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ABSTRACT

The objective of this study was to find the optimum test device for the cerebral blood vessels by comparing
and analyzing the SNR and CNR methods for images of three devices (i.e., MRA, CTA, and DSA). The study
targeted 90 patients who underwent cerebral angiography from November 2016 to May 2017. The measuring parts
were measured by using Rt MCA, Lt MCA, and ACA Image J. The results of quantitative analysis showed that
the mean SNR of MRA, the CNR of MRA, the signal strength of MRA, the mean SNR of CTA, the CNR of
CTA, the signal strength of CTA, the SNR of DSA, the CNR of DSA, and the signal strength of DSA were
evaluated as 254.87, 178.13, 326.81, 74.75, 62.2, 356.66, 26.85, 25.89, and 4400.69, respectively (p<0.05). As a
result, both SNR and CNR methods measured it in the order of MRA>CTA>DSA. Statistical significance was
determined by using ANOVA analysis at p<0.05 and Bonferroni method was used as a post-hoc analysis SPSS.
In conclusion, the results of this study revealed that the optimum imaging devices were MRA, CTA, and DSA
after evaluating randomly selected patients with cerebrovascular disease.

Keywords: Signal to Noise Ratio, Contrast to Noise Ratio, Digital Subtracted Angiography, Magnetic Resonance Angiography,

Computed Tomography Angiography
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I. MATERIAL AND METHODS

1. 54

20165 11€4-E 2017 SE7HA] S99 44 tishged
oA 2AIE MRA, CTA, DSA 7AF 9071 tho 2 o]
HE Hs1om, A dxlb 53(59%) Y, oAk
37(41%) "BolAom A== 30tH7F 7(7%) 8, 40
H7F 12(13%) 4 S0th7} 1678 (17%) 60T 7T 29(32%)
w70t 7) 26(28%) WO R 60th7F 7wkl
B RARE 7T7TAA R B dH-E 6524130

2. AsTH

Aa RS g AFed A 8= DSA FH| =
FPD ¥ FJF*|(Axiom Artis Zee, Siemsens
medical solution, Erlangen, Germany)E A}-83}31 3L
Axel A48

mAs=auto, detector type=FPD, mode=pulse mode=-
Table 12} 2T},

ufl 7] ¥ 4=(Parameter) = kVp=auto,

Table 1. Scan parameters used for the DSA test among
the test methods used in this study.

Parameters Description
kVp auto
mAs auto

detertor type FPD' type
mode pulse mode

FPDT; Flat Panel Dectector

MRAT 3.0T ZHE 27139 9 47= (Ingenia
3.0T, Philips Medical System, The Netherlands)& A}
fato] GAS A, 20 ch, FH-(Head) CoilS AF
&atgith. Akl A-L&¥ vl 7)< (Parameter) ™
TR=22ms, TE=3.5ms, flip angle(degree)=18, slice
thickness=30mm, gap=20mm, NEX=1, matrix=368x235,
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slice=190, chunk=5% Table 22} 2T} MIPE A5 dae] 5A-HE s AE(Sh
Signal Intensity)& 47d¢] W 1gt= A5 =]
Table 2. Scan paramett?rs u§ed for the MRA test among | 7—<]'(SD Standard Dev1atlon)%l’ o] HHow 1}
the test methods used in this study.
— ol Alketalal, Waeke = BEHEARE SNR
Parameters Description
TR*(ms) 2 = B A 2}5’}71] 3l7] 98l Fig. 29} o] JAte
TE**(ms) 35 A4, A, ek, 98k 43S A %
FA***(degreo) 18 209 REROT FHYL 1 A4S Eq ()
slice thickness(mm) 30 é]_]—/}
gap(mm) 20
NEX 1
—— 368 x 235 SNR = measurement ST X< 0.655 1
Shee 190 backgroundnoise SD
chunk 5
TR*: Repetition Time, TE**: Echo Time, FA***: Fip Angle CNR% MIP &2 XH ?_/6] §l, 5 ‘?Ll' oé)g_ .‘%.?4 q ?:l_-_;g
g A5 FES AR 249 A5 PR A2
CTAE 256308 HFEES5E7](Brilliance iCT Qo] Mg e ANE Aro mEHe Wi
Elite, Phillips, The Netherlands)S ©]-§-3to] 945 2 gho 2 ol Aatelgda 1 Ae Eq. (2)9F 2}

5elglon, 270 w74 (Parameter) = kVp=100,

mAs=350, scan time=5.6sec, filter=brain smooth(UA), (measurement SI— adjacent SI) % 0.655
. . . . '‘NR = - .
slice thickness=2.5mm, increment=2.5mm, matrix= CNR backgroundnoise SD &)

512x512% Table 3¢} 2t}

Table 3. Scan parameters used for the CTA test among
the test methods used in this study.

Parameters Description

kVp 100
mAs 350

scan time(sec) 5.6
filter brain smooth(UA)

thickness(mm) 2.5

increment(mm) 2.5 (a) MCA measurement of (b) MCA measurement of
matrix 512 x 512 MRA CTA

3. A

|\
ol

A=)
WS =3 % DICOM FileS PACS(Picture
Achieving Communication System, ViewRex of
Techheim, KOR)E AR&3lo] §-F o35 (Right
Middle Cerebral Artery), % -5 (Left Middle
Cerebral ~ Artery), 71t >]-5 2 (Anterior ~Cerebral
Artery)2] F F9ol 3 mm2e] ¥4 A3 oY
(ROI; Region Of Interest)& Fig. 13} o] A3}
w, =4 e o/ s A S0
HE FEe d38 Iy sty =AUk SNRS Fig. 1 Measurement of signal strength of each device.

b

(¢) MCA measurement of DSA

o 2
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(a) Background noise of (b) Background noise of
MRA CTA

(c) Background noise of DSA

Fig. 2. Background standard deviation measurements at
the four points of each device.

4. TAEY

HoAAqto] dlo]E] o= SPSS ver. 18.0 T/
T2 ARaEle] EA A BAe Alealel).
MRA, CTA, DSA ¢ SNR, CNR #t¢ zfo]:=
ANOVA  tests AR&silor, Aoz
bonferroni methodS AFE3FH 1L AHFZA HEHAo=
Image J& AF&3IGITE BE A deolge] A4
FOE p @l 005 ol W EAH FoHL
e =

. RESULT

1. SNRo| i3 A=}
B Ao A =A% F 9029 SNRe| e A3
+ Table 49} 7t} Rt MCA, Lt MCA, ACAS] R E
SNR #& MRAZF 74 =A  YErsiow
MRA>CTA>DSA TO 2 UEISTH MRA+ CTA,
DSACl B8 EAHCZ F3HA E=A et
(p<0.001).

2. CNRo| & 23}

2 AelA] A T 9019 ONRell thgh Z¥= Table
59} 7T} Rt MCA, Lt MCA, ACAS] T SNR 7+ MRA7}
7 A UERRon MRASCTASDSA 202 UERdith
MRAT CTA, DSA°] H]3l], CTAT DSA°] H|3l &
ARz Fo3tA A FERSETHp<0.001).

Table 4. Quantitative analysis value of measured SNR

Measurem . . p
. Device Mean Value Min/Max
ent Site value
a) min 207.96
269.36 + 64.22
MRA 69.36 = 6 max 333.58
b) min 60.69
Rt MCA 8.1 + 28.14 0.000
¢ CTA 7 max 106.24
in 22.35
9 2703 +4 mn
DSA 7.03 .68 max 29.97
MRA? 26513 + 7687 T 20214
max 342
LtMCA  CTAY 7787 £ 2622 ™39S 60
max 104.09
b) . min 21.81
DSA 26.42 + 4.61 max 29 82
a) . min 187.23
MRA 230.12 + 76.79 max 306.91
b) 4 min 42.33
ACA CTA 68.3 £ 32.38 max 100,68 0.000
b) 1 min 23.09
DSA 27.11 + 4.02 max 2979

MCA: Middle Cerebral Artery, ACA: Anterior Ccrc%ral Artc
(ANOVA test, p<0.001, p=0.001( MRA ) CTA”, DSA®

Table 5. Quantitative analysis value of measured CNR

M
easur‘em Device Mean Value Min/Max p
ent Site value
a) N min 150.76
MRAY 19115 £ 47.02 0D
in 47.71
Rt MCA  CTAY 6513 2775 04771000
max 92.88
o) 4 min 21.39
DSA 2613 £ 474 0D
a) N min 130.92
MRAY 18779 £ 625 0
in 48.
Lt MCA  CTA?  65.19 + 2316 ™ 48385 500
max 88.35
2530 4306 TN 2333
DSA ) ) max 28.45
a) N min 118.72
MRAY 1555 #6205 0 D
ACA cTA? 5628 + 3200 MM 31T 600
max 88.37
b) 26.17 + 2.94 min 26.32
DSA 617 2904 00

MCA: Middle Cerebral Artery, ACA: Anterlor Cerebral Arter);
(ANOVA test, p<0.001), p=0.001( MRA CTA , DSA
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3. Back Ground Noiseo] 3l 23}

B Ao A ZA 38 F 9089 Back Ground Noise
of thgk A= Table 654 Zt}. Back Ground Noise
SNROJUF CNR #H= HE =2 107.730.% DSA7} 4%
9431 DSA>CTA>MRA =2 & EFRTE DSA
CTA, MRAYI H]3l, CTAX= MRAY) H]&| S A 4
o8 fFostAl  Aol7b e FoE YEut
(p<0.001).

r1r S

4. A5z g A

ATl A T 9078 0] A e gk A
Y= Table 63 7t} @ J%= T3 DSA7F ot
4400.69% 713 329k DSA>CTA>MRA =2 & UERG
t}. 22} M9 Rt MCASIA DSA7} + 56145 7H%
701 Rt MCAo|A MRAZ} + 50.942 7P 219kt) F
Zkol 1084.827, 925.477, 1443.884, p=0.0002-2 A 72
OF FolA Aol shtel aFelA Ael7b e
202 EsTh

5. AFFEA A

BoAqo A FHg F 902 SNRo| g Al
N 1E Y Rt. MCA AFFEA] A3 MRAS 7|52
2 CTA, DSA 2 98k xto] 7} L th(p<0.001).
Lt. MCAT MRAOA Fo&tA & Aol& B
31(p<0.001), CTA, DSATE MRAS} <]t i}O]E

H o DSA, CTAYE EA414 ztol:= HolA ¢
ket
CNR2 Al 7l 7159 Rt. MCAI A R5F -9 &

2Fo]E K. 01} (p<0.001), Lt. MCA, ACAE DSA,
CTA®F EAA o2 o3k xfo]& Hol#| ekttt
Noiseo] gt AFF-EA2 Al I1F EF o4 ol
= AolE BAA(p<0.001), AT ZEE MRA,
CTAE 7|+ o= & W DSATE 93 2fo]7} 2l
A 0 1H(p<0.001), CTAS} MRAE }o]7} QIATH
AEHoZ £ folH 49 A SNR2 MRA7}
74 =9k3l CTA, DSA 02 zolZ B &
Al MRAZ} CTA, DSA®] H]3l, CTAT DSA¢ H]
3l fFostA =2 ZFol7F A TH(p<0.001). CNRE
MRA7} 7} %9k3l CTA, DSA 02 #jolE B
%t MRAE CTA, DSAY H|3] TAHoZ 9

SHAl =& Aol S K THp<0.001).

Table 6. Quantitative analysis value of measured
background noise

Measurem . .
ent Site Device Mean Value Min/Max p value
2) min 0.65
MRA 0.85
max 1.2
Back .
min 2.82
Ground  CTAY 3.15 0.000
Noise max 3.55
0 min 102.7
DSA 107.73
max 113.3

MCA: Middle Cerebral Artery, ACA: Anterior Cerebral Artery(ANOVA test
p<0.001), p=0.001( MRA® CTAb) DSA

Table 7. Quantitative analysis value of measured signal
intensity

Measurem . .
. Device Mean Value Min/Max p value
ent Site
a) min 295
MRA 344.56 + 50.94
max 395.5
b) min 296.5
Rt MCA CTA 37191 + 89.29 0.000
max 461.2
b) min 3867.22
DSA 4428.62 + 561.4
max 4906.33
min 264
MRAY  340.02 + 86.29
max 426.3
b) min 295.6
Lt MCA CTA 371.69 + 86.2 0.000
max 463.8
b) min 3774.22
DSA 432933 + 555.11
max 4881.11
min 226.5
MRAY 29585 + 94.01
max 389
b) min 216.5
ACA CTA 326.39 + 106.74 0.000
max 433.5
b) min 3994.41
DSA 444412 + 449.71
max 4876.64

MCA: Middle Cerebral Artery, ACA: Anterior Cerebral Artery (ANOVA

test, p<0.001), p=0.001( MRA® CTAb) psa®

Iv. DISCUSSION

B AP ME JERS AAEE gl W
HE<Q MRA, CTA, DSAC digh 4ol g2 A

H7} 5 SNR¥ CNRel| o3 ‘:‘“6}}14 R
7boll 9lelAl SNR¥} CNRS 2.8 A4 847 @
PS4 A5 Awe] FtS DSAZE 4400.69
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