Imaging of BrainTrauma

Mark DeLano,MD, FACR
Professor and Chair, MSU Radiology

Colleges of Osteopathic and Human Medicine
MICHIGAN STATE UNIVERSITY 2023 Up North Conference



GOALSAND OBJECTIVES

A Epidemiology and wide ranging implications of CNS
trauma

A Imaging options available for diagnosis of trauma

A Understand the role of the radiologist in the workup
and diagnosis of traumatic brain injury

A Discuss the primary effects of CNS trauma with
emphasis orextraaxialand parenchymal injury

A Be able to recognize those conditions associated
with the greatest morbidity/mortality and the
downstream complications of CNS trauma
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INTRODUCTION

EPIDEMIOLOGYOF HEADTRAUMA E Motorcyclist suffers head trauma
AMost common worldwide cause of
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young adults Over 6 million kids have suffered traumat

brain injuries, many of them girls

AMore than 2 million people suffer a s Bevemmined hishavils, buchavededinel S boys
traumatic brain injury annually (US
alone), with nearly 25% requiring
hospital care

Teen athlete shares recovery story after traumatic brain injury
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AOf all headinjured patients, ~10%
sustain fatal injury and-20% have
serious permanent deficits
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INTRODUCTION

MECHANISMSOF INJURY.
AMissile injury

APenetration of the skull, meninges, and/or brain by a penetrating
external object (bullet, ice pick, nail gdnq

ANon-missile injury
AO#1 1 OAA EAAA EIT EOQUD®G
AMuch more common cause aturotraumathan missile injury

AAcceleration/deceleration forces, rotation and sudden changes in
angular momentum



INTRODUCTION

ETIOLOGYOF INJURY.

AFalls
ACausative factor in 30% of traumatic brain injuries (TBISs)

AlLeading cause of TBI in children < 4 yemndin elderly patients >
/5 years

AMotor vehicle and autgedestrian collisions
AOccur at all ages without gender predilection

AGunshot wounds
AMost commonly seen in adolescent and young adult males



INTRODUCTION

CLASSIFICATION
AGlasgow Coma Scale (GCS)
AMost commonclinical
classification of brain trauma
AAssessment ofhree features:
best eye, verbal, and motor
responses
ABased on a scale of1%
Alnjury designated as mild (41%),
moderate (912), or severe {8)

Glasgow Coma Scale
Response

Eye Opening Response

Verbal Response

Motor Response

Scale

Eyes open spontaneously

Eyes open to verbal command, speech, or shout
Eyes open to pain (not applied to face)

No eye opening

Oriented

Confused conversation, but able to answer questions
Inappropriate responses, words discernible
Incomprehensible sounds or speech

No verbal response

Obeys commands for movement

Purposeful movement to painful stimulus
Withdraws from pain

Abnormal (spastic) flexion, decorticate posture

Extensor (rigid) response, decerebrate posture

No motor response

Score
4 Points

3 Points
2 Points
1 Point

5 Points
4 Points
3 Points
2 Points
1 Point

6 Points
5 Points
4 Points
3 Points
2 Points
1 Point

Minor Brain Injury = 13-15 points; Moderate Brain Injury = 9-12 points; Severe Brain Injury = 3-8 points




INTRODUCTION

CLASSIFICATION

APrimary effects
AScalp and skull injuries
AExtraaxiahemorrhage
AParenchymal injuries
AVascular injuries
AMiscellaneous injuries

ASecondary effects
AHerniation syndromes
ACerebral edema
ACerebral ischemia




IMAGINGACUTEHEAD TRAUMA

GOALSOFTHERADIOLOGIST

Aldentify treatable injuries, especially
the emergent ones

ADetect the presence of secondary
Injuries or risk factors predisposing
the patient to downstream
complications

AProvide input on the choice of
Imaging study when consulted




IMAGINGACUTEHEAD TRAUMA

HOWTO IMAGE ECHNIQUE
: A2.5-3-mm sections from below the
ANon-enhanced head CT. foramen magnum through the vertex
AO" OAET 6 AT A 6AIT A
ADepicts both bone and soft tissue Je oElE
injuries AUse your reformats!
AFast(!), effective, widely accessible, AU§6_ a variety of windows:
and relatively inexpensive AO" I I I A xEI Al xOdd 7
A6 31 £#O OEOOOA xEIT Al x
AO" OAEIl xEI Al x064d 7
AO3 OOl EA xEI AT x06d 7
AO" T T A xEI ATl x0O6d 7 C



IMAGINGACUTEHEAD TRAUMA

WINDOW/ LEVELSELECTION

ABrain windows optimize low
contrast between brain
structures

ABone windows optimize
visualization of bony detall

ABlood windows optimize window
center around blood density to
identify extraaxialcollections
near the skull interface

Brain windows Blood windows



IMAGINGACUTEHEAD TRAUMA

TRICKS OF THE TRADE:

“Cupping” reduced with blood
windows.

Note the better definition of
the brain and subarachnoid
spaces adjacent to the skull

Brain windows Blood windows



IMAGINGACUTEHEAD TRAUMA

HOWTO IMAGE
ACT angiography (CTA)

ANicely display dissection,
pseudoaneurysmcarotid-cavernous
fistula, orduralsinus injury

AAlso useful in the setting of
penetrating neck injury, fracture
encroaching on the vertebral artery, or
facet dislocations




IMAGINGACUTEHEAD TRAUMA

HOWTO IMAGE

AMRI

AUncommonly used in the setting of
acute brain trauma

AVery useful for cases of suspected
child abuse and isubacutéchronic
stages of TBI

AAdvanced techniques such as diffusion
tensor imaging (DTI) and functional
MRI (fMRI) are gaining increased use
In following patients with TBI




MR is an iImportant adjunct to CT InTBI

AEarly detection of focal intreaxial primary or
secondary injuries

ADiffuse axonalnjury
AEdema

Alnfarction

Afat emboli

(Little to no correlation on CT In the acute phase



Conventional MR Imaging in
Trauma Management in
Adults. Ange Diouf MD,
FRCPCand Matylda
Machnowska MD, FRCPC.
Neuroimaging Clinics of North
America, 2023-05-01, Volume
33, Issue 2, Pages 235-249,
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Most extraaxial injuries are readily
detectable on CT

AMR imaging shows slightly higher sensitivity for
some extraaxial hemorrhages, especially in the
subacute and chronic phases.

ARecent advances in image acquisition strategy have
supported the rapidly increased use of MR imaging
INn trauma patients.



ANALYZINGACUTEHEAD TRAUMA

APPROACHTOACUTEHEADTRAUMA (CT):
AScout image

AEvaluate multiple windows




SCOUTIMAGE

AALWAY Sreview scout images on every case

ACervical spine abnormalities (fracture, dislocation)

AForeign bodies and jaw trauma that may be out of

the field of view of the CT exam

ASome skull fractures may be best seen on the sca /. '?
view (pediatrics), especially if reformats and not

routinely performed at your institution



BLOODWINDOWSIN ACUTEHEAD

TRAUMA

AWidth 160, level 60

ASmallextraaxialAT I | AAOET 1 O AAl o6AIl AT Ao x|
calvariumon standard narrow window widths and
be overlooked

AThese collections become more apparent on wider
windows On bone algorithm images,

use the "soft tissue” window
to bring out subtle areas of
hemorrhage

TRICKS OF THE TRADE:



BRAINWINDOWSIN ACUTEHEAD
TRAUMA

AWork from outside to inside
AScalpA any swelling? If so, scrutinize for fracture and underlying blood

AExtraaxialspacess look for BLOOD!

0 Most commonextraaxialhemorrhage is traumatic subarachnoid
hemorrhage (SAH), followed by subdural and epidural hematomas

0 Most common place for SAH is in sulci adjacent to cortical contusions,
within the sylvian fissures, and around the anteroinferior frontal and
temporal lobes

0 Subtle SAH may collect within the interpeduncular cistern

AExtraaxialspaces-> look for air

o Always abnormal and indicates the presence of fracty@&nasabkinus or
mastoid)



BRAINWINDOWSIN TRAUMA

AWork from outside to inside

ABrainA examine thecortexfor contusion
00( ECE U HEdk toAtdsiorateAh&uderoinferiorfrontal
and temporal lobes
0) £/ OEAOA EO AouA Al CRAUIGAOITTITA § G
| PPl OFE G@dhtreAum® A1 & OOU
ABrainA examine the subcortical white and deep gray matter

o Subcortical hemorrhages often signify diffuse axonal injury
i $!')q AT A AOA A OOED 1T £ OEA EAAQL

ABrainA examine the ventricles
o Look for bloodCSF levels and hemorrhage




BONEWINDOWSIN TRAUMA

AEvaluate carefully fofracturesi AAO OEOA T £ OOAOI A j OAT (
Alf there is no overlying scalp injury, very unlikely to have a fracture
A6$T 160 I EOO AOAAOOOAOQSG
o Fractures involving thearotid canal

0 Fractures crossing othefmascular structuregmiddle meningeal arterygural
sinus)

AEvaluate fomandibular dislocation

TRICKS OF THE TRADE:

Non-displaced fractures that don't cross vascular structures
are basically meaningless in and of themselves!



SOFTTISSUEWINDOWSIN TRAUMA

AOne last check for incidental findings:
ARuN thevesselsA look for an obvious aneurysm
ACheck theneckA AT 1 6O | EOO | AOI b
parotid, or masticator space masses!

AEvaluate theorbits A look at globes, muscles,
and fat

ASagittal screem® excludesellarmass or
craniocervicajunction abnormality Chiar)



PRIMARYEFFECTOFCNS RAUMA

1]

OUTLIN

AExtraaxialhemorrhages:
AEpidural hematoma
ASubdural hematoma
ASubarachnoid hemorrhage

AParenchymal injuries
ACerebral contusions
ADiffuse axonal injuries

AMiscellaneous injuries
APneumocephalus
AMissile and penetrating injuries



CTOFBLOOD

CT density Time Course Explanation

Hyperacute High density <6 hours High Protein

Acute High density ~8-72 hours High Protein

Early High density ~3 daysto 1 High Protein

Subacute week

Late Subacute |Isodense ~1 wk to High Protein
months

Chronic Low density Months to Absorption of

years High Protein

Source: Neuroradiology Requisites. Grossman dadsem 2'd edition
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Timing Blood T1 T2
product
Acute Deoxy Hb |sointense Hypointense
(Iso) (Dark)
Early Intracellular | Hyperintense | Hypointense
Subacute Met Hb (Bright) (Dark)
Late Extracellular | Hyperintense | Hyperintense
Subacute | Met Hb (Bright) (Bright)
Chronic | Hemosiderin| Hypointense | Hypointense
(Dark) (Dark)

Hyperacute (<6 hours) is-B like CS$ mixture of oxy and deoxy Hb




Hyperacute
Late acute
Early
subacute
Late

subacute

Chronic

3 days to
1 week

1-2 weeks
to 2 months

2 weeks to
years

Hemoglobin
Degradation Status

Oxyhemoglobin

Deoxyhemoglobin

Intracellular
methemoglobin

Extracellular
methemoglobin

Hemosiderin

Mild
hyperintense

Isointense to
hypointense

Very
hyperintense

Very
hyperintense

Hypointense

Very hyperintense

hypointense

Hypointense

Very hyperintense
(with peripheral
hypointensity)

Hypointense

Peripheral

hypointensity

Hypointense
(blooming)

Hypointense
(blooming)

Variable

Hypointense
(blooming)

MR of BLOOD

Conventional MR Imaging in
Trauma Management in Adults.
Ange Diouf MD, FRCPCand Matylda
Machnowska MD, FRCPC.
Neuroimaging Clinics of North
America, 2023-05-01, Volume 33,
Issue 2, Pages 235-249, Copyright ©
2023
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EXTRAAXIALHEMORRHAGE

Arachnoid

)
b
.

.'1’
o §*
Y16
1 | B
|k
41
Y (&

:
@.

Source: https:&ites.google.conaiwisc.eduneuroradiology/spineanatomy-1/case2/case2-discussiorcontinued



ACUTEEPIDURALHEMORRHAGE

ABlood between the calvaria and
outer (periosteal) layer of the
dura ..

ADirect trauma to the skull with {
laceration of an adjacerdrtery — |—G—"_——"
(90%),most commonly the

middle meningeal artery

A10% are venouand usually
secondary to a fracture crossing
aduralvenous sinus

A_Vast majority are supratentorial
In location

Hemorrhage

Source: http:/fadiopaedia.orgimages/2917400



ACUTEEPIDURALHEMORRHAGE

CLINICALISSUES

AMuch less common than SAH or subdural

AO, OAEA EI OAOOAIT 6 1 AA
loss of consciousness followed by

asymptomatic period prior to neurologic
deficits

AMortality rate with prompt recognition and
treatment is <5%

AMost EDHs are surgically evacuated




Biconvexextraaxialcollection

AConfined by intracranial sutures
but can cross falx or tentorium
(more often with venous EDHS)

ACompresses/displaces
underlying brain and
subarachnoid spaces

AO3 xEOI 6 OECI q
bleeding

ASkull fracture in 905%




ACUTEEPIDURALHEMORRHAGE

35year-old with head traumaunconscious at scene.
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ACUTEEPIDURALHEMORRHAGE

27-yearold with head trauma, GCS of 3 at scene.

Axial NECT Axial NEaa BEseTwindows



ACUTEEPIDURALHEMORRHAGE

23year-old ejected from vehicle during MV&CS of 3 at scene.

\ A Q‘\ —"
Axial NECT Axial NECT Axial NECk Bone windows




ACUTEEPIDURALHEMORRHAGE

46-year-old with fall and head trauma.

Axial NECT Axial NEGEEMEQANdows



ACUTEEPIDURALHEMORRHAGE

46-year-old with fall and head trauma.

CASEDISCUSSION

AMuch less common venous epidut
hematoma

ASkull fracture that crossesdural
venous sinus (as in this case)

AMost occur near the vertex
(superior sagittal sinus) or skull
base (transverse/sigmoid sinus)

AHAT O0OOOAAAI Abd
compartments, crossing sutures
and lines ofluralattachment



ACUTESUBDURALHEMORRHAGE

eeeeeeeee

ABlood between the inner layer
of the dura and the arachnoid

ATrauma is the most common Ry TS
cause, both direct trauma and ez |
non-impact injuries

AOne of the leading causes of
death and disabllity in cases '
severe traumatic brain injury s

Source: http:/fadiopaedia.ordimages/2917400



ACUTESUBDURALHEMORRHAGE

ATearing of bridging
cortical veins is the
MOoSst common
etiology

ANote the traumatic
disruption of the
bridging cortical vein
traversing the
subdural space

7 Subdural §
bleeding

Source Neuroimaging Clinics of North America 2010; 20:-528



ACUTESUBDURALHEMORRHAGE

CLINICALISSUES

ASecond most commoextraaxial
hematoma, behind SAH

AFound in 1€20% of all patients with head
Injury and 30% of autopsied fatal injuries

ACommonly associated with other
pargﬂfhymal Injuries such as contusions
or

ASymptoms range from none to loss of
consciousness and coma

ANatural history varies these may remain
stable, grow slowly, or rapidly increase |
size

ATreatment options include surgical
evacuation or close observation amdrial
Imaging




ACUTESUBDURALHEI\/IORRHAGE

ACrescentshapedextraaxialcollection
displacing the greywhite matter
Interface medially

ATypically more extensive than EDHSs,
spreading along théalx, tentorium, and
around the cranial fossa floors

AMay cross suture lines but do not cross
duralattachments

AAcute SDHs may be less dense in
patients with severe anemia or
coagulopathy

AMany SDHs are associated with other
traumatic injuries such as subarachnoid -
hemorrhage, contusions, or DA :




ACUTESUBDURALHEMORRHAGE

1lyearold passenger in MVC, head trauma.

\ :

A
Axial NECTE Initial exam Axial NECTR 2 hours later



ACUTESUBDURALHEMORRHAGE

36-year-old inconstruction accident

A;”‘" -

Axial NECT Axial NECT Axial NECT



ACUTESUBDURALHEMORRHAGE

81-year-old with fall and head trauman anticoagulation.

\

- TRICKS OF THE TRADE:

Subduralfglemorrhage is commonly seen along theyglx.
Look for gg¥mmetric nodularity and thickening.

Axial NECT Axial NECT



ACUTESUBDURALHEMORRHAGE

52-year-old hit in headwith bottle

TRICKS OF THE TRADE:

A commonly missed location of
subdural hemorrhage is along
the tentorial leaflet.

Note the asymmetric density
along the left tentorial leaflet.

Axial NECT Axial NECT



ACUTESUBDURALHEMORRHAGE

63-yearold with fall and head trauma

-

Axial NECT Axial NECT



ACUTESUBDURALHEMORRHAGE

86-year-old with minorhead trauma.

2 months later
Called normal.

Axial NECT Axial NECT



ACUTESUBDURALHEMORRHAGE

20-year-old unrestrained driver in MVC, sevdread injury and GCS 4 at scene.

B

Axial NECT Axial NECTF Bone windows Coronal NECT



ACUTESUBDURALHEMORRHAGE

20-year-old unrestrained driver in MVC, sevdread injury and GCS 4 at scene.

CASEDISCUSSION

AThis case is likely an example of a
mixed subdural and epidural
hematoma

AThe presence of a comminuted
skull fracture andentiform
shaped collection (best seen on
coronal) point toward the
ﬁresence of an epidural

emorrhage

AThe heterogeneous, low density
within the extraaxialcollections
suggests active/rapid bleeding

AThe ,oatient ultimately died as a
result of her injuries




SUBACUTE CHRONICSUBDURALHEMORRHAGE

INTRODUCTION

AOver time, SDHs undergo
organization, lysis, and A
eomembran® &£l Ol AOET |
(granulation tissue)

Aln some cases, repetitive
nemorrhages of different ages may
e present

AClinical symptoms vary from
asymptomatic to acute neurologic
change due toehemorrhage




SUBACUTE CHRONICSUBDURALHEMORRHAGE

IMAGING

ASDHSs will become nearlgodensewith
the underlying cortex within several days
following trauma

AThese collections may be difficult to
detect due to similar attenuation to
adjacent brain parenchyma but will result
El OAOAEI Elwhitéintérfdee OE A
ARehemorrhagénto chronic SDHSs results
In mixed attenuation collections, often
multiloculated/septatedwith layering
OEAI AOI AOEOS | AOAI O i
blood on bottom)




SUBACUTE CHRONICSUBDURALHEMORRHAGE

83-yearold with headache, history girior traumatic subdural hematoma

- e

Axial NECT Coronal NECT



SUBACUTE CHRONICSUBDURALHEMORRHAGE

83-yearold with history of multiple intracranial shunts and drains

»\

BENSely calcified right-sided
SQUhEIUral hematoma

-

y
Axial NECT Axial NECT Bone windows Coronal NECT



TRAUMATICSUBARACHNOIDHEMORRHAGE

INTRODUCTION

A!\/Iost common cause of_
Intracranial subarachnoid
hemorrhage

ACan occur with both direct trauma
and nonrimpact closed head injury

AOccasionally occurs in isolation
but often accompanied by other
manifestations of brain injury

AMost common locations include
perisylvianregions,anteroinferior
frontal and temporal sulci, and
over the hemispheric convexities

Source: http:/iny.statdx.com



TRAUMATICSUBARACHNOIDHEMORRHAGE

CLINICALISSUES

ABimodal distribution, most
commonly occurs in young adults
(M>F) and the elderly

A Symptoms are primarily related to
other traumatic injuries

AMay result in delayed vasospasm and
secondary ischemic symptoms

ASupportive therapy is the primary
treatment

ANimodipineor other calcium channel
blockers (verapamil) may prevent
vasospasm and its complications

Source: http:Mww.radiopaedia.org



TRAUMATICSUBARACHNOIDHEMORRHAGE

IMAGING
A Sulcalcisternalhyperdensity

ATyPicallg more focal or patchy than the
diffuse SAH blood indicative of
aneurysmal hemorrhage

A Often seen adjacent to cortical
contusions or undeepi- or subdural
hematomas

Alsolated SAH may be seen within the
Interpeduncularfossa or a single
convexity sulcus

AChronic SAH may appear hgpodense
fluid that expands the affected sulci

ADDx aneurysm rupture,
ﬁerlmesencephalmon—aneurysmal
emorrhage, blood from AVM or other
vascular malformation




TRAUMATICSUBARACHNOIDHEMORRHAGE

50-year-old with fall from ladderhead trauma, and headache

Axial NECT Coronal NECT



TRAUMATICSUBARACHNOIDHEMORRHAGE

60-year-old with fall andhead trauma

Subarachnoid hemorrhage Subdural hemorrhage

Axial NECT



SUBARACHNOIDHEMORRHAGE

55yearold with severe headachdall, and head trauma
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Axial NECT Axial NECT Coronal NECT



PRIMARYEFFECTOFCNS RAUMA

OUTLIN
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AParenchymal injuries
ACerebral contusions
ADiffuse axonal injuries




CEREBRALCONTUSIONS

A" OAEIT AOOEOAOO®

AMost commonintraaxialTBI

AThe majority result from blunt head
Injury, inducing abrupt change in angular
momentum with impact of the brain
against an osseous ridge faix/tentorium

AUncommonly, a depressed skull fracture
may damage the underlying brain

ANearly half involve the temporal lobes
and inferior (orbital) surfaces of the
frontal lobes

Seuree: Ritpi/fy:statex.e6m



CEREBRALCONTUSIONS

AOccur at all ages, peak age-28
(M>F)

Alnitial symptoms vary from none
to confusion, seizure, and
obtundation

ALess frequently associated with
Immediate LOC unless extensive
or occurring with other traumatic
lesion (DAI)

ATx options vary from conservative
(serial imaging) to surgical
evacuation of large lesions or
severe brain swelling




CEREBRALCONTUSIONS

IMAGING

Alnitial scans obtained soon after
closed head injury may be
normal

AThe most frequent abnormality
IS petechial hemorrhages along
gyralcrests adjacent to the
calvaria

ASmall lesions may coalesce,
formlng Iarger hematomas

AO" T TT1TEICo 1 OAO
with Increase In lesion size,
number of lesions, and increase
In mass effect and edema

|




Management of Concussion and Mild Traumatic Brain Injury:
A Synthesis of Practice Guidelines

Noah D. Silverberg, PhD, Mary Alexis laccarino, MD, et al

Archives of Physical Medicine and Rehabilitation
Volume 101 Issue 2 Pages 382-393 (February 2020)
DOI: 10.1016/j.apmr.2019.10.179
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CEREBRALCONTUSIONS

7Yyearold with fall and head trauma, history of canaar anticoagulation.

TRICKS OF THE TRADE:

The most common locations for
parenchymal contusions are
within the anteroinferior frontal
and temporal lobes.

Always double check these
locations in cases of head injury!

Axial NECT



CEREBRALCONTUSIONS

65-yearold with fall from ladder

The rim of
surrounding
edema is nicely
demonstrated
on these
Images

Axial NECT Axial NECT



CEREBRALCONTUSIONS

20-year-old with severe head trauma, ejectdésbm vehicle

Axial NECT Initial Axial NECTE 1day later Axial NECR 3 days later



