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Principles for the use of

clinical rules

1 tHow long do patients wait to be seen?
1 1Who's included/excluded?
1 tEliminate the obvious, look for surprises
1 1What are the soft criteria and definitions?
1LOC
" 1IAmnesia
* 1Dangerous mechanism
" 1Absence of symptoms

1 1What's the miss rate?
» What is it OK to miss?
1 1For those not CT’ed:

* \Who gets CT’ed anyway, later? <——
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How do we figure out whom to
worry about?

Biomechanical studies vs.
clinical studies

Mechanism of injury

Blow to head
I 1
‘ Sloshing/rotation ‘ Focal/fracture
L —LI—
r T 1
Coup/ . Depressed
LOC/AMS contracoup Subdural Epidural fracture
4




The biomechanical
approach

Based on:

History and events

icurrent exam and
symptoms

Key question:

" Might there be a
fracture?

" Did the brain slosh?

" Patient peculiarities

—lIs the patient particularly
susceptible?

Falling out of bed - donOt
worry?

11161 outpatients

185 inpatients

180% nothing

117% minor

13% serious (2 skull fractures)

Helfer R et. al. Injuries resulting when
small children fall out of bed. Pediatrics
1977. 60:533. (Retrospective)
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Falls

1 rangular acceleration /
rotational forces

1 thigher incidence contact
phenomena

" iThe neurosurgeon’s
daughter

Short distance falls

I Studies:
" B foot drop onto stone, carpet, foam
-backed linoleum !  all fractures

" P5 dropped onto double-folded camel
hair blanket ! four fractures

" 2 foot fall =7.7 MPH
" B foot fall = 9.4 MPH

* average adult running at top speed =
9-12 MPH

1 Weber W. Z Rechtmeg 1985;94:93-101




2 feet vs. 3 feet

1 1Using test dummy experiments to investigate
pediatric injury risk in simulated short distance
falls

1 1Bertocci et. al.
1 tArch Ped Adlo Med 2003; 157:480-486
1 1Rolling off bed (27 inches) — no problem

Playground Materials

US Consumer Product Safety Commission. GPO:
1995 O b 164-557.
1
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Playground Materials

US Consumer Product Safety Commission. GPO:
1995 O b 164-557.
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Location of injury

1 Parietal/temporal
1 Occipital/frontal
1 Midline vs. off midline

Animal studies - lots

Human studies?
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Biomechanical approach

Based in initial mechanism:
1 1 Was the skull fractured?
1 1 Were veins or arteries torn?
11 Were axons stretched/torn?
" CLUES: LOC/AMS/hole in head

Based on subsequent symptoms:
Is something growing?

History - AMPLE

idescription of accident

lamnesia/change in mental
status

PMH
iallergies, medication
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Key Issues in
Evaluation

14

Memory and loss of consciousness

1 “concussion”
1 ILOC vs. syncope
1 amnesia for the event

1 1short term and long term
memory

* George Miller
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Physical examination

1 'ICSF rhinorrhea

" glucose
" ring test
Biomechanical findings 1 lear and mastoid
. . I leyes
Rotational forces which cause LOC are .
approximate in degree to forces for axonal 1 pupils
injury or tearing of vessels « D0 and 4

* the driver’s license
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Basilar skull fracture Random stuff

' 1168 patients ' Lucid interval
Hemotympaneum 80.9%

Battle's sign 11.9% 1 IOP vs. ICP
Rhinorrhea 10.7%

Otorrhea 10.1%

Raccoon's eyes 7.7%

Anosmia 2.4%

CNVII 3.6%

CN VIII 1.2%

(Dagi et.al. (MGH) Am ] Emerg Med 1983; 1:295)
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History and symptoms

Specific issues and clinical
studies
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Normal GCS

... agiven
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Clinical rules - Simplify

1 Lots of studies
1 10Obvious indications
1 What's left?
* The “normal” patient
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What constitutes concern for the
OnormalO patient?

t Injury mechanism
* Mixed view
1 IConfounding variables
" intox
* coumadin
" Age

And ...

24




THE starting point - 1987

1117 authors

INEJM, 1987

17035 patients

131 ED's

Iprospective

icriteria worked perfectly
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Low risk group

rasymptomatic

'headache

dizziness

iscalp hematoma

iscalp contusion/abrasion

labsence of moderate or high
risk criteria
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The study

117035 patients
114673 agreed to participate
1 ifollow-up data on 3658
111015 patients:
» National Center for Health Statistics
» search for match in Natl Death Index
» 18 matches rx
* MD review : not us, baby Af

L ow——
S
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Moderate risk group
[ ]
1 thistory of change of ' 1 vomiting
?O_nSCiousneSS at time of | | posttraumatic amnesia
injury or subsequently | 1 multiple trauma
1 thistory of progressive 11 serious facial injury
headache 11 signs of basilar fracture
1 ralcohol or drug 11 possible skull penetration
intoxication or depressed fracture
! runreliable or inadequate H S:sl’fsgted physical child

history of injury
1 1age less than 2 years
(unless injury very trivial)
! 1 posttraumatic seizure suspicion of cerebral

trophy??
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High risk group

1 ifocal neurological signs
1 idecreasing level of consciousness

1 ipenetrating skull injury or palpable
depressed fracture
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Length of LOC is not helpful

1 1Mikhail et. al. Am J EM 1992; 10:24-26.

11112 patients, GCS > 12, ?consecutive
patients, ?entry criteria

1 1 prospective

1135 with CT, 8 +

" 13 neurosurg

»1all 8 + CT with GCS 15

* 14 LOC (1< one min, 1 for 1-5 min, 2 > 5 mjin)

" 14 no LOC (c/o headache)

1195 followed up, 17 phony addresses/phone
number
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LOC: What? Me worry?

1 Literature: LOC plus NO
symptoms
I Waiting room time

" Does the clinical rule apply
to YOUR ED?

" Are all these rules time
dependent?
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CT vs. GCS: 15 + symptoms??

Miller et. al. Ann Emerg Med 1996;27:290-294
[

1382 pts with
LOC/amnesia

789 with NO symptoms,
depressed Fx

CT+3%
CT +6.1%
0 surgery (CI
0,
Uiz 0 - 0.4%)

surgery v\? /

32
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OMinorO problems (from Miller)

1 The 3%:
* Subarachnoid hemorrhage
" intraventricular hemorrhage
" contusion
* skull Fx

I how soon were patients seen?
1 Why so many with no symptoms?

{3
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Haydel, NEJM 2000;343:100

113+ y.0., <24 hours, GCS 15, Normal neuro
1157 of 909 positive
1 1Features:
" Headache
* Momiting
* 60 + years old
» Drug/ETOh
" Short-term memory deficit
» iTfrauma above the clavicles
* Post traumatic seizure
11212 patients with NONE of these features
* All normal
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Results - Jeret

I What mattered?
" Older age
" signs basilar skull Fx

* mechanism of injury (pedestrian
struck, assault)

1 what didn’t matter

" subjective complaints - everyone had
them

" performance on @PUFO exam

Canadian study

13121 patients
12078 received CT

» Other studies only include patients
with CT

144 (1%) major intervention
1254 (8%) significant head injury
194 (4%) unimportant lesions
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Canadian rules

1 1High risk:
» GCS < 15 for 2+ hours
" Suspected open Fx
» Basal skull Fx
» Momit 2x or more
" Age 65+
1 1Result: 100% sensitive for neurosurgical
intervention (Cl 92-100%)

1132% would need CT
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Canadian rules

I No children in study
I Excluded as clinically important
* Solitary contusion < 5mm
" SAH < 1mm thick
» SDH < 4 mm thick
" Isolated pneumocephaly

" Closed depressed skull fracture not
through inner table
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Canadian rules

I Medium risk features
" Retrograde amnesia > 30 min
» Dangerous mechanism

1 Medium risk

" 08.4% sensitive for “clinically
important brain injury (Cl 96-99%)

" 54% would need CT
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Haydel vs. Stiell

I Haydel
» ONLY normal exams
" Exclude patients not scanned
* Only 6 patients needed surgery
1 iStiell
" 863 patients without CT - no F/U
* More needed surgery
" Included GCS 13 and 14 (20%)

* Higher specificity - included patients (1/3) NOT

CTed 20
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NEXUS I

113,728 patients WITH CT
118 variables

» Neuro deficit, Altered mental status, Altered
behavior

» Coagulopathy
» Skull Fx
" Scalp hematoma
" Persistent vomiting
" Age > 65
11Sens 98.3%
11Similar performance inﬁediatrics

Conclusion D all of these rules would
miss 1-2 % of things 95+% of us would
be embarrassed to miss
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WhatOs not clinically important?

1 1If it doesn’t fit my rule, then....
» Doesn’t matter
" ? send them home
» Screws up the rule = minor
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A drunk walks into a barE..

... is found on ground outside the bar

... typical “drunk”, with bruise above right eye

Watch or CT?
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Drunk Plus
ANY head

injury
I

Clinical rule Biomechanical
YES rule YES

Patie~m with chronic seizure disorder
didnOt take his Dilantin!!! He seized at
home. . ..

... postictal but improving in ED

... bruise noted in the left occipitoparietal
region
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Scan the drunk ones. Period.

[

ICook, et. al. Acad. Emerg. Med.
1994:227-234

IProspective. 107 consecutive patients
with EtOH and minor head trauma

IGCS, neuro exam score, clinical variables
8.4% + CT

11.9% neurosurgical intervention.

No variables worked
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Unprotected
fall Plus ANY
head injury

Clinical Biomechanical
rule ?? rule YES
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Seizures and head trauma spell trouble

1 129 head traumas ' seizure
" B84% skull Fx
" 34% ICH

1 Desai et.al. Ann Emerg Med 1983; 12:543
| 25 seizures |  head trauma
" B% skull Fx
" 8% ICH
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A patient on coumadin DREAMED that
something hit his headE..
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Studies

1 ISSPP

Mack, L.R., et al, J Emerg Med 24(2):157,

2003

» Reynolds F.D., et al, J Trauma 54:492,
March 2003

* Karni, A., et al, Am Surg 67(11):1098,
November 2001

1 Who DON’T we worry about?
» The guy with the knee and shoulder
1 IFor how long should we worry?
51

A 70 year old man tripped on the
carpet.

He fell onto his left shoulder and hit his head
on the stairs.

No LOC. Mild headache.
He does or doesn’t have medical problems
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Older ages

ol I Multiple studies all with
er age )
Plus ANY same conclusion, e.g.
head injury " Stiell abstract

[ " Mikhail et al. Am J Emerg
Med 1992:10:24-26
" Recent studies assume
Clinical rule Biomechanical truth
YES rule YES?
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WhatOs different about kids?

1 difficult neuro exam

I Different injuries from adults

. . A 9 month old fell out of a shopping cart in

Parents think he fell first on knees and

then hit head.
No LOC, vomiting, change in behavior.

55
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Physical exam sensitivity

1191%
1141%
11100%
1172%
1138%
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More on scalp bruises

[

Iprospective
1431 infants, no symptoms
1181 imaged, 28% skull fracture

irisk of fracture proportional to size of
hematoma

iparietal and temporal hematomas the worst
114 intracranial hemorrhages

» 1Greenes DS et al. Ann Emerg Med 1997;30:253-259

" 1see also Greenes DS and Schutzman Ann Emerg Med
1998; 32:680-686
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Infant with scalp
hematoma and nothing
else

Clinical rule YES
-To age 1 or 2? Biomechanical rule

- Is there really an - 3 feet MAYBE

answer for older - 2 feet NO
children?

A 3 year old sustains an OobviousO
trivial head injury.

He’s fine.

Then he vomits twice and complains of
severe headache. He’s lethargic.

The pediatrician is called, who tells the
parents to rush the child to the ED for a CT.

60
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In the ED, the child has no headache, no
vomiting, an entirely normal exam.

Your actions?
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Vomiting and pediatric head injury

]
1 144 children observed for head injury; ave. 7.4 yr.
1129 vomited. Hx motion sickness — all 15 vomited
1 1History of

» recurrent headache (p+ 0.05)

* if migraine, p=0.002

* FHx migraine, p=0.001.

" 1If more than one variable, 100% vomited.

11If LOC, LESS of a chance of vomiting, p=0.003.
Mohammed MS et. al. J Ped 1997;130:134-7.
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Infant with trivial
head injury and
vomiting

l

Clinical rule YES ) )
Biomechanical

- Do the signs rule NO
need to persist?

Why not everyone?

1 “In the United States, of approximately
600,000 abdominal and head CT
examinations annually performed in
children under the age of 15 years, a
rough estimate is that 500 of these
individuals might ultimately die from
cancer attributable to the CT radiation.

{3

AJR 2001; 176:289-296
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Can findings be delayed on CT?
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BIG PUNCHLINE

I Combine biomechanics and
clinical rules

1 If your practice is driven by LOC
or amnesia, take a good history

I normal exam + normal CT ->
send home

CT vs. wake-up instructions
67
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Big review >60,000 patients

193 papers of early CT (3300 pts)
139 reports, 821 patients, bad event
152 papers, 62,000 patients

B true cases within 24 hours
126 false cases (misread CT)

IMost bad events happen in bad patients
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Is neurosurgery the measure?

1120% of patients have substantial disability in
followup

1 MRIvs. CT

1 tFunctional imaging vs. MRl and CT

» SPECT, PET, diffusion and perfusion imaging,
functional MRI

» Similar to boxers
» Extent of abnormality predicts disability

... so the

Lancet Neurology 2007; 6:699-710 .
« treatmentis .....

N Engl J Med 2007;356:166-72
Emerg Radiol 2007; 14:1-12
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Summary

| Take a CAREFUL history
1 Ask yourself three simple questions:
" could there be a fracture?

» did the brain experience enough
deceleration to tear or rip something?

" Have any secondary symptoms
developed?
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Key points for SERIOUS head injury

1 Avoid hypoxia and hypotension
1 IFluid restriction —

» controversial, but clearly FAR less important
than maintenance of pressure

I Head elevation

I lanticonvulsants?
" may prevent early Sz
" doesn't prevent development of Sz disorder
" 1 no overall difference in outcome for TBI
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Serious head injury

1 Brain Trauma
Foundation

1 Most common phrase:
“There are insufficient
data to support
treatment standards for
this topic”
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Key points for SERIOUS head injury

1 [ICP monitoring
" GCS less than 9
" patient otherwise not monitorable
" improves outcome

1 iHyperventilation - PCO2 to about 30=35
" decreases arterial blood volume
" decrease ICP

" Rincrease areas of hypoperfusion, particularly with
pCO2 < 25

" 1will last for no more than 48 hours
1 1Drainage of CSF to reduce ICP
72

(NOTE: I0P AND ICP)

18



Fascinating study

1 1Scalea: J Trauma, Volume 62(3). 2007.647-656

t Increased Intra-Abdominal,
Intrathoracic, and Intracranial Pressure
After Severe Brain Injury: Multiple
Compartment Syndrome
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