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Will Neuroimaging Reveal a Severe Intracranial Injury

in This Adult With Minor Head Trauma?

The Rational Clinical Examination Systematic Review

Joshua S. Easter, MD, MSc; Jason S. Haukoos, MD, MSc; William P. Meehan, MD;
Victor Novack, MD, PhD; Jonathan A. Edlow, MD

IMPORTANCE Adults with apparently minor head trauma (Glasgow Coma Scale [GCS] scores
=13 who appear well on examination) may have severe intracranial injuries requiring prompt
intervention. Findings from clinical examination can aid in determining which adults with
minor trauma have severe intracranial injuries visible on computed tomography (CT).

OBJECTIVE To assess systematically the accuracy of symptoms and signs in adults with minor
head trauma in order to identify those with severe intracranial injuries.

DATA SOURCES We performed a systematic search of MEDLINE (1966-2015) and the
Cochrane Library to identify studies assessing the diagnosis of intracranial injuries.

STUDY SELECTION Studies were included that measured the performance of findings for
identifying intracranial injury with a reference standard of neuroimaging or follow-up
evaluation. Fourteen studies (range, 431-7955 patients) met inclusion criteria with patients
having GCS scores between 13 and 15 and 50% or more older than 18 years.

DATA EXTRACTION AND SYNTHESIS Three authors independently performed critical appraisal
and data extraction.

RESULTS The prevalence of severe intracranial injury (requiring prompt intervention) among
the 23 079 patients with minor head trauma was 7.1% (95% Cl, 6.8%-7.4%) and the
prevalence of injuries leading to death or requiring neurosurgical intervention was 0.9%
(95% Cl, 0.78%-1.0%). The presence of physical examination findings suggestive of skull
fracture (likelihood ratio [LR], 16; 95% Cl, 3.1-59; specificity, 99%), GCS score of 13 (LR, 4.9;
95% Cl, 2.8-8.5; specificity, 97%), 2 or more vomiting episodes (LR, 3.6; 95% Cl, 3.1-4.1;
specificity, 92%), any decline in GCS score (LR range, 3.4-16; specificity range, 91%-99%:).
and pedestrians struck by motor vehicles (LR range, 3.0-4.3; specificity range, 96%-97%)
were associated with severe intracranial injury on CT. Among patients with apparent minor
head trauma, the absence of any of the features of the Canadian CT Head Rule (=65 years;
=2 vomiting episodes, amnesia >30 minutes, pedestrian struck, ejected from vehicle,

fall >1 m, suspected skull fracture, or GCS score <15 at 2 hours) had an LR of 0.04 (95% Cl,
0-0.65), lowering the probability of severe injury to 0.31% (95% Cl, 0%-4.7%). The absence
of all the New Orleans Criteria findings (>60 years, intoxication, headache, vomiting, amnesia,
seizure, or trauma above the clavicle) had an LR of 0.08 (95% Cl, 0.01-0.84), lowering the
probability of severe intracranial injury to 0.61% (95% Cl, 0.08%-6.0%).

CONCLUSIONS AND RELEVANCE Combinations of history and physical examination featuresin
clinical decision rules can identify patients with minor head trauma at low risk of severe
intracranial injuries. Certain findings, including signs of skull fracture, GCS score of 13, 2 or
more vomiting episodes, decrease in GCS score, and pedestrians struck by motor vehicles,
may help identify patients at increased risk of severe intracranial injuries.
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Clinical Scenarios

Casel

A 67-year-old woman slipped on ice and struck her head. She expe-
rienced no loss of consciousness and recalls the entire incident. She
vomited once immediately after the fall. Three hours after the fall,
she presents to the emergency department and vomits again. There
is a 0.5-cm forehead abrasion, and she has a Glasgow Coma Scale
(GCS) score of 15 with no abnormal neurologic findings. How likely
isit that an emergency computed tomographic (CT) scan of her head
would reveal a severe intracranial injury?

Case 2

A 20-year-old man was playing basketball when another player
knocked him to the ground. He experienced loss of consciousness
for 5 seconds and then returned to the game. On presentation to
the emergency department 4 hours after the injury, he has a mod-
erate left-sided headache and a moderate-sized left parietal scalp
hematoma but no other abnormal findings. How likely is it that emer-
gency head CT scan for this patient would reveal a severe intracra-
nial injury?

Why Is This Question Important?

Traumatic braininjury is the leading cause of death and disability from
injury in the United States, and one-third of all traumatic deaths oc-
cur after head trauma.' Each year approximately 2.5 million people
in the United States present for medical attention after sustaining
head trauma.? With heightened awareness among the public of the
potential adverse consequences of even minor head trauma, the
number of medical visits after head trauma has increased over the
last decade, costing nearly $76 billion annually in direct and indi-
rect costs.>®

Traumatic brain injury is a heterogeneous disorder represent-
ing a spectrum of injuries ranging from concussions to devastating
intracranial hemorrhages. Computed tomography is the gold stan-
dard for rapidly identifying intracranial injuries that require prompt
intervention. Patients with a moderate (GCS score, 9-12) or severe
head trauma (GCS score, =8; Box 1), should undergo emergency
head CT to detect intracranial injuries because early interventions
reduce morbidity and mortality.”

Patients who appear well with GCS scores of 13 or higher and
have minimal or no alterations in their mental status have minor head
trauma.®° The role of head CT for these patients is less clear than it
is for moderately or severely injured patients. Between 5% and
15% of patients with minor trauma have intracranial injuries, al-
though only a small minority of these require an acute neurosurgi-
cal intervention.'® Because minor trauma (89% of all head trauma)
is far more common than moderate or severe trauma (11% of all
trauma), the absolute number of patients requiring prompt inter-
ventionis higher among patients with minor trauma." Although most
patients with minor head trauma will not have a serious intracranial
injury, CTs identify the injuries, so many patients and their physi-
ciansignore cost and radiation exposure in favor of testing with CT."
We conducted a systematic review to determine whether any indi-
vidual or combinations of findings have high enough diagnostic ac-
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Box 1. Calculation of the Glasgow Coma Scale

Eye Opening (1-4 points)
Spontaneous, 4
Responds to speech, 3
Responds to pain, 2

None, 1

Verbal Response (1-5 points)
Oriented, 5

Confused, 4

Inappropriate words, 3
Incomprehensible sounds, 2

None, 1

Motor Response (1-6 points)
Obey commands, 6
Localize to pain, 5
Withdraw to pain, 4
Abnormal flexion to pain, 3
Extension to pain, 2

None, 1

Total Score
Sum the best eye, verbal, and motor scores for a total of 3-15
points

curacy todistinguish patients with minor trauma who are at high risk
of severe intracranial injury from those with extremely low likeli-
hood of severe intracranial injury.

Methods

Literature Search Strategy

The MEDLINE database (1966-August, 2015) and the Cochrane
Library were searched to identify English-language studies that
evaluated the identification of traumatic brain injuries using his-
tory and physical examination. The search strategy previously
developed for The Rational Clinical Examination series that com-
bines 10 exploded MeSH headings (physical examination, medical
history taking, professional competence, sensitivity and specificity,
reproducibility of results, observer variation, diagnostic tests,
routine-decision support techniques, Bayes theorem, mass screen-
ing) and 2-text word categories (physical exam$ and sensitivity
and specificity) was used. The intersection of this set with both
traumatic brain injury (MeSH term exploded), articles in the
authors' files, references cited by these articles, and references in
textbooks were reviewed. Studies on traumatic intracranial injury
using a prespecified selection strategy that focused on patients in
which 50% or more of the participants were adults (=18 years)
with head trauma, who presented with GCS scores ranging from
13 through 15 were included (see eAppendix 1in the Supplement
for a more complete description of selection strategy). Studies of
patients with GCS scores less than 13 were not included because
there is little controversy that lower scores reflect more severe
head trauma and higher likelihood of intracranial injury. Studies
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undergoing full-text review were assigned a Rational Clinical
Examination Quality score and Quality Assessment tool for
Diagnostic Accuracy Studies (QUADAS) score (see eAppendix 2
and 3 in the Supplement).™ Not all intracranial injuries visible on
CT require further intervention. It was decided a priori to focus on
severe intracranial injuries, ie, injuries requiring prompt interven-
tion (eAppendix 1in the Supplement). These are the injuries rel-
evant to clinicians, as they typically lead to observation in the
hospital, neurosurgical evaluation, or operative intervention and
include subdural, epidural, ventricular or parenchymal hema-
toma, subarachnoid hemorrhage, herniation, or depressed
skull fracture. Although there is ongoing controversy about the
significance of small intracranial hemorrhages, they were
included in the outcome both to ensure the most broad but clini-
cally useful outcome measure, and because current practice for
most nonneurosurgeons is to refer these patients to a specialist.
On the other hand, because closed, nondisplaced skull fractures
do not require prompt intervention, they were not included as
severe injuries.

Statistical Analyses

Likelihood ratios (LRs), sensitivity, and specificity of findings, along
with odds ratios for risk factors, were calculated with 95% confi-
dence intervals (Cls). If any of the values in the sampled 2 x 2 con-
tingency table were O, then 0.5 was added to all cells to calculate
LRs."When calculating the sensitivities of the clinical decision rules,
we assumed the presence of 1of the variables of the rule would lead
to detection of the outcome. This is not always true when the rules
are designed to identify low-risk patients; presence of 1 of the fea-
tures of the rule does not mandate CT acquisition. The summary
prevalence (pretest probability) was calculated with random-
effects measures.

When there were 4 or more studies of quality level | through Il
for individual findings or similar combinations of findings, we used
bivariate summary measures. When there were only 3 studies or
when the hierarchical summary receiver operating characteristics
model did not converge on a reliable solution, univariate random-
effects estimates were used (Comprehensive Meta-Analysis, ver-
sion 2.2046, Biostat).™" Level IV studies were not included in the
summary measures. SAS version 9.2 (PROC NLMixed or PROC
GLIMMIX; SAS Institute Inc) was used for all analyses. We summa-
rized findings evaluated in only 2 studies with the range, and
we used point estimates with 95% Cls for findings evaluated
in only 1 study. For summary measures that included 3 or more
studies, heterogeneity was assessed with the I? parameter, with
values greater than 50% suggesting real heterogeneity between
studies rather than spurious heterogeneity (Comprehensive
Meta-Analysis).'®

. |
Results

Study Characteristics

A total of 2760 studies were identified through our literature
review (eFigure in the Supplement), of which 14 met criteria for
inclusion (eTable 1in the Supplement).’®32 These studies came
from 8 different countries, creating an international sample. Six
articles used overlapping data sets, and only unique data from each
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article were incorporated into our results. Sample sizes for included
studies ranged from 431to 7955 patients.

Prevalence of Intracranial Injury

in Patients With Minor Head Trauma

The prevalence of severe intracranial injury in the 23 079 patients
with minor trauma was 7.1% (95% Cl, 6.8%-7.4%; I = 90%), and
the prevalence of injuries leading to death or requiring neurosurgi-
cal intervention was 0.9% (95% Cl, 0.78%-1.0%; I* = 77%).1°-2

Accuracy of Findings From the Clinical History

and Physical Examination

Risk Factors

Several risk factors were associated with severe intracranial injury
(Table 1). When examining these factors separately, pedestrians
struck by automobiles were at highest risk of intracranial injuries
(LR range, 3.0-4.3).2*27 At a baseline prevalence of 7.1%, this con-
fers a predictive value of 19% to 25% for an intracranial injury for
pedestrians struck by automobiles. Age 65 years or older (LR, 2.3;
95% Cl, 1.8-3.1) and age older than 60 years (LR, 2.2; 95% Cl, 1.6-
3.2) were also associated with intracranial injuries in multiple
studies.?22>273! Absence of seat belts and falls from 1 m or higher
were associated with intracranial injuries, but these findings were
only reported in 1study (eTable 3 in the Supplement).?”-2° Other
risk factors such as chronic alcohol use, bicycle collisions, or
absence of bike helmets had LR Cls that included 1.0 (eTable 3 in
the Supplement).232427.28

Symptoms

The presence of vomiting after head trauma, especially repetitive
vomiting of at least 2 episodes (LR, 3.6; 95% Cl, 3.1-4.1) or posttrau-
maticseizures (LR, 2.5; 95% Cl, 1.3-4.3) were important findings that
increased the likelihood of anintracranial injury (Table 1).21-23:25:2729
At a baseline prevalence of 71%, the presence of repetitive vomit-
ing after head trauma confers a predictive value of 19% to 24% for
an intracranial injury. Although loss of consciousness (LR, 1.6; 95%
Cl,1.1-2.1) or the presence of headache (LR, 1.2; 95% Cl, 1.0-1.5) may
alarm patients and their physicians, as isolated findings they were
less important than other symptoms.20-23-24-27.28 patients who re-
mained conscious were less likely to have an intracranial injury, but
the LR was only 0.60 (95% Cl, 0.39-0.81). At a baseline prevalence
of 7.1%, remaining conscious confers a predictive value of 3% to 6%
for an intracranial injury. Other symptoms were less diagnostically
accurate or only assessed in 1 level | to Ill study (eTable 3 in the
Supplement).

Signs

The presence of physical examination features suspicious for skull
fractures in patients with only minimal alterations in their mental
status, substantially increased the likelihood of intracranial injury
(LR, 16; 95% Cl, 3.1-59) (Table 1).20-242° These signs included
an open fracture of the skull that was visible on physical examina-
tion, a depressed fracture that was palpated, or a basilar skull frac-
ture manifested as postauricular ecchymosis (the Battle sign),
hemotympanum, cerebrospinal fluid otorrhea, or raccoon eyes
(Figure 1). At a baseline prevalence of 7.1%, the presence of fea-
tures suspicious for skull fractures confers a predictive value of
19% to 82% for an intracranial injury. Patients without signs of skull
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Figure 1. Signs of Basilar Skull Fracture

icular ecchymosis

Hemotympanum

Periorbital ecchymosis (raccoon eyes)

fracture may still have intracranial injuries, as the LR approaches 1.0
(LR, 0.85; 95% Cl, 0.48-0.98).

Patients with GCS scores of 13 or higher are frequently consid-
ered to have minor trauma. A depressed GCS score, including a GCS
score of 13 (LR, 4.9; 95% Cl, 2.8-8.5), GCS score of less than 15 two
hours after the injury (LR range, 1.6-7.6), or any decline in GCS score
(LRrange, 3.4-16), increased the likelihood of intracranial injury.?"27-2°
At a baseline prevalence of 71%, a GCS score of 13 has a predictive
value of between 18% and 39% for an intracranial injury, whereas
any decline in GCS score has a predictive value of between 21% and
55%. A focal neurologic deficit had an LR range (1.9-7.0) that is of
value for identifying the patient at higher likelihood of intracranial
injury.?"2 These deficits can include any new abnormalities on the
neurologic examination that can be localized to particular ana-
tomic location in the brain, such as anisocoria, visual change, apha-
sia, focal motor or sensory deficit, ataxia, or other gait abnormali-
ties. Other findings evaluated in the retrieved articles, such as
intoxication and prolonged amnesia, were less diagnostically use-
ful (eTable 3 in the Supplement).?'2427-29

Clinical Decision Rules

Although individual signs and symptoms do not have sufficient
diagnostic accuracy to rule out the presence of intracranial injury,
combinations of historical and physical examination features in
clinical decision rules may be more useful (Box 2 and eTable 4 in
the Supplement). For these rules, the absence of any findings of
the rule suggests that the patient is at low risk of intracranial
injury and typically does not require head CT or observation.
Table 2 describes the performance of these rules in cohorts of
patients with or without loss of consciousness, amnesia, or disori-
entation. The positive LR for these rules was lower than the posi-
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Box 2. Clinical Decision Rules to Rule Out Intracranial Injuries

New Orleans Criteria®?
Older than 60 years
Intoxication
Headache

Any vomiting

Seizure

Amnesia

Visible trauma above the clavicle

Canadian CT Head Rule?’

65 years or older

Dangerous mechanism (pedestrian struck by vehicle, occupant
ejected from vehicle, fall >1 m or 5 stairs)

Vomiting more than 1episode

Amnesia longer than 30 minutes

GCS score less than 15 at 2 hours

Suspected open, depressed, or basilar skull fracture

Interpretation of the Rules

Patients without any features of the rule are at low risk of severe
intracranial injury.

The decision to discharge, observe, or CT the patient with 1or
more features of a rule depends on the setting, clinician's
judgment about the likelihood of injury, patient preference,
number of features present, and the particular features present.

Abbreviations: CT, computed tomography: GCS, Glasgow Coma Scale.

tive LR from the results of nearly all of the individual historical and
physical examination findings shown in Table 1. Only the Canadian
CT Head Rule and New Orleans Criteria were derived in large
cohorts of patients with minor head trauma, validated, and sub-
sequently compared in multiple studies.'®?2-2326-2% The accuracy
of the Canadian CT Head Rule for identifying patients with intra-
cranial injury exceeded the New Orleans Criteria in all but one
study (eTable 5 in the Supplement).'-22:23.26-29

For each rule, a negative result (no feature present) suggests
that head CT or observation typically is not required. In contradis-
tinction to the lack of relative effectiveness of positive results
from the rules, the absence of all clinical findings composing a
rule had a much better sensitivity and therefore a lower negative
LR than the results for individual historical and physical examina-
tion findings in Table 1. When the Canadian CT Head Rule was
applied to patients with GCS scores of 13 to 15 and loss of con-
sciousness, amnesia, or disorientation, the rule identified patients
presenting with minor head trauma at low risk of severe intracra-
nial injury (LR, 0.04; 95% Cl, 0-0.65)."%2%2° Using the summary
prevalence of 7.1%, the absence of all the features on the
Canadian Head CT lowers the probability of a severe intracranial
injury to 0.31% (95% Cl, 0%-4.7%). The New Orleans Criteria also
accurately identified patients at lower risk of intracranial injury
(LR, 0.08; 95% Cl, 0.01-0.84).1922:26:28.29 Jsing the summary
prevalence of 71%, the absence of any of the New Orleans Criteria
lowers the probability of a severe intracranial injury to 0.61%
(95% Cl, 0.08%-6.0%).
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When applied to patients with or without loss of conscious- o
ness, amnesia, or disorientation, the rules continued to identify pa- j\: . o Téu
tients at lower risk of intracranial injury, albeit not as well as in the g ‘é s 3
cohorts with these characteristics. For these patients, the rulesiden- al s e i—": - % o
tified patients at low risk of intracranial injury with an LR of 0.29- z & 3 2 2Q 3 a g
0.33 for the Canadian Head CT rule and 0.26 for the New Orleans = 'U:E_ % S el 3 33 g|5e
Criteria.!?> HEIREEE R EEL R

When limited to patients with GCS scores of 15 and loss of con- % g E‘j g
sciousness, amnesia, or disorientation, the rules also identified pa- :‘é % & g
tients at lower risk of intracranial injury (eTable 6 in the Supple- gl e i:j g 5
ment). In this cohort, the Cls surrounding the point estimate of the _::E f’; g 88 g g
negative LR for the rules was narrower for the New Orleans Criteria S 2|2 =) 3 2 y < < % -§
(LR, 0.08;95% Cl, 0.01-0.84) compared with the Canadian CT Head é 3 E =) s E ) ® 2|5 o
Rule (LR, 0.09;95%Cl,0.01-14)./9222628 9 TheresultsfortheNew | § | 2|~| = o ~| o o ~ ~|R g
Orleans Criteria were homogenous across the 5 studies (I° = 15%). 92 23 <

The Canadian CT Head Rule (LR, 0.05; 95% Cl, 0.01-0.21) and g N % g Et_
New Orleans Criteria (LR, 0.70; 95% Cl, 014-34) identified pa- | £ | ¥ £E2
tients at low risk of injuries requiring neurosurgical intervention £ .“E’ = 2
(eTable 7inthe Supplement). The Canadian CT Head Rule (LR, 0.08; s B R 5
95%Cl, 0.01-0.84) and New Orleans Criteria (LR, 0.21; 95%Cl, 0.09- 5 P B e ) § E 5

Ny =) ~N < 50 ©
0.47) also identified patients at low risk of any injury on CT, includ- S g ’@ g 3 2 £ § 1
ing nondisplaced, linear skullfractures (eTable 8inthe Supplement). | £ 2| (2|22 g i 5 § s _?é“ qCD.)-
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Our study focused on the evaluation of adults and adolescents with E g g 5
minor trauma. Children present with unique signs and symptoms of g i [N i & § g
intracranial injury; therefore, studies focusing only on this age group § g g @
were not included (eAppendix 1in the Supplement). Separate clini- o . 5 % ;zé
cal decision rules exist to guide the management of children with ‘i 5 ° v
minor head trauma.>*3> 5 §

The clinical decision rules were derived in cohorts with differ- ,—i E Zf f ﬁ E N
ent inclusion criteria rendering it difficult to compare their perfor- g g oo R R £
mance directly. The original Canadian CT Head Rule included pa- g 3 E E E < E S 9 £ =)
tients with GCS scores of 13 to 15 and witnessed loss of consciousness, % § @
amnesia, or disorientation (Box 2).2” The original New Orleans Cri- g ig“ 2
teria included patients with GCS scores of 15 only and loss of con- ﬁ E £
sciousness or amnesia (Box 2).%2 When the rules are compared in % 2 €39 ﬁ ) 2 %
these original derivation cohorts, they perform similarly (eTable 5 'ﬂg & HaE 8 % § g i
in the Supplement). Subsequent validation studies have compared 5 al g9unm o e m |2 =
the performance of the rules in common cohorts, including pa- 'ﬁ s % 2
tients with GCS scores of 13 to 15 regardless of the presence of loss S E 3 u_EJ
of consciousness, amnesia, or disorientation as well as cohortswith | B | _ 5 _ 5 = _ Z g 3
only patients with GCS scores of 15 and loss of consciousness,am- | £ S| 2|§ = & 2 % & g 5 E
nesia, or disorientation. Similarly, different types of physicians per- “E E 212 888 e B & A § g =
formed the studies. Most were emergency physicians but neurolo- | 8 | = = § 2388888558 S
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gists and neurosurgeons also participated. Notably, the diagnostic S ?5 5 % § E
performance of the physical examination was similar among differ- é 5 g 8 é & § g &
ent types of physicians. & SE “E’ VS PR - P Y g Y éﬁo% % %

Thereis also debate about which injuries visibleon CT areclini- | -2 = 2 e & 2
cally important, and studies often classify injuries differently. Be- g g Q g % é T :g
cause current practice for clinicians who initially evaluate patients g § § g g ?, ; % %
is to observe or to refer to a specialist all patients with intracranial é é a N z 5 R 3% 28
injuries visible on CT (except isolated, linear, nondepressed skull frac- S 5 % o % % % 5 % 2 ﬁ
tures), we included these injuries. g g 3 g § T £ |csgs

The rules do not demonstrate perfect sensitivity for intracra- 3 £ E . 2|s E 2 R § g Tg" o
nial injury and may not detect subtle injuries, such as arterial dis- | < Z E Tj g z IR g 9 k! 'gﬁ B 3
section, venous sinus thrombosis, or diffuse axonal injury. More- 2 < % § E z % g E z % £ 2 w §
over, patients with no injuries visible on initial noncontrast head CT | © clefje==lele]== =253 ¥
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Figure 2. Subdural Hemorrhage on Head-Computed Tomographic Scan

Single slice of noncontrast computed axial tomographic scan of the head
showing a small acute hematoma (arrows) without any mass effect in the
middle cranial foss on the patient's right side.

may later develop symptoms of these conditions or postconcus-
sive syndrome. We did not assess the ability of the clinical assess-
ment to identify these injuries, which often only lead to signs or
symptoms hours to days after the initial injury, or which are only vis-
ible with magnetic resonance imaging or contrast-enhanced CT. On
discharge all patients should be instructed to follow-up with a phy-
sician, if they develop new or worsening symptoms.

Noincluded studies directly compared the performance of clini-
cal decision rules to physician judgment. This is a crucial step in the
development of a decision rule because there s little value in arule
that misses injuries and increases the frequency of CT acquisition
compared with physician judgment. Studies report mixed results of
the effect of the rules on the frequency of CT acquisition.'-28-36:37
In North America, where CTs are obtained frequently for patients
with minor head trauma, application of the rules could result in a po-
tential reduction in CT acquisition.?® In terms of actual implemen-
tation of the rules into practice, the only randomized study showed
no difference in CT acquisition in Canada before and after imple-
mentation of the Canadian CT Head rule.3® However, there was a
low baseline frequency of CT acquisition in this study that showed
asecular trend of increased CT acquisition in both implementation
and control emergency departments. Potential barriers to imple-
mentation that may limit the effect of the rules include patient ex-
pectations, physician concern that the rule does not work as well as
clinical judgment, CT being perceived as the local standard of care,
medicolegal concerns, or perception that CT results in a more effi-
cient disposition of patients.3”3940

The effect of the rules on clinical practice is also unclear. Over-
all, decision analyses suggest the rules can be cost-effective com-
pared withimaging all patients with minor head injury or notimaging
any patients. However, analyses have not compared the perfor-
mance of the rules to current practice or physician judgment. 0443
Moreover, the conclusions of decision analyses are heavily af-
fected by assumptions about the management of patients who are
not low risk based on the rules (observation, CT, or discharge). as
well as the costs resulting from CT radiation and missed injuries.
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. |
Scenario Resolution

Casel

Despite the absence of loss of consciousness, this patient's pre-
sentation is concerning for an intracranial injury. She does not
have any of the signs of moderate or severe head trauma that
would mandate immediate CT, such as altered mental status or
depressed GCS score. However, her repeated vomiting is a con-
cerning feature that should prompt referral and head CT. Assum-
ing a pretest probability of 6.8% (the lower bound of 95% ClI for
the prevalence of intracranial injury), the posttest probability with
2 episodes of vomiting is 21% for intracranial injury. Her vomiting
and age are features of the Canadian Head CT Rule and New
Orleans Criteria.

The patient underwent a head CT upon referral to the emer-
gency department, revealing a subdural hemorrhage (Figure 2). The
patient was admitted to the hospital and observed for 48 hours. Her
symptoms improved, results from her neurologic examination re-
mained normal, and she was discharged from the hospital after 48
hours of observation with outpatient neurosurgical follow-up in 2
weeks and detailed follow-up instructions.

Case 2

This patient does not have moderate or severe head trauma or any
of the concerning features that would mandate emergency CT ac-
quisition. Therefore, a clinical decision rule can be applied to assess
if the patient is at low risk of intracranial injury and can be dis-
charged safely. This patient does not meet any of the criteria for CT
by the Canadian CT Head Rule. Assuming a pretest probability of
74%—the upper bound of the 95% Cl for the prevalence of intra-
cranial injury—the posttest probability of intracranial injury with none
of the features of the Canadian Head CT rule is 0.32%. Notably, the
patient did have a headache, 1 of the features of the New Orleans
Criteria. However, the presence of 1of the variables of the rule does
not mandate CT acquisition.

Despite loss of consciousness and a headache, this patient did
not undergo CT. Based on clinical judgment augmented by the
Canadian CT Head Rule, he was discharged with an accompanying
adult. He was given strict precautions to return if he developed se-
vere or worsening headache, multiple episodes of vomiting, sei-
zure, or worsening mental status. On follow-up 1week later, he was
symptom free and cleared to return to his normal activities.

.|
Discussion

No individual historical or physical examination features can com-
pletely rule out intracranial injury following minor trauma. Prior stud-
ies of minor head trauma have limited their cohorts to patients with
loss of consciousness or amnesiaimplying that patients without these
features are not at significant risk of injury. However, the summary
LRs associated with the absence of these signs areinadequate torule
out injury (loss of consciousness LR, 0.60; 95% Cl, 0.39-0.81; am-
nesia LR, 0.55; 95% Cl, 0.31-0.97).2"232427-2% patients without these
features remain at risk of intracranial injury and require evaluation
(Figure 3). On initial evaluation, patients without objective evi-
dence of trauma to the head or symptoms of head trauma 2 hours
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Figure 3. Evaluation of Patients With Potential Head Trauma?

‘ Adult with minor head trauma ‘

¥

Yes

Does patient have a history, : . No

o

Apply clinical decision rule

Canadian CT Head Rule?
or New Orleans Criteria®

>1 feature(s) J 0 features

Referral to higher level Yes Moderate or severe injury?
of care for head CT and/or < (altered mental status
neurosurgical evaluation or GCS score <13)
I

. Concerning features present? (eg, skull
R;aferra:to:mgealeveé Yes fracture, vomiting >1 time, decline in
lcarc o ela\ L a:. for GCS score, pedestrian struck by vehicle,
IR LR R . or high risk based on clinical judgment) /

\_ symptoms, or signs of head injury? /

/' Aged >60'y, coagulopathy, \

Ye: N . No
_ordangerous mechanism
_of injury?® /
r— .. . .
Consider observation, Discharge with
referral, or head CT¢ head injury
precautions

High risk of severe
intracranial injury

Low risk of severe
intracranial injury

v |

Observation,
referral, or head CT¢

Discharge with head
injury precautions

2 These recommendations are intended to provide general support for decision
making and should not replace clinical judgment. CT indicates computed
tomography; GCS, Glasgow Coma Scale.

b Dangerous mechanisms is a pedestrian struck by a vehicle, an occupant
ejected for a motor vehicle, or a fall from elevation of more than 1m
or 5 stairs.

 The decision to discharge, observe or order a CT scan depends on the setting,

clinician’s judgement about the likelihood of injury, patient preference,
number of features present, and the particular features present.

9The Canadian CT Head Rule includes age 65 years or older, dangerous
mechanism, vomiting more than once, amnesia for more than 30 minutes,
GCS score of less than 15 at 2 hours, or a skull fracture.

€ The New Orleans Criteria includes older than 60 years, intoxication, headache,
any vomiting, seizure, amnesia, visible trauma above the clavicle.

after their injury can typically be discharged in the company of an
adult, with precautions to return for further evaluation if they de-
velop (1) multiple episodes of emesis; (2) severe or worsening head-
ache; (3) seizure; or (4) deteriorating mental status. Although most
patients with intracranial injuries will display signs or symptoms of
intracranial injury on initial evaluation, patients older than 60 years,
with a coagulopathy, or dangerous mechanism can still have intra-
cranialinjuries despite the absence of signs or symptoms. These pa-
tients may require observation or head CT.

Several historical and physical examination features are highly
associated with intracranial injury and should likely prompt referral
and observation or CT. Studies of minor head trauma often include
patients with GCS scores of 13. Such patients frequently harbor in-
tracranial injuries (LR, 4.9; 95% Cl, 2.8-8.5), and therefore from a
decision-making perspective, would be more aptly considered to
have moderate head trauma.'®?”-?8 Like patients with severe head
trauma (GCS score =8), these patients should be referred for emer-
gency care and undergo observation or CT. In patients with more mi-
nor trauma (GCS scores of 14-15 and minimal alterations in mental
status), pedestrians struck by a motor vehicle (LR, 3.0-4.3), signs of
skull fracture (LR, 16; 95% Cl, 3.1-59), decline in GCS score (LR range,
3.4-16), and multiple episodes of vomiting (LR, 3.6; 95% Cl, 3.1-4.1)
were highly predictive of intracranial injury.2"2427-2° These fea-
tures are relatively uncommon in patients with minor head trauma,
but when they are present should raise concern for intracranial in-

jama.com

jury and typically prompt an emergency CT scan. Ultimately the de-
cision to obtain a CT will depend on the overall clinical scenario, eg,
a pedestrian brushed by a motor vehicle at very low speed, who is
asymptomatic, does not usually require a head CT.

Other features classically described with head injuries do not
substantially increase the likelihood of intracranial injury. Although
the absence of loss of consciousness and amnesia do not rule out
intracranial injury, the presence of these features does not mark-
edly increase the risk of intracranial injury (loss of consciousness LR,
1.6; 95% Cl, 11-2.1; amnesia LR, 1.5; 95% Cl, 0.81-2.8).2"23:24.27-29
Other commonly described features of head injury, including head-
ache, nausea, intoxication, dizziness, and signs of trauma above the
clavicle had LRs of less than 2 for intracranial injury. For all of these
features, the decision to obtain a CT depends on many factors in-
cluding the setting, provider experience, patient preference, and
number of features present.

All patients with minor head trauma do not require neuroimag-
ing. Both the Canadian CT Head Rule and New Orleans Criteria pro-
vide a series of historical and physical examination features that can
be applied to patients to help determine whether patients are at suf-
ficiently low risk of intracranial injury as to be discharged without
observation or neuroimaging. Both rules have been extensively vali-
dated and result in an extremely small number of missed injuries.
With higher specificity in all but one included study, the Canadian
CT Head Rule resulted in fewer negative CTs than the New Orleans
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Criteria.'®22-23.26-29 Although the upper bound of the Cls for these
rules in certain cohorts may cause physicians to hesitate in accept-
ing them for their potential to rule out intracranial injury, the Choos-
ing Wisely campaign recently included utilization of these clinical de-
cision rules as 10of 5 key recommendations aimed at reducing costs
and improving patient care.**

There are several important considerations when applying the
rules to a patient with head injury. It is crucial that the rules are ap-
plied accurately with the intended patient population (eg, neither
rule was studied extensively in patients with coagulopathy, intoxi-
cation, age >75 years, or presenting >24 hours after injury). In addi-
tion, while described as "rules,” these instruments should augment
and not replace clinical judgment. For example, the rules were not
intended for application to very low-risk patients with trivial inju-
ries (eg, healthy adult walking into an object at low speed) or high-

Intracranial Injury and Neuroimaging

risk patients (eg, elderly patient, who is supratherapeutic on war-
farin, struck in the head by a baseball). Application of the rules
indiscriminately to these patients deemed at very low or high risk
of injury based on clinical judgment could increase the frequency of
CT utilization or missed injuries.

Notably with their high sensitivity and low to intermediate speci-
ficity, the rules are also designed to identify patients at low risk of
injury who do not require CT. Often they are misinterpreted as the
presence of one of the features of the rule mandates CT acquisi-
tion. The decision to discharge, observe, or recommend CT to
the patient with at least 1 feature of a rule depends on the setting,
clinician’s judgment about the likelihood of injury, patient prefer-
ence, number of features present, and the particular features
present. If observed, patients should undergo CT if their signs or
symptoms worsen.
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