Cerebral MR angiography and CT angiography
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A. MR Angiography(MRA)
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(1)Flow effects basic to MRA

1. Spin echo image

1) Rapid flowz2 QIf} signal loss
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Fig 1 High-velocity(time-of-flight) signal loss

Protons must acquired with 90-degree and 180-degree pulses to generate spin
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echo(crossed hatch). Protons that acquire 90-degree pulse and then leave section.
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Before acquiring 180-degree pulse emit no signal. Protons flowing into the section
a Partially saturoted signal

Bl Ursorurcied (maximum) signal following selective 90-degree pulse also emit signal.

2) Flow-related signal enhancement
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Fig 2 Flow-related enhancement
Times t te 2 TE
(90" puise ) (180* puise () Under conditions of slow blood fiow, ~ Stesmmber 1 2 3 4

unsaturated protons enter the section with Flow ~—» 1=0

full magnetization and emit a stronger signal

than protons in adjacent, partially saturated,

Flow~3 After inflow
stationary tissue. Maximum effect occurs
when velocity(v) equal section thickness(Az) / / \ \
oy " 20X0X0)
Fig 3 Muitislice FRE. [0 101 cteco by 16 e 125
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Parabolic laminar flow profile projects several

slices into multislice imaging volume. Seen in 3-D, the high singal, inflowing protons form a

cone. Cross section of laminar profile result in a decreasing central zone of high-intensity,
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The phase is defined as the angle of rotation of the transverse magnetization

from a reference axis

Fig 5 Diagram showing the use of bipolar
gradient lobes in PC flow quantification to
obtain zero phase shift for stationary

tissue and a net phase shift for fiow.



4) Even echo rephasing phenomenon 50° 180° § Even-ccho signal
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Fig 6. Even echo rephasing

2. Gradient echo image
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1. Time-of-flight(TOF)
TOF HEOIAM= gradient-echo pulse sequencesE AIE3I0] EROSE =& FH T=0l. gradient-echo
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Clinical applications
Demonstration of the carotid bifurcation
Evaluation of suspected basilar artery occlusive disease
Cortical venous mapping in the brain

Evaluation of suspected intracranial venous thrombosis

2) 3D TOF

3D TOF= 2D TOFHEL ChdE O &2 415 [ HS8Hl(signal-to-noise ratio)E S & U1l OIR UL
slice@| HAOI JIS0OI01 voxel sizeE 2ZAIAH intravoxel dephaseE ZE + QUCL A0 B OIXl= @
L2N= YRAEE, imaging slab(fl CHBt SO W& imaging volume 3J| SOICL F2HEdls(spatial
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Clinical applications

Assesment of carotid artery occlusive disease

Demonstration of AVM arterial supply and nidus

Evaluation of intracranial aneurysm

Imaging of venous angiomas, using MR contrast material

2. Phase contrast(PC)

PC 22 ALOI NIEBME 0S8 [ &)l 2IAl0IS(phase shift) SINS OIRSH= IASOILL. o
&=2=(acquisition) &0 ([i2t 20=]2 3D PCOF QUCH 0 SABIOINE S& QMO0 CHel Y=2AM(positive
polarity) )l S=&(negative polarity)g = NZ CIE ZAHgradient)E XHR5l= T JIQ YAS 207, 22100
N R SNPINOIS(positive phase shift)lt SAIPIAI0IS(negative phase shift)O] HRAAIS MZ A
(subtraction)otQ] &R0 QB M= FEAZ|ID FAXEOCZ LHO| AlS= ZAAPIH SCL 0 =0l
N= SFEE0 R0 M2t KIAFSSIZAHphase encoding gradient)O] D2 XHEI) SO2M 2ANO|
S0l £180° OlM0I EIRNE [ RYUTl= alasing SAS LABINT =00t BILt BRETHSSKvelocity
encoding, VENC)Jt SAIOIL| X&E ST OISl ERJ aliasing 2101 A0 LEILICEL = AAS
VENC Ql&Q 8R= MASZE2 HOICL 8t 3D PC WM HRE 3HUEO2 [ $S3Hencoding)d}
Of=)| 2HoiM= B4 410 ZAIE A0I0F BIC2 YAIARI0I LOIKiE SH&0I QCL  J3L PC gge
ZEAOE A H(quantitative)2l BIEI0ICks BA L ASHTI| flow saturationl= FRBIOZ 2 &=
(slow flow)E SAIS & == ATk= AH0| QAT

1) 2D PC
FHASARI0I B0t 3D PCE o1 M0l MEEH VENCE 28 & UTE JIssIH 6101 A0 %ol &
ci= 3D PCE AIoH & = RU= A0l AU CIYsH MEAIZA0l EIHSEID voxel TJPD} SA=
intravoxel dephasingQ| SJIBICI= S0 QUCL
Clinical applications
Generating vascular localizer prior to more lengthy 3D PC angiography

Detection of flow rates in AVMs and aneurysms, using variable velocity encoding



2) 3D PC
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Clinical applications

preoperative and post-treatment AVM assesment

Evaluation of intracranial aneurysm

Demonstration of venous occlusions and malformations

Large volume imaging(e. g, whole head)

Examination of congenital intracranial vascular injuries

Evaluation of traumatic intracranial vascular injuries

3. MRA Planning and Post-Processing

MRAZ Q(HXl dataZ conventional angiography®} 28 SEIZ MTA dl= 218 post-processingQI2} ot
=0 MIP(maximum intensity projection)2d0| &2| AQICk

4. Contrast Enhanced 3D MR Angiography with short TR/TE

X2 softwareQ| BINMOZ TR/TEE B SI22AM fast 3D MRA scan 0] &0 B2 AIZILHOI 0! Jt
SO TIQUCE O short TR/TE MRA JIEHE AME0= 4R inflow effectdt SIOIKIA ED2,
paramagnet contrast agentQ] intravascular T1 shortening EZ T XA (e ACHA XH0I A A0
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lll. Neuroradiologic Applications

1. Occlusive arterial disease

Thromboembolic diseaseE2 2t5] QU= SAS0UAM MRAN UEILI=E YUAE  vascular lesion  site®}
parenchymal insult® A0 QZEBICE 2N A& JI#E AEot0 20l 88 & = UCS SICt

2D TOF= HIWA slow flow(ff OIZIGI122 nearly occluded internal carotid & vertebral artery= W5}
=(l. 3D TOF= spatial resolutionQ] EI{LID, XYEZ. MOTSA, Magnetization transferSQ| JHESE02
slow flowle DIZAEE =8 &= QU atheroscleotic diseasel} nearly occluded artery@| slow flws OIXIE Jf
S BICk 2D PCOIRI2 flow direction, longer acquisitiong OfJ| & localizer2, )2|1) flow velocity L}
volume flow rateS8 TICHE 4= QUM ST

2. MRA Evaluation of Patients with suspected Aneurysms

3D TOF MRA= small aneurysm in region of Circle of WilisZ QIXIBI= =61 multiple thin overlapping
slabs ZS magnetization transfer J[HOZ AINSH SASNE AZ 2 QUL

PCIOIEHE velocity encoding(VENC)E 810 aneurysm®| HIE inflow jet® 2 slower circulating central
vortex flow2 A0l 2= QUOMH, LSt residual lumen2 MABI={ KRISICH

J&XI9F MRA= short T1 relaxation time2 2= 2&l(e. g methemogiobin)0| HAQO! flow conditions2
QOI& A QI7), intravoxel dephasing@Z parent artery@} aneurysmal neckil}Q] ZAMICI0| O i US
(H, high spatial resolution® Q75}1]. labor-intensive processQl HH&Q| UCH

3. AV Malformations

AV malformation(Q| QU= SA}Q] MRAQIAH(a) define the arterial supply to the AVM, (b)delineate the size
and location of the AVM nidus, (c) determine whether the venous drainage is central or peripheral, (d)
identify high flow fistulas or aneurysms, (e) assess the hemodynamic impact of the malformation on the
adjacent brain parenchymeS0| QASE TeiGt= 2101 EQ6ICH

Parenchymal typeQiiAl 3D TOFJ|EIS2 feeding artery@} draining vein, nidusS2 & HISIE £ QU= |86t
JIEH0|0H, PCOIEIS velocity determination, directional flow information of feeding vesselsE A2 £ QU0
very small AVMs&E QIXI& == QCL AVMQ| U= EXI0IAM volume flow rate(ml/min), mean velocity(cm/s),
peak systolic velocity(cm/s)= ipsilateral carotid artery= 563+48, 90.0+7.8, 117.2+9.2, 712|1] contralateral

carotid artery= 422+29, 833+76, 111.3x£9.70|0, basilar artery= 385+42, 836+7.2, 1053+9092 &
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Dural typeQliA] PCOIEE flow direction in draining veins and dural sinus2 metsti=0 K6IC

4. MR Venogram

MR ATIDYAMA  intraluminal thrombus= AID|E2 CIZSIA LIEHH=0 Acute phase(l to 3 days)
OlIA isointense thrombus on T1 WIZ, reduced Sl on T2 WI2 LIEHLIAEIO flow void@iQ] 20| OISR
Ct

Early subacute thrombus(4 to 7 days)= hyperintense on T1 WI2 REE|T), E56| "cord sign” of straight
sinus& 8 & U=l Of= rope like configuration of thrombus [ISO0ICI iso- or slightly hypo- intense on
T2 WIZ 2EECH

Late subacute thrombus(7 to 10 daysk= hyperintense on both T1 and T2 WIZ LIEICH

Chronic phase= T1 WIQIN hyperintense (10 to 30 days) J12|1) isointense (after 30 days)2 LIENAC).

Contrast enhancementZ StM & (. dural sinusesT|Z inflammatory or neoplastic lesions® IIRISI=(|
KESICL =, intense shaggy enhancement of the walls of the sagittal sinus2 2 2 =0, Ol

enhanced collateral venous channels®} dural congestion{[{20IC}.

1) Sagittal sinus thrombosis

EAI2 severe headache resistant to analgesic therapy, malaise, nausea, vomiting and irritability@} &
HXKIO0N [} CIYSIA seizure, focal neurologic deficits)} LIEHAL.

IOIBESOTAN|  Local diseases2 Infection( Extradural mastoiditis, sinusitis cellulitis, osteomyelitis,
Intradural  acute bacterial and chronic granulomatous meningitis, Intraparenchymal: abscess)S0O| U7,
Trauma(fracture overlying a dural sinus), Neoplasm(meningioma, calvarium metastasis, carcinomatosis
meningitis), Arterial infarction and subarachnoid hemorrhageS0| RQUOM.Systemic disease2 Pregnacy,
puerperium, oral contraceptives, Collagen vascular disease, SLE, Migratory thrombophlebitis, Inflammatory
bowel disease, Cardiac disease(cyanotic heart disease, congestive heart failure) Hematologic
disorders(polycythemia, leukemia/lymphoma, sickle cell anemia, DIC, hemolytic anemia), IdiopathicS0| QIC}.
2) Lateral sinus thrombosis

SAIS headacheQifeverQlH, F=&ICI2secondary to infectious process, such as otitis media, mastoiditis, or
tonsilitisQ|C}

3) Cavernous sinus thrombosis

venous thrombus)} QIAIE [[f= 2D =2 3D TOFE NAGIH OISl intraluminal thrombuss KAIS2S
E2 KRYEFK(inflowing blood)= NAISATZE LIEIACE
&= thrombosis= MIP L} source imagesOl/Al absence of flow signal@ LIEH [, contrast enhancement=

OME [ wall of sagittal sinus)} intensely enhancementCl=(} Ql= diated venous collaterals @} dural



congestion[[iE0IC}

2D PCE KR8t JIBI0|IH complete thrombosis & [f= absence of flowz2, partial thrombosis & [ii=
iregular flow patterns and intraluminal thrombosisJ} LIERACE Contrast enhancement® GlXH significant
increase in the intraluminal signal intensity for siow flowQ] SUIE Y71 collateral pathways@} flow around

localized thrombusE & 2 = QUAIECL

MRAQ] A2 =2 Z22KEdli=(spatial resolution)il} HIZFEHAbackground suppression)(ff Ol&l SIMSE = @
Of &2 BU2HS2 pixel sizeB SHAZCEN 22 = A HiIFAR= KK&HEOI(magnetization
transfer) S 0id =01 Adl SUNO= OIF = UCH MRAZ AX L) Elll= =% 2803 &
gradient echo@} EPI SO Jighll HEN JN0I A8 AT 2TEQNY Higs HE0l S8 0l
S0AL A0 A0S 30 & A0ICE EBHOCE MR angiography= SBEISIE B)IG= HIASSH
Ol ZAIZM A0l J120lct & = U 11218 SHHCINEN0 28 M=ZAIE8E Ol SIRAso] &
oSl SIS Z2A6lk= CIol A0 S8t AMNE 24 AT [t end organg BIISE=H A0S
N MR aHt 8PH, MR angiography= SIZEISIO| QMK FII0 AN =8 =01 & 20ICH

B. Spiral CT Angiography(CTA)

CTA= spiral CT scan(iM 2HAl= volume dataE 3X1@ ZaIOZ CHE(N OIX| SEYI RAR S
o= WHOICH Spiral CT 9| Ji2@id| X! AKIRAN M~y Y il Ol SRSl A& + U8
20INE OHAULH.

. Basic Principles of Spiral CT

UH CT=  ganerator-tube R detector armay-ZREINOI= HOEE AIEN U JIANSZ
x-tube-detector arrayQ] GIEXOI SIMO0| EIKSOICL £t X-ray tubeQ| JITAl Ji51l &g BISSIO0L
5l22 scan timeQ| 2-3X0l 01211 2i2HQ AIXZ tubedt CIAI BOI2 =00t CI8 A200] JIsdiE=2
5-10X9| AZiZt RIG0] EJHISIRACH it slip-ring gantry systemQ] 2O X-ray tubeB HEZHOZ
3 JISOIH 6101 AZHARIE 1 OlLZ 22N = JAR/ACH volume dataZE A 2= U TIRACH

Slip-ring technology® QI88t Spiral CT= X-ray tube)} SIXGIHAN SHAI HIOIBE 2&E &= SA0|H
N UMSO| Raw data)t 5] OIF interpolationQ] WAE HA SASIBHHFig 1).
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Fig 1 Schematic drawing of the scanning geometry used
in spiral CT: The Z-axis parallels the long axis of the patients,

I Interpolation Algorithm

1. 360° linear interpolation

QIZBt & projection data(Z', Z+d2 2E| MIASILIAL St= ZOIMS AH2IH T2t WMoz JIEXIE
(Z-axis weighting) = HIOl= WHOZ X-ray tubedl § Y JFBt 720° data)t TLRSICL volume
averaging artifactQl QlBt longitudinal resolution(Z-direction)Q| &ABICKFig 2a).
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Fig 2a 360° linear interpolation
2. 180° linear interpolation
220! spiral raw dataQ 2QI0| HOIA 180° BICHURION QU= HOZREO| JIMAQO! dataE 16101 M
A SlaRGlE 29I9) plane(Z)0IN &2 spiral data point(Z™+d)Qt JIAAQI spiral data point(ZHAIOIQ) A
cIE ALKSH ZOIMS H2I0N [t HIIACE JISKIE FH Eool= HEIOZ Bt B9l X-tubeQ] SN

arbitrarily sslested planer elics
=« pasliion &

— i L0 A rid

T T T
— Messured Spiral
<seee Calculated Spiral

%] 2b. 180 ° linear interpolation

ST AMTIRAO0! JKs8ICE 360°  linear interpolationQil HISH01 longitudinal resolution(Z-direction)(] SHAG



ALt noise)t BIIBICKFig 2b).

3. Interpolation artifacts
1) Stairstep artifact

HOE0ISHE L AICZ JXigt S AP0l HA0| HOICE 0] SN2 HOE Olswistn Ty
g8 M LECHFg 2c).

1DEAL IMAGE SPIRAL CT: PITCH » { SPIRAL CT: PITCH » 2

Fig 2c. "Stairstep” artifact.

Longitudinal reformations from spiral CT(eight mm collimation, eight and 16mm
table increment(middle and right, respectively), one mm reconstruction interval of
aluminum plates oriented oblique to the direction of patient travel. This should
appears as straight lines in ideal reformations(left), but appears as discontinuous
surfaces or "stairsteps”(middle, right). The height of the "stairstep” is proportional
to the table incrementation

2) Break-up artifact

longitudinal reformationQIA] LIEH = SIAIOZ surface)} irregular disruption@=2 [LIENACH
180° higher-order interpolation methodQIiA{8t EHOICKFig 2d).

Fig 2d "Break-up” artifact.

Multiplanar reformation of fracture displacement phantom scan acquired with spiral technique(Two
mm collimation. Pitch=1, 180" cubic-pline interpolation) reveals discontinuity of the phantom
surface(arrowhead) orthogonal to direction of table travel(arrow). The artifact was seen when 180°
higher—order(cubic-spline) interpolation was used but not with 360° linear or 180" linear
interpolation.

L) Z-= £0lls(Z-axis resolution)

CTAHR axial planeQiAJ©] detector samplingQl longitudinal plane3CH S| (IR Z-& Edis0| MNot=
Cl JIE CTE= slice thicknessQ| Bt QlAlS EEANH A2H5101 BAIGIAIBL spiral CT= Had| volume dataz
image reconstruction interval® EAOTMN [ OIAC HAIM TIIE 0IE Z-F Eois2 SHAZ 2= QT



SSP(section sensitivity profie)E@ BIOZ2M Olgidt Z-=F RS2 & £ Y=0 FWHM(full width at
half maximum)Q! 71& 20| AIREl= parameterQ|C}. SSPQIl &I FT= @A2= @ interpolation HiE, @
pitch, slice thickness 3! @ image reconstruction intervalQ] QUCHFig 3 a, b).

HEL VALUE

B L A Fig. 3a SSP for different spiral CT interpolation
] algorithms(five mm collimation, pitch of one).
The profiles for 180° interpolation algorithms nearly approximate that of
wr ABLE PEED Dot st the rectangularly shaped profile of conventional scanning.
al i 360U=360° linear interpolation. 180LI=180° linear interpolation.
180HI=180° higher-order(cubic-spline) interpolation, d=table feed(mm/sec),
sk E Rel=relative, z-position=longitudinal position(mm).
224 » ot
I I

13 00 18 -39 [E%4
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Fig 3b Slice thickness versus pitch for three
P e 1  different interpolation algorithms.

A substantial improvement in slice thickness broadening is seen with 18
0° interpolation (180L1,180HI) for pitch greater than one as compared to

360° interpolation(360LI). Graph displays simulated slice thickness(defined
e hear) as the FWTM of SSP) for spiral CT performed with five mm
et Con collimation. Pitch=zero refers to conventional scanning:360LI=360° linear
interpolation: 180LI=180° linear interpolation: 180HI=180° high-order
(cubic-spline) interpolation.

HTCH

CDH Operator-Controlled Parameters:
mA, collimation, Pitchy, scan time
@ mA)} S242 noise)t 245 maximum scan timeS 2ABICL
® slice thickness2 ZE0|XH longitudinal resolution SIAIE|T] noise= 2461} scan range 24
iCk
® pitchE =c|H scan range= SIS} longitudinal resolution2 Z4-BICI
@ scan time2 SclH scan range= ZIISILL S8 AAINZ0 LUK ZTFFL012101 LOA
M2 XYM BRGIMH. X-ray tubeQ| heat capacity AIgt 2N &2 mAsE H8& == SILL

cl) Advantages and Limitations of Spiral CT

1. Advantages

(® improved lesion detection

® improved densitometry



® optimization of enhancement with intravenous contrast materials
@ reduction of total contrast material volume
® improved multiplanar and 3-D reconstructions

® improved patient throughput

2. Limitations

@ increased image noise
® decreased longitudinal resolution
® increased time for image processing

@ increased requirements for data storage

Il. 3-D Reconstruction

3-DYNE 2| I8t H SH= longitudinal interpolationQIly| spiral CT dataQiiA] I anisotropic voxelQ]
transaxial imagesE 1 AOIO B4 sliceQ] imagesE [ (Y isotropic voxel2 MEBICHFig 4a). ] (=
preprocessing UAE HX RGHAl RS interpolated image dataE AR HSI1] surface shade display(SSD) &}
AMOIL} Maximum intensity projection(MIP)SAIZ 0}23810] 3-DYNE 22 = QUCL

2@

INTERPOLATION

TRANSAXIAL IMAGES WITH LONGITUDINAL INTERPOLATION
ANISOTROPIC VOXELS TO OBTAIN ISOTROPIC VOXELS

Fig 4a Initial processing step for both 2-D and 3-D
reformations. Following reconstruction of the spiral CT data into transaxial
images, the voxels are usually anisotropic(their z-axis dimention is greater than
their dimensions in the transverse plane). The transaxial image data undergo
longitudinal interpolation to generate multiple intervening slices with isotropic
voxels(equal in all three dimensions)



1. Surface Shade Display(SSD)
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Fig 4b 3-D reconstruction by SSD.

The first step is to segment the volume, usually by using some type of
threshold, into mathematical description of surface. Next, the user sets
the viewing orientation and the location of one or many simulated
lighting sources. As with volume rendering, the algorithm then casts
rays along the viewing direction onto a hypothetical 2-D screen.
However, as soon as the ray intersects a surface, a lightingmodel
based on the durface normal at the intersection and the location of the
light sources is computed. The shaded of grey( or color) assigned to
each pixel depends on the lighting model. For example a Lambertian
lighting model results in reflections whose brightness depends only on
the angle that rays from the light source to the surface location make
with the source normal.
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2. Maximum Intensity Projection(MIP)
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A AEE A P2 = A @ SSDEYAOI HISK Fig 4c 2-D comparison of (a) average
Ao sz 28+ Rl ?r?edde(:lr)k) pri‘:c:IP ;epresents a blood vessel perpendicula

to the plane with intensity 40. The gray pixels
represent background signal of intensity 20. Plot shows
Pitfalls of MIP projection through the rows. Note that the MIP in this

example results in a vessel-to background ratio of 2:1,
whereas the average projection results in 8:7
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3) Resampling and MIP artifacts
(O Aliasing (stair-step) artifact®l @& MIP artifact(Fig 4e)J} QUCH



Fig 4e 2-D example of MIP artifact.

[ b it 4 mmgmenpuearmewy e atabd

§--~ _g___g_______g‘_- i : _i_.{ Suppose the white rectangle represents a vessel in plane, and that a
i bbb odh N MIP is computed down the columns of the pixel grid. Even if the vessel
i---ic%b--}---w---;- 1 were uniform in intensity, the partial volume effect in the acquired images
H \_’5 8 a3 A E causes pixels to be shaded with a fraction of the all intensity as
i '\:}, s *t  shown(unlabeled pixels are zero) Note that the example vessel has width
{“::"""::"‘;"'F“"’\N:ﬁ > ;;E'“' on the order of the pi>fe| size: larger vgssels at t-his orienta}iop to the
Hi s St A it \\SQ‘ grid may not show this effect. The width required to eliminate the
Lt A ST S toodent Ly Tyl artifact is dependent on the orientation. also note that an average
i.--;--- ---“--i"----*_---i---ﬁ-"i---*--4.'-"?-"%---* projection would obviate artifact.
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Ill. Neuroradiologic Applications
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(1) CT Angiography of the Carotid Bifurcation

1. Initial experience with CT angiography versus other techniques

Table Accuracy of CT angiography of the carotid bifurcation

study No. of patients/ Correlation % Pt with severe stenosis
bifurcations modality by CT and angio,(%)
Schwartz et al., 1992 20/40 92, angiography 20/20(100}
97, ultrsound
Marks et al., 1992 14/28 89, angiography 7/7(100)
Dillon et al., 1993 27/50 82, angiography 14/17(82)
Castillo, 1993 10/20 50, angiography 3/6(50)

2. Advantages, Limitations, and pitfalls of carotid CTA

1) Limitations
O JIAE SRHEIE itz bifurcationOll RJu= AMSBIS0ICE E35] SSD JIE0IM= &2t SXS 2tilig &=
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® X0t Gl = SXl= motion artifact2 QIGI0] AESII D B0 2 M8 o8 =
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® intracranial circulation2 SAI0l 2AE 2= SICL
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2) Advantages(=Z MRAQ} HlulolA)

@ data aquisitionQ| QI H=2C1

@ HMSZSSAMUNT OHSoHH A& = QUCH

® pacemakerSOZ MRAE & + Bl= 8T NEE == QUCH

® Conventional angiography(fl HIH HIAISAO0I1] Cist La0O= slig AFS + ATt

3. scanning technique

Protocol for CTA of the carotid bifurcation

Scan mode

Gantry angulation

Scan parameters

FOV

Pitch

Collimation

No. of axial images

Area of interest

Patient instruction
Contrast

Amount

Route

Rate

Scan delay
Reconstruction algorithm
Images used for rendering
Threshold for 3-D rendering
3-D display modes

spiral

None

120kVp, 280mA, lsec
15 cm

11

3mm

60(may be less)
C6-7 to skull base

Quiet breathing, no swallowing

Nonionic,
75mL

Intravenous via antecubital vein

2ml/sec

25sec

Standard
Overlapping-1mm spacing
100HU

SSD, MIP




(2) CT Angiography of Cerebrovascular Circulations

1. Circle of Willis: Scanning technique

Protocol for CTA of the circle of Willis(Chonnam National Univ. Hospital)

Scan mode spiral

Gantry angulation None

Scan parameters 120kVp, 200mA, lsec

FOV 22 cm

Pitch 11

Collimation 1mm

No. of axial images 35(may be less)

Area of interest skull basef-8] AH-2 € 7|7A
Patient instruction Quiet breathing, no swallowing
Contrast Nonionic,

Amount 150-160mL

Route Intravenous via antecubital vein
Rate 2.5-3.0mL/sec

Scan delay 30-40sec

Reconstruction algorithm Standard

Images used for rendering Overlapping-0.5mm spacing
Threshold for 3-D rendering 100HU

3-D display modes SSD, MIP

2. Circle of Willis: Intracranial aneurysm

1) Surgically important informations
(® presence/absence of additional aneurysm,
@ size,
(@ characteristics of the aneurysm neck,
@ the direction of pointing of aneurysm,
(® the presence of vasospasm,
® the patency of adjacent segments of the circle of Willis
2) size of aneurysm
- Most important indicator of risk of rupture
@ Although more than half of the aneurysm were 5mm or smaller, these account for only 3% of
aneurysmal ruptures on an autopsy study of 191 aneurysms McComick WF et al
@ Critical size of aneurysmai rupture is 4mm on autopsy study Compton MR et al
@ Only those larger than 1 cm unruptured within that period, prospective study of 161
—94—



unruptured aneurysms in 130 patients for an average of 83 years Wiebers et al
@ stkiel SX0 KIZISICH
3)Complications of aneurysm
(@ Vasospasm: SAHSHAIO| 2 30%0fIA 4-112 AC0 vasospasmQ| 2o = Q=0 I&5 &
Bt HEIH AYSEALE B0 g8 &= UQTZ Vasospasm@| &I24GI01 0101 &S X
=E NS00t ol2= SROM YH2 =2 SHEHOIL transcranial DopplerE A5
0] HBIg elZ46i=0 transcranial Doppler= false negative)} R}l MRA= aneurysm clipQ}
Lt AIZIOI R0l 22122 NGz 241) Tt X2 CTAQ} conventional angiographyE H
wpt B10IM CTAZ: A0 (1 S0 SRl SX0IQ0 ST JAME = UV
spasm 1} dissection2 288 L QLI
@ Proper placement of clip: CTAR clip@=2 NAESEIH 818l aneurysmQ] (HAUS & =2 & 1)
clipQl SHEGIA TI0 2 Sol0] UAS M & LES = QUCH CTAS ANESI0 2IA
ol 4 SHIES aneurysmal clipQiIA 2HA6l= beam-hardening artifactQI{| Q| artifact=
1mmQ[3t9] thin colimationg QIB6IH 0| Z& + UCH
5)initial CUH experience with CT angiography versus other techniques

Location of the aneurysm and delineation of aneurysmal neck.

Location CA CTA
Detection Neck+ Detection Neck+
A-com. 10 9 10 10
P-com. 6 4 5 5
MCA 3 2 3 2
ACA 2 2 1 1
Bas. 2 0 2 1
ICA 1 0 1 0
SCA 1 0 i 0
Total 25 17 23 19

*Numbers of aneurysms with neck delineation

Comparison between CA and CTA in the evaluation of aneurysmal direction and parent artery

Location

(No. of aneurysm) CA>CTA CA=CTA CA<CTA

A-com.(10)

P-com.(5)
MCA(3)
ACA(1)
Bas.(2)
ICA(1)
SCA(1)
total(23)

- O = Q W H

2
1
1
1
1
0
0
6

NIO = OO O O —

6)Aneurysm screening technique in absence of SAH

QUBIAOI aneurysmQ| EHMIUIE = 1-2%0|Ct S3| adult polycystic kidney disease®AIQ] RES2 IR =



Cia) LAMQUCE Ruptured aneurysm@| HSL NS0 50-60%0 OI2L4 unruptured aneurysm XEi5!

=2 2X& = UL Ol screening test2AMQ| CTAJH KRB0 L= OHIE = B A0 go2 G
£ 610t & 210ICH
7) Advantages and disadvantages of CTA over MRA
I) Advantages
@ HE AZI 2NE NS = UL
@ flow related artifacts)} 7| [MHZ20] large aneurysm QlL} small aneurysm2 [ & £ £ QCL
@K &g ANgEt XLt ferromagnetic vascular clipsE Al 212 SKIOIN Al £ QUCH

i) Disadvantages

@© XYNE ASoH0r Btk

@ YAN TIE.

® bone, calcium, cavernous sinus(ll Ol SMQ! intracavernous |} supraclinoid carotid
arteryQllN 2H40l= aneurysmE EI296L)| 2foll Ol X222 gidig gcloh| 98t
S&B} postprocessing A2J0| LROICH

@ SAHQOll QJgl aneurysmQl E20IAl &€ == UCKTOF MRA QIS hemorrhagic clotQll Qo &
OIAl &&= UCH.

8) Advantages and Disadvantages over conventional angiography

i} Advantages

@ HEsH

@ O 259 reconstruction imagelt JIS8101 O &S BRO|Lt aneurysmal neckE T
Jtol=0l =Saollt.

ii) Disadvantages

© X2 ga: ¥ H0IA &=t

@ FOVJI RIB'ZIH multiple aneurysmQl ZIAI0I OS0! RUCH

3. Other intracranial applications

1) Intracranial occlusive diseases

Comparison between CA and CTA in the estimation of intracranial occlusive lesions(n=10)

o 4
e o

stenosis
Mild Moderate severe occlusion
CA 0 0 4 6
CTA 0 1 2 7
Note - Numbers are number of lesions Chonnam University Hospital

2) Vascular malforamtions
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