded for population indirectness.

Two studies in the stratum on fall from a standing position (low energy impact/ low level falls)
were in older adults. It was not clear from the papers if the participants had pre-injury
cognitive impairment; hence, they were downgraded for population indirectness.

There was no evidence for people with liver or coagulopathy disorders, people sustaining
recurrent head injuries and delayed presentation in adults. There was no evidence for any
strata in children. In infants there was evidence for infants <24 months with delayed
presentation.

The quality of outcomes ranged between high to very low based on GRADE. Outcomes were
commonly downgraded for risk of bias and indirectness, with some outcomes being
downgraded for imprecision. Outcomes were commonly downgraded for risk of bias due to
study confounding, some studies adjusted for key confounders age and GCS and a few
adjusted for other confounder blood measures of coagulopathy. None of the studies adjusted
for other confounder neurological injury severity. The majority of included studies were
deemed to have indirect evidence. The reasons for this included population indirectness
(mixed population including users and non-users for anti-coagulants/anti-platelets, no pre-
injury cognitive impairment in low energy fallers and mixed population presenting <24 hours
and > 24 hours post-injury). Studies were downgraded for imprecision if the confidence
intervals crossed the null line.

The committee took into account the quality of the evidence, including the uncertainty in their
interpretation of the evidence.

As studies were not comparable (including different clinical variables, not adjusting the same
confounding variables, and different definitions of outcomes) no outcomes were meta-
analysed and instead the outcomes from each study were reported separately.

1.1.12.3 Benefits and harms

People on anticoagulant or antiplatelet therapy

In adults only on anti-coagulants, limited evidence suggested that vitamin K antagonists,
neurological symptoms (amnesia, loss of consciousness, headache, vomiting), GCS<15
were predictors of intracranial haemorrhage. Evidence from one study suggested that in
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people with GCS=15, neurological symptoms (amnesia, loss of consciousness, headache,
vomiting) were predictors of death or neurosurgery. There was variation in the effect size for
the risk factors. The committee acknowledged that some uncertainty existed across the
effect sizes seen within the evidence.

In adults with head injury on anti-coagulants or anti-platelets (including users and non-users),
the evidence suggested that clopidogrel, vitamin K antagonists, direct oral anticoagulant
(DOACSs), anti-platelet therapy, dual therapy (anti-coagulant and anti-platelet), GCS< 15,
abnormal mental status, neurological signs and symptoms (vomiting, headaches, loss of
consciousness, amnesia), older age (age > 65 years and age > 80 years from 2 studies),
epilepsy/seizure, were predictors of intracranial haemorrhage. Warfarin was associated with
low risk for predicting immediate intracranial haemorrhage. In adults with head injury on anti-
coagulants or anti-platelets (including users and non-users) the evidence suggested that oral
anti-platelet and anti-coagulant therapy were predictors of 30-day mortality; oral anti-platelet
and anti-coagulant therapy and higher Rockwood score were predictors of 6-month mortality
and higher Rockwood score was predictor of overall mortality. The committee acknowledged
that some uncertainty existed across the effect sizes seen within the evidence.

There was no evidence for risk factors of neurological injury severity and blood measures of
coagulopathy including INR.

The majority of the studies in this stratum were in a mixed population (users and non-users);
hence, there is limited applicability of risk factors to people on anti-coagulants/anti-platelets.
There was no evidence available for heparin (anti-coagulants) and aspirin (anti-platelets).
There was no sufficient evidence according to drug class to make separate
recommendations for these (anti-coagulants- warfarin, direct oral anticoagulant (DOACSs),
unfractionated heparin, low molecular weight heparin; antiplatelet-aspirin, platelet activation
inhibitors e.g., clopidogrel/prasugrel).

In current practice, in accordance with the NICE 2014 recommendations CG 176, a CT scan
is performed within 8 hours of injury in adults and children who have sustained a head injury
with no other indications for a CT head scan and who are having anticoagulant treatment.
The current strategy of scanning all people on anti-coagulants was not found to be cost-
effective. The committee thought that the new evidence was not strong enough to warrant
stopping scanning people with head injury who are on anticoagulants but have no other
indication for imaging. However, they decided to weaken the recommendation from ‘offer’ to
‘consider’. They also agreed that antiplatelets should be included. Based on their experience
and extrapolation of evidence in people presenting within 8 hours of injury the committee
agreed that these recommendations could be applicable to people presenting after 8 hours
injury, however imaging should be done within an hour of confirming that the person with
head injury is anticoagulated.

NICE 2014 (CG 176) did not make specific recommendations for people on anti-platelets. In
clinical practice there is variation with some services offering imaging to people on anti-
platelets.

The majority of the studies in the review were in a mixed population (symptomatic and
asymptomatic). Evidence suggested that asymptomatic people on anti-coagulants/anti-
platelets are at lower risk of intracranial haemorrhage. Based on the evidence, CT scan
could be limited to those with symptoms of traumatic brain injury such as loss of
consciousness or amnesia. However, the committee thought that the new evidence was not
strong enough to warrant stopping imaging in people with a head injury who are on
anticoagulants but have no other indication for imaging. So, they decided CT scanning
should be considered rather than automatically done in this group. Based on the evidence
they also agreed that antiplatelets other than aspirin monotherapy should be included. The
review findings suggested that people on anticoagulants (including warfarin and direct oral
anticoagulants (DOACSs)) or antiplatelets (excluding people on aspirin monotherapy) with low
risk factors (no loss of consciousness, amnesia, GCS=15 and no other indications for CT
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brain scan) can be risk assessed (including other injuries, supervision at home, cause of
incident and risk of further falls) and discharged safely without CT scan after shared decision
making. The committee noted that the predominant purpose of scanning is in assisting with
decisions on withholding anticoagulants/antiplatelets rather than a reason to consider
neurosurgical intervention. This often generates a lot of anxiety for referrers and patients.
The decision is often complex decisions and may need multidisciplinary discussion.

The committee highlighted that the clinician would either scan or admit someone for
monitoring if any risks were identified - for example if a person (with pre-existing cognitive
impairment) may be less likely to return to emergency department urgently if there were any
signs of deterioration. The committee noted that if an intracranial haemorrhage was not
detected at initial presentation this is more likely to result in delayed recovery rather than
mortality. The committee also discussed that neurosurgical intervention for TBI is less likely
to be offered in older adults (over 74 years) due to the risks outweighing the benefits.

The committee did not list specific antiplatelets in the recommendation as they did not want
to be prescriptive and exclude any newer antiplatelets in development.

There was limited evidence on aspirin and from their knowledge and clinical experience the
committee highlighted that the risk of intra cranial haemorrhage is low with this medication
even in people with neurological symptoms such as loss of consciousness or amnesia.
Hence, they agreed that people on aspirin monotherapy could be discharged without CT
after shared decision making if there is no other indication for a CT brain scan or hospital
admission.

There are certain cohorts who would benefit from CT scan, e.g., nursing home residents. The
maijority of these people would have conditions like dementia and may under-report
symptoms. Hence it may be difficult to engage in shared decision making with this group of
people.

Some people with low risk factors (no loss of consciousness, amnesia) may need admission
irrespective of whether a CT scan is performed. These reasons may be due to other injuries
(fractured ankle, wrist) or co-morbidities (e.g., atrial fibrillation).

There was no evidence for infants and children for anticoagulants or antiplatelets. In clinical
practice use of anticoagulants/anti-platelets in children is much rarer. A very small subgroup
have inborn errors of coagulation deficiency, which are genetic and will sometimes have
other conditions such as low platelet counts. DOACs (anticoagulant) and aspirin (antiplatelet)
are the most commonly used medications in children. However, due to the risk of Reye's
Syndrome aspirin is avoided in children. Indications for aspirin use in children is mainly due
to cardiac conditions or systemic inflammatory conditions.

There was no evidence in infants/children and no direct evidence for people on
anticoagulants and antiplatelets, hence the committee drafted research recommendation to
inform future guidance.

The committee discussed the importance of reversal of the effects of anticoagulants and
antiplatelets. For advice on reversing warfarin and direct-acting oral anticoagulants (DOACs)
for people with suspected traumatic intracranial haemorrhage, a recommendation was
included to cross-refer to the NICE’s guideline on blood transfusion and NICE’s technology
appraisal guidance on andexanet alfa for reversing anticoagulation from apixaban or
rivaroxaban. Anticoagulant or antiplatelet reversal would only be considered if there is
intracranial haemorrhage on CT scan.

People with liver or coagulopathy disorders

There was no evidence for people with liver or coagulopathy disorders.
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Current practice is variable, with some services offering imaging to people with liver disease
who have no symptoms.

People with liver disease can sometimes have normal haemostasis as the pro- and anti-
coagulant abnormalities balance out; however, sometimes these people are at high risk of
bleeding especially with thrombocytopenia which can be quite severe and <50x10*9/.

People with acquired coagulation defects can be a heterogenous and complex group and
can include people with acquired haemophilia through to people with other abnormalities
such as Disseminated intravascular coagulation (DIC). People with liver or coagulopathy
disorders are at increased risk of bleeding, although some people will have thea tendency for
increased clotting.

There was no evidence to make new recommendations.

The committee agreed to keep the existing recommendations in from the 2014 update of
NICE’s head injury guideline (CG 176) for people with bleeding and clotting disorders as
there was no new evidence to change practice (rec 1.4.8 and 1.4.10). However, they
changed the recommendation wording from ‘history of bleeding or clotting disorders’ to
‘current bleeding or clotting disorders’. In children, some disorders are short-lived/resolve in a
couple of months. In adults, a history of bleeding or clotting disorders is used to help screen
people before surgery. However, this is a crude tool and may not be appropriate in this
setting. Hence, the committee agreed to keep the changed wording for all age groups to help
provide a consistent message.

Due to the lack of evidence, the committee agreed to draft a research recommendation to
identify risk factors for people with liver and coagulopathy disorders.

People with pre-injury cognitive impairment sustaining injury through low energy impact/ low
level falls

Limited evidence suggested that in adults falling from a standing position; age> 70 years,
reduced GCS compared to normal, antiplatelet therapy, aspirin, neurological symptoms (loss
of consciousness, vomiting after fall) were risk factors associated with the diagnosis of
intracranial bleed. Anticoagulant therapy in this population was not associated with
intracranial bleed. It was not clear if people in the studies had pre-injury cognitive impairment
hence the applicability of this evidence is limited. The committee also acknowledged that
some uncertainty existed across the effect sizes seen within the evidence.

Reasons for pre-injury cognitive impairment are different for adults and children. Examples of
pre-injury cognitive impairment in children and adults include autism, Down syndrome,
cerebral palsy, developmental delay, foetal alcohol syndrome, learning disability. Examples
of pre-injury cognitive impairment seen only in adults include depression, dementia,
medication side effects. There was no evidence available for any of these populations.

Frail older adults with cognitive impairment are at higher risk of head injury from low-energy
falls.

The committee discussed the challenges in assessing risk in people with cognitive
impairment. For example, people with dementia may under report or may be unaware of
symptoms such as loss of consciousness or amnesia. It is also difficult to differentiate head
injury symptoms from the pre-existing dementia in these people.

There was no evidence for infants and children.

The committee acknowledged the limited evidence for this group. They agreed to draft a
research recommendation for people with pre-injury impairment with low energy falls where
loss of consciousness or amnesia is difficult to assess or where pre-injury GCS is not 15.

People sustaining recurrent head injuries
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There was no evidence for people sustaining recurrent head injuries in infants, children and
adults. Recurrent head injuries could occur inpeople with epilepsy, people with mobility
issues at high risk of falls and with some sports activities. Particularly in the context of sports
injuries, these can be repeated and lead to cumulative risks to the individual.

Due to lack of evidence, the committee decided to make a research recommendation to
identify risk factors for people with a history of recurrent head injuries including sports and
falls and no other indications for CT scan according to existing NICE 2014 recommendations
in CG 176.

People presenting more than 24 hours after injury

Evidence from one study in infants < 24 months suggested that younger age, GCS < 15, and
duration of injury more than 24 hours were associated with increased risk of any TBI or
significant TBIl on CT.

There was no evidence for adults and children.

The committee discussed that adults presenting more than 24 hours after injury have
increased risk factors such as vomiting, loss of consciousness etc, as they would be
attending due to worsening of symptoms.

The committee noted that there would be concerns of non-accidental injury (NAI) particularly
in children when presenting more than 24 hours after injury. In clinical practice, if there is any
suspicion of NAI, a CT scan is performed regardless of GCS. Current NICE guidance for
‘suspected child maltreatment’ does not include guidance on imaging.

Currently, there is no guidance for people presenting more than 24 hours after injury.
However, in practice those presenting more than 24 hours with symptoms like impaired
conscious level, headache, or vomiting will get a CT scan.

Due to lack of evidence, the committee did not make any new recommendations for this
group. NICE 2014 recommendations in CG 176 are for people presenting within 24 hours of
injury. The committee agreed that these existing recommendations could be extrapolated to
people presenting >24 hours after injury (recs 1.4.7 to 1.4.11). These recommendations are
applicable to adults, children and infants.

The committee discussed that this was an important area, so a research recommendation
was proposed, alongside extrapolation of the existing recommendations for people
presenting more than 24 hours of injury.

1.1.12.4 Cost effectiveness and resource use

The committee were presented with the unit cost to the NHS of a short hospital stay for head
injury to aid their deliberations.

People on anticoagulant or antiplatelet therapy

A single published economic model was found. This study estimated the impact of CT
scanning for people with a head injury who are on warfarin therapy but have no other
indication for imaging. Based on an incidence of adverse events of 0.5% and using expert
opinion for health improvement, they estimated that CT scanning this population would cost
£111,600 per QALY gained, although this was assuming that scanning did not reduce the
number of admissions. The committee were concerned that the health improvement for
people experiencing an adverse event was estimated by expert opinion retrospectively
assessing a sample of just 7 adverse events. They also thought it likely that scanning would
lead to a reduction in admissions.

The guideline health economist reconstructed this model and conducted further sensitivity
analyses. Alternative unit costs and utilities were tried, and the prevalence of injury increased
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but the cost per QALY gained was still higher than £20,000. However, when the assumed
improvement in patient outcomes for those experiencing an adverse event was increased in
the model, the cost per QALY gained was below £20,000 per QALY gained, especially if
there was a reduction in admissions.

The committee concluded that the cost effectiveness of CT scanning in this population is
uncertain. They thought that the new clinical and economic evidence was not strong enough
to cease all scanning of people with head injury who are on anticoagulants. However, they
decided to weaken the guidance from offer to consider. They also made a research
recommendation.

There was no clinical or economic evidence for people on antiplatelet therapy, but because
the risk of having an adverse event was similar the committee included this population within
the recommendations.

People with liver or coagulopathy disorders

There was no clinical or economic evidence for this question, so the committee made a
research recommendation.

People with pre-injury cognitive impairment sustaining injury through low energy impact/ low
level falls

No economic evaluations were found for this question. The clinical evidence was very
limited, so the committee made a research recommendation.

People sustaining recurrent head injuries

There was no clinical or economic evidence for this question, so the committee made a
research recommendation.

People presenting more than 24 hours after injury

No economic evaluations were found for this question. There was some clinical evidence that
people presenting later than 24 hours have at least as high a risk of intracranial injury as
those presenting within 24 hours.

The committee decided that the recommendations for imaging people within 24 hours should
be extended to people arriving later. Although this has not been explicit in the guideline
previously, it is thought that this does not represent a significant change in practice. This
should be cost effective given that the evidence suggested a significant risk of intracranial
injury.

Given the limitations of the clinical evidence, the committee also made a research
recommendation for this population.

1.1.12.5 Other factors the committee took into account

None.
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Appendices

Appendix A - Review protocols

Review protocol for Indications for selecting adults, children and infants with head injury for CT or MRI head scan in a sub-group

ID Field Content

0. PROSPERO regiStration number CRD42021283534

1. Review title 2.1(b) What are the indications for selecting adults, children and infants with head injury for CT or MRI head
scan in a sub-group including

- people on anticoagulant or antiplatelet therapy, including those with no history of amnesia or loss of
consciousness

- people with liver or coagulopathy disorders
- people with pre-injury cognitive impairment sustaining injury through low level falls
- people sustaining recurrent head injuries through sport

- people presenting more than 24 hours after injury?

2. Review question 21b

What are the indications for selecting adults, children and infants with head injury for CT or MRI head scan,
including:

- people on anticoagulant or antiplatelet therapy, including those with no history of amnesia or loss of
consciousness

- people with liver or coagulopathy disorders
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- people with pre-injury cognitive impairment sustaining injury through low energy impact/ low level falls
- people sustaining recurrent head injuries

- people presenting more than 24 hours after injury?

3. Objective To determine which clinical variables (age, GCS, neurological injury severity, blood measures of coagulopathy)

in a sub-group population are associated with any intracranial abnormality on CT/MRI or autopsy.

4. Searches The following databases (from inception) will be searched: [Amend if required]

e Cochrane Central Register of Controlled Trials (CENTRAL)
¢ Cochrane Database of Systematic Reviews (CDSR)

e Embase

e MEDLINE

¢ Epistemonikos

Searches will be restricted by:
¢ English language studies
e Human studies

e Letters and comments excluded

Other searches:

e Inclusion lists of systematic reviews
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The searches may be re-run 6 weeks before the final committee meeting and further studies retrieved for
inclusion if relevant.

The full search strategies will be published in the final review.

Medline search strategy to be quality assured using the PRESS evidence-based checklist (see methods
chapter for full details).

5. Condition or domain being Head Injury
studied
6. Population i) Inclusion: Infants, children and adult with suspected or confirmed head injury
Strata:

- people on anticoagulant or antiplatelet therapy, including those with no history of amnesia or loss of
consciousness

- people with liver or coagulopathy disorders

- people with pre-injury cognitive impairment sustaining injury through low energy impact/ low level falls
- people sustaining recurrent head injuries

- people presenting more than 24 hours after injury

Strata:
e Adults (aged 216 years)
e Children (aged 21 to <16 years)
o Infants (aged <1 year)

Mixed population studies will be included but downgraded for indirectness. Cut-off of 60% will be used for all
age groups
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Exclusion:

Adults, and children (including infants under 1 year) with superficial injuries to the eye or face without
suspected or confirmed head or brain injury.

Evidence for people on anticoagulant and antiplatelet therapy should be reported separately (anticoagulant +
antiplatelet as strata).

Cognitive impairment not to include intoxication. Those whose GCS won'’t return to 15. Typically, older people
but not excluding other populations with cognitive impairment.

People sustaining recurrent head injuries to include recurrent sports-related head injury

Delayed presentation to represent >24hr to 7 days (downgrade data >7days)

7. Eligibility criteria — clinical
variables/factors

Clinical variables applicable to both infants, children and adults

Clinical variables:

People on anticoagulant or antiplatelet therapy
o Age (below 65 years and over 65 years for adults). There is no age-cut off children
e GCS(13to 15)
e neurological injury severity*

e Patient’s blood measures of coagulopathy prior to CT such as International Normalised Ration (INR),
Prothrombin Time (PT), Activated Partial Thromboplastin Time (APTT), fibrinogen levels, platelet count

To analyse anti-coagulants and anti-platelets analysed separately
People with liver or coagulopathy disorders
o Age (below 65 years and over 65 years for adults). There is no age-cut off children
e GCS(13t015)
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neurological injury severity*

Patient’s blood measures of coagulopathy prior to CT such as International Normalised Ration (INR),
Prothrombin Time (PT), Activated Partial Thromboplastin Time (APTT), fibrinogen levels

other indicators of presence and severity of pre-injury disease such as American Society of
Anaesthesiology scale (ASA-PS), Charlson comorbidity index (CCI) or single disease grades such as
severity of liver/ Chronic kidney disease

People with pre-injury cognitive impairment sustaining injury through low energy impact/ low level falls

Age (below 65 years and over 65 years for adults). There is no age-cut off children
GCS (13 to 15)
neurological injury severity*

Patient’s blood measures of coagulopathy prior to CT such as International Normalised Ration (INR),
Prothrombin Time (PT), Activated Partial Thromboplastin Time (APTT), fibrinogen levels, platelet count

other indicators of presence and severity of pre-injury disease such as American Society of
Anaesthesiology scale (ASA-PS), Charlson comorbidity index (CCI) or single disease grades such as
severity of liver/ Chronic kidney disease

indicators of frailty if available such as Rockwood Clinical Frailty Scale or Electronic Frailty Index (for
adults only — not applicable for children)

People sustaining recurrent head injuries

Age (below 65 years and over 65 years for adults). There is no age-cut off children
GCS (13 to 15)
neurological injury severity*

Patient’s blood measures of coagulopathy prior to CT such as International Normalised Ration (INR),
Prothrombin Time (PT), Activated Partial Thromboplastin Time (APTT), fibrinogen levels
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o other indicators of presence and severity of pre-injury disease such as American Society of
Anaesthesiology scale (ASA-PS), Charlson comorbidity index (CClI) or single disease grades such as
severity of liver/ Chronic kidney disease, platelet count

e indicators of frailty if available such as Rockwood Clinical Frailty Scale or Electronic Frailty Index

People presenting more than 24 hours after injury
e Age (below 65 years and over 65 years for adults). There is no age-cut off children GCS (13 to 15)
e neurological injury severity*

e Patient’s blood measures of coagulopathy prior to CT such as International Normalised Ration (INR),
Prothrombin Time (PT), Activated Partial Thromboplastin Time (APTT), fibrinogen levels, platelet count

To make a note in the review:
o if studies have included people with no history of amnesia or loss of consciousness.
e duration of follow-up in the studies.

o Whether they are anti-coagulated (include both prophylactic and fully anticoagulated and report in
narrative what the studies included)

The population with chronically depressed GCS — usually 14 — should be treated as having a low GCS if the
GCS is lower than their usual presentation.

*High risk Markers of neurological injury severity (pupillary responses (usually both, one or no pupils are
reactive), and/or other focal neurological deficits,

- Time from injury to recovering pre injury baseline GCS (usually 15 but can be lower if pre injury cognitive
impairment)

-presence of seizure post injury,

-presence of vomiting post injury,

-signs of possible skull fracture
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Moderate risk markers of neurological injury severity = duration of anyloss of consciousness and / or amnesia,

Presence of High energy transfer mechanism of injury (defined in current recs).

In people with GCS less than or equal to 12 CT head scan is done within 2 hours of injury.

People with GCS =15 would be discharged

confounding factors

Key confounders:
Age
GCS

Other confounders:
Neurological injury severity

Blood measures of coagulopathy

Include studies adjusted for age and GCS for all sub-groups. Do not exclude if other confounders not adjusted
in the multivariate analysis.

Include both comparative and non-comparative studies.

9. Types of study to be included

Cohort studies (prospective and retrospective)

Systematic reviews and meta-analyses of the above
Case-control studies will be excluded.
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10. | Other exclusion criteria Non-English language studies.
Conference abstracts will be excluded as it is expected there will be sufficient full text published studies
available.
Studies not adjusted for key confounders
11. | Context Clinical variables for selecting people for imaging in a sub-group of people with head injury.
12. | Primary outcomes (critical e Any traumatic intracranial abnormality detected by CT or MR imaging or autopsy
outcomes) -Any intracranial abnormality that causes death, neurosurgical intervention or neuro critical care.
Note from studies severity of intra cranial abnormality needing neurocritical care. There are different
ways of reporting- to report as in the papers.
Association data:
Adjusted RR or OR (adjusted for key confounders)
13. Data extraction (selection and

coding)

All references identified by the searches and from other sources will be uploaded into EPPI reviewer and de-
duplicated.

10% of the abstracts will be reviewed by two reviewers, with any disagreements resolved by discussion or, if
necessary, a third independent reviewer.

This review will make use of the priority screening functionality within the EPPI-reviewer software.

The full text of potentially eligible studies will be retrieved and will be assessed in line with the criteria outlined
above.

A standardised form will be used to extract data from studies (see Developing NICE guidelines: the manual
section 6.4).

10% of all evidence reviews are quality assured by a senior research fellow. This includes checking:

e papers were included /excluded appropriately
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e a sample of the data extractions
o correct methods are used to synthesise data

e a sample of the risk of bias assessments

discussion, with involvement of a third review author where necessary.

14. | Risk of bias (quality) assessment

GRADE working group http://www.gradeworkinggroup.org/

15. | Strategy for data synthesis

appropriateness of data.

16. | Analysis of sub-groups

Subgroups that will be investigated if heterogeneity is present:

For anticoagulant/antiplatelet strata:
Drug class
Anti-coagulant
Warfarin
direct oral anticoagulant (DOACs)
unfractionated heparin
low molecular weight heparin
Antiplatelet
Aspirin
Platelet activation inhibitors (e.g. clopidogrel/prasugrel

o

o
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Disagreements between the review authors over the risk of bias in particular studies will be resolved by

The methodological quality of each study will be assessed using the QUIPS check list. The risk of bias across
all available evidence will be evaluated for each outcome using an adaptation of the ‘Grading of
Recommendations Assessment, Development and Evaluation (GRADE) toolbox’ developed by the international

e meta-analyses will be performed if possible using Cochrane Review Manager (RevMan5) depending on the

¢ If meta-analysis is not possible, data will be presented as individual values in adapted GRADE profile tables
and plots of un-pooled sensitivity and specificity from RevMan software.
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17. | Type and method of review 0 Intervention
Diagnostic association review
O Prognostic
O Qualitative
U Epidemiologic
O Service Delivery
O Other (please specify)
18. | Language English
19. | Country England
20. | Anticipated or actual start date [For the purposes of PROSPERO, the date of commencement for the systematic review can be defined as any
point after completion of a protocol but before formal screening of the identified studies against the eligibility
criteria begins.
A protocol can be deemed complete after sign-off by the NICE team with responsibility for quality assurance.]
21. | Anticipated completion date [Give the date by which the guideline is expected to be published. This field may be edited at any time. All edits
will appear in the record audit trail. A brief explanation of the reason for changes should be given in the
Revision Notes facility.]
22. | Stage of review at time of this Review stage Started Completed
submission
Preliminary O
searches
Piloting of the study | |

selection process

Formal screening [ [
of search results
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against eligibility
criteria
Data extraction I |
Risk of bias 7 [
(quality)
assessment
Data analysis O O
23. | Named contact 5a. Named contact
National Guideline Centre
5b Named contact e-mail
[Guideline email]@nice.org.uk
[Developer to check with Guideline Coordinator for email address]
5e Organisational affiliation of the review
National Institute for Health and Care Excellence (NICE) and [National Guideline Alliance / National Guideline
Centre / NICE Guideline Updates Team / NICE Public Health Guideline Development Team] [Note it is
essential to use the template text here and one of the centre options to enable PROSPERO to recognise this
as a NICE protocol]
24. | Review team members

[Give the title, first name, last name and the organisational affiliations of each member of the review team.
Affiliation refers to groups or organisations to which review team members belong.]

From the National Guideline Centre:
[Guideline lead]

[Senior systematic reviewer]
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Systematic reviewer
[Health economist]
[Information specialist]
[Others]

25.

Funding sources/sponsor

This systematic review is being completed by the National Guideline Centre which receives funding from NICE.

26.

Conflicts of interest

All guideline committee members and anyone who has direct input into NICE guidelines (including the evidence
review team and expert witnesses) must declare any potential conflicts of interest in line with NICE's code of
practice for declaring and dealing with conflicts of interest. Any relevant interests, or changes to interests, will
also be declared publicly at the start of each guideline committee meeting. Before each meeting, any potential
conflicts of interest will be considered by the guideline committee Chair and a senior member of the
development team. Any decisions to exclude a person from all or part of a meeting will be documented. Any
changes to a member's declaration of interests will be recorded in the minutes of the meeting. Declarations of
interests will be published with the final guideline.

27.

Collaborators

Development of this systematic review will be overseen by an advisory committee who will use the review to
inform the development of evidence-based recommendations in line with section 3 of Developing NICE
guidelines: the manual. Members of the guideline committee are available on the NICE website: [NICE
guideline webpage].

28.

Other registration details

[Give the name of any organisation where the systematic review title or protocol is registered (such as with The
Campbell Collaboration, or The Joanna Briggs Institute) together with any unique identification number
assigned. If extracted data will be stored and made available through a repository such as the Systematic
Review Data Repository (SRDR), details and a link should be included here. If none, leave blank.]

29.

Reference/URL for published
protocol

[Give the citation and link for the published protocol, if there is one.]

30.

Dissemination plans

NICE may use a range of different methods to raise awareness of the guideline. These include standard
approaches such as:

¢ notifying registered stakeholders of publication

¢ publicising the guideline through NICE's newsletter and alerts
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e issuing a press release or briefing as appropriate, posting news articles on the NICE website, using social
media channels, and publicising the guideline within NICE.

[Add in any additional agree dissemination plans.]

31. | Keywords Diagnosis, head injury, selection for CT/MRI
32. | Details of existing review of same | |G details of earlier versions of the systematic review if an update of an existing review is being registered,
topic by same authors including full bibliographic reference if possible. NOTE: most NICE reviews will not constitute an update in

PROSPERO language. To be an update it needs to be the same review question/search/methodology. If
anything has changed it is a new review]

33. | Current review status %4 Ongoing
U Completed but not published
U Completed and published
O Completed, published and being updated
U Discontinued

34. | Additional information [Provide any other information the review team feel is relevant to the registration of the review.]

35. | Details of final publication

www.nice.org.uk
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Health economic review protocol

Table 11: Health economic review protocol

Ejzzmn All questions — health economic evidence

Objectives To identify health economic studies relevant to any of the review questions.

Search e Populations, interventions and comparators must be as specified in the clinical review protocol above.

criteria e Studies must be of a relevant health economic study design (cost—utility analysis, cost-effectiveness analysis, cost-benefit

analysis, cost—consequences analysis, comparative cost analysis).

o Studies must not be a letter, editorial or commentary, or a review of health economic evaluations. (Recent reviews will be
ordered although not reviewed. The bibliographies will be checked for relevant studies, which will then be ordered.)

¢ Unpublished reports will not be considered unless submitted as part of a call for evidence.
o Studies must be in English.

Search A health economic study search will be undertaken using population-specific terms and a health economic study filter — see
strategy appendix B below. The search covered all years

Review Studies not meeting any of the search criteria above will be excluded. Studies published before 2006, abstract-only studies and
strategy studies from non-OECD countries or the USA will also be excluded.

Studies published in 2006 or later that were included in the previous guidelines will be reassessed for inclusion and may be
included or selectively excluded based on their relevance to the questions covered in this update and whether more applicable
evidence is also identified.

Each remaining study will be assessed for applicability and methodological limitations using the NICE economic evaluation
checklist which can be found in appendix H of Developing NICE guidelines: the manual (2014).2°

Inclusion and exclusion criteria

o If a study is rated as both ‘Directly applicable’ and with ‘Minor limitations’ then it will be included in the guideline. A health
economic evidence table will be completed and it will be included in the health economic evidence profile.

o If a study is rated as either ‘Not applicable’ or with ‘Very serious limitations’ then it will usually be excluded from the guideline. If it
is excluded then a health economic evidence table will not be completed and it will not be included in the health economic
evidence profile.
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o If a study is rated as ‘Partially applicable’, with ‘Potentially serious limitations’ or both then there is discretion over whether it
should be included.

Where there is discretion

The health economist will make a decision based on the relative applicability and quality of the available evidence for that question,
in discussion with the guideline committee if required. The ultimate aim is to include health economic studies that are helpful for
decision-making in the context of the guideline and the current NHS setting. If several studies are considered of sufficiently high
applicability and methodological quality that they could all be included, then the health economist, in discussion with the committee
if required, may decide to include only the most applicable studies and to selectively exclude the remaining studies. All studies
excluded on the basis of applicability or methodological limitations will be listed with explanation in the excluded health economic
studies appendix below.

The health economist will be guided by the following hierarchies.

Setting:

o UK NHS (most applicable).

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

¢ Studies set in non-OECD countries or in the USA will be excluded before being assessed for applicability and methodological
limitations.

Health economic study type:

o Cost—utility analysis (most applicable).

o Other type of full economic evaluation (cost—benefit analysis, cost-effectiveness analysis, cost—consequences analysis).
o Comparative cost analysis.

¢ Non-comparative cost analyses including cost-of-illness studies will be excluded before being assessed for applicability and
methodological limitations.

Year of analysis:
e The more recent the study, the more applicable it will be.

o Studies published in 2006 or later (including any such studies included in the previous guidelines) but that depend on unit costs
and resource data entirely or predominantly from before 2006 will be rated as ‘Not applicable’.
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e Studies published before 2006 (including any such studies included in the previous guidelines) will be excluded before
being assessed for applicability and methodological limitations.
Quality and relevance of effectiveness data used in the health economic analysis:

e The more closely the clinical effectiveness data used in the health economic analysis match with the outcomes of the studies
included in the clinical review the more useful the analysis will be for decision-making in the guideline.
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Appendix B — Literature search strategies

The literature searches for this review are detailed below and complied with the methodology
outlined in Developing NICE guidelines: the manual.?®

For more information, please see the Methodology review published as part of the
accompanying documents for this guideline.

Clinical search literature search strategy

Searches were constructed using a PICO framework where population (P) terms were
combined with Intervention (l) and in some cases Comparison (C) terms. Outcomes (O) are
rarely used in search strategies as these concepts may not be indexed or described in the
title or abstract and are therefore difficult to retrieve. Search filters were applied to the search
where appropriate.

Table 12: Database parameters, filters and limits applied
Database Dates searched Search filter used
Medline (OVID) 1946 — 22 June 2022 Systematic review studies
Observational studies

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports)

English language
Embase (OVID) 1974 — 22 June 2022 Systematic review studies
Observational studies

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports,
conference abstracts)

English language

The Cochrane Library (Wiley) Cochrane Reviews to 2022
Issue 6 of 12

Epistemonikos (The Inception to 22 June 2022 Exclusions (Cochrane reviews)
Epistemonikos Foundation)

Medline (Ovid) 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. ((skull or cranial) adj3 fracture*).ti,ab.
3. ((head or brain or craniocerebral or cranial or cerebral or skull) adj4 (injur* or
trauma®)).ti,ab.
4, (trauma* and ((subdural or intracranial) adj2 (h?ematoma* or h?emorrhage* or
bleed))).ti,ab.
5. or/1-4
65
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6. letter/

7. editorial/

8. news/

9. exp historical article/

10. Anecdotes as Topic/

11. comment/

12. case report/

13. (letter or comment™).ti.

14. or/6-13

15. randomized controlled trial/ or random®.ti,ab.

16. 14 not 15

17. animals/ not humans/

18. exp Animals, Laboratory/

19. exp Animal Experimentation/

20. exp Models, Animal/

21. exp Rodentia/

22. (rat or rats or mouse or mice or rodent*).ti.

23. or/16-22

24. 5 not 23

25. limit 24 to English language

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

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

28. magnetic resonance imaging/

29. MRIL.ti,ab.

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

31. (CT or CAT or PET or SPECT).ti,ab.

32. or/26-31

33. 25 and 32

34. Epidemiologic studies/

35. Observational study/

36. exp Cohort studies/

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

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

39. ((longitudinal or retrospective or prospective or cross sectional) and (study or studies or
review or analys™® or cohort* or data)).ti,ab.

40. Controlled Before-After Studies/

41. Historically Controlled Study/

42. Interrupted Time Series Analysis/

43. (before adj2 after adj2 (study or studies or data)).ti,ab.

44, Cross-sectional studies/

45. (cross sectional and (study or studies or review or analys* or cohort* or data)).ti,ab.

46. or/34-45

47. Meta-Analysis/
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48. exp Meta-Analysis as Topic/

49. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

50. ((systematic* or evidence*) adj3 (review* or overview™)).ti,ab.

51. (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

52. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

53. (search* adj4 literature).ab.

54, (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

55. cochrane.jw.

56. ((multiple treatment* or indirect or mixed) adj2 comparison®).ti,ab.

57. or/47-56

58. 46 or 57

59. 33 and 58

14  Embase (Ovid) search terms

1. head injury/

2 exp brain injury/

3. skull injury/ or exp skull fracture/

4 ((head or brain or craniocerebral or cranial or cerebral or skull) adj4 (injur* or

trauma®)).ti,ab.

5. ((skull or cranial) adj3 fracture™).ti,ab.
(trauma* and ((subdural or intracranial) adj2 (h?ematoma* or h?emorrhage* or
bleed*))).ti,ab.
or/1-6
letter.pt. or letter/
note.pt.

10. editorial.pt.

11. (conference abstract or conference paper).pt.

12. case report/ or case study/

13. (letter or comment*).1i.

14. or/8-13

15. randomized controlled trial/ or random*.ti,ab.

16. 14 not 15

17. animal/ not human/

18. nonhuman/

19. exp Animal Experiment/

20. exp Experimental Animal/

21. animal model/

22. exp Rodent/

23. (rat or rats or mouse or mice or rodent*).ti.

24. or/16-23

25. 7 not 24

26. limit 25 to english language

27. *tomography/
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28. *brain tomography/

29. exp *computer assisted tomography/

30. exp *emission tomography/

31. exp *x-ray tomography/

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

33. *nuclear magnetic resonance imaging/

34, MR ti,ab.

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

36. (CT or CAT or PET or SPECT).ti,ab.

37. or/27-36

38. 26 and 37

39. Clinical study/

40. Observational study/

41. Family study/

42, Longitudinal study/

43. Retrospective study/

44, Prospective study/

45, Cohort analysis/

46. Follow-up/

47. cohort*.ti,ab.

48. 46 and 47

49. (cohort adj (study or studies or analys™ or data)).ti,ab.

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

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

52. (before adj2 after adj2 (study or studies or data)).ti,ab.

53. cross-sectional study/

54. (cross sectional and (study or studies or review or analys* or cohort* or data)).ti,ab.

55. or/39-45,48-54

56. systematic review/

57. Meta-Analysis/

58. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

59. ((systematic* or evidence*) adj3 (review* or overview*)).ti,ab.

60. (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

61. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

62. (search* adj4 literature).ab.

63. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

64. cochrane.jw.

65. ((multiple treatment® or indirect or mixed) adj2 comparison®).ti,ab.

66. or/56-65

67. 55 or 66
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68. | 38 and 67
15 Cochrane Library (Wiley) 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] this term only

#4, MeSH descriptor: [Head Injuries, Closed] explode all trees

#5. MeSH descriptor: [Head Injuries, Penetrating] this term only

#6. MeSH descriptor: [Intracranial Hemorrhage, Traumatic] explode all trees

#7. MeSH descriptor: [Skull Fractures] explode all trees

#8. ((skull or cranial) near/3 fracture*):ti,ab

#9. ((head or brain or craniocerebral or cranial or skull) near/3 (injur* or trauma®)):ti,ab

#10. (trauma* and ((subdural or intracranial) near/2 (h?ematoma* or h?emorrhage* or
bleed*))):ti,ab

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

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

#13. MeSH descriptor: [Tomography, Emission-Computed] explode all trees

#14. MeSH descriptor: [Tomography, X-Ray] explode all trees

#15. (compute* NEAR/2 tomograph*):ti,ab

#16. MeSH descriptor: [Magnetic Resonance Imaging] this term only

#17. MRI:ti,ab

#18. ((MR or magnetic resonance or NMR) NEAR/2 (imag* or tomograph*)):ti,ab

#19. (CT or CAT or PET or SPECT):ti,ab

#20. #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19

#21. #11 AND #20

16  Epistemonikos search terms

1. (advanced_title_en:(((skull OR cranial) AND fracture*)) OR
advanced_abstract_en:(((skull OR cranial) AND fracture*))) OR
(advanced_title_en:(((head OR brain OR craniocerebral OR cranial OR cerebral OR
skull) AND (injur* OR trauma®))) OR advanced_abstract_en:(((head OR brain OR
craniocerebral OR cranial OR cerebral OR skull) AND (injur* OR trauma*)))) AND
(advanced _title_en:((tomograph* OR magnetic resonance OR neuroimag* OR MRI OR
CT OR CAT OR PET OR SPECT)) OR advanced_abstract_en:((tomograph* OR
magnetic resonance OR neuroimag* OR MRI OR CT OR CAT OR PET OR SPECT)))

Bi2 Health Economics literature search strategy

18 Health economic evidence was identified by conducting searches using terms for a broad
19  Head Injury population. The following databases were searched: NHS Economic Evaluation
20 Database (NHS EED - this ceased to be updated after 315t March 2015), Health Technology
21  Assessment database (HTA - this ceased to be updated from 315t March 2018) and The

22  International Network of Agencies for Health Technology Assessment (INAHTA). Searches
23  for recent evidence were run on Medline and Embase from 2014 onwards for health

24  economics, and all years for quality-of-life studies.
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25 Table 13: Database parameters, filters and limits applied
Search filters and limits

Database Dates searched applied
Medline (OVID) Health Economics Health economics studies
1 January 2014 — 22 June Quality of life studies
2022
Exclusions (animal studies,
Quality of Life letters, comments, editorials,
1946 — 22 June 2022 case studies/reports)

English language

Embase (OVID) Health Economics Health economics studies
1 January 2014 — 22 June Quality of life studies
2022
Exclusions (animal studies,
Quality of Life letters, comments, editorials,
1974 — 22 June 2022 case studies/reports,

conference abstracts)

English language

NHS Economic Evaluation Inception —31st March 2015
Database (NHS EED)

(Centre for Research and

Dissemination - CRD)

Health Technology Inception — 31st March 2018

Assessment Database (HTA)

(Centre for Research and

Dissemination — CRD)

The International Network of Inception — 22 June 2022 English language

Agencies for Health
Technology Assessment

(INAHTA)
26  Medline (Ovid) 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. ((skull or cranial) adj3 fracture®).ti,ab.

3. ((head or brain or craniocerebral or intracranial or cranial or skull) adj3 (injur* or
trauma*)).ti,ab.

4, (trauma* and ((subdural or intracranial or brain) adj2 (h?ematoma* or h?emorrhage* or
bleed*))).ti,ab.

5. or/1-4

6. letter/

7. editorial/

8. news/

9. exp historical article/

10. Anecdotes as Topic/

11. comment/
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12. case report/

13. (letter or comment*).ti.

14. or/6-13

15. randomized controlled trial/ or random®.ti,ab.
16. 14 not 15

17. animals/ not humans/

18. exp Animals, Laboratory/

19. exp Animal Experimentation/

20. exp Models, Animal/

21. exp Rodentia/

22. (rat or rats or mouse or mice or rodent*).ti.
23. or/16-22

24. 5 not 23

25. limit 24 to English language

26. economics/

27. value of life/

28. exp "costs and cost analysis"/

29. exp Economics, Hospital/

30. exp Economics, medical/

31. Economics, nursing/

32. economics, pharmaceutical/

33. exp "Fees and Charges"/

34. exp budgets/

35. budget*.ti,ab.

36. cost™ ti.

37. (economic*® or pharmaco?economic*).ti.

38. (price* or pricing*).ti,ab.

39. (cost* adj2 (effectiv* or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ab.
40. (financ* or fee or fees).ti,ab.

41. (value adj2 (money or monetary)).ti,ab.

42. or/26-41

43. quality-adjusted life years/

44. sickness impact profile/

45. (quality adj2 (wellbeing or well being)).ti,ab.
46. sickness impact profile.ti,ab.

47. disability adjusted life.ti,ab.

48. (gal* or gtime* or qwb* or daly*).ti,ab.

49. (euroqol* or eq5d* or eq 5*).ti,ab.

50. (gol* or hgl* or hqol* or h gol* or hrqgol* or hr qol*).ti,ab.
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51. (health utility* or utility score* or disutilit* or utility value*).ti,ab.

52. (hui or hui1 or hui2 or hui3).ti,ab.

53. (health* year* equivalent™ or hye or hyes).ti,ab.

54. discrete choice*.ti,ab.

55. rosser.ti,ab.

56. (willingness to pay or time tradeoff or time trade off or tto or standard gamble*).ti,ab.
57. (sf36* or sf 36* or short form 36* or shortform 36* or shortform36*).ti,ab.
58. (sf20 or sf 20 or short form 20 or shortform 20 or shortform20).ti,ab.

59. (sf12* or sf 12* or short form 12* or shortform 12* or shortform12*).ti,ab.
60. (sf8* or sf 8* or short form 8* or shortform 8* or shortform8*).ti,ab.

61. (sf6™ or sf 6* or short form 6 or shortform 6* or shortform6*).ti,ab.

62. or/43-61

63. 25 and (42 or 62)

27 Embase (Ovid) search terms

1. head injury/

2 exp brain injury/

3. skull injury/ or exp skull fracture/

4 ((head or brain or craniocerebral or intracranial or cranial or skull) adj3 (injur* or

trauma*)).ti,ab.

((skull or cranial) adj3 fracture*).ti,ab.

(trauma* and ((subdural or intracranial or brain) adj2 (h?ematoma* or h?emorrhage* or
bleed))).ti,ab.

7. or/1-6

8. letter.pt. or letter/

9. note.pt.

10. editorial.pt.

11. (conference abstract or conference paper).pt.
12. case report/ or case study/

13. (letter or comment®).ti.

14. or/8-13

15. randomized controlled trial/ or random®.ti,ab.
16. 14 not 15

17. animal/ not human/

18. nonhuman/

19. exp Animal Experiment/

20. exp Experimental Animal/

21. animal model/

22. exp Rodent/

23. (rat or rats or mouse or mice or rodent*).ti.
24. or/16-23

25. 7 not 24
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26. limit 25 to English language
27. health economics/
28. exp economic evaluation/
29. exp health care cost/
30. exp fee/
31. budget/
32. funding/
33. budget*.ti,ab.
34. cost* ti.
35. (economic* or pharmaco?economic*).ti.
36. (price* or pricing*).ti,ab.
37. (cost* adj2 (effectiv* or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ab.
38. (financ* or fee or fees).ti,ab.
39. (value adj2 (money or monetary)).ti,ab.
40. or/27-39
41. quality-adjusted life years/
42. "quality of life index"/
43. short form 12/ or short form 20/ or short form 36/ or short form 8/
44, sickness impact profile/
45. (quality adj2 (wellbeing or well being)).ti,ab.
46. sickness impact profile.ti,ab.
47. disability adjusted life.ti,ab.
48. (gal* or gtime™ or qwb* or daly*).ti,ab.
49. (euroqol* or eq5d* or eq 5*).ti,ab.
50. (gol* or hgl* or hqol* or h gol* or hrqgol* or hr qol*).ti,ab.
51. (health utility* or utility score™ or disutilit* or utility value®).ti,ab.
52. (hui or hui1 or hui2 or hui3).ti,ab.
53. (health* year* equivalent® or hye or hyes).ti,ab.
54. discrete choice*.ti,ab.
55. rosser.ti,ab.
56. (willingness to pay or time tradeoff or time trade off or tto or standard gamble*).ti,ab.
57. (sf36* or sf 36* or short form 36* or shortform 36* or shortform36*).ti,ab.
58. (sf20 or sf 20 or short form 20 or shortform 20 or shortform20).ti,ab.
59. (sf12* or sf 12* or short form 12* or shortform 12* or shortform12*).ti,ab.
60. (sf8* or sf 8* or short form 8* or shortform 8* or shortform8*).ti,ab.
61. (sf6* or sf 6* or short form 6* or shortform 6* or shortform6*).ti,ab.
62. or/41-61
63. 26 and (40 or 62)
NHS EED and HTA (CRD) search terms
#1. MeSH DESCRIPTOR Brain Injuries EXPLODE ALL TREES
#2. MeSH DESCRIPTOR Craniocerebral Trauma
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#3. MeSH DESCRIPTOR Coma, Post-Head Injury

#4. MeSH DESCRIPTOR Head Injuries, Closed EXPLODE ALL TREES

#5. MeSH DESCRIPTOR Head Injuries, Penetrating

#6. MeSH DESCRIPTOR Intracranial Hemorrhage, Traumatic EXPLODE ALL TREES

#7. MeSH DESCRIPTOR Skull Fractures EXPLODE ALL TREES

#8. (((skull or cranial) adj3 fracture®))

#9. (((head or brain or craniocerebral or intracranial or cranial or skull) adj3 (injur* or
trauma®)))

#10. ((trauma* and ((subdural or intracranial or brain) adj2 (h?ematoma* or h?emorrhage*
or bleed*))))

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

29 INAHTA search terms

1. ((((trauma* and ((subdural or intracranial or brain) and (haematoma* or hematoma* or
haemorrhage* or hemorrhage* or bleed*))))[Title]) AND (((trauma* and ((subdural or
intracranial or brain) and (haematoma* or hematoma* or haemorrhage™ or
hemorrhage* or bleed*))))[Title])) OR ((((skull or cranial) and fracture*))[Title] OR
(((skull or cranial) and fracture*))[abs]) OR ((((head or brain or craniocerebral or
intracranial or cranial or skull) and (injur* or trauma®)))[Title] OR (((head or brain or
craniocerebral or intracranial or cranial or skull) and (injur* or trauma*)))[abs]) OR
("Skull Fractures"[mhe]) OR ("Intracranial Hemorrhage, Traumatic"[mhe]) OR ("Head
Injuries, Penetrating”"[mh]) OR ("Head Injuries, Closed"[mhe]) OR ("Coma, Post-Head
Injury"[mh]) OR ("Brain Injuries"[mhe]) OR ("Craniocerebral Trauma"[mh])

30
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Appendix C - Prognostic evidence study selection

Figure 1: Flow chart of clinical study selection for the review of the indications for
selecting adults, children and infants with head injury for CT or MRI head
scan in a sub-group

Records identified through Additional records identified through
database searching, n=11769 other sources, n=0
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1 Appendix D — Prognostic evidence

Reference Ahmed, 2015 *
Study type and Retrospective observational study
analysis

Multiple logistic regression models were used to assess the association between the CT result and factors of interest while controlling
for the potential confounding variables.

USA
Number of N=163 (n=91 CT bleeding, n=72 no CT bleeding)
participants
and o Inclusion criteria: Adult patients (>18 years of age) were included in this study if they fell from a standing position (FFS) and had a
characteristics computed tomography (CT) scan of the head to evaluate their injuries.

Exclusion criteria: All patients who fell from any height above the ground were excluded.
Population characteristics:

e Age mean (SD) years: No CT bleeding -64.4 (22.7); CT bleeding: 71.5 (17.9)
e Female: No CT bleeding -58.3 %; CT bleeding:52.7 %

Use of:

No CT bleeding CT bleeding
Aspirin 19.4 % 34.1 %
Plavix 12.5 % 13.2 %
Both aspirin and Plavix 8.3 % 8.8 %
Coumadin 9.7 % 9.9 %
Blood thinner 29.2 % 41.8 %

Population source: All patients at State designated Trauma Centre who had a fall from a standing position (FFS) were identified from
the trauma registry

Clinical variables  Use of aspirin, Age >70 years
Unclear if other variables were used in the analysis
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Reference
Confounders

Outcomes and
effect sizes

Limitations

Comments

Ahmed, 2015 '

Multiple logistic regression models were used to assess the association between the CT result and factors of interest while controlling
for the potential confounding variables.

Age, aspirin, gender.

Adjusted for gender. Not adjusted for the key confounder of GCS
Intracranial bleed (ICB) after a fall from a standing position.

When evaluating the potential risk factors which may be associated with the diagnosis of ICB, use of aspirin showed a positive
association when gender was adjusted (OR = 2.17, 95 % CI [1.06, 4.60], P = 0.04). However, when we further considered age of being
equal to or older than 70 years, the association became not significant (OR = 1.80, 95 % CI [0.85, 3.90], P = 0.13). Patients >70 years
of age were more likely to use aspirin (OR = 3.14, 95 % CI [1.37, 7.79], P = 0.004). However, when controlling for gender, it was found
that only age >70 years was significantly associated with ICB (OR = 2.67, 95 % CI [1.36, 5.39], P = 0.005).

Risk of bias (QUIPS):

1. Study participation LOW

2. Study attrition LOW
3. Prognostic factor measurement LOW
4. Outcome Measurement LOW
5. Study confounding HIGH
6. Statistical analysis LOW
7. Other risk of bias LOW
OVERALL RISK OF BIAS HIGH

Indirectness: None

Mortality: Twelve patients with ICB died (13.2 %, 95 % exact Cl [7.0 %, 21.9 %]). This mortality rate was not significantly different from
those patients who had no ICB (9.7 %, 95 % exact Cl [4.0 %, 19.0 %])
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Reference

Study type and
analysis

Number of
participants
and
characteristics

Clinical variables

Confounders

Brewer, 2011 4
Retrospective cohort study

Forward and backward unconditioned logistic regression analysis was performed to assess the influence on a positive CT finding of
age, gender, LOC, presence of fracture, mechanism of injury (fall or motor vehicle collision [MVC]), evidence of trauma above the
clavicles on physical examination, type of anticoagulation, and presentation INR and PTT

USA
N= 141

Inclusion criteria: included all trauma registry patients with minor head injury from January 2004 through December 2006 who
presented with a GCS score of 15 while taking clopidogrel or warfarin and underwent head CT.

Inclusion criteria: an ICD9-CM diagnostic injury code between 800 and 959.9, excluding 905-909 (late effects of injuries), 910-924.9
(superficial injuries, including blisters, contusions, abrasions, and insect bites), and 930-939 (foreign bodies). Additional criteria include
admission to the hospital, death in the emergency department because of traumatic injury, and all trauma transfers into or out of the
institution. As a matter of institutional policy, all trauma registry patients taking warfarin and/or clopidogrel and presenting with history or
signs of minor head trauma underwent head CT.

Exclusion criteria: NR

Population characteristics:
Mean age 79 years (range, 36-101 years)

Eighty-four patients were anticoagulated with warfarin, 21 patients had combined therapy (warfarin and aspirin, n = 18; warfarin and
clopidogrel, n = 2; or warfarin, clopidogrel, and aspirin, n = 1), and 36 patients were only on antiplatelet therapy (clopidogrel, n = 15;
clopidogrel and aspirin, n = 21).

Population source: trauma registry

age, gender, LOC, presence of fracture, mechanism of injury (fall or motor vehicle collision [MVC]), evidence of trauma above the
clavicles on physical examination, type of anticoagulation, and presentation INR and PTT. Age and presentation INR and PTT were
included as continuous variables. LOC, presence of fracture, mechanism of injury, evidence of trauma above the clavicles on physical
examination, and type of anticoagulation were considered as categorical variables divided into two or three categories, respectively.

Forward and backward unconditioned logistic regression analysis
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Reference

Outcomes and
effect sizes

Limitations

Comments

Brewer, 2011 4

Age, gender, LOC, presence of fracture, mechanism of injury (fall or motor vehicle collision, evidence of trauma above the clavicles on
physical examination, presentation INR and PTT, presence of fracture, mechanism of injury, evidence of trauma above the clavicles on
physical examination

Outcome: Predictors of positive CT finding

Loss of consciousness (LOC) (Wald = 7.468, = 1.179, p = 0.008) was the only predictor for a positive CT result. motor vehicle
collision (MVC) as a mechanism of injury (Wald = 3.580, B= 1.404, p = 0.058) showed a trend toward significance.

Age, gender, presenting INR and PTT, external evidence of injury above the shoulders, and type of medication (warfarin, aspirin, or
clopidogrel) did not reach statistical significance (data not reported)

Risk of bias (QUIPS):

1. Study participation LOW

2. Study attrition LOW
3. Prognostic factor measurement LOW
4. Outcome Measurement LOW
5. Study confounding LOW

6. Statistical analysis LOW

7. Other risk of bias HIGH
OVERALL RISK OF BIAS HIGH

Incomplete reporting of data
Indirectness: none

Type of anticoagulant was defined as patients taking warfarin alone, patients taking warfarin and an antiplatelet agent, and patients
taking only an antiplatelet agent. Aspirin use was also assessed and was included as an antiplatelet agent. None of the patients took
aspirin alone, because the inclusion criteria required taking warfarin and/or clopidogrel.

Forty-one (29%) patients were diagnosed with intracranial haemorrhage. Nineteen patients had subdural hematoma (SDH), 14 had
subarachnoid haemorrhage, 5 had cerebral contusions, and 3 suffered multiple types of intracranial haemorrhage. Two patients
suffered both subdural and sub-arachnoid haemorrhage, and one patient suffered haemorrhagic contusion and SDH. Thirty-nine (95%)
of these 41 patients underwent reversal or discontinuation of clopidogrel and/or warfarin. Five patients required surgical evacuation of
an intracranial haemorrhage: 4 via craniotomy and 1 via bur hole. Four of the 141 patients died. All patients who died had intracranial
haemorrhage. Two patients who underwent craniotomy for evacuation of SDH died after 5 days and 8 days, respectively. In these two
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Reference

Reference

Study type and
analysis

Number of
participants
and
characteristics

Brewer, 2011 4

patients, SDH and subsequent complications were the principle cause of death. The other two patients who died did not have
documented reversal of warfarin or clopidogrel. These two patients had multiple other medical problems and injuries, and their
intracranial haemorrhage was not the cause of death. One presented with an acute myocardial infarction that was the principal cause
of death. The other had chronic lung disease and suffered multiple rib fractures, dying of respiratory failure.

The frequency of a positive CT finding with regards to anticoagulation, antiplatelet, or combined therapy was 23 of 84 (27%), 15 of 36
(41%), or 3 of 21 (14%), respectively. The differences in frequency did not reach statistical significance. At the time of presentation,
PTT and INR were obtained on 137 of 141 patients. One patient had INR only obtained, and neither was obtained on three patients.
The mean presenting INR in patients with intracranial haemorrhage was 1.97 + 0.92 when compared with 2.3 £ 1.2 for patients without
intracranial haemorrhage (p = 0.0987). The presenting PTT of patients with and without intracranial haemorrhage was 32.8 + 7.1 and
36.4 + 14.9, respectively (p = 0.154).

Fifteen of 35 (43%) patients with documented LOC had positive CT result. Seventeen of 93 (18%) patients with no LOC had positive
CT result. In 13 patients, it remained unclear whether LOC had occurred or not, and these entries were treated as missing values for
the statistical assessment. Nine of 13 (69%) of these patients had a positive CT result. Twenty-eight of 108 (26%) patients with external
signs of injury above the clavicles had positive CT result.

Cipriano, 2018 ©
Single-centre, prospective, observational study conducted at the ED of Pisa (ltaly), a Level Il Trauma Centre.

Multivariate logistic regression was performed using a penalized approach; the penalized method produced the estimated odds ratios
of selected

predictors, but not their P values.
Not adjusted for confounders.

Italy
N= 206

Inclusion criteria: Age above 18 years old; (2) MTBI, defined as blunt head injury associated with a GCS score of 13—15 regardless of
the presence of loss of consciousness (LOC) immediately after the injury; (3) Patients on oral anti-coagulants (OAT); (4) single patient
visit at the ED for trauma.

NICE Head Injury (update): evidence reviews for Selecting subgroups for CT or MRI DRAFT

[September 2022]
80



DRAFT FOR CONSULTATION
Selecting subgroups for CT or MRI

Reference Cipriano, 2018 ¢

Exclusion criteria: (1) Presentation to the ED more than 48 h from the trauma; (2) Ineffective OAT, defined as not adequate vitamin K
antagonists (VKAs) intake for more than 1 week before the trauma, or last dose of direct oral anticoagulants (DOAC) longer than 24 h
before the injury; (3) Inadequate anticoagulation effect in patients

taking VKAs, defined as International Normalized Ratio (INR)<1.5.

Population characteristics:
e Age (SD): 81.531£8.44 years
e Gender: 40.8% males

Class of OAT:
e 58.7% (121) VKA (vitamin K antagonists)
e 41.3% (85) DOAC (direct oral anticoagulants)

GCS score at ED presentation

GCS 15: 99.0% (204)
GCS 14: 1.0% (2)

Platelet count (- 103/mm3): median (IQR)- 204 (74)

Population source: From January 2016 to April 2017, 118,624 consecutive patients presented to the ED, among whom 6287 (5.3%)
suffered a trauma; 4312 of these trauma patients (68.6%) had an MTBI. Among MTBI patients, 220 (5.1%) were on oral anti-coagulant
therapy (OAT)
Clinical variables  Age
Male sex
High-energy impact
Trauma above the clavicles
LOC (loss of consciousness)
PTA (Posttraumatic amnesia)
Presence of fractures
Concomitant antiplatelet treatment
Low platelet count (<150,000/mm3)
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Reference
Confounders

Outcomes and
effect sizes

Cipriano, 2018 ¢
multivariate logistic regression

Given the small number of events, multivariate logistic regression was performed using a penalized approach; the penalized method
produced the estimated odds ratios of selected predictors, but not their P values.

Age, gender, VKA agent treatment, high-energy impact, trauma above the clavicles, LOC, PTA, presence of fractures, low platelet
count (<150,000/mm3)

Not adjusted for key confounder of GCS
Immediate intra cranial haemorrhage (ICH)

23 out of 206 patients showed immediate ICH’s signs at the first CT scan (prevalence rate 11.2%, 95%
Cl 6.5-15.5%)

Only 1 (0.5%, 95% CI 0.0—1.4%) died because of ICH; no one required neurosurgical intervention.

There was increased incidence of intracranial complications after mild TBI in patients treated with vitamin K antagonists compared with
those receiving DOACs (15.7 vs. 4.7%, RR 3.34, 95% CI 1.18-9.46, P<0.05)

Comparison between clinical characteristics of patients with and without immediate intracranial haemorrhage: multivariate logistic
regression—penalized approach
(Odds ratio 95% CI)

Age, years: -

Male sex: -

vitamin K antagonists (VKAs) treatment: 3.364 (no ClI reported)
High-energy impact: 2.488 (no Cl reported)

Trauma above the clavicles: 3.175 (no Cl reported)

loss of consciousness (LOC): -

post-traumatic amnesia (PTA): 2.570 (no CI reported)
Presence of fractures: 2.569 (no CI reported)

Concomitant antiplatelet treatment: -

Low platelet count (<150,000/mm3): -
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Reference

Limitations

Comments

Reference

Study type and
analysis

Cipriano, 2018 ¢

The multivariate logistic regression performed with a penalized approach five out of these parameters were selected as independent
predictors of ICH: VKAs treatment (OR 3.364), high-energy impact (OR 2.488), trauma above the clavicles (OR 3.175), post-traumatic
amnesia (PTA) (OR 2.570), and the presence of fractures (OR 2.569).

Risk of bias (QUIPS):

1. Study participation LOW

2. Study attrition LOW

3. Prognostic factor measurement LOW

4. Outcome Measurement LOW
5. Study confounding LOW
6. Statistical analysis HIGH
7. Other risk of bias LOW
OVERALL RISK OF BIAS HIGH

Indirectness: None

Immediate ICHs were, respectively: five parenchymal hematomas, seven subarachnoid haemorrhages, eight subdural hematomas,
one epidural hematoma and two cases of concomitant subdural hematoma and subarachnoid haemorrhage; among them one patient
died (prevalence rate in the study population: 0.5%, 95% CI 0.0-1.4%; 4.3% of the immediate ICH patients). None of other
haemorrhagic patients required neurosurgical intervention. Intravenous administration of mannitol was necessary in only two patients.
The prevalence rate of death or neurosurgical intervention due to immediate ICH was 0.5% (95% CI| 0.0-1.4%). Regarding OAT
treatment, 19 patients out of 23 (82.6%) were on warfarin, while only 4 out of 23 (17.4%) were on DOACs (1 on apixaban, 2 on
rivaroxaban and 1 on edoxaban).

De Wit 2020 °
A prospective observational study of conducted at 3 Canadian EDs between 14th December 2015 and 4th of January 2018

Adjusting data for new abnormality on neurologic examination, head laceration or bruise, CKD, GCS reduced from normal, cancer
treated in past two years, liver disease, history of major bleed in last two years, male, hypertension, dementia loss of consciousness,
previous stroke or TIA, diabetes, age congestive heart failure, anticoagulant therapy, and antiplatelet use.
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Reference De Wit 2020 °
Canada
Number of N=1753
participants
and o Inclusion criteria: Patient’s aged 65 or older who presented to the ED within 48 hours of the fall on ground level, a fall from one or two
characteristics steps, or a fall off the bed, patients were not required to have hit their head

Exclusion criteria: transferred from another hospital, left the ED before completion of their assessment, all lived outside the geographic
hospital catchment area.

Population characteristics:
e Age median (IQR): 82 (75-88) years
e Male:Female = 676/1974
e GCSn (%)
o 15: 1437 (82)
o 14:211 (12)
o <14:51(3)
o Missing 60 (3)
Population source: Emergency Department of 3 Canadian hospitals
Clinical variables  Characteristic n (%)
Antiplatelet use
e Single antiplatelet: 576 (33)
e Duel antiplatelet: 38 (2)
Anticoagulant use
e Warfarin 148 (8)
e Apixaban 139 (8)
e Rivaroxaban: 81 (5)
Vomited: 69 (4)
Retrospective amnesia: 109 (6)
Bruise or laceration on head: 647 (37)
Open/ depressed skull fracture: 4 (< 1)
Signs of basal skull fracture: 9 (< 1)
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Reference De Wit 2020 °
Confounders Multivariable analysis

Adjusting data for new abnormality on neurologic examination, head laceration or bruise, CKD, GCS reduced from normal, cancer
treated in past two years, liver disease, history of major bleed in last two years, male, hypertension, dementia loss of consciousness,
previous stroke or TIA, diabetes, age congestive heart failure, anticoagulant therapy, and antiplatelet use.

No adjustment for key confounder of age

Outcomes and Independent predictors for ICH in patients
effect sizes

N=1075 (58%) had head CT; N=76 diagnosed with intracranial haemorrhage

New abnormality on neurologic examination: OR 4.35 (95% Cl 2.35-8.05)
Head laceration or bruise: OR 4.33 (95% CI 2.70-6.96)

CKD: OR 2.36 (95% CI 1.25-4.56)

GCS reduced from normal: OR 1.87 (95% CI 1.04-3.36)

Cancer treated in past 2 y: OR 1.82 (95% CI 0.91-3.66)

Liver disease: OR 1.76 (95% Cl 0.68-4.54)
History of major bleed in past 2 years: OR 1.56 (95% CI 0.82-2.98)
Vomited after the fall: OR 1.46 (95% CIl 0.57-3.71)

Male: OR 1.35 (95% CI 0.85-2.14)

Hypertension: OR 1.21 (95% CI 0.68-2.14)

Dementia: OR 1.08 (95% CI 0.64-1.79)

Antiplatelet therapy: OR 1.07 (95% CIl 0.64-1.79)

Loss of consciousness: OR 1.03 (95% CI 0.55-1.94)
Previous stroke or TIA: OR 1.02(95% CI 0.58-1.79)
Diabetes: OR 1.01 (95% CI 0.61-1.67)

Age, per year: OR 0.98 (95% CI 0.96-1.01)
Anticoagulation therapy: OR 0.87 (95% CI 0.48-1.59)
Congestive heart failure: OR 0.53 (95% CI 0.25-1.15)

New abnormalities found on neurologic examination, head laceration or bruise, CKD , reduced GCS compared to normal were
associated with intra cranial bleeding.

No association between all the other variables and intracranial bleeding including current anticoagulant use or antiplatelet use
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Reference De Wit 2020 °

Limitations Risk of bias (QUIPS):
1. Study participation LOW
2. Study attrition LOW
3. Prognostic factor measurement LOW
4. Outcome Measurement LOW
5. Study confounding HIGH
6. Statistical analysis LOW
7. Other risk of bias LOW
OVERALL RISK OF BIAS HIGH

Indirectness: no indirectness

Comments
Reference Dunham 2014 "2
Study type and A retrospective, consecutive investigation of patients with signs of external head trauma and age 260 years.
analysis
Adjusting data for brain atrophy occurrence, composite brain atrophy, platelet inhibitor agent status, warfarin status, admission major
neurologic dysfunction using multivariate analysis to adjust the changes.
USA
Number of N=198 (36% were antithrombotic-negative and 64% antithrombotic-positive)
participants
and o Inclusion criteria: age 260 years, fall from standing height or motor vehicular crash, physical evidence for head trauma (facial fracture,
characteristics skull fracture, scalp soft tissue injury, facial soft tissue injury, or cervical spine injury), and trauma centre admission.

Exclusion criteria: none stated

Population characteristics:
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Reference Dunham 2014 "2
e Age mean (SD): 78.46 (10) years
e Male: Female = not stated
e Admission Glasgow Coma Score 3—-12 n (%): 15 (7.6)

Population source: Trauma registry, Ohio, USA

Clinical variables ~ Admission major neurologic dysfunction, n (%): 19 (9.6%)
Antithrombotic-negative n (%): 72 (36.4)
Antithrombotic-positive n (%): 126 (63.6)
Preinjury brain atrophy n (%): 98 (49.5)
Intracranial haemorrhage n (%): 72 (36)
Intracranial haemorrhage with brain compression n (%): 12 (6.1)
Intracranial haemorrhage complication n (%): 8 (4.0)
Neurologic complication n (%): 13 (6.6)
Intracranial haemorrhage-neurologic complication n (%): 16 (8.1)
Confounders Multivariable analysis

Factors included in the adjusted multivariate analysis: brain atrophy occurrence, composite brain atrophy, platelet inhibitor agent status,
warfarin status, admission major neurologic dysfunction

No adjustment for key confounders of age and GCS
No description of excluded patients, no accounting for participant drop-out,

Outcomes and Multivariate analysis showed that intercranial haemorrhage (ICH) correlated with composite brain atrophy (p < 0.0001), but not AT
effect sizes agent status (p = 0.9293) (n = 192 AT-positive or AT-negative patients).

ICH correlated with composite brain atrophy (p < 0.0001), but not platelet inhibitor agent status (p = 0.3205) (n = 143 AT-negative or
platelet inhibitor-positive patients). ICH correlated with composite brain atrophy (p < 0.0001), but not warfarin status (p = 0.2733) (n =
114 AT-negative or warfarin-positive patients). ICH had an independent association with composite brain atrophy (p < 0.001) and
admission major neurologic dysfunction (p < 0.001), but not AT status (p = 0.9774) or age (p = 0.8566).

Multivariate logistic regression analysis indicated that ICH neurologic complications were independently associated with admission
major neurologic dysfunction (p < 0.001) and ICH (p = 0.0218), but not AT status (p = 0.8953). ICH-neurologic complications were
independently associated with admission major neurologic dysfunction (p > 0.001) and ICH (p = 0.0202), but not with platelet inhibitor-
status (p = 0.7055). ICH-neurologic complications were independently associated with admission major neurologic dysfunction (p <
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Reference Dunham 2014 2

0.001) and ICH (p = 0.0209), but not with warfarin-status (p = 0.7219). In the 72 patients with ICH, the ICH-neurologic complication rate
was similar for the AT-negative (17.4% [4/23]) and AT-positive (20.4% [10/49]; p = 1.0) groups.

Multivariate logistic regression analysis, ICH-neurologic complication was independently associated with admission major neurologic
dysfunction (p < 0.001) and ICH (p = 0.0216), but not with AT-positive status (p = 0.9966) or coagulation intervention (p = 0.4160).

10
11
12
13
14
15
16
17

Limitations Risk of bias (QUIPS):

1. Study participation HIGH

2. Study attrition LOW

3. Prognostic factor measurement LOW

4. Outcome Measurement LOW

5. Study confounding HIGH

6. Statistical analysis LOW

7. Other risk of bias LOW
OVERALL RISK OF BIAS VERY HIGH

Indirectness: not all participants on anti-thrombotics

Comments
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Study type and
analysis

Number of
participants

and
characteristics

Clinical variables

Galliazzo, 2019 15
Single centre retrospective cohort study

multivariate logistic regression analysis was performed to examine patients’ clinical factors associated with an acute intracranial
bleeding complication.

Italy
N= 1846 (n=459 CT not performed; n=1387 CT performed)

Inclusion criteria: GCS score ranging from 13 to 15 upon ED presentation after a referred TBIl and age over 18 years old.
Exclusion criteria: Patients receiving any regimen of low molecular weight heparin were excluded.

Population characteristics:

Sex, male: 926 (50.2%)

Age > 65 years: 1042 (56.5%)

median age was 71 years (IQR 46-83)
GCS score

15: 1811 (98.1%)

14: 29 (1.6%)

13: 6 (0.3%)

INR >3: 36 (2%)

1222 (66.2%) patients in group 1 (no antithrombotic therapy prior to the index event), 407 (22.0%) in group 2 (one antiplatelet agent),
120 (6.5%) in group 3 (VKAS), 51 (2.8%) in group 4 (DOACs) and 46 (2.5%) in group 5 (double antithrombotic therapy).

Population source: all consecutive adult patients admitted to the ED of the Teaching Hospital of Varese, Italy, between January 2015
and September 2017 because of a mild TBI. Patients were detected by querying ED medical electronic registry with the following
descriptive diagnosis: minor TBI, minimal TBI, mild TBI, minor/minimal/mild TBI on anticoagulation therapy/VKA/DOACs and
minor/minimal/mild TBI on antiplatelet

therapy.

Antithrombotic drug, antiplatelet, VKA, DOACs, Double therapy, Age (years) <65 and 265, Sex , GCS score (15 and <15), Loss of
consciousness, Amnesia , Neurological signs, Seizure , Headache, Vomiting, Clinical signs of cranial fracture, Complicated contused
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Reference Galliazzo, 2019 5
lacerated wound, Critical dynamic, History of epilepsy, Previous stroke/TIA/neurosurgery, Drug/alcohol intoxication, History of cerebral
neoplasia, scalp lesions

Confounders multivariate logistic regression analysis

Age older than 65 years, any ongoing antithrombotic treatment, history of epilepsy, history of TIA/stroke/neurosurgery, history of
cerebral neoplasia and drug/alcohol intoxication as patient baseline risk factors; GCS score < 15, LOC, amnesia, vomiting, neurological
signs, seizure, headache, clinical signs of skull fracture, complicated contused lacerated wound, other scalp lesions

Outcomes and Outcome: acute intra cranial bleeding complications
effect sizes

Association between patients' clinical findings and intracranial bleedings. Logistic regression model, overall sample.

Antithrombotic drug

Antiplatelet: OR 1.93(95% Cl 0.98-3.80)

VKA: OR 1.58 (95% CI 0.55-4.54)

DOACs: OR 1.54(95% CI 0.33-7.16)

Double therapy: OR 2.11 (95% CI 0.51-8.67)

Age (years) <65: OR 1 (NR)

Age =65: OR 1.89 (95% CI 0.92-3.87)

Sex male: OR 1 (NR)

Female: OR 1.13 (95% CI 0.65-1.97)

GCS score 15: OR 1 (NR)

<15: OR 7.95 (95% CI 3.12—-20.28)

Loss of consciousness (yes): OR 1.31 (95% CI 0.42—4.04)

Loss of consciousness (no): OR 1 (NR)

Amnesia (yes): OR 6.49 (95% CIl 3.57-11.82)

Amnesia (no): OR 1 (NR)

Neurological signs (yes): 1.04 0.09-11.56

Neurological signs (no): OR 1 (NR)

Seizure (yes): not estimable

Seizure (no): OR 1 (NR)

Headache (yes): OR 1.11 (95% CI 0.13-9.4)
Headache (no): OR 1 (NR)
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Vomiting (yes): OR 4.45 (95% CI 1.47-13.50)
Vomiting (no): OR 1 (NR)

Clinical signs of cranial fracture (yes): OR 8.41 (95% Cl 2.12-33.33)
Clinical signs of cranial fracture (no): OR 1 (NR)

Complicated contused lacerated wound (yes): OR 1.01 (95% CI 0.28-3.61)
Complicated contused lacerated wound (no): OR 1 (NR)

Critical dynamic (yes) : OR 3.03 (95% CI 0.96-9.60)
Critical dynamic (no): OR 1 (NR)

History of epilepsy (yes) : OR 2.46 (95% CI1 0.51-11.79)
History of epilepsy (no): OR 1 (NR)

Previous stroke/TIA/neurosurgery (yes) : OR 1.57 (95% CI 0.61-4.09)
Previous stroke/TIA/neurosurgery (no): OR 1 (NR)

Drug/alcohol intoxication (yes) : OR 1.13 (95% CI 0.30—4.25)
Drug/alcohol intoxication (no): OR 1 (NR)

History of cerebral neoplasia (yes): NOT ESTIMABLE
History of cerebral neoplasia (no): OR 1 (NR)

scalp lesions (yes): OR 2.31 (95% CI 1.09—-4.89)
scalp lesions (no): OR 1 (NR)

Association between patients' clinical findings and intracranial bleedings. Logistic regression model, only patients with CT performed.
Antithrombotic drug
Antiplatelet: OR 1.70 (95% CI1 0.87-3.33)
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Galliazzo, 2019 15

VKA: OR 1.33 (95% CI 0.47-3.77)

DOACs: OR 1.28 (95% CI 0.28-5.88)

Double therapy: OR 1.84 (95% CI 0.46-7.44)

Age (years) <65 - OR 1 (NR)

Age 265: OR 1.38 (95% CI 0.67—-2.83)

Sex

Male: OR 1.15 (95% CI 0.66—2.00)

Female: OR 1 (NR)

GCS score 15: OR 1 (NR)

GCS score <15: OR 6.69 (95% Cl 2.67-16.77)

Loss of consciousness (yes): OR 1.10 (95% CIl 0.36-3.37)
Loss of consciousness (no): OR 1 (NR)

Amnesia (yes): OR 5.62 (95% CIl 3.07-10.26)

Amnesia (no): OR 1 (NR)

Neurological signs (yes): OR 0.92 (95% CIl 0.09-9.92)
Neurological signs (no): OR 1 (NR)

Seizure (yes): not estimable

Headache (yes): OR 0.91 (95% CI 0.10-8.02)

Headache (no): OR 1 (NR)

Vomiting (yes): OR 4.33 (95% CI 1.43-3.11)

Vomiting (no): OR 1 (NR)

Clinical signs of cranial fracture (yes): OR 7.36 (95% CI 1.88-28.91)
Clinical signs of cranial fracture (no): OR 1 (NR)
Complicated contused lacerated wound (yes): OR 1.04 (95% CI 0.30-3.60)
Critical dynamic (yes): OR 2.38 (95% CI1 0.76—7.48)

Critical dynamic (no): OR 1 (NR)

History of epilepsy (yes): OR 2.15 (95% CIl 0.45-10.25)
History of epilepsy (no): OR 1 (NR)

Previous stroke/TIA/neurosurgery (yes): OR 1.47 (95% CI1 0.57-3.77)
Previous stroke/TIA/neurosurgery (no): OR 1 (NR)
Drug/alcohol intoxication (yes): OR 0.96 (95% CI 0.26—3.58)
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Galliazzo, 2019 15

Drug/alcohol intoxication (no): OR 1 (NR)

History of cerebral neoplasia (yes): not estimable
History of cerebral neoplasia (no): OR 1 (NR)
scalp lesions (yes): OR 2.20 (95% CI 1.03—4.68)
scalp lesions (no): OR 1 (NR)

At multivariable analysis performed in the whole study population, the following clinical characteristics were independently associated
with acute intracranial bleeding complications: GCS < 15 (OR 7.95 Cl 95%: 3.12—-20.28), post traumatic amnesia (OR 6.49; Cl 95%:
3.57-11.82), vomiting (OR 4.45 Cl 95%: 1.47—-13.50), clinical signs of cranial fractures (OR 8.41 Cl 95%: 2.12—-33.33), and evidence of
other clinical scalp lesions (OR 2.31 Cl 95%: 1.09-4.89). Treatment with single antiplatelet (OR=1.93 Cl 95%: 0.98-3.80), VKAs
(OR=1.58 Cl 95%: 0.55-4.54), DOACs (OR=1.54 Cl 95%: 0.33-7.16) or double antithrombotic drugs (OR=2.11 CI 95%: 0.51-8.67)
was not significantly associated with an increased risk of intracranial bleeding. These findings, with the exception for the variable “other
scalp lesions”, were confirmed at the multivariable analysis performed by considering only patients who underwent CT scan.

Risk of bias (QUIPS):

1. Study participation LOW
2. Study attrition LOW
3. Prognostic factor measurement LOW
4. Outcome Measurement LOW
5. Study confounding LOW
6. Statistical analysis LOW
7. Other risk of bias LOW
OVERALL RISK OF BIAS LOW

Indirectness: serious
Not all participants on anti-thrombotic therapy

Among patients who underwent brain CT, 68 (4.9% Cl 95%: 3.9—-6.2) had acute intracranial bleeding: 36 (4.6%; 95% CI: 3.2—6.3) in
group 1, 22 (5.7%; 95% ClI: 3.6-8.5) in group 2, 5 (4.2%; 95% CI: 1.4-9.5) in group 3, 2 (3.9%; 95%: 0.5—13.5) in group 4 and 3 (7.0%;
95%Cl: 1.5—-19.1) in group 5. Intracranial bleeding prevalence was similar among patient groups. ICH prevalence increased as the
number of overall concurrent risk factors increased. An INR value greater than three was documented in 2 out of 5 cases of intracranial
bleeding on VKAs. None of the intracranial bleeding lesions required a neurosurgical treatment. Overall, only 1 patient died. He
belonged to group 4 and was on dabigatran.
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Gelernter, 2018 16
Retrospective chart review of infants less than 24 months old

Logistic regression model

Israel
N= 344 cases were analysed, 68 with late presentation.

Inclusion criteria: All files of children younger than 24 months with head injury who underwent CT from January 2004 to December
2014, were

retrospectively reviewed.

The study group included children with late presentation, i.e. their injury occurred at least 24 h prior to CT performance. Patients
evaluated by a physician immediately after head injury who presented to the ED later, and those who were admitted without initial CT
and underwent CT later, were also included.

The control group included children with early presentation, who underwent CT within 24 h of their injury.

Exclusion criteria: Children with non-trauma indication for head CT, highly suspected non-accidental trauma, penetrating trauma, and
those with pre-existing neurological disorders complicating assessment, were excluded. Files with no documentation of the time of
injury were also excluded from the study.

Population characteristics:

Factor After 24 h (n = 68) Within 24 h (n = 275)
Age, months (mean (SD)): 11.4 (5.6) 10.5 (7.0)
Gender (n (%) male): 34 (50%) 171(62%)
GCS<15 (n (%) : 10 (15%) 49 (18%)
Hematoma (n (%): 53 (78%) 170 (62%)
Severe mechanism of injury (n (%): 14 (22%) 157 (58%)
Type of Mechanism
Fall (n (%) : 63 (98%) 238 (88%)
motor vehicle accident: 0 (0%) 21(8%)
other : 1(2%) 12(4%)
Readmittance to Emergency Room: 10 (15%) 2 (1%)
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Gelernter, 2018 16

Population source: A retrospective chart review of infants less than 24 months old referred for head CT because of traumatic brain
injury from January 2004 to December 2014 in Assaf-Harofeh medical centre was conducted.

Age, gender, GCS, hematoma, duration of injury

A logistic regression model was used to determine the effect of different variables (including time of presentation) on the risk for
significant TBI. Demographic and clinical variables were included in the model based on data from previous studies.

Age, gender, GCS, hematoma, duration of injury. Adjusted for key confounders

Outcome:

- Variables associated with increased risk for significant TBI on CT [Significant TBI on CT includes any of the following descriptions:
any intracranial bleeding, pneumocephalus, cerebral oedema, skull fracture depressed by at least the thickness of skull, or diastasis of
the skull]

- Variables associated with increased risk for any TBl on CT [any TBI on CT as any finding on CT related to the injury (e.g. linear skull
fracture)]

PECARN definitions of TBI on CT to define significant CT findings.

Variables associated with increased risk for significant TBIl on CT.
Factor OR (95% CI)

Age, months: 0.91 (0.86-0.96)

Male gender: 1.34 (0.72-2.49)

GCS<15: 5.88 (2.69-13.02)

Hematoma: 4.39 (1.91-10.10)

Duration from injury >24 h: 1.63 (0.79-3.44)

Variables associated with increased risk for any TBI on CT.
Factor OR (95% Cl)

Age, months :0.90 (0.86—0.94)

Male gender: 1.51 (0.89-2.58)

GCS<15: 2.44 (1.17-5.26)

Haematoma: 7.69 (4.00—14.26)

Duration from injury >24 h: 2.77 (1.40-5.55)
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Gelernter, 2018 16

In the model, younger age, presence of scalp hematoma and GCS (Glasgow Coma Scale)<15 predicted significant TBI on CT, while
time of presentation following injury did not. Exploring the relationship between patient characteristics and any finding on CT by logistic
regression demonstrated that late presentation, as well as the three characters mentioned above, predicted any TBIl on CT.

Risk of bias (QUIPS):

1. Study participation LOW
2. Study attrition LOW
3. Prognostic factor measurement LOW
4. Outcome Measurement LOW
5. Study confounding LOW
6. Statistical analysis LOW
7. Other risk of bias LOW
OVERALL RISK OF BIAS LOW

Indirectness: indirectness
Included infants with <and > 24 hours after injury

Note from study: Documentation of time of injury was lacking in several cases and was estimated by the author. However, study
included only cases in which we could determine if the injury occurred within 24 h to presentation or later.

In this study, included only children with a late presenting head injury that underwent CT and not those who did not receive imaging
studies. That makes those who were chosen to undergo CT a selected high-risk group. Additionally, children that did not have CT
scans preformed may have had serious intracranial pathology that failed to present to the ED and may have been missed. We did not
follow children that had an initial negative CT, or did not have a CT at all, to see if they presented to other ED's or suffered late
complications. However, as this was a regional hospital, patients tend to readmit it in case they need

There were no significant differences in age and gender between children with late and early presentation. Significant differences
between the groups were found in the frequency of scalp hematoma (OR 2.18, Cl 1.17— 4.06), severe mechanism (OR 0.20, Cl 0.10—
0.39), as well as in type

of injury. Difference in frequency of readmission to ER was also found to be significant, but with a very wide Cl (OR 23.62, CI 5.04—
110.66).

Total of 344 CT scans were available for the study. Of the 344 included CT scans, 68 were for patients presenting after 24 h from injury
(study group). Overall, 159 scans demonstrated any TBI, from which 68 were significant. There were no significant differences between
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Gelernter, 2018 16

the groups in the incidence of significant TBI (22% vs 19%, p = 0.61), clinically important TBI and neurosurgery intervention. Any TBI
on CT were found in 43 (63%) patients with late presentation compared with 116 (42%) patients with early presentation (p = 0.002, OR
2.37,95% CI 1.37-4.1).

There was no significant difference in hospitalisation duration between children with late and early presentation (mean 2.5 (SD 2.4)
days vs 2.3 (SD 3.3) days, p = 0.84). There was borderline significant difference in intensive care unit admission between the groups
(15% vs 26%, p = 0.057, OR 0.47 (Cl 0.23-0.98)).

Hall, 2019 "8
Retrospective cohort study

multivariate Cox regression models were used to model readmission and mortality as a function of variables of interest

USA
N= 173 (n=115 on OAC/OAP; n= 58 not on OAC/OAP)

Inclusion criteria: Patients were included in the analysis if their age was 80 years and they underwent a head CT in the ED at the
index fall assessment.

Exclusion criteria: Only patients with active malignancy or age <80 years were excluded.

Population characteristics:

OAP/OAC (n = 115) No OAP/OAC (n= 58)
Age (years) 86.9+£5.0 87147
Female 67 (58%) 40 (69%)
Intracranial haemorrhage 16 (14%) 6 (10%)
Oral antiplatelet 100 (87%) -
Oral anticoagulant 26 (23%) -

In the OAP group, 75 patients took aspirin and 25 patients took clopidogrel. In the OAC group, 22 patients took warfarin, 2 took
rivaroxaban, 1 took dabigatran, and 1 took apixaban.
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Reference Hall, 2019 18
Population source: Patients who had suffered a fall were selected from a database of all blunt trauma patients seen in the ED from
January 2014 to January 2016, including cases of falls, motor vehicle collisions, and motorcycle.

Clinical variables  OAC , OAP, presence of intracranial haemorrhage on the initial head CT scan, disposition from the ED, and patient-specific
comorbidities. These

included dementia, hypertension, hyperlipidemia, diabetes, atrial fibrillation, congestive heart failure, chronic obstructive pulmonary
disease, chronic kidney disease, and history of stroke or cerebrovascular disease

Confounders Multivariate analysis
Presence of intracranial haemorrhage on the initial head CT scan, disposition from the ED, and patient-specific comorbidities

Not adjusted for key founders of age and GCS

Outcomes and Outcome: 30-day, 6-month, and overall mortality
effect sizes
Multivariate analysis for 30-day, 6-month, and overall mortality
30 -day mortality
Variable
ICH: HR 6.8 (95% CI 2.6-17.4)
OAP/OAC: HR 1.5 (95% CI 0.5-5.3)

6-month mortality

Rockwood: HR 1.8 (95% CI 1.3-2.4)
Disposition to-ICU: HR 5.7 (95% Cl 2.2—14.3)
Atrial fibrillation: HR 2.0 (95% CI 1.0-3.8)
OAP/OAC: HR 0.8 (95% CI 0.4-1.5)

Overall mortality

Rockwood: HR 1.6 (95% CI 1.3-2.0)

CHF: HR 1.8 (95% CI 1.1-3.0)

OAP/OAC: HR 0.9 (95% CI 0.5-1.4)
Limitations Risk of bias (QUIPS):

1. Study participation LOW
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Reference

Comments

Hall, 2019 "8

2. Study attrition LOW
3. Prognostic factor measurement LOW
4. Outcome Measurement LOW
5. Study confounding HIGH
6. Statistical analysis LOW
7. Other risk of bias LOW
OVERALL RISK OF BIAS HIGH

Indirectness: serious
Not all participants on anti-coagulants/anti-platelets

Delayed intracranial haemorrhage did not occur in any patient discharged from the ED after the initial fall. However, 28 patients were
readmitted to the hospital within 30 days of their sentinel fall, for an overall readmission rate of 17.5% (95% confidence interval [Cl],
11.4-23.2). This group had a higher 6-month mortality (43%) than the group that did not get readmitted (16%, P=0.01).

OAP/OAC status was also included in the multivariate analysis because it was a variable of interest in the study. Multivariate analysis
demonstrated that the hazard ratio for 30-day readmission was 2.9 times higher for patients living at home compared to those in a
nursing facility (P = 0.02; 95% ClI, 1.28-7.31). OAP/OAC status did not have a significant impact on 30-day readmission (hazard ratio
1.28; P =0.35; 95% ClI, 0.58-3.10).

Mortality rates at 1, 6, 12, and 24 months were 8.9% (95% ClI, 4.5-13.1), 22.6% (95% ClI, 15.9-28.8), 28.0% (95% CI, 20.7-34.7), and
46.7% (95% ClI, 36.7-55.2), respectively. Univariate and multivariate analyses were performed to determine patient-specific risk factors
for 30-day, 6-month, and overall mortality.

Risk factors for mortality were time dependent. For 6-month mortality, each unit of the Rockwood Frailty Score increased the hazard
ratio by 76%. For overall mortality, each unit of the Rockwood Frailty Score increased the hazard ratio by 60%. As demonstrated in the
multivariate analyses, OAP/OAC status did not have a significant impact on 30-day, 6-month, and overall mortality.

Among the patients, 9% had a Rockwood Score of 3; 26%, 4; 29%, 5; 25%, 6; and 11%, 7. Study did not identify any patients with a
score of <3, and 36% of patients included in the study had a score 6. The Kaplan-Meier curve showed that patients over 80 years old
with higher Rockwood frailty scores were much more likely to die following a fall compared to their less frail counterparts (P < 0.01).
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Reference Mason, 2017 2 AHEAD study
Study type and Multicentre, observational study
analysis

Multivariable analysis. Adjusted for age and sex.

UK
Number of N= 3566 (aged 216 years) who had suffered blunt head injury and were currently taking warfarin.
participants
and o Inclusion criteria: Adults (=216 years) attending the ED in a participating hospital site between September 2011 and March 2013
characteristics presenting with head trauma who were currently taking warfarin were included

Exclusion criteria: patients with a penetrating injury or head trauma following a spontaneous intracranial event.

Population characteristics:
Males : 1738 (49.2)

Age group, years
<60: 251 (7.1)
60-69: 313 (8.9)
70-79: 925 (26.2)
80-89: 1674 (47.4)
90+: 371 (10.5)

Symptoms, type

Amnesia: 341 (9.6) 1464 (41.4)

Vomiting: 163 (4.6) 900 (25.5)

Loss of consciousness: 425 (12.0) 620 (17.5)
Headache: 535 (15.1) 1511 (42.8)

Admitted

Yes : 2216 (62.7)

Glasgow Coma Scale
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Reference Mason, 2017 2 AHEAD study
15: 2871 (81.2)
14 : 275 (7.8)
13: 23 (0.7)
<13: 60 (1.7)
Not recorded at site: 305 (8.6)

INR:
<2:741 (21.0)
2-4: 1941 (54.9)
>4: 252 (7.1)

CT scan performed
Yes: 2114 (59.8)

Time to scan (from ED attendance)
<1 hour: 199 (9.4)

1—4 hours: 1210 (57.2)

4+ hours : 610 (28.9)

CT grading

Intracranial abnormality likely to be due to injury: 192 (5.4)
Other abnormality likely to be due to injury (eg, scalp haematoma, uncomplicated fracture): 417 (11.8)
Other abnormality unlikely to be due to injury: 909 (25.7)
Normal CT scan: 461 (13.0)

Reversal therapy:

Yes: 189 (5.3)

Prothrombin complex: 30 (0.8)

Intravenous vitamin K: 100 (2.8)

Oral vitamin K: 16 (0.5)

Other* : 42 (1.2)

Neurosurgical procedures
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Reference Mason, 2017 2 AHEAD study
Yes: 18 (0.5)
Further hospital attendances:
Head injury-related to original attendance: 37 (1.0)

Population source: 33 EDs in England and Scotland
Clinical variables four neurological symptoms (headache, vomiting, amnesia and loss of consciousness)
Confounders Age and gender

Not adjusted for key conder of GCS

Outcomes and Outcome: Predictors (neurological outcomes) of death or neurosurgery resulting from the initial injury
effect sizes

Relative risk in patients GCS=15 associated with neurological symptoms (compared with no symptoms) following multiple imputation
(n=2871)

Multivariable joint analysis

Amnesia: RR 3.48 (95% CI 2.13 to 5.70) p<0.001

Vomiting: RR 1.80 (95% CI 0.97 to 3.36) p=0.063

Loss of consciousness (LOC): RR 1.75 (95% CI 1.03 to 2.99) p=0.039

Headache: RR 1.30 (95% CI 0.76 to 2.22) p=0.331

When all four symptoms were included in the same model amnesia was the strongest predictor with vomiting or loss of consciousness
associated with slightly lower relative risks and headache associated with the lowest relative risk

Limitations Risk of bias (QUIPS):
1. Study participation LOW
2. Study attrition LOW
3. Prognostic factor measurement LOW
4. Outcome Measurement LOW
5. Study confounding HIGH
6. Statistical analysis LOW
7. Other risk of bias LOW
OVERALL RISK OF BIAS HIGH
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Reference Mason, 2017 2 AHEAD study
Indirectness: None
Comments Adverse event rate by Glasgow Coma Scale (GCS) and neurological symptoms
GCS=15 and no neurological symptoms (n=2243): adverse event=2.8% (n=65)
GCS=15 and one neurological symptom (n=384): adverse event=9.0% (n=38)
GCS=15 and two neurological symptoms (n=109): adverse event=13.5% (n=17)
GCS=15 and three neurological symptoms (n=15): adverse event=26.7% (n=4)
GCS<15 (n=358): adverse event=20.9% (n=75)
Reference Nishijima, 2018 %’
Study type and Prospective cohort study
analysis
Random-effects multivariate logistic regression model. Adjusted results.
USA
Number of N= 1140
participants
and Inclusion criteria: patients 55 years and older with head trauma who were transported to a hospital by the participating EMS
characteristics agencies
from August 1, 2015 to September 30, 2016. Age 55 years and older was chosen as the study population based on the current field
triage

definition of older adults

Exclusion criteria: patients transferred by emergency medical services (EMS) from another receiving facility (interfacility transport),
patients transported to a non-participating hospital, and patients with penetrating head trauma. Also excluded patients for whom it was
unable to link hospital data to EMS data
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Reference

Nishijima, 2018 %’

Population characteristics:

Age, median (Q1, Q3): 73 (63, 84) years
Male sex: 610 (47)

Race

White: 919 (70)

Black: 115 (9)

Asian: 117 (9)

American Indian/Alaskan Native: 9 (0.7)
Pacific Islander/Native Hawaiian: 20 (1)
Other: 135 (10)

Unknown: 22 (2)

Ethnicity

Hispanic 113: (9)

Advanced Life Support transport: 839 (64)
Initial pre-hospital Glasgow Coma Scale (GCS) score
GCS score 15: 1003 (77)

GCS score 14: 203 (16)

GCS score 13: 32 (2)

GCS score <13: 58 (4)

Anticoagulant/antiplatelet medication use (may have more than one medication)
Warfarin: 102 (8)

Direct oral anticoagulant: 53 (4)

Aspirin: 279 (21)

Other antiplatelet (clopidogrel and others): 89 (7)

More than one anticoagulant or antiplatelet medication: 53 (4)

None: 887 (68)

International normalized ratio, median (Q1, Q3): 2.39 (1.81, 2.90)

Platelet count, median (Q1, Q3): 214 (173, 261)
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Reference

Clinical variables

Confounders

Outcomes and
effect sizes

Nishijima, 2018 %’

Injury severity score, median (Q1, Q3): 6 (4, 14)

Isolated head injury: 1224 (94)

Population source: a county-wide, prospective study at five EMS agencies and 11 hospitals in Northern California.

Ten variables: age 80 years or older [ideal Cut-point based on receiver operating curve], male sex, an abnormal initial EMS GCS
score [GCS score <15], a mechanism of injury other than a fall from standing height or less, a history of loss of consciousness or
amnesia, anticoagulant or antiplatelet use, evidence of trauma above the clavicles, a history of vomiting, a history of headache, and the
presence of physiological, anatomical, or mechanism of injury trauma triage criteria [Step 1 to 3 criteria]) were defined a priori and
entered into a random-effects

multivariate logistic regression model to account for random variation.

multi-variate logistic regression risk factors

study reports adjusted for numerous demographic and clinical variables in the adjusted analysis.
Outcome: Predict the Incidence of Traumatic Intracranial haemorrhage (ICH) on Initial Cranial CT Scan

N=434 (33%) patients had anticoagulant or antiplatelet use and 112 (10%) had traumatic ICH.

Adjusted Analysis to Predict the Incidence of Traumatic Intracranial haemorrhage on Initial Cranial CT Scan, n = 1140 Variable OR
(95% CI)
History of vomiting: 6.65 (2.61-16.96)

Evidence of trauma above the clavicles: 2.55 (1.33—4.88)

Abnormal EMS GCS score, initial: 2.06 (1.27-3.35)

Mechanism of injury other than a fall from standing height or less: 1.92 (1.17-3.15)
Loss of consciousness or amnesia: 1.63 (1.02—2.61)

Any anticoagulant or antiplatelet use: 1.53 (0.99-2.38)

Age 80 years or older: 1.53 (0.96-2.43)

History of headache: 1.11 (0.44-2.76)

Male sex: 1.00 (0.65-1.53)
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Reference

Limitations

Comments

Nishijima, 2018 %’
On adjusted analysis, a history of vomiting, evidence of trauma above the clavicles, an abnormal initial EMS GCS score, a mechanism

of injury other than a fall from standing height or less and a history of loss of consciousness or amnesia were independent risk factors
for the incidence of traumatic ICH on initial cranial CT scan. A history of anticoagulant or antiplatelet

use was not identified as an independent risk factor for traumatic ICH.

The sensitivity analysis demonstrated that “warfarin use and INR level 2.0 or higher” was not an independent risk factor for the
incidence of traumatic ICH (OR 1.18, 95% CIl 0.48-2.87).

Risk of bias (QUIPS):

1. Study participation LOW

2. Study attrition LOW
3. Prognostic factor measurement LOW
4. Outcome Measurement LOW
5. Study confounding LOW
6. Statistical analysis LOW
7. Other risk of bias LOW
OVERALL RISK OF BIAS LOW

Indirectness: serious
Not all participants on anti-coagulants/anti-platelets

Of the 1304 patients enrolled, 1147 (88%) received a cranial CT scan and were eligible for outcome analysis. Of these patients
receiving a cranial CT scan, there were 112 (9.8%) with a traumatic ICH and 22(1.9%) with in-hospital neurosurgery or death due to
trauma.

Four hundred and thirty-four of 1304 patients (33.3%) had anticoagulant or antiplatelet use. There was no difference in the incidence of
traumatic ICH in patients with (47/434; 10.8%, 95% CI 8.1%— 14.1%) and without (65/713; 9.1%, 95% CI 7.1%—-11.5%) anticoagulant
or antiplatelet use. There was also no difference in the incidence of in-hospital neurosurgery or death due to trauma in patients with
(6/434; 1.4%, 95% CIl 0.5%-3.0%) and without (16/713; 2.2%, 95% CI 1.3%—3.6%) anticoagulant or antiplatelet use.

The incidence of traumatic ICH and in-hospital neurosurgery or death due to trauma also did not differ when compared across specific
anticoagulant or antiplatelet medications.
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Reference Nishijima 2013 28
Study type and Prospective observational study between April 2009 and January 2011.
analysis

Multivariable analysis adjusting data for age 65 years or older, warfarin use, clopidogrel use, concomitant aspirin use, non-ground level
fall mechanism of injury, headache, vomiting, loss of consciousness (LOC) or amnesia, drug or alcohol intoxication, evidence of trauma
above the clavicles, abnormal mental status.

USA
Number of N=982
participants
and o Inclusion criteria: adult (= 18 years old) ED patients with pre-injury warfarin or clopidogrel use (within the prior seven days) and mild
characteristics blunt head trauma (initial ED Glasgow Coma Scale (GCS) score 13 to 15).

Exclusion criteria: patients who did not receive cranial CT scans during the index ED visit

Population characteristics:
e Age mean (SD): 75.4 years (12.6) years
e Male:Female = 464/518
e Admission Glasgow Coma Score: 13 to 15

Population source: Two trauma centres and four community hospitals in Northern California, USA

Clinical variables  Warfarin use n (%): 714 (72.7)
Clopidogrel use n (%): 279 (28.4)
Concomitant aspirin use n (%): 45 (4.6)
Vomiting n (%): 41 (4.2)
Headache n (%): 349 (35.5)
Loss of consciousness or amnesia n (%): 187 (19.0)
Any evidence of trauma above the clavicles n (%):696 (70.9)
Normal mental status (GCS 15) n (%): 879 (89.5)
Admitted to hospital n (%): 346 (33.1)

Confounders Multivariable analysis using both binary recursive partitioning and logistic regression
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Reference Nishijima 2013 28

Factors included in the adjusted multivariate analysis: age 65 years or older, warfarin use, clopidogrel use, concomitant aspirin use,
non-ground level fall mechanism of injury, headache, vomiting, LOL or amnesia, drug or alcohol intoxication, evidence of trauma above
the clavicles, abnormal mental status.

Not adjusted for key confounder of GCS

Outcomes and Outcome: predictors of traumatic intracranial haemorrhage
effect sizes
Adjusted risk for traumatic intracranial haemorrhage (multivariable analysis)
Warfarin use 0.62 (0.70-5.49)
Clopidogrel use 1.68 (0.19-14.72)
Vomiting 3.68 (1.55-8.76)
Headache 1.60 (0.93-2.77)
Drug or alcohol intoxication 1.61 (0.50-5.16)
Abnormal mental status 3.08 (1.60-5.94)

Multivariable logistic regression identified vomiting (adjusted odds ratio (aOR) 3.68; 95% CI = 1.55 to 8.76) and abnormal mental status
(aOR 3.08; 95% CIl = 1.60 to 5.94) as associated with immediate traumatic intracranial haemorrhage (tICH).

No association for clopidogrel use, warfarin use, headache, drug or alcohol intoxication.

Limitations Risk of bias (QUIPS):

1. Study participation LOW
2. Study attrition LOW
3. Prognostic factor measurement LOW
4. Outcome Measurement LOW
5. Study confounding HIGH
6. Statistical analysis LOW
7. Other risk of bias LOW
OVERALL RISK OF BIAS HIGH

Indirectness: no indirectness
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Reference
Comments

Reference

Study type and
analysis

Number of
participants

and
characteristics

Clinical variables

Nishijima 2013 %

Turcato 2019 3¢

A retrospective observational study of patients admitted to the Emergency Department of the University Hospital of Verona, Verona,
Italy from June 1, 2017 to August 31, 2018, due to mild traumatic brain injury.

Adjusting data for VKA treatment, pre-trauma conditions (previous neurosurgery high-energy impact, alcohol abuse, antiplatelet
treatment), post-trauma symptoms (amnesia, loss of consciousness, post-trauma seizures, vomiting, GCS < 15, worsening headache,
trauma beyond clavicles, presence of cranial fracture) using multivariate analysis to adjust the changes.

Italy
N=451 (n= 268 were on vitamin K antagonists (VKAs) and n=183 on direct oral anticoagulants ( (DOACs)

Inclusion criteria: patients treated with anticoagulants, GCS score of 13—15, regardless of the presence of loss of consciousness or
amnesia immediately after the injury.

Exclusion criteria: none stated

Population characteristics:
e Age median (IQR): 83 (78—88) years
e Male:Female = 212:238
e GCS: not stated

Population source: Emergency Department of the University Hospital of Verona, Verona, ltaly
Direct oral anticoagulants (DOAC): n (%) 183 (40.6)

Vitamin K antagonists (VA): n (%) 268 (59.4)

High-energy impact: n (%) 14 (3.1)
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Reference Turcato 2019 3¢

Indication to anticoagulation VA vs DOAC n (%):
atrial fibrillation: 232 (86.6) vs 171 (93.4)
mechanical valve: 19 (7.1) vs 0 (0.0)

venous thromboembolism 17 (6.3) vs 11 (6.0)

Intracranial bleeding, n (%) VA vs DOAC
global: 40 (14.9) vs 14 (7.7)

immediate: 31 (11.6) vs 10 (5.5)
delayed: 31 (11.6) vs 10 (5.5)

Confounders Multivariable analysis

Factors included in the adjusted multivariate analysis: VKA treatment, pre-trauma conditions and post trauma conditions
Outcomes and Independent predictors for global ICH in patients on anticoagulant therapy:
effect sizes VKA therapy: OR 2.327, 95% CI 1.117 to 4.847, p = 0.024

High-energy impact: OR 11.229, 95% CI 3.265 to 38.617

Amnesia: OR 2.814, 95% CI 1.102 to 6.556, p = 0.017

Loss of consciousness: OR 5.286, 95% CIl 1.102 to 25.348, p = 0.037

GCS score < 15: OR 4.719, 95% CI 1.938 to 11.492, p = 0.001

Presence of an objective lesion above the clavicles: OR 2.742, 95% CI 1.297 to 5.797, p = 0.008

Limitations Risk of bias (QUIPS):

1. Study participation LOW

2. Study attrition LOW

3. Prognostic factor measurement LOW
4. Outcome Measurement LOW
5. Study confounding LOW
6. Statistical analysis LOW
7. Other risk of bias LOW
OVERALL RISK OF BIAS LOW

Indirectness: no indirectness
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Reference Turcato 2019 3¢

Comments DOAC-treated patients had a lower overall ICH rate compared with theVKA-treated patients. In fact, only 7.7% (14/183) of DOAC-
treated patients presented overall bleeding compared with the 14.9% (40/268) of VKA-treated patients (p = 0.026), whereas early
bleeding was present in 5.5% (10/183) of DOAC-treated patients comparedwith the 11.6% (31/268) of VKA-treated patients
(p = 0.030).

No difference was found for delayed bleeding (3.8 vs. 2.3, p = 0.570).

Globally, 1.6% of patients (7/451) required neurosurgical treatment; 0.7% of the patients (3/451) died as a result of ICH. There was no
difference between the DOAC and VKA treatment groups
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Appendix E — Forest plots
Adults

People on anticoaqulants only

Independent predictors for intra cranial haemorrhage in people on anticoagulant therapy (all

participants on VKA and DOACs)

Figure 2: Vitamin K antagonists (VKA) therapy
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Figure 3: vitamin K antagonists (VKAs) treatment
Odds Ratio

Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% Cl

Favours anti-coagulants  Favours no anti-coagulants

Odds Ratio
IV, Fixed, 95% CI

Cipriano, 2018 3364 O Mot estimable

Total (95% CI) Not estimable

Heterageneity: Mot applicable .
Test for overall effect: Mot applicahle .

Figure 4: Amnesia
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Figure 5: Post-traumatic amnesia
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Figure 6: Loss of consciousness
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Figure 7: GCS<15
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Figure 8: GCS<15
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Turcata, 2022 11171 0164 1000% 3.06[2.22, 4.21]
Total (95% Cl) 100.0% 3.06 [2.22, 4.21] L 2
ity i I } I |
Heterogeneity: Mot applicahle 007 0 10 100

Testfor overall effect: Z= 6.81 (P = 0.00001)

Favours anti-coagulants  Favours no anti-coagulants
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Figure 9: Amnesia
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Figure 10:  vomiting
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Figure 11: loss of consciousness
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Figure 12: headache

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI|
Magan, 2017 0.2624 02739 100.0% 1.30([0.76, 2.22]
Total (95% Cl) 100.0% 1.30 [0.76, 2.22]
ity i } } 1 } |
et e - 05 T i W
estfor overall effect: Z=0.96 (F = 0.34) Favours anti-coagulants Favours no anti-coagulants

Anti-coagulants and anti-platelets

Predictors of immediate traumatic intracranial haemorrhage- People on anticoagulant
or antiplatelet (All participants on anticoagulant or antiplatelet therapy)

Figure 13: clopidogrel use
Odds Ratio Odds Ratio

Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
T

Nishijirna, 2013 0.5188 1112 100.0% 1.68[0.19,14.85)] |
Total (95% CI) 100.0% 1.68 [0.19, 14.85] —+‘
f !

Heterogeneity: Mot applicable 'D m D'1 T 100
Testfor overall effect: Z=0.47 (F = 0.64) Favours anti-coag/anti-platelet  Favours no anti-coag/anti-platelet
Figure 14:  warfarin use
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Mishijima, 2013 -0.478 1.1128 100.0% 0.62[0.07, 5.49] . I
Total {95% CI) 100.0% 0.62 [0.07, 5.49] ——+—
o . | , , |
e e B 0o o i |
estforoverall effect Z=0.43 (F = 0.67) Favours anti-coagfanti-platelet  Favours no anti-coagfanti-platelet
Figure 15:  vomiting
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Mishijima, 2013 1.3029 04412 1000% 3.68[1.55 8.74]
Total {95% CI) 100.0% 3.68 [1.55, 8.74] —=ogiiin——
o . | , , |
2 4 - 000 " '
estforoverall effect 2= 2.95 (P =10. ) Favours anti-coagfanti-platelet  Favours no anti-coagfanti-platelet
Figure 16:  abnormal mental status
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Mishijima, 2013 1.1243 03342 100.0% 3.08 [1.60, 583
Total (95% CI) 100.0% 3.08 [1.60, 5.93] e o
ity: i : | : |
$9t't3;'399n9m‘|-| Nfoft afg“_wgh; F =0.0008 oo 01 1 100
estforoverall effect 2= 3.37 (P =10. ) Favours anti-coagfanti-platelet Favours no anti-coag/anti-platelet
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Figure 17: headache
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Mishijirma, 2013 0.47 02768 100.0% 1.60[0.93, 2.74] 1
Total {95% CI) 100.0% 1.60[0.93, 2.75] retli—
Heterogeneity: Mot applicable o o 10 100

Test for overall effect Z2=1.70 (P = 0.09)

Favours anti-coagfanti-platelet  Favours no anti-coag/anti-platelet

Predictors of acute intra cranial bleeding complications (overall sample)-[anti-
thrombotic therapy + people not on anti-thrombotic therapy in Galliazzo 2019 and anti-

coagulant+antiplatelet in Nishijima 2018]

Figure 18:  anti-platelet use
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Galliazzo, 2019 06575 0.3458 1000% 1.93[0.98, 3.50]
Total (95% CI) 100.0% 1.83 [0.98, 3.80] e ——
Heterngeneity: Mot applicable '0.01 011 1'0 100'

Test for averall effect £=1.80 (P = 0.08)

vitamin K antagonist
Odds Ratio
SE  Weight IV, Fixed, 95% CI

Figure 19:

Study or Subgroup  log[Qdds Ratio]

Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate

Odds Ratio

Galliazzo, 2019 0.392 0505 1000% 1.48[0.55, 3.98]
Total (95% CI)

Heterogeneity: Mot applicable

Testfor averall effect Z2=0.78 (P = 0.44)

Figure 20:

Odds Ratio

Study or Subgroup  log[Odds Ratio]

100.0% 1.48 [0.55, 3.98]

SE_ Weight IV, Fixed, 95% CI

IV, Fixed, 95% CI

0.01 0.1 1 10 100

Favours anti-coagu/anti-plate  Favours no anti-coagufanti-plate

Direct oral anticoagulants (DOACSs)

Odds Ratio

Galliazzo, 2019 0.4318 0.786 100.0%
Total (95% CI)

Heterogeneity: Mot applicable

Testfor overall effect 2= 0.5 (P = 0.58)

1.54 [0.33, 7.149]

100.0% 1.54 [0.33,7.19]

IV, Fixed, 95% CI

0.01 01 1 10 100

Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate

Figure 21: Double therapy
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE  Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Galliazzo, 2019 0.7467 0.7245 1000% 211[0.481,8.73]
Total (95% CI) 100.0% 2.11[0.51,8.73] —p—
Heterngeneity: Mot applicable o oh ] 0 pr

Test for averall effect £=1.03 (P =0.30)

Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate
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Figure 22: any anti-platelet or anti-coagulant use
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE  Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Nishijima, 2018 04253 02221 1000% 1.53[0.99, 2.36]
Total (95% CI) 100.0% 1.53 [0.99, 2.36] S
gstfor overall effect: Z=1.81 (P = 0.08) Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate
37
Figure 23: Age>65 years
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE  Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Galliazzo, 2019 0366 0.3673 1000% 1.89[0.92, 3.88] b
Total {95% CIy 100.0% 1.89[0.92, 3.88] i
gstfor overall effect: Z=1.73 (P = 0.08) Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate
Figure 24:  Age>80 years
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Mishijima, 2018 0.4253 0.2378 1000% 1.53[0.96, 2.44]
Total (95% CI) 100.0% 1.53 [0.96, 2.44] Ll
estfor overall efiect 2=1.79 (P = 0.07) Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate
Figure 25: GCS<15
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Galliazzo, 2019 20732 04772 100.0% 7.95[3.12, 20.26]
Total {95% CI) 100.0% 7.95 [3.12, 20.26] —ag—
Testfo oeral effest 2= 4 34 ° < 0.0001) 0o o 1o o0
e . Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate
40
Figure 26: GCS<15
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Mishijima, 2018 0.7227 0.2468 1000% 2.06[1.27, 3.34]
Total (95% CI) 100.0% 2.06 [1.27, 3.34] -
estfor gverall effect Z= 2.93 (F = 0.003) Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate
41
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Figure 27: Loss of consciousness
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE  Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Galliazzo, 2019 0.27 05804 100.0% 1.31[0.42 4.09]
Total (95% CI) 100.0% 1.31[0.42, 4.09]
i
gstfor overall effect Z= 0.47 (P=0.64) Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate
42
Figure 28: Loss of consciousness or amnesia
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Mishijima, 2018 0.4886 023582 1000% 1.63[1.02, 2.60]
Total (95% CI) 100.0% 1.63 [1.02, 2.60] -
estfor overall efiect 2= 2.04 (P = 0.04) Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate
43
Figure 29: amnesia
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CIl
Galliazzo, 2019 1.8703 0305 100.0% 6B.49[3.57, 11.80]
Total (95% CI) 100.0% 6.49 [3.57, 11.80] i
Tactfo overal et 2 543 7 < 0.00001) 0.0f o 1o 1a0
e : Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate
44
45
Figure 30: neurological signs
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Galliazzo, 2019 00392 1.2486 100.0% 1.04[0.08,12.02]
Total {95% CI) 100.0% 1.04 [0.09, 12.02]
Heterogeneity: Mot applicable ) 1 1 t {
e _ 0.01 0.1 1 10 100
Testfor overall effect Z=0.03 (F = 0.97) Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate
46
Figure 31: seizure
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Galliazzo, 2014 o o Mot estimahle
Total (95% CI) Not estimable
_I?ehi;ngenemrl:l Nfort atpillctablel. " T o 10 100
estinr overall effect Notapplicanle Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate
47
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Figure 32: headache
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE  Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Galliazzo, 2019 01044 10942 1000% 1.11[0.13, 9.48]
Total (95% CI) 100.0% 1.11[0.13, 9.48]
_Il-_letnta;ugenemrl:l Nfoft atpgllcgb:n; o0 a2 T oh ] i o0
gstfor overall effect Z= 010 (P=0.82) Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate
Figure 33: history of headache
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Mishijima, 2018 01044 04721 1000% 1.11[0.44, 2.80]
Total (95% CI) 100.0% 1.11 [0.44, 2.80]
Heterogeneity: Mot applicable I t I t |
e _ 0.01 0.1 1 10 100
Testfor overall efiect 2= 0.22 (P = 0.82) Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate
Figure 34: vomiting
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Galliazzo, 2019 1.4929 0.5651 100.0% 4.45[1.47,13.47]
Total (95% CI) 100.0% 4.45 [1.47, 13.47] —ea———
estfor overall effect Z= 2.64 (F = 0.008) Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate
Figure 35: history of vomiting
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Mishijima, 2018 1.8946 04772 100.0% 6.65[2.61,16.94]
Total {95% CI) 100.0% 6.65 [2.61, 16.94] ——sngii—
Testfor ovarai st 2= 207 ° < 0.0001) 001 0 1o 100
e . Favours anti-coagufanti-plate  Favours no anti-coagu/anti-plate
Figure 36: history of epilepsy
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Galliazzo, 2018 09002 0.8028 100.0% 2.46[0.51,11.87]
Total {95% CI) 100.0% 2.46 [0.51, 11.87] —— i ——
Heterogeneity: Mot applicable T 0 0 100

Testfor overall effect: Z=1.12 (P = 0.26)

Favours anti-coagu/anti-plate  Favours no anti-coagu/anti-plate

Predictors for intracranial bleedings. only patients with CT performed (n=1387 CT
performed) - people on anti-thrombotic therapy + people not on anti-thrombotic

therapy
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Figure 37: anti-platelet

Odds Ratio

Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% Cl

Odds Ratio
IV, Fixed, 95% Cl

Galliazza, 2019 0.5306 03418 100.0% 1.70[0.87, 3.32]
Total {95% CI) 100.0% 1.70 [0.87, 3.32] -
o . L | Il ]
estforoverall effect Z=1.55 (F=0.11) Favoursanti-thrombatic  Favours no anti-thrombotic
56
Figure 38:  vitamin K antagonist
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE  Woeight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Galliazza, 2019 0.2852 05307 100.0% 1.33[0.47, 3.76]
Total (95% CI) 100.0% 1.33 [0.47, 3.76]
|
estforoverall effect Z=0.54 (F = 0.59) Favours anti-thrombaotic  Favours noanti-thrombotic
57
Figure 39: Direct oral anticoagulants (DOACSs)
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CIl IV, Fixed, 95% Cl
Galliazzo, 20149 0.2469 07754 1000% 1.28[0.28 5.849]
Total (95% CI) 100.0% 1.28 [0.28, 5.85]
i
estfor overall efiect: 2= 0.32 (P = 0.75) Favours anti-thrombotic  Favours no anti-thrombotic
58
Figure 40: Double therapy
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CIl IV, Fixed, 95% Cl
Galliazzo, 20149 06083 07073 1000% 1.84[0.46 7.36]
Total (95% Cl) 100.0% 1.84 [0.46, 7.36] —-’——
|
estfor overall efiect: 2= 0.26 (P = 0.39) Favours anti-thrombotic  Favours no anti-thrombotic
59
Figure 41: Age>65 years
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE  Woeight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Galliazza, 2019 0.3221 03687 1000% 1.38[067, 2.84)]
Total (95% CI) 100.0% 1.38 [0.67, 2.84]
!l-_ietnta;ogenemtl:l Nfoftat;lagll_caubsli o038 'D.D1 0!1 1. 1'D 1DD.
estfor overall effect Z=0.87 (P =0.38) Favoursanti-thrombotic  Favours no anti-thrombotic
60
Figure 42: GCS<15
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Galliazzo, 20149 19006 04636 100.0% E.ES[2E67, 16.7E
Total (95% CI) 100.0% 6.69 [2.67, 16.76] st
it i } } } |
Heterogeneity: Mot applicable T 01 10 100

Test for averall effect: Z=4.06 (P = 0.0001)
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Figure 43: Loss of consciousness
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CIl IV, Fixed, 95% Cl
Galliazzo, 20149 0.0953 04699 1000% 1.10[0.36, 3.36]
Total (95% CI) 100.0% 1.10 [0.36, 3.36]
Heterogeneity: Mot applicable I t ] t |
o _ 0.o1 01 1 10 100
Testfor overall effect Z=0.17 (P = 0.87) Favours anti-thrembotic Faveurs no anti-thrombotic
62
63
Figure 44: amnesia
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Galliazzo, 20149 1.7263 03085 1000% A&62[3.07,10.29]
Total (95% Cl) 100.0% 5.62 [3.07,10.29] -
Test1of cHeran efiect 22 6.0 (P < 6.00001) 001 o1 0 00
T : Favours anti-thrombotic Favours no anti-thrombotic
64
Figure 45: neurological signs
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Galliazza, 2014 -0.0834 1186 100.0% 0.92[0.09 9.40]
Total (95% Cl) 100.0% 0.92 [0.09, 9.40]
Heterogeneity: Mot applicable ) t T t |
I _ 0.01 0.1 10 100
Testfor overall effect. Z=0.07 (F = 0.94) Favours no anti-thrombotic  Favours anti-thrombotic
65
Figure 46: seizure
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Galliazzo, 20149 o o Mot estimable
Total (95% CI) Not estimable
o . I | Il |
?etf;ﬂgenewl.l N;t atpalliablel_ " 'D.D1 Elf'l 1-0 1DD'
&stior overall efiect. Mot applicanie Favours anti-thrombotic  Favours no anti-thrombotic
66
Figure 47: headache
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Galliazzo, 2014 -0.0943 11267 1000% 0.91[0.10,8.28]
Total (95% CI) 100.0% 0.91 [0.10, 8.28]
Heterogeneity: Mat applicable I f T f {
o _ 0.1 0.1 1 10 100
Testioroverall effect Z=0.08 (P=0.93) Favours anti-thrombotic  Favours no anti-thrombotic
67
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Figure 48: vomiting

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Galliazza, 20149 1.4656 06023 100.0% 4.33[1.33,14.10]
Total (95% Cl) 100.0% 4.33[1.33, 14.10] ——egil——
ity i } } } |
R
estfor overall effect 2= 2.43 (F=0.01) Favours anti-thrombotic Favours no anti-thrombotic
Figure 49: history of epilepsy
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Galliazzo, 2019 0.FE55 0788 1000% 215([0.45 10.27]
Total {95% CI) 100.0% 2.15 [0.45, 10.27] —-_-—
Heterogeneity: Mot applicahle 'D.E|1 D!'I 1- 1. 1E|D'

Testfor overall effect 2= 096 (F = 0.34)

Favours anti-thrombotic  Favours no anti-thrombotic

Predictors of 30-day mortality - oral antiplatelet and oral anticoagulant + not on oral

antiplatelet and oral anticoagulant

Figure 50:

Hazard Ratio

log[Hazard Ratio] SE Weight IV, Fixed, 95% Cl

Oral antiplatelet and oral anticoagulant (OAP/OAC)

Hazard Ratio
IV, Fixed, 95% CI

Study or Subgroup

Hall, 2019 1.80[0.50, 4.50]

0.4055 05605 100.0%

Total (95% CI) 100.0% 1.50 [0.50, 4.50]
|

-’—

Heterogeneity: Mot applicable o
Testfor averall effect Z=0.72 (P =047} ’

, |
0.1 1 10 100
Favours oral anti-coafanti-plat Favours no oral anti-coa/anti-plat

Predictors of 6-month mortality- oral antiplatelet and oral anticoagulant + not on oral

antiplatelet and oral anticoagulant

Figure 51: Higher Rockwood score
Hazard Ratio Hazard Ratio
Study or Subgroup _ log[Hazard Ratio]  SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Hall, 2019 05878 0166 100.0% 1.30[1.30,2.49]
Total (95% CI} 100.0% 1.80 [1.30, 2.49] -
' 0.1 10 100

Heterogeneity: Mot applicable 001

Testfor overall effect Z=3.54 (P=0.0004)

Figure 52:

Hazard Ratio
log[Hazard Ratio] SE Weight IV, Fixed, 95% CI

Favours oral anti-coalanti-plat Favours no oral anti-coalanti-plat

Oral antiplatelet and oral anticoagulant (OAP/OAC)

Hazard Ratio
IV, Fixed, 95% CI

Study or Subgroup

Hall, 2014 -0.2231 03537 100.0% 0.80[0.40,1.60]

Total (95% CI) 100.0% 0.80 [0.40, 1.60]

Heterogeneity: Mot applicable 'D o
Testfor averall effect Z=0.63 (P=053) ’

t 1 1
01 10 100

Favours oral anti-coafanti-plat  Favours no oral anti-coalanti-plat

Predictors of overall mortality- oral antiplatelet and oral anticoagulant + not on oral

antiplatelet and oral anticoagulant
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Figure 53: Higher Rockwood score

Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 85% CI
Hall, 2019 047 01059 100.0% 1.60[1.30,1.97]
Total (95% CI) 100.0% 1.60 [1.30,1.97] L
Heterogeneity: Nat applicable o R 10 100

Testfor overall effect 7= 4.44 (P < 0.00001) Favours oral anti-coajanti-plat  Favours no oral anti-coa/anti-plat

Figure 54: Oral antiplatelet and oral anticoagulant (OAP/OAC)

Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Hall, 2014 -0.10584 02989 100.0% 0.90[0.50,1.62]
Total {95% Cl) 100.0% 0.90 [0.50, 1.62]
'
estfor overall effect 2=10.35 (P =0.73) Favours oral anti-coajanti-plat  Favours no oral anti-coa/anti-plat

People with pre-injury cognitive impairment sustaining injury through low energy
impact/ low level falls (fall from standing position)

Risk factors associated with the diagnosis of intracranial bleed (ICB) after a fall from a

standing position

Figure 55: Use of aspirin (gender was adjusted)

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Ahmed, 2015 07747 03655 1000% 217 [1.06, 4.44]
Total (95% CI) 100.0% 217 [1.06, 4.44] -
. B I Il Il ]
Bstforoverall effect: £=2.12 (F = 0.03) Favours low impact fall Favours no low impact fall
Figure 56: Anticoagulation therapy
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
de Wit 2020 -01393 03034 1000% 0.87[0.48 1.58]
Total (95% CI) 100.0% 0.87 [0.48, 1.58]
ity i } } T } |
1 o m
Bstfor overall effect: £=0.46 (P = 0.65) Favours low impact fall Favours no low impact fall
Figure 57: Antiplatelet therapy
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
de Wit 2020 0.0677 02622 100.0% 1.07 [0.64,1.79]
Total (95% CI) 100.0% 1.07 [0.64, 1.79]
ity i } } T } |
Heterogeneity: Mot applicable 007 0 ] 10 100

Testfor overall effect 2= 0.26 (P = 0.50) Favours low impactfall Favours no low impact fall
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Figure 58:  Age 270 years (not adjusted for gender)

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Ahmed, 2015 05878 0.3828 100.0% 1.80[0.85 3.81] T
Total {95% CI) 100.0% 1.80 [0.85, 3.81] -l
e T R W
estforoverall effect: Z=1.54 (F=0.12) Favours low impact fall Favours no low impact fall

Figure 59: Age 270 years (gender was adjusted)

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE  Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Ahmed, 2015 09821 0.3442 1000% 267 [1.36 5.24]
Total {95% CI) 100.0% 2.67 [1.36, 5.24] B
et s = o O R
estfor overall effect: £= 2.85 (P = 0.004) Favours low impact fall Favours no low impact fall
Figure 60:  Age, per year
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE  Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
de Wit 2020 -0.0202 00108 1000% 0.898[0.96 1.00]
Total {95% CI) 100.0% 0.98 [0.96, 1.00]
e ot 0 -0 R C—
estfor overall effect: £=1.82 (F = 0.05) Favours low impact fall Favours no low impact fall

Figure 61: Reduced GCS compared to normal

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
de Wit 2020 06419 03275 1000% 1.80[1.00, 3.61]
Total (95% CI) 100.0% 1.90 [1.00, 3.61] o
o . I 1 Il ]
ey R 0 b
estfor overall effect: £=1.86 (F = 0.05) Favours low impact fall Favours no low impact fall

Figure 62: Loss of consciousness

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
de Wit 2020 00296 03201 1000% 1.03[0.485 193]
Total (95% CI) 100.0% 1.03 [0.55,1.93]

. B I Il Il ]
e et e -0 o i b
estforoverall effect: £=0.03 (F = 0.83) Favours low impact fall Favours no low impact fall
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Figure 63:  vomited after fall

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
de Wit 2020 03784 04789 1000% 1.46[0.A57, 3.74]
Total (95% CI) 100.0% 1.46 [0.57, 3.74]
?E’t'f;ngene'wl:l Nf'?t i‘.’;"fgb;g P 043 .01 0.1 1 10 100
estforoverall effect: Z=0.79 (F = 0.43) Favours low impact fall Favours no low impact fall

93
94

95 Infants with late presentation (> 24 hours post-injury)

96

97  Variables associated with increased risk for significant TBI on CT in children with late

98 presentation (> 24 hours + < 24 hours post-injury) [Significant TBI on CT includes any of the

99 following descriptions: any intracranial bleeding, pneumocephalus, cerebral oedema, skull
100 fracture depressed by at least the thickness of skull, or diastasis of the skull]

Figure 64: Age, months - Older age vs younger age

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Gelernter, 2018 -0.0843 00288 100.0% 091 [0.86, 0.96]
Total (95% CI) 100.0% 0.91 [0.86, 0.96] |
Heterngeneity: Mot applicable | ! J | |
0.0 0.1 1 10 100
Testfor overall effect; £=3.27 (F=0.001) Favours =24 hours Favours 24 hours
101
Figure 65: GCS<15
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
Gelernter, 2018 1.7716 0.3899 100.0% 5.88[2.69, 12.85)]
Total (95% Cl) 100.0% 5.88 [2.69, 12.85] R
Heterngeneity: Mot applicable | | ; |
Test for overall effect; £=4.44 (P = 0.000013 0.01 Favourné1>24 hours  Favaurs 21?10ur5 100
102
Figure 66: Duration from injury >24 h
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Gelernter, 2018 04886 03695 1000% 1.63([0.79, 3.36] T
Total (95% CI) 100.0% 1.63 [0.79, 3.36] e
Heterogeneity: NDta[f]phcabIe IIZI.D1 IZIH 1ID 1D|j.
Testfor overall effect. £=1.32 (F=0.19) Favours =24 h Favours <74 h
103
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104  Variables associated with increased risk for any TBI on CT in children with late
105 presentation (> 24 hours + < 24 hours post-injury) [any TBI on CT as any finding on CT

106 related to the injury (e.g. linear skull fracture)]

Figure 67:  Age, months - Older age vs younger age (not specified)

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Fixed, 95% CIl IV, Fixed, 95% CI
Gelernter, 2018 -0.10584 0.0232 100.0% 0.90 [0.86, 0.94]
Total {95% Cl) 100.0% 0.90 [0.86, 0.94] \
Heterogeneity; Mot applicable f t T ) |
o 0.01 0.1 1 10 100
Test for overall effect: Z=4.54 (P = 0.00001) Favours = 24 hours  Favours <24 haours
107
Figure 68: GCS<15
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Gelernter, 2018 0892 0375 100.0% 2.44[1.17,5.049
Total (95% Cl) 100.0% 2.44 [1.17,5.09] e
Heterogeneity: Nutappll_cable ) T 0 10 100
Testior overall effect 2= 2.32 (F = 0.02) Favours =24 hours Favours =24 hours
108
Figure 69: Duration from injury >24 hours
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Gelernter, 2018 1.0188 03482 1000% 2.77[1.40, 5.48]
Total (95% CI) 100.0% 2.77 [1.40, 5.48] -
Heterogeneity: Mot applicable | f | |
0.om 0.1 10 100
Testfor overall effect; £=2.93 (P =0.003) Favours = 24 hours  Favours 24 hours
109
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— Economic evidence study selection

1 Appendix F

~
Records identified through database Additional records identified through other sources:
searching (after de-duplication), CG176, n=3
n=1658 Clinical review, n=4

\ y.

P
<«

\ 4

Records screened in 15t sift, n=1665

\ 4

\ 4

Records excluded* in 18t sift, n=1620

in 2M sift, n=45

Full-text papers assessed for eligibility

\ 4

\ 4

Full-text papers assessed for
applicability and quality of
methodology, n=16

Papers excluded* in 2" sift, n=29

\ 4

ﬂapers included, n=9

(6 studies)

~

1.1 Tranexamic: n=3 (2
studies)

1.2 Bypass: n=1

1.3 Direct imaging: n=0
2.1a Head CT rules: n=4
(2 studies)

2.1b Head CT rules in
subgroups: n=1

2.2 MRI & biomarkers for
PCS=0

2.3 Biomarkers for
complications n=0

2.4 C-spine: n=0

3.1-3.3 Admission n=0
3.4-3.5 hypopituitarism=0

fracture=0

A 4

A 4

ﬁapers selectively excludedN

n=4

1.1 Tranexamic: n=0

1.2 Bypass: n=0

1.3 Direct imaging: n=0
2.1a Prediction rules: n=4
2.1b Head CT rules in
subgroups: n=0

2.2 MRI & biomarkers for
PCS=0

2.3 Biomarkers for
complications n=0

2.4 C-spine: n=0

3.1-3.3 Admission n=0
3.4-3.5 hypopituitarism=0
3.6 Isolated skull
fracture=0

3.6 Isolated skull

\_ J

ﬁ?apers excluded, n=3 \

e 1.1 Tranexamic: n=0

e 1.2 Bypass: n=1

¢ 1.3 Direct imaging: n=0

e 2.1a Prediction rules:

n=1

2.1b Head CT rules in

subgroups: n=0

e 2.2 MRI & biomarkers for
PCS=0

o 2.3 Biomarkers for
complications n=1

e 2.4 C-spine: n=0

e 3.1-3.3 Admission n=0

¢ 3.4-3.5 hypopituitarism=0

e 3.6 Isolated skull

fracture=0

* Non-relevant population, intervention, comparison, design or setting; non-English language
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Appendix G- Economic evidence tables

Study
Study details

Economic analysis:
CUA (health outcome:
QALYs)

Study design:

Decision analytic model
(patient-level simulation)

Approach to analysis:

The analysis is based
on AHEAD
observational study.
People who would have
received a CT scan
under the new NICE
guideline were
simulated over their
lifetime with their
probability of survival
and QoL states
assessed by two
physicians

Perspective: UK NHS
Time horizon: Lifetime

Discounting:
Costs: 3.5%

Kuczawski 20162

Population &
interventions

Population: People with
head injury who were
taking warfarin and
presented to a hospital
emergency department
(ED)

Cohort settings:
Median age: NR
Male: NR

Intervention 1: CT scan
following head injury to
people with coagulopathy
(including those currently
treated with warfarin) only
if they report amnesia or
loss of consciousness
following injury (NICE
guidance 2007)

Intervention 2: CT scan
following head injury to all
patients with
coagulopathy (including
those currently treated
with warfarin) (NICE
update 2014)

Costs

Total costs:
Incremental (2-1):
£346,741

(95% CI: NR; p=NR)

Currency & cost year:
2014 UK pounds

Cost components
incorporated:

CT scan, neurosurgery,
GOS state, inpatient stay

Health outcomes

QALYs:

Incremental (2-1): 3.41
QALYs

(95% CI: NR; p=NR)
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Cost effectiveness

ICER (Intervention 2 versus
Intervention 1):

£94,895 per QALY gained
95% CI: NR

Threshold analysis:

67% of the inpatient attendances (<48
hours) would need to be avoided for
intervention 2 to be cost effective
(£30,000 threshold)

Analysis of uncertainty:

Probabilistic sensitivity analysis not
conducted.

Scenario analysis conducted on expert
opinion (assuming that one of the
physicians was correct) and on GOS
being 1 level higher if the patient
survives. The ICER did not go below the
threshold £30,000
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Outcomes: 3.5%
Data sources

Health outcomes: Treatment effects were informed using expert opinion. An average value of the estimates of the probability of survival provided by two
different physicians was used in the base case scenario. The estimate of GOS if the patient survives was provided by a single physician. The probability of
GOS increasing by 1 for people who were found later to have brain injury was estimated by two physicians. Mortality was assumed to be the same of the
general population if the patient survives and was based on UK 2010-2012 life tables. GOS or other events do not affect mortality. Quality-of-life
weights: General UK population for people with GOS=5. Based on Pandor 20113" for those with GOS<5 Cost sources: NHS Reference costs for
Neurosurgery, CT scan and inpatient stay. Pandor 20113' and PSSRU for costs associated with GUS state.

Comments

Source of funding: This study was sponsored by Sheffield Teaching Hospitals NHS Foundation Trust. Limitations: Relative treatment effects were
estimated through expert opinion only and not through published trials or evidence arguably as there was none available. The patient-level simulation
model was based on a very small number of patients who did not receive CT and that would have benefit with intervention 2: four who died and three that
were re-admitted with a positive CT. No probabilistic sensitivity analysis was conducted. The population was people taking warfarin only so the results
may not be transferable to people under other anticoagulative treatment. Other: None

Overall applicability:@ Directly applicable Overall quality:®) Potentially serious limitations

Abbreviations: 95% Cl= 95% confidence interval; CUA= cost utility analysis; CT = Computed tomography; GOS = Glasgow outcome scale; ICER= incremental cost-effectiveness
ratio; NA = not applicable; NR= not reported; QALYs= quality-adjusted life years.

(a) Directly applicable / Partially applicable / Not applicable

(b) Minor limitations / Potentially serious limitations / Very serious limitations
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Appendix H- Economic model

Model specification

Population: Adults with mild head injury who were on warfarin and have no other indication for head CT scan (that is, without amnesia or loss of
consciousness).

Comparison: Head CT vs no Head CT
Outcomes: NHS cost, Quality-adjusted life-years (QALYs), Cost per QALY gained

Model inputs and methods
Model approach

The model was based on the model described above by Kuczawski 2016%'. Patient-level simulation model based on UK observational data,
AHEAD study. The cost of CT was attributed to all patients in the CT arm of the model. Health outcomes and care costs were modelled only for
those patients that have an intracranial abnormality. The treatment benefits of CT and subsequent earlier intervention were based on the expert
opinion, as reported in Kuczawski 20162".

o The (corrected) results of Kuczawski 2016 were replicated.

e Costs and utilities in the model were updated to be consistent with those in our tranexamic acid model (the base case analysis).

¢ Sensitivity analyses were conducted around the incidence of intracranial abnormalities and the magnitude of the treatment benefits for
those with an intracranial abnormality.

Prevalence of intracranial abnormalities

The prevalence of intracranial abnormality in the base case was 7 out of 1420 (0.49%) from the AHEAD study, as used in Kuczawski 2016. In
sensitivity analyses the prevalence was increased to 5%.

Treatment effects for people that have an intracranial abnormality

The main benefit of CT scanning in the model was assumed to be due to earlier neurosurgery for those patients that have an intracranial
abnormality. CT is likely to detect almost all intracranial abnormalities that require surgery but not all surgery will be successful. For the base case
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we used the estimates of benefit from Kuczawski 20162'. These were based by expert opinion for 7 patients that had an intracranial abnormality in
the AHEAD study — see columns 1-7 of .
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Table 14: Outcomes for 7 patients that had an adverse event in the AHEAD study: Predicted improvements had they had a CT scan

Patient Age Sex Probability of survival Estimated Actual outcome Outcomes if survive Change (Survive-Actual)
GOS if
Clinician1 Clinician2 Combined survived Costs QALYs Costs QALYs Costs QALYs

Patients that died

1 81 M 75% 75% 75% 3 £0 0.00 £121,877 2.44 £91,408 1.83
2 74 M 25% 15% 20% 2 £0 0.00 £358,752 -0.58 £71,750 -0.12
3 90 M 0% 0% 0% 2 £0 0.00 £358,752 -0.58 £0 0.00
4 88 M 75% 75% 75% 4 £0 0.00 £27,940 2.72 £20,955 2.04
Patient Age Sex Probability of GOS increase (+1) e Actual outcome Outcomes if improve Change (Improve-actual)
Clinician1 Clinician2 Combined GOSscore Costs QALYs Costs QALYs Costs QALYs
Patients that survived
5 76 M 25% 50% 38% 4 £36,033 5.68 £285 6.51 -£13,406 0.31
6 77 F 25% 0% 13% 4 £37,141 6.09 £537 6.41 -£4,575 0.04
7 82 M 25% 0% 13% 4 £31,592 4.06 £453 4.54 -£3,892 0.06
Mean £14,967 2.26 £124,085 3.06 £23,177 0.59

NHS health technology assessment reports?* 3" were used to identify alternative treatment effects for Inmediate vs delayed neurosurgery in terms
of Glasgow Outcome Scale. Five estimates of effect were identified, and the extracted outcomes are in :

e Pandor 2011%' — NHS HTA evaluating decision rules for Head CT for minor head injury
o For the outcome of immediate surgery, 5 studies were pooled together (n=177, Cheung 2007°, Cook 1985’, Gerlach 2009,
Haselsberger 1988'°, and Lee 1998)%. For the treatment effect of immediate surgery versus delayed surgery they seem to have
used Deverill 2007
e Deverill 2007"" (Cited in Pandor 20113")
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o A series of patients requiring surgery for extradural haemorrhage from 10 centres in Queensland, Australia. Forty-six patients
underwent interhospital transfer before decompressive craniotomy; their median time interval from presentation to operation was 8 h
5 min. This delay was significantly greater than that for 25 patients admitted directly to neurosurgical centres (median 4 h 19).

e Haselsberger 1988 (Cited in Pandor 20113")

o A series of 171 patients suffering acute subdural haemorrhage or epidural haemorrhage after closed head injury at the University

Hospital of Graz in Austria. They compared timing of surgery - <2 hours vs >2 hours from injury.
e Lecky 2016% — NHS HTA feasibility study investigating transportation straight to neurosurgery.

o For secondary transfer they used the outcomes for 87 patients in the Nottingham Head Injury Register (Fuller 2011'#) with moderate
or severe TBI who were transferred to the Queen’s Medical Centre for neurosurgery. For the treatment effect a proportional odds
ratio for an unfavourable outcome (GOS<4) of 0.53 was applied based on expert opinion.

e Smits 201033

o 92 patients with a lesion on CT after minor head injury and GOS data at >1 year from the CHIP (CT in Head Injury Patients)
multicentre study (Smits 2008%*). Outcomes for missed lesions were from Cordobes 19818 —41 patients with epidural haematoma
before the advent of CT.

Table 15: Alternative treatment outcomes used in sensitivity analyses
Pandor 20113 Deverill 20073" Haselsberger 1988"° Lecky 2016%2 Smits 201033
Immed  Delay Diff Immed  Delay Diff Immed  Delay Diff Immed Delay Diff Immed Delay Diff
Good

revovery 81%  57% 24%  70%  68% 1% 33% %  27% 32%  23% 9%  63% 39%  24%
g’i'g:;';ﬁ‘;e 9% 7% 3%  22%  11%  10% 33% 7%  27% 30%  22% 8%  31% 22% 9%
Severe 3% 12%  -9% 9% 9% 0% 17% 27% 10% 9% 13%  -4% 0% 10% 10%
d|Sab|I|ty 0 0 Il 0 0 0 0 0 0 - 0 0 0 - 0 0 0 - 0
VEGEiEITD 3%  10% 7% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
state

Dead 4%  14% -11% 0% 1%  -11% 17%  60%  -43% 29%  41% -12% 6% 29%  -23%

100%  100% 100%  100% 100%  100% 100%  100% 100%  100%

Immed=immediate surgery; Delay=delayed surgery; Diff=immediate surgery minus delayed surgery

Longer-term survival after neurosurgery
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Two of the patients were in a vegetative state. The Multi-Society Task Force on Persistent Vegetative State reported the mean length of survival
for adults in a vegetative state as 3.6 years. (stated in Pandor 20113").

For the other 5 patients, in the base case analysis, survival was assumed to be the same as the general population for their age and sex. Age-
specific annual mortality rates were used to estimate life expectancy using ONS lifetables for England 2017-19%°.

For the sensitivity analyses where alternative treatment effects were used, general population mortality was used assuming an average age of 81
at the time of injury and 85% male (based on the 7 patients with an intracranial abnormality).

Intervention and admission costs

The cost of the CT (£88) was assumed to be a scan of one area with no contrast taken from NHS national schedule of costs 2019/20% - see
1.1.10.

Neurosurgery was not costed as this was assumed to be the same in both model arms.

Admission was included but only in a threshold sensitivity analysis. The cost of the admission (£521) was a short stay from NHS national schedule
of costs 2019/20%.

Utilities (quality of life scores) and costs by Glasgow Outcome Scale state

Utilities (EQ-5D from Fuller2017%7) and health state costs inflated to 2020/21 (Beecham 2009° And Formsby 2015'3) were the same as for the
guideline model evaluating tranexamic acid - . Please check Evidence report A and full model report appendix.

For patients in good recovery, age and sex-specific utility estimates from the Health Survey for England were used.?°
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Table 16: Unit costs and utilities

Costs by Glasgow Outcome Scale state

First year - Good recovery £0 £313
First year - Moderate disability £18,837 £22,361
First year - Severe disability £37,214 £44 176
First year - Vegetative state £94,269 £109,475
Subsequent years - Good recovery £0 £28
Subsequent years - Moderate disability £0 £1,843
Subsequent years - Severe disability £37,214 £14,404
Subsequent years - Vegetative state £46,595 £109,475
Other unit costs

CT scan £92 £88
Surgery £3,994 £7,299
Short stay £615 £521
Utilities by Glasgow Outcome Scale state

Moderate disability 0.51 0.68
Severe disability 0.15 0.38
Vegetative state 0.00 -0.18
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The parameters used in the base case analysis are listed in

Table 17 with the distributions used in the probabilistic analysis.

Table 17: Overview of parameters and parameter distributions used in the base case

model
Input Data Source Probability distribution
Perspective UK NHS & personal NICE reference case?® n/a
social services
Time horizon Lifetime NICE reference case?® n/a
Discount rate Costs: 3.5% NICE reference case?® n/a

Outcomes: 3.5%
Baseline demographics for 7 people experiencing an adverse event

Median age AHEAD study
(range) 81 (74-90) Kuczawski 20162t n/a
Proportion male 6/7 AHEAD study n/a

Kuczawski 20162
Adverse events and admissions

Head injury-related 0.49% AHEAD study Beta
adverse outcome Kuczawski 201621 Alpha=7
Beta=1413
Admission 51.3% AHEAD study Beta
Kuczawski 20162 Alpha=728
Beta=692
Glasgow outcome scale at 6 months for 7 people experiencing adverse event
GOS with delayed  Dead=4 AHEAD study n/a
surgery Moderate disability=3  Kuczawski 20162
GOS with Dead=2.3 Expert opinion n/a

immediate surgery  Vegetative state=0.20 Kuczawski 20162
Severe disability=0.75
Moderate
disability=3.13
Good recovery=0.63
Mortality — see Economic analysis report on Tranexamic acid

Vegetative state 24% Derived from Pandor n/a
(VS) per year 201132 — Life expectancy
= 3.6 years for children
Mortality (not VS) National Life Tables Office for National n/a
2017 - 2019 Statistics?®

Health-related quality of life (utilities) — see Economic analysis
report on Tranexamic acid

Full health 1.000 By definition n/a
Good recovery 0.894 Fuller 201737 Gamma for decrement
vs full health
Alpha=575, Beta=0.00
Moderate disability 0.675 Fuller 201737 Gamma for decrement
vs GR
Alpha=605, Beta=0.00
Severe disability 0.382 Fuller 201737 Gamma for decrement
vs MD
135
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Input Data Source Probability distribution
Alpha=439, Beta=0.00
Vegetative state -0.178 Fuller 201737 Gamma for decrement
vs SD
Alpha=51, Beta=0.01
Dead 0.000 By definition n/a
Costs
Intervention costs
Computed £88 NHS reference costs Gamma
tomography scan 2019/20%6 Alpha=25, Beta=4
Admission £521 Estimated based on data Gamma
from NHS reference Alpha=25, Beta=21

costs 2017/18"° and
NHS reference costs
2019/202%6

Post-discharge costs — see Economic analysis report on Tranexamic acid

First year — Good £313 Reported in Williams Gamma

recovery 202038, derived from Alpha=25, Beta=13
Beecham 20093

First year — £22,361 Williams 202038, derived  Gamma

Moderate disability from Beecham 20093 Alpha=25, Beta=894

First year — Severe £44,176 Williams 202038, derived = Gamma

disability from Beecham 20093 Alpha=25, Beta=1767

Subsequent years  £28 Williams 202038 Gamma

— Good recovery Alpha=25, Beta=1

Subsequent years  £1,843 Williams 202038 Gamma

— Moderate Alpha=25, Beta=74

disability

Subsequent years  £14,404 Williams 202038 Gamma

— Severe disability Alpha=25, Beta=576

Vegetative state £109,475 Formby 201513 Gamma

(first and Alpha=25, Beta=4379

subsequent years)
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Appendix | — Excluded studies

Clinical studies

Table 18: Studies excluded from the clinical review

Study

Acar, E., Demir, A., Alatas, O. D. et al. (2016)
Evaluation of hematological markers in minor
head trauma in the emergency room. European
Journal of Trauma & Emergency Surgery 42(5):
611-616

Ahmed, N., Bialowas, C., Kuo, Y. H. et al.
(2009) Impact of preinjury anticoagulation in
patients with traumatic brain injury. Southern
Medical Journal 102(5): 476-80

Aldridge, P., Castle, H., Phillips, C. et al. (2020)
Head home: a prospective cohort study of a
nurse-led paediatric head injury clinical decision
tool at a district general hospital. Emergency
Medicine Journal 37(11): 680-685

Alharthy, N., Al Queflie, S., Alyousef, K. et al.
(2015) Clinical manifestations that predict
abnormal brain computed tomography (CT) in
children with minor head injury. Journal of
Emergencies Trauma & Shock 8(2): 88-93

Alter, S. M., Mazer, B. A, Solano, J. J. et al.
(2020) Antiplatelet therapy is associated with a
high rate of intracranial hemorrhage in patients
with head injuries. Trauma Surgery & Acute
Care Open 5(1): e000520

Anandalwar, S. P., Mau, C. Y., Gordhan, C. G.
et al. (2016) Eliminating unnecessary routine
head CT scanning in neurologically intact mild
traumatic brain injury patients: implementation
and evaluation of a new protocol. Journal of
Neurosurgery 125(3): 667-73

Code [Reason]

- Population not relevant to this review protocol

People with isolated minor head trauma. In
appropriate comparison- people with
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Appendix J Research recommendations

Research recommendation

What is the risk of any intracranial bleeding or intracranial bleeding associated with clinical
deterioration after head injury in people with a pre-injury coagulopathy? This includes
medical conditions such as liver failure or haemophilia, or taking anticoagulants or
antiplatelets in people who:

¢ have a Glasgow Comma Scale score of 15 at 2 hours after the head injury and
medium risk factors for intracranial bleeding, or

e loss of consciousness or amnesia with no additional risk factors (that is, they are
under 65, had a low energy transfer injury and any retrograde amnesia has lasted for
less than 30 minutes), or

e there is no loss of consciousness or amnesia?

Why this is important

There is a recognition that anticoagulant therapy increases the risk of progression of
intracranial injuries following TBI. It is therefore rational to hypothesise that other forms of
coagulopathy (both congenital and acquired) can also increase the risk of progression of
intracranial bleeding. The committee reviewed the literature in this regard; however, there is
insufficient literature to allow us to make a recommendation. On this basis, we have made a
research recommendation.

Rationale for research recommendation

Importance to ‘patients’ or the population Coagulation abnormalities have the potential to
increase the risk or intracranial bleeding, both
identification on initial assessment, and
progression of existing lesions.

Relevance to NICE guidance There is a broad range of therapeutic anti-
coagulants and anti-platelet agents, some of
which have been licensed since the last NICE
Guideline (CG176), whose risk of intracranial
haemorrhage following head injury have not
been assessed.

There is the potential to identify further high risk
groups following TBI that require a different
threshold for imaging at initial assessment.

Relevance to the NHS If coagulation abnormalities result in higher risk
to the patient, there is a risk of missed
diagnoses, or subsequent deterioration. This
requires systems to be put in place to identify
and treat this patient cohort.

National priorities None identified

Current evidence base There was evidence from 5 observational
studies in adults for anti-coagulants only and 5
observational studies in adults on anticoagulants
and anti-platelets. In the studies on anti-
coagulants only, all 5 studies included only
users (there were no non-users in the studies).
In the studies on anti-coagulants and anti-
platelets, only one study included people on
anti-coagulants and anti-platelets only (there
were no non-users in the studies). Other 4
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Equality considerations

J.38 Modified PICO table

40
41

Population

studies were mixed population [people with
(users) and without anti-coagulants/anti-platelets
(non -users)]. The proportion of users in the
studies varied from 30-70%. These studies
included use of anticoagulants/anti-platelets as
variables along with other variables such as age,
GCS etc in the analysis. Data was not stratified
separately for users and non-users in these
studies. The evidence was considered to be
indirect as risk factors in these studies were
applicable to the overall population rather than
just the population on anticoagulants/anti-
platelets.

There was no evidence for pre-injury
coagulopathy due to medical conditions.

None identified

Studies should include patients in subgroups:
(i) medical conditions associated with
coagulopathy such as liver failure, haemophilia
(ii) patients on anticoagulant medication
(VitKA, DOACs, heparin)

(iii) antiplatelets (example clopidogrel,
ticagrelor, prasugrel) and patients on preinjury
aspirin across all 3 risk strata

(A) medium risk factors for ICH

(B) LOC or amnesia with no additional risk
factors (i.e they are aged <65 with a low energy
transfer injury and any retrograde amnesia is<30
minutes duration) (C) no loss of consciousness
or amnesia

Studies should also include head injury patients
with no medical conditions or medication
associated with coagulopathy across strata to
allow comparison to non-users and assessment
of the additional risk associated with each drug /
medical condition.

Patients with head injury who are high risk for
intracranial injury (any of GCS < 13, GCS <15 at
2 hours after injury, >1 vomit, focal neurology,
seizure, signs of complex skull fracture) would
be excluded
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Research recommendation

What are the indications for selecting people of any age who present more than 24 hours

after a head injury for a CT or MRI head scan?

Why this is important

The previous NICE guideline on early management of head injury (CG176) did not
distinguish between people presenting immediately following head injury and those
presenting in a delayed fashion. If people have delayed presentation because they have
been in a good clinical state, this may reduce the risk of having an intracranial injury on CT
scan. Alternatively, if people present in a delayed fashion because they have been
deteriorating, this may increase the risk of having an intracranial injury on CT scan.

Rationale for research recommendation
Importance to ‘patients’ or the population

Relevance to NICE guidance

Relevance to the NHS

National priorities

Current evidence base

Equality considerations

Modified PICO table

Population

Prognostic variable(s) under consideration
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It is not clear whether people with head injuries
presenting in a delayed fashion have an
increased or decreased risk of injury. This can
lead to this group being over- or under-
investigated.

In the absence of evidence and variation in
clinical practice, no recommendations could be
made. Future evidence will therefore enable
recommendations to be made.

NHS providers need advice on how to
investigate this cohort of patients, and when the
at-risk period is following a head injury.

One of the aims of the NHS long term plan
(2021) is to reduce pressure on emergency
services. ldentifying which patients need
imaging will support the most clinically and cost-
effective use of resources.

One retrospective cohort study with a small
proportion of infants presenting more than 24
hrs after injury was identified.

There are no specific equality considerations.

Inclusion: Infants, children and adult with
suspected or confirmed head injury presenting
more than 24 hours after injury

Strata:

. Adults (aged 216 years)

. Children (aged 21 to <16 years)
. Infants (aged <1 year)

Exclusion:

Adults, young people and children (including
infants under 1 year) with superficial injuries to
the eye or face without suspected or confirmed
head or brain injury.

. Age (below 65 years and over 65 years
for adults). There is no age-cut off children GCS
(13 to 15)
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Confounding factors

Outcomes

Study design
Timeframe

Additional information

179

. neurological injury severity*

. Patient’s blood measures of
coagulopathy prior to CT such as International
Normalised Ration (INR), Prothrombin Time
(PT), Activated Partial Thromboplastin Time
(APTT), fibrinogen levels, platelet count

Key confounders:

Age

GCS

Other confounders:

Neurological injury severity

Blood measures of coagulopathy

+ Any traumatic intracranial abnormality detected
by CT or MR imaging or autopsy

* Any intracranial abnormality that causes death,
neurosurgical intervention or neuro critical care.
Cohort studies (prospective and retrospective)
Medium term — required for when the guidance
is updated

None identified
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Research recommendation

What are the indications for selecting for imaging adults, young people, children and babies
with a head injury sustained through a low energy fall and with suspected pre-injury cognitive
impairment when loss of consciousness or amnesia is difficult to assess or the pre-injury
Glasgow Coma Scale score is not 157

Why this is important

The basis of clinical assessment following head injury is the Glasgow Coma Score. In the
groups identified in the research recommendation, the baseline GCS is not 15, or the ability
to accurately assess GCS is impaired. There is therefore a need to either modify the
guidelines, or provide alternative modes of assessment.

Rationale for research recommendation

Importance to ‘patients’ or the population These patient groups are not adequately
assessed with the current guidance as there are
specific limitations to current modes of
assessment.

Relevance to NICE guidance Future NICE guidance should ideally stipulate
the assessments and indications for
investigation or imaging in these difficult to
assess patient cohorts. This may require specific
assessment tools stratified by age for the
paediatric population or pre-existing cognitive
impairment. Alternatively, factors such as the
mechanism of injury may take on a more
important role in decision making.

Relevance to the NHS The NHS is increasingly treating patients with
cognitive impairment who have specialised
needs for assessment.

National priorities None identified

Current evidence base There was no evidence for people with pre-
existing cognitive impairment.

Equality considerations There is the need to recognise these groups

within the NICE guidance to provide the same
high quality evidence for management of head
injury.

Modified PICO table

Population _Inclusion: Adults, young people, children and
infants with a head injury sustained through a
low energy fall and with suspected pre-injury
cognitive impairment where loss of
consciousness or amnesia is difficult to assess
or where pre-injury GCS is not 15
Strata:

. Adults (aged =216 years)
. Children (aged =21 to <16 years)
. Infants (aged <1 year)

Exclusion:
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Prognostic variables under consideration

Outcomes

Study design

Timeframe

Additional information
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Adults, young people and children (including
infants under 1 year) with superficial injuries to
the eye or face without suspected or confirmed
head or brain injury.

. Age (below 65 years and over 65 years
for adults). There is no age-cut off children

. GCS (13 to 15)

. neurological injury severity*

. Patient’s blood measures of

coagulopathy prior to CT such as International
Normalised Ration (INR), Prothrombin Time
(PT), Activated Partial Thromboplastin Time
(APTT), fibrinogen levels, platelet count

. other indicators of presence and
severity of pre-injury disease such as American
Society of Anaesthesiology scale (ASA-PS),
Charlson comorbidity index (CCl) or single
disease grades such as severity of liver/
Chronic kidney disease

. indicators of frailty if available such as
Rockwood Clinical Frailty Scale or Electronic
Frailty Index (for adults only — not applicable for
children)

. Any traumatic intracranial abnormality
detected by CT or MR imaging or autopsy
. Any intracranial abnormality that causes

death, neurosurgical intervention or neuro
critical care.

Cohort study

Key confounders:

Age

GCS

Other confounders:
Neurological injury severity
Blood measures of coagulopathy

Medium term — required for when the guidance
is updated

None
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Research recommendation

What is the risk of intracranial injuries in people with a history of recurrent head injuries,
including sports and falls, and no other indications for CT scan?

Why this is important

Mild TBI is the commonest presentation of TBI and is common following sports injuries.
Particularly in the context of sports injuries, these can be repeated and lead to cumulative
risks to the individual. As this is a large cohort of people, it can have significant health
economic implications.

Rationale for research recommendation

Importance to ‘patients’ or the population Repeated mild TBI is a common presentation.
Each presentation is addressed on its merits but
does not account for cumulative morbidity or
cumulative risk of intracranial injury.

Relevance to NICE guidance Current NICE guidance was not able to make
recommendations on this area, despite it being a
common presentation. Future guidance may
take into account the cumulative burden of
injury, or the possibility that those who have had
an initial head injury have an increased risk of
subsequent head injury.

Relevance to the NHS As thiscohort is large, it is important for the NHS
not to over- (costs of imaging) or under- (risk of
deterioration or cumulative morbidity to the
patient) investigate.

National priorities None identified

Current evidence base There was no evidence for people sustaining
recurrent head injuries

Equality considerations There are no specific equality considerations.

J.883 Modified PICO table

Population

Prognostic variables under consideration Inclusion: Infants, children and adult with a
history of recurrent head injuries including sports
and falls and no other indications for CT scan?

Strata:

. Adults (aged 216 years)

. Children (aged =21 to <16 years)
. Infants (aged <1 year)

Exclusion:

Adults, young people and children (including
infants under 1 year) with superficial injuries to
the eye or face without suspected or confirmed
head or brain injury.

Prognostic variables under consideration . Age (below 65 years and over 65 years
for adults). There is no age-cut off children
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Outcomes

Study design

Timeframe
Additional information
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. GCS (13 to 15)
. neurological injury severity*
. Blood measures of coagulopathy prior

to CT such as International Normalised Ration
(INR), Prothrombin Time (PT), Activated Partial
Thromboplastin Time (APTT), fibrinogen levels
. other indicators of presence and
severity of pre-injury disease such as American
Society of Anaesthesiology scale (ASA-PS),
Charlson comorbidity index (CCl) or single
disease grades such as severity of liver/
Chronic kidney disease, platelet count

. indicators of frailty if available such as
Rockwood Clinical Frailty Scale or Electronic
Frailty Index

J Any traumatic intracranial abnormality
detected by CT or MR imaging or autopsy
. Any intracranial abnormality that causes

death, neurosurgical intervention or neuro
critical care.

Cohort study

Key confounders:

Age

GCS (Glasgow Coma Scale)

Other confounders:

Neurological injury severity
Blood measures of coagulopathy
Medium term

None
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