Appendix 1:  Pathoanatomic Terms for Definitions of TBI Lesions and Associated Findings

Below are the terms suggested for a starting point in creating common data elements for specific pathoanatomic entities commonly encountered in patients with traumatic brain injuries.  While most of these entities are defined based on radiologic findings, specifically (for these purposes) CT and MRI, they also could be encountered as surgical or at autopsy findings.  Terms are listed centripetally, from the skull inward.  In addition, categories for additional pathophysiologic processes which may occur acutely or in a delayed fashion are included.  As mentioned above, it is assumed that all users of the database would enter acute patient data at least at the “core” level, and this includes all the types of information currently shown in numerous studies to provide prognostic value for acute injuries, including presence or absence of various mass lesions, subarachnoid or intraventricular hemorrhage, brain shift, cisternal compression, and brain edema or swelling 3,4. 

It is fully acknowledged that different centers and individuals may define many of these lesions in different fashions.  As technology advances, both techniques and concepts may be altered in the future.  The list below is meant to be a working and evolving document which provides practical operational definitions for researchers who will enter patients into databases for purposes of natural history, intervention, outcome prediction, or radiology studies.

General format  
1) The following is a list of pathoanatomic lesions; each patient may have multiple lesions entered into the database. For each pathoanatomic lesion, the following index includes the precise operational definition of the lesion for purposes of this database, including how the definition differs for each applicable imaging modality, and what relevant descriptors should be used to describe its location, distribution, quantification, adjacent or remote sequelae or associations, evolution over time, timing/dating features, and pathophysiology.  The intention is to format these elements in an interactive drop-down menu so that the investigator can choose and expand only those entities relevant to that patient and the particular requirements of the specific study question.  For patients who have multiple lesions of a single type (for instance, multiple contusions), the interactive database will allow for repeating a specific entity type’s “page” so that more than one of the same type of entity can be described and entered.

2) If an entity is NOT present, that item simply can be skipped for most studies.  In other studies the organizers may request that the entity specifically be noted as “absent” in the data set.  For this reason, the “absent” checkbox is listed in parentheses throughout the index.

3) For each descriptive pathoanatomic term, the specific imaging modality and/or sequence needed to optimally define the presence of the term is outlined.   If the finding is seen on a different modality from the most definitive technique, additional adjectives are provided in order to connote a probability, but not a certainty, of the entity. 

4) Data can be entered by levels, of complexity and detail.  The “Core” tier includes descriptors as to the presence, indeterminateness, or absence of a particular lesion.  “Supplementary” and “Emerging” headings include more detail about the location, extent, and other characteristics of the lesion, and some may require specific radiologic equipment or protocols.  It is expected that all entries will include at least the Basic data.  Additional levels of detail will depend on the particular study and level of participation of the investigator.  It is also expected that this category will evolve rapidly to include newer techniques (perfusion scans, diffusion tensor imaging, functional MRI, spectroscopy, and others) which have not been addressed in this initial data set.

5) Data can be entered for each image obtained on the patient, or for images obtained at specific time intervals, depending on the design of the particular study.  It is expected that most patients will have more than one radiologic study, and therefore, the first entry in each new imaging data set will describe the date, time, and type of radiologic study obtained.  It is expected that specific radiologic protocols may be required for specific study designs, and that additional details about radiologic imaging parameters may be entered separately depending on the specific study design.
Finally, it should be noted that Appendix1 will contain links to additional resources and references to assist the user in finding more information about specific entities or normative data.  The locations of the links are noted in the text and the links will be activated as the database is further developed and implemented.
Date/time of study  __/__/____    ____:____ (start time)
Imaging Modality 
Core: (check all that apply)

CT

Non-contrast CT




Contrast CT




CT Angiography

MRI

MRI 1.5T




MRA 1.5T



MRI 3.0T




MRA 3.0T


Supplementary:

CT
__(Drop-down menu: Manufacturer; Model; Software version)
MRI____(Drop-down menu: Manufacturer; Model; Software version)


Sequence name – check all that apply




T1




T2




FLAIR




DWI




GRE




SWI




DTI




Other



Were imaging parameters within CDE Appendix 2 protocol parameters?




Yes

No

Emerging:



Additional imaging techniques and technical information: (free text)
Pathoanatomic Lesion Types
For each lesion, define and describe as noted; if there is more than one of the same type of lesion, describe each separately.

Skull Fracture

Definition:  A break in the normal integrity of the skull, which may be partial or full thickness, caused by presumed mechanical force.  


Core:  

Present

Indeterminate

(Absent)


Supplementary:  

Location (check all that apply; for separate fractures, list each separately; for single fractures crossing midline or region, list both sides and/or regions.) 
 


Frontal     R   L
Parietal    R   L
Temporal   R   L
Occipital   R   L



Skull base   R   L   Anterior fossa   Middle f.    Posterior f.

Emerging:
Morphology(check all that apply)

Linear (includes simple and branched)

Depressed (>1 cm or full thickness of skull)
"Ping pong" fracture (smooth depression typically seen in infants and toddlers, without a complete bony cortical disruption)
Comminuted (involving at least one separate non-contiguous bone segment)

Diastatic (separated more than 3 mm, or separation of a suture) 

Compound (communication with the skin, mastoid air cells, or paranasal sinuses)

Penetrating (resulting from an indriven foreign body, such as knife or missile)

“Probable fracture” – one in which fracture itself cannot be seen definitively, but is suspected to be present based on other findings such as adjacent subgaleal and extra-axial hemorrhage, intracranial air, or other findings

Pneumocephalus

Present

Absent

For children <3 years: other craniofacial fractures (of interest for relevance for inflicted injuries)
Epidural Hematoma (EDH)
Definition:  A collection of blood between the skull and dura.  On CT, the EDH typically (though not always) has a biconvex shape, an adjacent skull fracture/scalp injury, and classically does not cross sutural margins.  (In patients with skull fractures, especially those in children involving the sutures, this rule may not always apply.) The acute EDH is hyperdense, but may contain hypodense areas representing unclotted blood.   As the EDH evolves, it gradually loses its hyperdensity and may appear iso/hypodense.  On MRI, the acute EDH is hypo/isointense on T1 and very hypointense on T2, GRE, and SW-imaging.  The inwardly displaced dura should be directly visualized on MR as a thin dark line on all pulse sequences.

Core: 
Present

Indeterminate

(Absent)


Supplementary:
Location (check all that apply; for separate lesions, list as separate entries):  

Frontal     R   L
Parietal    R   L
Temporal   R   L
Occipital   R   L
Posterior fossa   R   L
Size

Volume (or length, width, maximal thickness) 


Emerging:
Likely arterial (due to “swirl”, different densities, location near major dural artery)

Likely venous (due to association with adjacent bony injury/fracture, venous sinus, size, distribution, timing)

Extraaxial hematoma
Definition:  A collection of blood between the brain surface and the skull which may be subarachnoid, subdural, or epidural, but for which the exact site cannot be determined with certainty, and is not already classified as a more specific entity elsewhere in the data set. These are typically small in volume. (This entity may be seen particularly in young children with contact injuries.)


Core:
Present

Indeterminate

(Absent)


Supplementary:  

Location (check all that apply; for separate lesions, list as separate entries):  

Frontal     R   L
Parietal    R   L
Temporal   R   L
Occipital   R   L
Interhemispheric supratentorial    

Anterior (frontoparietal)   Posterior (occip)

Tentorial   R   L
Posterior fossa   R   L
Size

Volume (or length, width, maximal thickness) 
Subdural Hematoma (SDH), acute 

Definition:  A collection of acute blood between the arachnoid and the dura, typically (though not always) hyperdense with a crescent shape on CT.  Mixed density may be seen if the collection contains unclotted blood, CSF admixture, and/or active extravasation. On MRI, the acute SDH is iso/hypointense on T1 and very hypointense on T2, GRE, and SW-imaging.  Note:  Please see additional categories below for subacute, chronic, and mixed collections if these better describe the lesion, or if the chronicity/timing is uncertain. (Note:  For more information on neonatal birth subdurals, with examples, link to follow here.)

Core:
Present

Indeterminate

(Absent)


Supplementary:
Location (check all that apply; for separate lesions, list as separate entries):  

Frontal     R   L
Parietal    R   L
Temporal   R   L 
Occipital   R   L
Interhemispheric supratentorial      

Anterior (frontoparietal)    Posterior (occip)
Tentorial   R   L
Posterior fossa   R   L   Interhemispheric infratentorial
Size
Volume (or length, width, maximal thickness) 


Emerging:  
Homogeneous or Heterogeneous (i.e. mixed density)
Subdural Hematoma (SDH), subacute or chronic 

Definition:  A collection of non-acute blood between the arachnoid and the dura, typically (though not always) with a crescent shape.  On CT, a subacute or chronic SDH will be predominantly iso- or hypodense.  On MRI, a subacute SDH will be hyperintense on T1 and will have varying signal intensity on T2.  The chronic SDH is slightly hyperintense compared to CSF on both T1 and T2-weighted imaging.  FLAIR imaging increases the conspicuity.   If rebleeding has occurred in the collection (i.e., “chronic recurrent SDH”), the signal may be a variable combination of hypo/iso/hyper-intensity/density on CT and all MR sequences.  Internal loculations and septations may be seen on both CT and MRI and these are more conspicuous following intravenous contrast enhancement.


Core:
Present

Indeterminate

(Absent)


Supplementary:
Location (check all that apply: for separate lesions, list as separate entries):  

Frontal     R   L
Parietal    R   L
Temporal   R   L
Occipital   R   L
Interhemispheric    Anterior (frontoparietal)   Posterior (occip)
Tentorial   R   L
Posterior fossa   R   L
Size

Volume (or length, width, maximal thickness) 


Emerging:
Homogeneous v. Heterogeneous



Loculations/Septations

Subdural hematoma/mixed density subdural collection/CSF-like collections
Definition:  A collection of inhomogeneous blood products between the arachnoid and the dura, typically (though not always) with a crescent shape, in which timing (e.g., “acute” vs. “chronic” or “subacute”) is indeterminate.  On CT and MRI, mixed collections may have hyper, iso, or hypodense/intense components.  This classification is used for those collections in which the exact nature of the collection or its chronicity cannot be determined by the characteristics noted in the definitions of subdural hematomas in the two prior sections. In addition to mixed collections, more homogeneous CSF-density/intensity collections also may be seen after known trauma in which low density/intensity collections occur over time on serial images, presumably from arachnoid tears, decreased CSF absorption, increased CSF protein, or other mechanisms.  This definition does NOT apply to CSF-intensity collections or prominent spaces seen on a single image, which may represent entities other than trauma. (See also section on Atrophic Changes below.)
Core: 
Present

Indeterminate

(Absent)


Supplementary:
Location (check all that apply; for separate lesions, list as separate entries):  

Frontal     R   L
Parietal    R   L
Temporal   R   L
Occipital   R   L
Interhemispheric    Anterior (frontoparietal)   Posterior (occip)
Tentorial   R   L
Posterior fossa   R   L
Size

Volume (or length, width, maximal thickness) 


Emerging:  
Characteristics (check all that apply)




Hypointense/dense




Hyperintense/dense




Isointense/dense

Subarachnoid Hemorrhage (SAH) 

Definition:  Macroscopic blood located between the brain surface and the arachnoid membrane.  On CT and MR, the blood in this location will follow the contour of the sulci and cisterns.  Acute SAH is hyperdense on CT and hyperintense on FLAIR MR imaging.  Subacute SAH may be invisible on CT, although the presence of subtle sulcal “effacement” may occasionally be seen.  Chronic SAH, or “hemosiderosis” may be seen on MR as hypointense linear areas of cortical “staining” on GRE and SW-imaging.
Core: 
Present

Indeterminate

(Absent)


Supplementary:
Location (check all that apply):  

Frontal   R   L
Parietal   R   L
Temporal   R   L
Occipital   R   L
Interhemispheric    Anterior (frontoparietal)   Posterior (occip)

Suprasellar  (Note: patients with this finding may have increased risk of diabetes insipidus.)
Tentorial   R   L
Posterior fossa

Perimesencephalic



Distribution/extent



Focal (in 1-2 locations or lobes of the brain)

Diffuse (involving more than two contiguous lobes or brain regions, supra- and infratentorial compartments, or multiple basal cisterns)


Emerging:
Linear v. “mass-like” (>3mm thickness, splaying of Sylvian fissure or other cistern)



Acute hydrocephalus present

Vascular dissection  

Definition:  An incomplete disruption of one or more inner layers of an artery, which may be traumatic or spontaneous.  CTA and MR/MRA may show an abnormally small or irregular caliber of the injured artery.  A “crescent sign” may be seen on axial MR (and less well with CTA), and is best identified on T1-weighted Fat-Saturation images.  If the caliber of the lumen is unaffected, conventional catheter angiography may miss the vascular dissection, and the diagnosis may be visualized only with CTA/MR.

Note:  If more than one vessel has dissection, list each separately.


Core:
Present

Indeterminate

(Absent)


Supplementary:  

Location (check all that apply; for separate lesions, list as separate entries):  

Carotid   R   L
Vertebral   R   L
Other   R   L

Emerging:  



Site




Cervical




Intracranial



Extent




Luminal narrowing < 50%




Luminal narrowing >50% (including “string sign”)




Vessel occlusion



Associated findings

Watershed or embolic infarction in the territory of the dissected vessel

+/- SAH




Adjacent skull fracture (e.g. carotid canal)  

Traumatic Aneurysm 

Definition:  A false aneurysmal outpouching of an artery due to mechanical disruption of the entire vessel wall with extravasation of blood into a confined soft-tissue space. CTA, MR/MRA, and catheter angiography reveal focal dilation of the vessel lumen.  In contrast to non-traumatic aneurysms, the dilated wall of a pseudoaneurysm may have an irregular surface, and the lesion is not located in typical berry aneurysm locations.  Intraluminal thrombus of varying ages can appear as laminated rings of varying signal intensity on MRI.  Phase artifact, indicative of pulsation within the lesion, may be seen on MRI.  Peripheral wall calcification may be seen in older pseudoaneurysms and is best visualized with CT or, in some cases, conventional angiography.



Core:
Present

Indeterminate

(Absent)


Supplementary:
Location (check all that apply; for separate lesions, list as separate entries):  

Carotid   R   L
Vertebral   R   L
ACA   R   L
MCA   R   L
PCA   R   L
Basilar

Other (Describe)   R   L

Emerging:


Size (mm, length of involved vessel)



Intraluminal thrombus



Cavernous (intradural)



Skull fracture, +/- penetrating injury

Venous sinus injury

Definition:  Compression (>50%), occlusion, or laceration of a dural venous sinus due to trauma.



Core:
Present

Indeterminate

(Absent)


Supplementary:


Morphology




Compression




Occlusion




Laceration

Location (check all that apply; for separate lesions, list as separate entries):  

Sagittal sinus   Anterior (frontoparietal)   Posterior (occipital)
Transverse sinus   R   L
Sigmoid sinus   R   L
Midline Shift (supratentorial)
Definition:  Displacement of the supratentorial midline structures, particularly the septum pellucidum, 2 mm or more due to mass effect of a focal traumatic lesion or brain swelling.  Shift is measured at the foramen of Monro, or alternatively, where it is greatest.  


Core:
Present

Indeterminate

(Absent)


Supplementary:
Amount : 


___mm

Emerging: 

Side

Right-to-left

Left-to-right

Cisternal compression

Definition:  Asymmetry or obliteration of the normal configuration of the perimesencephalic, suprasellar, prepontine, or superior cerebellar cistern, and/or cisterna magna due to mass effect and/or brain swelling in the setting of trauma. (Note:  For children under age 3, cisternal appearance may be variable.  For examples and references, link will follow here.)

Core:
Present (i.e., cisternal compression is present in at least one location)

Indeterminate

(Absent) (i.e., cisterns normal)


Supplementary:
Amount : 


Visible but compressed

Asymmetric

Symmetric




Mixed (some cisterns open, others compressed/obliterated)

Obliterated ( all cisterns)

Side of compression


Left 


Right


Midline or bilateral 


Emerging:

Site (check all that apply for each cistern which is abnormal)




Perimesencephalic cistern




Suprasellar cistern




Cisterna magna




Prepontine cistern

Superior cerebellar cistern

Fourth ventricle shift/effacement  
Definition:  Displacement or effacement of the fourth ventricle 2 mm or more due to adjacent mass lesions or brain swelling.


Core:
Present

Indeterminate

(Absent)


Supplementary:
Amount : 


___mm (maximal distance from expected location in any direction)


Emerging:  

Direction

Right-to-left

Left-to-right




Anterior




Posterior



Other features

Hydrocephalus (Note:  Hydrocephalus is defined operationally for database purposes as ventricles larger than seen on prior study, or, if no prior study, there is presence of periventricular spread of CSF, temporal horns are larger than frontal horns, and/or effacement of subarachnoid space is seen.)
Brainstem compression
Contusion

Definition:  A focal area of brain parenchymal disruption due to acute mechanical deformation.  Contusions typically occur in the cortex and may extend into subcortical region.  Contusions may show grossly visible hemorrhage or minimal/absent hemorrhage.  Acute contusions typically have a mottled, inhomogeneous appearance due to stippling of blood along the brain surface.  As such, their size is difficult to measure.  In addition, CT streak artifact limits visualization of the cortical surface, so contusions are best seen with MRI, particularly on the FLAIR sequence.  For purposes of categorization, contusions are differentiated from “intracerebral hematomas” by a containing a mixture of hemorrhagic and non-hemorrhagic tissue, or by having no grossly visible hemorrhage (“bland contusion”), while an “intracerebral hematoma” is predominantly a uniform collection of blood alone.  The term “contusion” should not be used for hemorrhagic lesions which fit better in other categories, such as small hemorrhages associated with the pattern of diffuse axonal injury, lesions which in context are more likely to represent infarction or other primary vascular lesion, or isolated SAH. Contusions can, however, be associated with other lesions which commonly co-occur, such as brain laceration, adjacent SAH, and depressed skull fractures.  Contusions which are questionable, such as those in an area of beam hardening on CT scan, should be noted as “indeterminate”.  Note:  areas of delayed hypodensity or signal change around a traumatic lesion should not necessarily be classified as contusions.  Contusions in which the hemorrhagic component enlarges over time should not be re-classified on subsequent images as "intraparenchymal hemorrhage" (next section). 


Core:
Present

Indeterminate

(Absent)


Supplementary:
Location (check all that apply; for separate lesions, list as separate entries):  

Frontal     R   L
Parietal    R   L
Temporal   R   L
Occipital   R   L
Internal capsule   R   L
Thalamus/Basal ganglia   R   L
Midbrain   R   L
Pons   R   L
Medulla   R   L

Cerebellum   R   L
Size

Volume (or length, width, maximal thickness) (Note:  measurements should include all areas of contiguous abnormality not related to a separate lesion)


Emerging:  (Check all that apply)



Hemorrhagic



Non-hemorrhagic



Cortical



Subcortical



Deep brain structures
Probable brain laceration (linear hemorrhagic or non-hemorrhagic pattern, often associated with overlying skull fracture)

Intracerebral hemorrhage 
Definition:  A collection of confluent, relatively homogeneous blood within the brain parenchyma. Intracerebral hemorrhage can occur in the setting of brain laceration, diffuse axonal injury, and other brain injury types, and there is some overlap with other entities. In general, lesions characterized by mixed blood and tissue are generally classified as contusions.  In most instances, the term “intracerebral hemorrhage” is used to refer to larger collections of blood (typically, more than about 5 mm).  Hemorrhages can have a surrounding region of non-hemorrhagic (e.g, hypointense) signal abnormality that may represent edema or clot retraction.  Very small collections more often occur in the setting of contusion or, when scattered throughout the brain, may represent diffuse axonal injury/traumatic axonal injury (sometimes called “microhemorrhages”).  Note:  Hemorrhages in the context of other injury types such as contusion, or small hemorrhages (e.g. < 5 mm) in the setting of DAI or TAI, should be classified in those categories only.

Core:
Present

Indeterminate



(Absent)

Supplementary:
Location (check all that apply; for separate lesions, list as separate entries):  

Frontal     R   L
Parietal    R   L
Temporal   R   L
Occipital   R   L
Internal capsule   R   L
Thalamus/Basal ganglia   R   L
Midbrain   R   L
Pons   R   L
Medulla   R   L
Cerebellum   R   L
Size

Volume (or length, width, maximal thickness) of hemorrhagic component
Volume (or length, width, max thickness) of entire lesion, including surrounding signal abnormalities. 

Emerging:  (Check all that apply)



Layered (i.e., with fluid level)


Surrounding ring of non-hemorrhagic signal (edema)


Total hemorrhage volume/lesion load ___
Intraventricular hemorrhage 
Definition:  Acute-appearing blood within the ventricles.


Core:
Present

Indeterminate

(Absent)


Supplementary:Location (check all that apply):  

Lateral ventricle   R   L   
Third ventricle

Fourth ventricle


Emerging: 



Ventriculomegaly (acute hydrocephalus)


Hemorrhage volume______
Diffuse Axonal Injury (DAI) and Traumatic Axonal Injury (TAI)

Related terms:  Shearing injury, white matter injury, microhemorrhages
Brief history of terminology:  These terms are defined differently in the clinical, radiologic, and pathologic arenas, and have evolved in the radiologic sphere concurrent with advances in detection, particularly using MRI.   The term DAI was initially coined to describe the pathologic findings in primates subjected to experimental, high magnitude,  non-impact angular deceleration (“inertial”) forces, which resulted in prolonged unconsciousness and widespread injury to axons in the hemispheric white matter and brainstem 17.    The injury was modeled to explain prolonged coma in human patients with high-energy injury mechanisms and prolonged unconsciousness with minimal CT findings, but widespread axonal damage in a similar distribution to that seen in animal models on histopathology 18.  As CT spatial resolution improved and specialized MR sequences evolved, lesions similar to those described in autopsy studies have been identified in patients with clinically less severe injuries, in whom the length of unconsciousness is shorter and the outcome better than those for whom the term was originally employed.  


Currently, there exists a spectrum of animal models of inertial white matter injuries which do not necessarily follow the specific anatomic distribution of the original descriptions.  Similarly, radiologic techniques demonstrate lesions in more limited distributions in human patients.  Therefore, many authors use the term “traumatic axonal injury” to refer to more limited axonal injury which appears to result from traumatic inertial forces and tissue strains in the white matter.  While these injuries occur in a continuum, for purposes of classification they are operationally defined as described below.
 Definition:  A radiologic entity which demonstrates a pattern consistent with scattered, small hemorrhagic and/or non-hemorrhagic lesions which have been shown historically to correlate with pathologic findings of relatively widespread injury to white matter axons, typically due to mechanical strain related to rotational acceleration/deceleration forces.  For current purposes, the terms “traumatic axonal injury” and “diffuse axonal injury” are defined specifically to relate to radiologic findings, and do not necessarily connote the same meaning, with respect to prognosis or extent of pathology, that may be implied when the terms are used in the clinical, experimental, or neuropathologic domains.


While detection of white matter lesions has increased with advances in techniques, axonal injury within this spectrum is scattered and occurs at the cellular level, and it is thought that current imaging techniques likely continue to underestimate the true extent of injury.  “Diffuse axonal injury” refers to a widespread distribution of lesions, including the subcortical white matter in more than one lobe or hemisphere, along with lesions in the corpus callosum, and may include the dorsomedial midbrain and other brainstem and cerebellar regions.  “Traumatic axonal injury” refers to similar multiple, scattered, small hemorrhagic and/or non-hemorrhagic lesions in a more confined white matter distribution. These injuries may coexist with other characteristic lesions, including intraventricular hemorrhage, small hemorrhages at the gray-white interface, and deeper macroscopic intracerebral hematomas.  For purposes of this database, DAI includes more than three separate foci of signal abnormality, and TAI is 1-3 foci of signal abnormality.  These are described below in more detail according to their distribution and extent.  DAI and TAI lesions may be hemorrhagic and are thus often identified with GRE/SW-imaging. Newer MR studies, such as diffusion tensor imaging (DTI), are able to demonstrate white matter fiber tract injury even when the standard MRI is negative.  Both DAI and TAI injuries may also be found along with a wide variety other traumatic entities such as SDH, EDH, and contusions, because of the large heterogeneous forces involved in causing these lesions.


Core:

   DAI (more than 3 foci of signal abnormality)

Present

Indeterminate

(Absent)


   TAI (1-3 foci of signal abnormality)

Present

Indeterminate

(Absent)


Supplementary:  

Location (check all that apply):  (SEE ALSO TABLE BELOW) 

Frontal     R   L
Parietal    R   L
Temporal   R   L
Occipital   R   L
Internal capsule   R   L
Thalamus/Basal ganglia   R   L
Midbrain   R   L
Pons   R   L
Medulla   R   L
Cerebellum   R   L
Location: (mark signal abnormalities identified by each imaging sequence in each location: e.g. DTI, CT, FLAIR, T2*, T1-Gd)

	
	Right
	Left

	Corpus Callosum: Genu
	
	

	Corpus Callosum: Body
	
	

	Corpus Callosum: Splenium
	
	

	Subcortical White matter: Frontal
	
	

	Subcortical White matter: Parietal
	
	

	Subcortical White matter: Temporal
	
	

	Subcortical White matter: Occipital
	
	

	Internal Capsule: Anterior limb
	
	

	Internal Capsule: Posterior limb
	
	

	Brainstem: Dorsolateral rostral 
	
	

	Brainstem: other
	
	

	Cerebellar Peduncles
	
	

	Other: 
	
	


Emerging:  


Overall assessment: 

Operational definitions of DAI/TAI involving newer techniques including DTI will likely include “definite”, “likely”, and “possible” patterns or other grading schemes, and will need to be developed.  In addition, software for total lesion load may be used to quantify extent of injury.

Penetrating Injuries

Definition:  Injuries caused by traumatic forces which penetrate any of the normal layers of the head, including scalp, skull, dura, and brain.  Examples include gunshot wounds, other missiles and projectiles, stab wounds, and other penetrating objects.


Core:
Present

Indeterminate

(Absent)


Supplementary:
Deepest extent penetrated


Scalp


Skull


Dura


Parenchyma

Location (check all that apply):  

Frontal     R   L
Parietal    R   L
Temporal   R   L
Occipital   R   L
Internal capsule   R   L
Thalamus/Basal ganglia   R   L
Midbrain   R   L
Cerebellum   R   L
Pons   R   L
Medulla   R   L


Modality/mechanism




Stab wound




Gunshot wound





Caliber/type___




Other foreign body____


Emerging:


Indriven fragments (bone, foreign bodies)



Through and through trajectory (entrance and exit sites)



Transventricular trajectory



Crosses midline

Cervicomedullary junction/Brainstem injury  

Definition:  Injuries typically occurring in the setting of crush or distraction forces which cause disruption in the brainstem and/or cervicomedullary junction.  In the acute phase, these are usually areas of low density with or without blood on CT, and high signal on T2 and FLAIR with or without blood on MRI.


Core:
Present

Indeterminate

(Absent)


Supplementary:
Location (check all that apply) : 


Midbrain


Pons


Medulla


Cervical

Emerging:  


Extent:

Subtotal (area of abnormality involves less than the entire transverse extent of the pertinent structure)

Total (area of abnormality involves the entire transverse extent of one or more pertinent structure)

Findings with Pathophysiologic Connotations

Edema

Definition:  Edema refers to an abnormal accumulation of water in the intracellular and/or extracellular spaces of the brain.  It can be divided into 4 types (recognizing that there are a number of types and schemes described by various authors): cytotoxic, vasogenic, interstitial, and osmotic.  In “cytotoxic” edema, the blood-brain barrier (BBB) remains intact and the excess fluid is due to a derangement in cellular metabolism resulting in cellular retention of sodium and water, and the abnormal fluid is seen within the gray matter on CT and MR.  In “vasogenic” edema, there is a breakdown of the BBB and the excess fluid is typically located in the white matter.  “Interstitial” edema is found in obstructive hydrocephalus and the fluid is located within the extracellular space of the periventricular white matter.  In “osmotic” cerebral edema, plasma osmolality is slightly greater than brain tissue, such as during hyponatremia or rapid drops in glucose.  The abnormal pressure gradient will trigger water to flow into the brain, causing cerebral edema.  In all types of edema, the abnormal fluid is hypodense on CT and hyperintense on T2-weighted and FLAIR MR.

(Note:  Because of changes in myelination during development, care must be taken to interpret density/intensity in young children against age-matched norms for CT and MRI.  Link to discussion and examples to follow here.)

Core:
Present

Indeterminate

(Absent)


Supplementary:  



Location (check all that apply):

Frontal 


R    L      

Parietal


R    L    

Temporal


R    L    

Occipital 

R    L    


Deep gray matter


R    L    

Cerebellum


R    L    

Brainstem



Extent : (check all appropriate)
Focal (involves less than half of one lobe)


Lobar (involves more than half of one lobe)


Multilobar (involves multiple lobes)


Hemispheric (involves an entire supratentorial hemisphere)


Bihemispheric (involves both hemispheres)


Posterior fossa (involves the cerebellum and/or brainstem)


Global (involves the entire brain)

Emerging: (Check all that apply) 

Cytotoxic


Vasogenic


Interstitial


Osmotic


Indeterminate

Volume of edema
Brain Swelling

Definition:  Brain swelling is an all-inclusive term that refers to a non-specific increase in brain tissue mass.  It can result from increased water as described above in the various types of cerebral “edema”, but it can also result from “hyperemia” (i.e., increased intravascular blood volume).  The latter situation is typically found in venous hypertension in which the tissue is engorged due to outflow obstruction.  Cerebral hyperemia can also be found in the dysautoregulated brain when the systemic blood pressure is elevated, and in some hypermetabolic states in which the tissue is hyperperfused.  For radiologic purposes, cerebral hyperemia appears as focal or diffuse mass effect (i.e. sulcal/cisternal effacement) with preservation of the gray-white differentiation (GWD).  Cerebral edema also appears as focal or diffuse mass effect, but the increased water results in obscuration of the GWD.  


For the present purposes, brain swelling refers to increased brain mass which does not otherwise fit into the definitions included under “Edema” in the prior section, or for which these pathophysiologies are felt to be operational in the findings noted.
Core:
Present

Indeterminate

(Absent)


Supplementary:

Location (check all that apply):

Frontal 


R    L    

Parietal


R    L    

Temporal


R    L    

Occipital 

R    L    


Deep gray matter


R    L    

Cerebellum


R    L    

Brainstem



Extent : 

Focal (involves less than half of one lobe)


Lobar (involves more than half of one lobe)


Multilobar (involves multiple lobes)


Hemispheric (involves an entire hemisphere)


Bihemispheric (involves both hemispheres)


Posterior fossa (involves the cerebellum and/or brainstem)


Global (involves the entire brain)

Ischemia/Infarction/Hypoxic-ischemic injury

Definition:  Ischemia and other related terms above refer to findings in tissue which sustains, for a variety of reasons, a deficit between substrate demand and delivery.  This may be reversible or irreversible.  Examples of specific etiologies include arterial occlusion, embolic infarction, lacunar infarction, watershed infarction, venous infarction, and changes from global insults such as hypoxia, hypotension, status epilepticus, and others. 

  On CT, the acute embolic infarct is seen as an area of hypodensity which becomes more defined with time.  MR features will include changes on various sequences. Petechial hemorrhage and/or overt hemorrhagic transformation may occur, and this will be best seen on GRE and SW-imaging.  Unlike the bland contusion, the location of the lesion respects a specific vascular territory, and this can be a helpful radiologic clue.  The lacunar infarct results from occlusion of one of the penetrating arteries that provides blood to the brain's deep structures.  They are typically less than 1.5 cm in size, ovoid or round in shape, and located in the basal ganglia.  The watershed infarct results from an episode of systemic hypoperfusion.  The lesion is located at the junction of the ACA/MCA/PCA border zones.  On diffusion-weighted MR, the acute embolic, watershed, and lacunar infarcts are seen as a focal “light-bulb” bright area.  The lesion intensity will fade over time on DWI (typically gone by two weeks) but it will persist on T2 and FLAIR images.  (Note:  DWI may normalize sooner in neonates after ischemia.)  Venous infarction results from reduced outflow of blood from the brain in the setting of cortical and/or dural sinus thrombosis or occlusion.  On CT, early venous hypertension is typically seen as a subcortical area of hyperemic swelling which may progress to vasogenic edema.  Overt venous infarction is often hemorrhagic and multifocal.  Therefore, the smaller hemorrhagic venous infarct can mimic hemorrhagic TAI .  A “cord sign” or “empty delta sign” may be seen on contrast CT/MR, and CTV and MRV can often reveal the intraluminal thrombus, hypodensities in arterial distributions, or those in the pattern of venous thrombosis. Other modalities for detection of ischemic injuries include CT and MR perfusion, and arterial spin labeling (ASL).  

 
Core:
Present

Indeterminate

(Absent)


Supplementary:
Location (check all that apply):

Frontal 


R    L    

Parietal


R    L    

Temporal


R    L    
Occipital 

R    L    


Deep gray matter


R    L    

Cerebellum


R    L    
Brainstem



Extent : 

Focal (involves less than half of one lobe)


Lobar (involves more than half of one lobe)


Multilobar (involves multiple lobes)


Hemispheric (involves an entire supratentorial hemisphere)


Bihemispheric (involves both hemispheres)


Posterior fossa (involves the cerebellum and/or brainstem)


Global (involves the entire brain)

Acute vs. subacute 


For CT: (check all that apply)



Hypodense



Isodense



Hyperdense



Mixed


For MRI: (check all that apply)



T1 hyperintense__isointense   hypointense   mixed



T2 hyperintense  isointense   hypintense  mixed



FLAIR  hyperintense  isointense  hyperintense  mixed



DWI  bright  normal  mixed
Emerging: 
Pattern:



Watershed



Arterial

Lacunar



Venous



Global



Dissection


Mixed



Inderterminate


Detailed location by gyral anatomy template

Brain Atrophy/Encephalomalacia

Definition:  This entity refers to loss of tissue volume over time due to cell death or shrinkage.  When strictly defined, a change should be seen over serial images to confirm that the changes are due to a specific traumatic event, rather than being preexisting.  In some cases, atrophy can be inferred at a single time point due to patterns of brain appearance (for example, a smaller size and increased signal of one hippocampus compared to the other).  It should be noted that enlargement of the subarachnoid spaces does not in itself confirm atrophy, as it may represent primary problems with CSF hydrodynamics (for instance, in infancy or early after traumatic subarachnoid hemorrhage). (Note:  For discussion of pediatric norms, head circumference, and specific considerations in infants and children, link to follow here.)
Core: 
Present (tissue loss seen over serial images)

Likely (tissue loss in typical pattern, not seen on serial images)
Indeterminate (nonspecific tissue loss or prominence of CSF spaces, duration or cause unknown)
(Absent)


Supplementary:


Location (check all that apply):

Frontal 


R    L    
Parietal


R    L    

Temporal cortex

R    L    
Hippocampus


R    L   
Occipital 

R    L    


Deep gray matter


R    L

Supratentorial white matter (corpus callosum, periventricular white matter)    R    L    

Cerebellum


R    L    

Brainstem   Midbrain   Pons   Medulla

Emerging:  Brain volumetric analysis

ABBREVIATIONS (used in text and Appendices)
99mTc-HMPAO - technetium-99m-labeled hexamethylpropyleneamine oxime

AC - anterior commissure

ACA - anterior cerebral artery

ADC - apparent diffusion coefficient
AF – acceleration factors

ASL – arterial spin labeling

BBB – blood-brain barrier
BOLD - blood oxygen level dependent
BW - bandwidth
CBF - capillary blood flow

CBV - capillary blood volume

CDE - common data elements

Cho - choline
CL – central line
CNS - central nervous system

COE - Defense Centers of Excellence

CPP - carbamylated plasma protein

CR - creatine

CSF - cerebrospinal fluid

CTA - computed tomography angiography

CT - computed tomography

CTP - perfusion computed tomography
CTV - computed tomographic venography

DAI - diffusion axonal injury

DRS - Disability Rating Scale

DSC - dynamic susceptibility contrast

DTI - diffusion tensor imaging

DWI - diffusion weighted imaging

EDH - epidural hematoma

EMP - employability component
EPI – echo planar imaging
F18-FDG - Fluorodeoxyglucose

FA - fractional anisotropy

fcMRI - functional connectivity magnetic resonance imaging

fMRI - functional magnetic resonance imaging

FOV - field of view

FWM - frontal white matter

GCS - Glasgow Coma Scale

Glx - glutamate

GM - gray matter

GRE - gradient-recalled echo
GWD – grey-white differentiation
ICP - intracranial pressure
IR-FSPGR - inversion recovery, fast spoiled gradient recalled echo

IV - intravenous
L - field-of-view
L/N - resolution

MAP - mean arterial pressure
MCA – middle cerebral artery

MD - mean diffusivity

MEG - magnetoencephalography 
MP-RAGE - magnetization prepared-rapid gradient echo

MRA - magnetic resonance angiography

MRI - magnetic resonance imaging

MR - magnetic resonance

MRSI - MR spectroscopic imaging

MRS - Magnetic Resonance Spectroscopy 
MRV – magnetic resonance venography
mTBI - mild  traumatic brain injury

MTT - mean transit time

NAA - N-acetyl aspartate
Nacq - number of acquisitions

NCT - noncontrast head computed tomography

NEX - number of acquisitions

NIDR - National Institute on Disability and Rehabilitation 

NINDS - National Institute of Neurological Disorders and Stroke

N - matrix size

OEF - Oxygen Extraction Fraction 
PCPCS - Pediatric Cerebral Performance Category Scale

PC - posterior commissure
PCA – posterior cerebral artery
PCS - post-concussive syndrome

PET - positron emission tomography 

PRESS - point resolved spectroscopy sequence 

PTSD - posttraumatic stress disorder

PWI - perfusion weighted imaging
RARE - rapid acquisition with relaxation enhancement

RF - radiofrequency 

SAH - subarachnoid hemorrhage

SDH - subdural hematoma

SD - standard deviation

SNR - signal-to-noise ratio

SPECT - single photon emission computed tomography

STEAM - stimulated echo acquisition mode

SWI - susceptibility weighted imaging
T – Tesla (magnet strength unit)

T2* - T2 star (T2-weighted GRE)
T2 FLAIR - T2-weighted Fluid Attenuated Inversion Recovery

TAI - traumatic axonal injury

TBI - traumatic brain injury

TCD - transcranial Doppler

TE - echo delay time

TI - inversion time

TR - repeat time

VA - Veterans Administration

VESTAL - Vector-based Spatial-Temporal Analysis

WM - white matter
x - the read direction

Xe-CT - Xenon-enhanced computed tomography
y - the phase encoding direction

