Appendix II: Imaging parameters for MRI and protocols for MRI and CT

We present a description of common data imaging sequence elements for both MRI and CT. We also summarize some of the main imaging parameters used in the MR protocol to help establish the need for a more complete citation of technical details for those writing research papers on TBI using MRI. The MRI protocols appear in Tables 1 to 2 for 1.5T and Tables 3-4 for 3T. The CT protocols are in Tables 5 and 6. Core MR protocols (Tables 1 and 3) outline basic imaging sequences that should be available on all MR systems and include versions of  T1W, T2W, FLAIR and SWI necessary to evaluate TBI. The 3D versions are generally acquired isotropically which allows for excellent multiplanar reconstruction for image interpretation and volumetric studies or for overlay of the more advanced sequence results described in Tier 2. We have tried to make the parameter descriptions generic, however, specific manufacturer terminology is included in some instances for reference. Ranges for various parameters are included to accommodate manufacturer differences in sequence design or hardware differences (i.e gradient strengths) and should not affect image weighting significantly. Tiers 2- 4 MRI protocols outline sequences that are considered more advanced and may not be available on all MR systems. Optimum parameters have not been established for some of the advanced techniques, therefore, the parameters listed in these tables can be used as guidelines that will be updated in the future. Note that many of the advanced techniques yield quantitative results therefore changing parameters can substantially effect the quantitative results as discussed below.  
The excitement and enthusiasm toward using advanced imaging methods in MR must be accompanied by a clear understanding of the role of different imaging parameters. Although it is not the purpose of this paper to teach basic MR, it is important from the perspective of language and function to understand the role of each parameter listed in the advanced protocols. All the parameters listed in these tables should be quoted when publishing a technical paper on imaging TBI. The reasons will be clarified below. Here are a few examples: 1) the FA values quoted in DTI will change when the acquisition method changes such as through a modification of the spatial resolution; 2) PWI estimates of CBF will change if the arterial input function changes, which can occur not only because of cardiovascular changes but also from echo time changes; and 3) detection of microhemorrhages with SWI will change as resolution changes, with higher resolution revealing more microhemorrhages up to a point, until the data becomes too noisy for interpretation. With various sites using different magnetic field strength systems, clearly a guideline of imaging parameters is needed for any given field strength. 

TR or repetition time: The repetition time plays a key role in establishing contrast. Usually for T2-weighted or spin density-weighted imaging TR will be long relative to the T1 of interest. It will also be long in multislice imaging to allow for as many slices of the brain as possible, especially when thin slices are being used. A longer TR will not diminish the usual T2 contrast, but will increase the acquisition time. 

TE or echo delay time: Echo delay time is one of the key parameters for establishing T2 or T2* weighted imaging. What is considered a short echo time at 1.5T may be a long echo time at 3T or higher field strengths. Generally the signal begins becoming T2-weighted when the echo time is on the order of one half of T2 of the tissue being imaged and it is fully developed when TE = T2. At 1.5T, T2 is approximately 80 to 100 ms for gray matter and white matter, respectively. At 3T it is closer to 50 ms. An echo time of 5 to 10 ms is short enough to be considered proton density weighted with only slighty T2-weighting. It should be noted that all sequences have T2 weighting to some degree. 

TI or inversion time: This parameter is key for inversion recovery sequences and is usually set to enhance gray matter and white matter contrast. However, it can also be used to null signal from a given tissue such as CSF, such as in sequences like MP-RAGE (magnetization prepared-rapid gradient echo) from Siemens or IR-FSPGR (inversion recovery, fast spoiled gradient recalled echo) by GE.

Excitation flip angle: The flip angle is also a major factor in the determination of image contrast. For long TR sequences, it is usually best to use a 90 degree flip angle to optimize signal although for spin echo T1-weighted scans with shorter TR the use of a smaller flip angle such as 60 degrees leads to a reduced power deposition (important for high field imaging). Even high field multiecho echo-planar or RARE (rapid acquisition with relaxation enhancement) acquisitions use flip angles smaller than 180 degrees for refocusing to reduce power deposition. These are usually carefully designed to maintain SNR and contrast and are not easily modified by the user. For gradient echo imaging, a flip angle on the order of the Ernst angle or larger gives T1-weighting, while a flip angle much smaller than the Ernst angle gives spin density weighting. 

Data acquisition or k-space matrix size: Usually the matrix size is given as Ni where i can be x, y or z. Usually x and y refer to the in-plane resolution and z the through-plane resolution or slice thickness. In the image domain, the display matrix size is often made square so that the resolution in each pixel is isotropic. This does not mean that the data is actually isotropic, one must refer to the definitions of resolution and field-of-view below for this. 

Field-of-view (FOV): The field-of-view (L) along with the matrix size (N) determines the resolution (L/N). Usually the FOV is chosen so that the object just fits inside it. This gives the most efficient data acquisition from the point of view of acquisition time. A rectangular FOV simply refers to the fact that the FOV in x (the read direction) may not be the same as the FOV in y (the phase encoding direction) in order to save time. One can have the same in-plane resolution in x and y even if a rectangular FOV is used. The FOV in the frequency encoding direction is expressed in mm. The FOV in the phase encoding direction is expressed as a percentage of the frequency FOV.
Slice gap: This represents the spacing between slices usually obtained to allow greater coverage of the whole brain in 2D methods but with a reduced acquisition time and to prevent cross-excitation between slices . Slice gap can be quoted as a distance or a percentage of the slice thickness. Generally, 2D slices are acquired in an interleaved manner as default to further reduce cross-excitation. Some sequences such as perfusion imaging, even with slice gaps, have limited coverage (e.g.  upper 8cm of the brain). This can be remedied in part by sacrificing some tissue by increasing the slice gap and allowing 10 to 12cm coverage. With PWI high temporal resolution is also needed, so there is a trade off between number of slices versus number of time points. 

Resolution: The pixel size in x, y or z is often referred to as the resolution in the image. Take an example in the phase encoding direction. If Ny points are collected for a FOV of Ly then dy=Ly/Ny. But this might be only 192 points for a 192mm FOV. In that case, the resolution will be 1mm. Still the image matrix is usually a square matrix of 256 x 256 with the outside points in this case filled with zeroes. Another example might be that the read direction is collected with 512 points and with a FOV of 256 mm this results in  a 0.5mm in-plane resolution. If viewed in a 512 x 256 matrix the brain will appear squashed so the aspect ratio is made 1:1 by interpolating the image, usually by zero filling in k-space to obtain an interpolated 0.5mm resolution in y as well.  

Bandwidth (BW): The bandwidth represents the frequency range caused by the read gradient across the FOV. Sometimes it is quoted as BW/pixel or bandwidth per pixel. This measure is very important in determining SNR, T2 decay filter effects, distortion and even how well a sequence is flow compensated. The bandwidths quoted in the table may need to be modified based on the scanner gradient strength and type of pulse being used.
Number of acquisitions (Nacq, NEX ): NEX is the number of times a sequence is repeated. The data is averaged together to create a single image with better SNR. Too many acquisitions can lead to long acquisition times and worse motion artifacts with a smaller than expected gain in SNR. Depending on how this is accomplished in k-space or the image domain it can actually lead to worse SNR in DTI data if there are phase variations between acquisitions and the data is averaged on the fly. DTI with multiple directions does not suffer this problem as it is reconstructed differently. 

Number of DTI directions: Generally, uniformly spaced directions on the surface of a b=1000sec/mm2 sphere are used. For example, 12 directions with 5 acquisitions can be used, or 60 directions with one acquisition. Both would give good SNR and would have the same acquisition time. To save time, but at the expense of SNR, one could also run an alternate DTI scan with only 25 directions. However, there are simulation and in vivo human data to indicate that a larger number of directions yields more accurate measurements of DTI parameters such as fractional anisotropy (FA), mean diffusivity (MD), and the primary eigenvector which is needed to determine the fiber orientation for 3D tractography.  In addition, multiple acquisitions with minimal or no diffusion-weighting (b=0 sec/mm2) are needed for accurate quantitation of MD, axial diffusivity, and radial diffusivity, as well as the 3 DTI eigenvalues.  

Number of measures: This is a feature used for perfusion imaging in which the sequence is repeated a number of times (measures) but not averaged together in order to evaluate uptake and washout of contrast material. In PWI, series arecollected for 90 to 120 seconds after contrast injection to allow enough time for washout.
Fat suppression: This is a process that uses fat saturation to suppress the fat so that there is better soft tissue contrast in the area of the orbits or for fast spin echo or fast inversion recovery to reduce the signal of fat contributed from echoes acquired at short TE’s in the echo train.
Slice oversampling: This is a special feature that is used during 3D acquisitions to collect a slightly larger FOV than originally prescribed to remove signal from tissue too close to the region-of-interest and prevent aliasing of the 3D volume in the slice select direction. This feature increases the acquisition time because it increases the total number of phase encoding steps needed.
Phase encoding direction: The choice of phase encoding direction is important because it determines the direction that ghosting artifacts will appear. In transverse images, the phase encoding is usually left/right so if motion of the eyes or pulsations from the arteries or transverse sinuses causes ghosting artifacts, the noise that appers through brain tissue is minimized. Rectangular FOV is always done in the phase encoding direction. Sometimes a partial Fourier factor of 6/8ths is used to reduce the echo times in EPI as in the 3T DTI sequence quoted here.  ‘A to P’ refers to anterior to posterior direction, ‘R to L’ refers to right to left or horizontal, and S to I refers to ‘superior to inferior’. 

Acceleration factor (AF) and central lines (CL) for parallel imaging: These parameters apply to image-based parallel imaging techniques such as SENSE or mSENSE or k-space based parallel techniques such as GRAPPA.  The acceleration factor (AF) determines how much the acquisition time will be decreased. For example, an AF of 2 will decrease the acquisition time by approximately ½. The time savings is usually not exactly a factor of two depending on the number of lines in the center of k-space that the user wishes to fully sample. Typical values for CL are from 24-40 with higher numbers increasing the acquisition time but further improving the SNR.
Echo spacing: In echo planar and other fast imaging techniques , phase encoding is performed between echoes. The shortest echo spacing is determined by gradient limitations.
Turbo factor or echo train length (ETL): This parameter reveals how many phase encoding steps or the number of echoes  acquired per TR when using fast imaging techniques. In single shot EPI, all lines of k-space are filled after one initial RF pulse.
Flow compensation: This represents modification of the gradient design so that moving spins are in-phase at the echo and little or no signal dephasing occurs. 

EPI or echo planar imaging: This fast acquisition method can be either spin echo or gradient echo. The former is used for diffusion imaging and the latter is frequently used in perfusion imaging to produce T2* weighting.

Parallel imaging: Today parallel imaging can be used with an 8 channel coil or more quite efficiently (with 4 channels there is a significant increase in noise when using parallel imaging). Most parallel imaging acceleration factors (AF) are 2 although research with up to 32 channel coils may allow for a factor of 3 to 4 acceleration with acceptable signal-to-noise. Usually, a number of central lines (CL) are used to properly map the coil response, hence we use the terminology AF/CL in the tables to indicate the acceleration factor and the number of central lines acquired. 

Multi-tiered approach

As discussed in the text, up to four tiers can be used to study trauma with MRI (see Tables 1 to 4 below). The first is considered a practical clinical imaging protocol and is by far the fastest (Table 1). Levels 2 through 4 are more for research and whether one or all three of these are employed will depend on what questions are being studied (Tables 2, 3 and 4). As presented here, tier 2 includes DTI, tier 3 MRA and PWI, and Tier 4 MR spectroscopic imaging. For tier 3, both high resolution and low resolution PWI scans are listed but only one of these needs to be run. At the moment the high resolution PWI scans cover less of the brain in order to maintain the same temporal resolution. We also did not list the 1.5T clinical protocols with a parallel imaging acceleration factor because of signal-to-noise issues for T2 or T1 MP-RAGE. But if SNR is adequate on a given system to be clinically useful, then these times can also be reduced to keep the total scan time under 20 minutes. The 3T protocols assume an acceleration factor of two using parallel imaging. 

Finally, the order in Tier 1 may also be important. If a patient is able to endure only a few sequences then the final choice of sequences will depend on the pathology to be imaged. One may obtain a baseline evaluation of the pathologic entities to be examined from a rapid CT scan. For example, if it is more important to detect blood products then one might choose to acquire: FLAIR, SWI/GRE and DWI, followed by T2 and T1 if time permits. The first three take less than 10 minutes while inclusion of all sequences would take 20 minutes. However, if the subject has contusions, DAI with no increase in ICP, or ischemia with ICP, then the imaging scenario would be different as described in Appendix I. 

Table 1: MRI Trauma Protocol for 1.5T (Tier 1 Protocol)

	Sequence
	3D T1W (MPRAGE,

3D IRFSPGR, 3D FFE)
	T1W SE (opt if no 3D T1W)
	T2W FSE 
	 T2W FLAIR
	DWI

EPI 
	3D SWI†


	2D GRE (FFE)

(opt if no 3D SWI)

	Orient
	Sagittal
	Sagittal
	Axial*
	Axial*
	Axial*
	Axial*
	Axial*

	TR (ms)
	9-30
	500-600
	>3500
	>9500
	>5000
	50
	>500

	TE(ms)
	3-5
	15-20
	>90
	>110
	>100
	40
	>20

	TI (ms)
	1000
	
	
	>2000
	
	
	

	FA (degrees)
	8-10
	90
	90
	150
	90
	15
	15-20

	Freq FOV mm (Phase FOV)
	256(100%)
	230(87.5%)
	230(87.5%)
	230(87.5%)
	256(100%)
	230(87.5%)
	230(87.5%)

	Matrix size
	256x256
	256x192
	256x192
	256x192
	128x128
	512x192
	256x192

	# Slices/

Thickness (mm)
	120/2
	32/4
	32/4
	32/4
	32/4
	94/2
	32/4

	Gap
	0
	0-20%
	0-20%
	0-20%
	0-20%
	0
	0-20%

	Voxel size(mm)
	1x1x2
	1x1x4
	1x1x4
	1x1x4
	2x2x4
	0.5x1x2
	1x1x4

	NEX
	1
	2
	1-2
	2
	1-3
	1
	1-2

	Phase Enc. Dir
	A to P
	A to P
	R to L
	R to L
	A to P
	R to L
	R to L

	Fat suppress
	no
	no
	no
	yes
	yes
	no
	no

	(BW(Hz/Px)
	160
	120
	130
	200
	(1200
	80
	80-100

	Flow Comp
	no
	slice
	no
	no
	no
	slice
	slice

	(ETL
	
	
	15-20
	30
	128
	
	

	b-values (sec/mm2)

(Directions)
	
	
	
	
	0/1000**

(3)
	
	

	(Time***
	8:00
	3:00
	3:00
	3:00
	2:00
	8:00
	3:00


*Recommend angle to AC-PC line

** Use 800 sec/mm2 for infants <1 year old

***To reduce acquisition time, use Parallel Imaging if possible, AF/CL of 2/24-32 

† Can use SWAN on GE systems
Table 2: MRI Trauma Protocol for 1.5T (Tier 2-4 Protocols)
	Tier
	Tier 2
	Tier 3
	Tier 3
	Tier 3
	Tier 4

	Sequence
	DTI 

(EPI SE)
	3D MRA

(Multislab)
	PWI-LR

(T2*EPI)
	PWI-HR

(T2*EPI)
	2D CSI (PRESS)

	Orient
	Axial*
	Axial*
	Axial*
	Axial*
	Axial*

	TR (ms)
	(5500
	35-40
	>2000
	>2000
	1500

	TE (ms)
	>100
	7
	52
	76
	135 or 144

	FA (degrees)
	90
	25


	90
	90
	90

	Freq (phase) FOV mm 
	256(100%)
	230(75%)


	256(100%)
	256(100%)
	160(100%)

	Matrix size
	128x128
	512x256
	128x128
	256x256
	16x16



	# slices/

Thickness (mm)
	32/4
	64/.8
	20/4
	14/4
	1/10-15

	Slice gap
	0
	-20 mm
	0
	2mm
	

	Voxel size(mm)
	2x2x2
	0.5x.75.x.8
	2x2x4
	1x1x4
	10x10x10-15

	NEX
	1
	1
	50 meas
	50 meas
	1

	Phase Enc. Dir
	A to P
	R to L
	A to P
	A to P
	

	Fat suppression
	yes
	no
	yes
	yes
	water supp

	( BW (Hz/Px)
	1500
	65
	750
	1000
	1000

	Flow Comp
	
	slice
	no
	no
	

	( ETL
	128
	
	128
	256
	

	b-values(sec/mm2)

(Directions)
	0/1000**

(30)
	
	
	
	

	(Time***
	8:00
	6:00
	2:00
	2:00
	11:30


*Recommend angle to AC-PC line

** Use 800 sec/mm2 for infants <1 year old

***To reduce acquisition time, use Parallel Imaging if possible, AF/CL of 2/24-32 

Table 3: MRI Trauma Protocol for 3T (Tier 1 Protocol)

	Sequence
	3D T1W (MPRAGE,

3D IRSPGR, 3D FFE)
	3DT2W (SPACE,

CUBE)
	T2W FSE (opt if no 3D T2W)
	 T2W FLAIR
	DWI

EPI 
	3D SWI†


	2D GRE (FFE)

(opt if no 3D SWI)

	Orient
	Sagittal

	Sagittal
	Axial*
	Axial*
	Axial*
	Axial*
	Axial*

	TR (ms)
	>1900
	>3000
	>3500
	>9500
	>5000
	30
	>500

	TE (ms)
	2-4
	>400
	>90
	>80
	>100
	20
	>20

	TI (ms)
	1000
	
	
	>2500
	
	
	

	FA (degrees)
	8-10
	variable
	90
	150
	90
	15
	15-20

	Freq FOV mm (Phase FOV) 
	256(100%)
	256(75%)
	230(87.5%)
	230(87.5%)
	256(100%)
	256(75%)
	230(87.5%)

	Matrix size
	256x256
	256x192
	256x192
	256x192
	128x128
	512x192
	256x192

	# Slices/

Thickness (mm)
	176/1
	176/1
	32/4
	32/4
	32/4
	72/2
	32/4

	Gap (%)
	0
	0
	0-20%
	0-20%
	0-20%
	0
	0-20%

	Voxel size(mm)
	1x1x2
	1x1x4
	1x1x4
	1x1x4
	2x2x4
	0.5x1x2
	1x1x4

	NEX
	1
	2
	1-2
	2
	1-3
	1
	1-2

	Phase Enc. Dir
	A to P
	A to P
	R to L
	R to L
	A to P
	R to L
	R to L

	Fat suppress
	no
	no
	no
	yes
	yes
	no
	no

	AC/CL
	2/24-32
	2/24-32
	
	2/24-32
	2/24-32
	2/24-32
	

	( BW
	200
	700
	130
	200
	(1200
	80
	80-100

	Flow Comp
	no
	slice
	no
	no
	no
	slice
	slice

	( ETL
	
	130
	15-20
	30
	128
	
	

	b-values (sec/mm2)

(Directions)
	
	
	
	
	0/1000**

(3)
	
	

	( Time
	4:00
	4:00
	3:00
	3:00
	2:00
	6:00
	3:00


*Recommend angle to AC-PC line       

 ** Use 800 sec/mm2 for infants <1 year old

† Can use SWAN on GE systems

Table 4: MRI Trauma Protocol for 3T (Tier 2-4 Protocols)
	Tier

	Tier 2
	Tier 3
	Tier 3
	Tier 3
	Tier 3
	Tier 4

	Sequence
	DTI 

(EPI)
	3D MRA
	PWI-LR

(EPI)
	PWI-HR

(EPI)
	Pulsed ASL (EPI)
	3D-MRSI

PRESS

	Orient
	Axial*
	Axial*
	Axial*
	Axial*
	Axial*
	Axial*

	TR (ms)
	(5500
	25-40
	>2000
	>2000
	>3800
	1700

	TE (ms)
	(100
	6
	30-50
	30-50
	13-18
	135 or 144

	TI (ms)
	
	
	
	
	700/1800/1500
	

	FA (degrees)
	
	25
	90
	90
	90
	

	Freq FOV mm (Phase FOV)
	256(100%)
	256(75%)
	256(100%)
	256(100%)
	240(100%)
	160(100%)

	Matrix size
	128x128
	512x256
	128x128
	256x256
	128x128
	16x16

	# Slices/

Thickness (mm)
	40/2
	60/.8
	20/4
	14/4
	14/5
	5/10

	Gap
	0
	-20mm
	0
	2mm
	2mm
	

	Voxel size(mm)
	2x2x2
	0.5x.7.x.8
	2x2x4
	1x1x4
	2x2x4
	(10x10x10

	NEX
	1
	1
	50 meas
	50 meas
	140 meas
	1

	Phase Enc. Dir
	A to P
	R to L
	A to P
	A to P
	A to P
	R to L; 
S to I

	Fat Suppression
	yes
	no
	yes
	yes
	yes
	Water supp

	AC/CL
	2/24-40
	2/24-40
	2/24-40
	2/24-40
	2/24-40
	Elliptical Weighting

	( BW (Hz/pixel)
	150
	70
	700
	1000
	>2200
	

	Flow Comp
	
	slice
	no
	no
	yes
	

	( ETL
	128
	
	128
	256
	128
	

	b-values (sec/mm2)

(Directions)
	0/1000

(30)
	
	
	
	100 mm Inferior sat band/

0 gap
	

	( Time
	8:00
	7:00
	2:00
	2:00
	8:00
	17:00


*Recommend angle to AC-PC line

Table 5: Adult CT protocols (Tiers 1-4)
	Tier
	Tier 1
	Tier 2
	Tier 3
	Tier 4

	Sequence
	NCT
	CECT*
	CTA*
	PCT*

	Image Acquisition Mode
	Helical

Pitch: 0.8-1:1
	Helical

Pitch: 0.8-1:1
	Helical

Pitch: 1-1.5:1
	2 phases:

- 1st phase: 1 image per second, duration = 30-45 seconds

- 2nd phase: 1 image per 2-3 seconds, duration = 30-45 seconds

total duration of the acquisition at least 70-90 seconds

	Gantry Rotation
	1 second per gantry rotation

(can be decreased down to 0.5 second for agitated patients)
	1 second per gantry rotation

(can be decreased down to 0.5 second for agitated patients)
	0.4-0.8 second per gantry rotation
	1 second per gantry rotation

(up to every 3 seconds with “shuttle” or “toggle table” mode)

	Image Acquisition Parameters
	120-140 kVp, 200-400 mA

dose modulation recommended to reduce dose (noise index 4-6)
	120-140 kVp, 200-400 mA

dose modulation recommended to reduce dose (noise index 4-6)
	120-140 kVp, 200-400 mA

dose modulation recommended to reduce dose (noise index 4-6)
	80 kVp, 100 mAs

	Coverage and

Slice Thickness
	whole brain coverage

5 mm slice thickness

slice interval = slice thickness


	whole brain coverage

5 mm slice thickness

slice interval = slice thickness


	from the aortic arch to the vertex

0.5-1.5mm slice thickness

slice interval = 80% slice thickness
	maximal coverage possible based on scanner configuration (minimal coverage of 20 mm slab per contrast bolus injection preferable; two boluses is suggested to double coverage for all CT scanners with under 4 cm detector length unless precluded by contrast dose considerations) 5-10 mm-thick slices field of view ~24 cm

	Slice Orientation
	 parallel to OML unless performed in conjunction with Tiers 2-4, then parallel to hard palate
	parallel to OML unless performed in conjunction with Tiers 2-4, then parallel to hard palate
	parallel to hard palate
	parallel to hard palate

lowest slice through the proximal middle/anterior cerebral artery (above the orbits)

	Contrast Material
	none 
	350-370 mg/mL iodinated contrast material

high concentration, low/iso osmolar contrast preferred

follow local guidelines for contrast-induced nephropathy prevention 


	350-370 mg/mL iodinated contrast material high concentration, low/iso osmolar contrast preferred

follow local guidelines for contrast-induced nephropathy prevention 


	350-370 mg/mL iodinated contrast material

high concentration, low/iso osmolar contrast preferred

follow local guidelines for contrast-induced nephropathy prevention 



	Contrast Volume
	not applicable
	contrast from PCT/CTA if performed
	40-70 mL, followed by 20-40 mL saline flush
	35-50 mL, followed by 20-40 mL saline flush

	Injection Rate
	not applicable
	
	4-6 cc/ second (power injector required)

same injection rate for contrast and saline
	4-6 cc/ second (power injector required)

same injection rate for contrast and saline

	IV Access
	not applicable
	18-20 gauge IV line

right antecubital vein preferred (for anatomical reasons, reduces pooling of contrast, lowers the risk of extravasation and minimizes streak artifact at thoracic inlet in CTA portion)
	18-20 gauge IV line

right antecubital vein preferred (for anatomical reasons, reduces pooling of contrast, lowers the risk of extravasation and minimizes streak artifact at thoracic inlet in CTA portion)
	18-20 gauge IV line

right antecubital vein preferred (for anatomical reasons, reduces pooling of contrast, lowers the risk of extravasation and minimizes streak artifact at thoracic inlet in CTA portion)

	Miscellaneous
	
	
	
	PCT can be performed before or after CTA


*Tiers 2-4

Table 6: Modifications for Pediatric CT protocols (Tiers 1-4)

	Parameter
	0-6 months
	6-12 months
	1-10 years
	10-18 years

	kVp
	100
	100
	120
	120

	mA
	100-200
	100-200
	100-250
	100-300

	number of images
	25
	30
	35
	40

	slice thickness (mm)
	5
	5
	5
	5

	amount of iodinated contrast material* 
	1 cc/kg
	1 cc/kg
	1 cc/kg
	1 cc/kg

	injection rate* 
	1 cc/sec
	1.2 cc/sec
	1.5 cc/sec
	2 cc/sec

	delay between beginning of  intravenous administration of contrast material and 

data acquisition* 
	3 sec
	4 sec
	5 sec
	5 sec


*For CECT, PCT or CTA

ABBREVIATIONS

99mTc - HMPAO-technetium-99m-labeled hexamethylpropyleneamine oxime

AC - anterior commissure

ACA - anterior cerebral artery

ADC - apparent diffusion coefficient

AF - acceleration factor
BBB - blood brain-barrier

BOLD - blood oxygen level dependent

BW - bandwidth

CBF - capillary blood flow

CBV - capillary blood volume

CDE - common data element
CECT - contrast-enhanced CT
Cho - choline

CL - central lines (of k-space)
CNS - central nervous system

COE - Defense Centers of Excellence

CPP - carbamylated plasma protein

CR - creatine

CSF - cerebrospinal fluid
CT - computed tomography

CTA - computed tomography angiography

CTP - perfusion computed tomography

CTV - computed tomography venography

DAI - diffuse 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
ETL - echo train length
F18-FDG - Fluorodeoxyglucose

FA - fractional anisotropy

fcMRI - functional connectivity magnetic resonance imaging
FFE - fast field echo
fMRI - functional magnetic resonance imaging

FOV - field of view

FWM - frontal white matter

GCS - Glasgow Coma Scale

Glx - glutamate

GM - gray matter
GRAPPA - generalized autocalibrating partially parallel acquisition
GRE - gradient-recalled echo

GWD - gray-white differentiation
HR - high resolution
ICP - intracranial pressure

IR-FSPGR - inversion recovery, fast spoiled gradient recalled echo

IV - intravenous
kVp - kilovolts peak
L - field-of-view
L/N - resolution

LR - low resolution

mA - milliamperes
MAP - mean arterial pressure

MCA - middle cerebral artery

MD - mean diffusivity

MEG - magnetoencephalography 

MP-RAGE - magnetization prepared-rapid gradient echo

MR - magnetic resonance

MRA - magnetic resonance angiography

MRI - magnetic resonance imaging
MRS -  magnetic resonance spectroscopy
MRSI - MR spectroscopic imaging

MRV - magnetic resonance venography
mSENSE - modified SENSE

mTBI - mild traumatic brain injury

MTT - mean transit time
N - matrix size

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

OEF - Oxygen extraction fraction

OML - orbito-meatal line

PC-posterior commissure

PCA - posterior cerebral artery

PCPCS - Pediatric Cerebral Performance Category Scale

PCS - post-concussive syndrome
PCT - perfusion CT
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

SD - standard deviation
SDH - subdural hematoma
SENSE - sensitivity encoding
SNR - signal-to-noise ratio
SPACE - sampling perfection with application optimized contrasts using different flip angle evolution
SPECT - single photon emission computed tomography

STEAM - stimulated echo acquisition mode
SWAN - T2 star-weighted angiography
SWI - susceptibility weighted imaging
T - Tesla (unit of magnet strength)

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 - repetition time

VA - Veterans Administration

VESTAL - Vector-based Spatial-Temporal Analysis

WM - white matter
x - read direction

Xe-CT - Xenon-enhanced computed tomography

y - phase encoding direction
z - slice select direction
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