The Necessity of Angiography Examination for
AVM Patients after GK Surgery --- from

Biostatistics Point of View.

NSC-89-2118-M-032-011

:8 8 1 89 7 31



(Arteriovenous Maformation AVM) (

)

(Central Nervous System) [1]
(Embolization) 1972 Steiner  Leksell
[2][3] AVM
1992 (Gamma
Knife) 1993 3

(Magnetic Resonance Imaging MRI)



AVM
(angiography)
( )

(Sensitivity)

Operating Characteristic)

ROC

ROC 1950

1971 ROC

X 1975 Metz

(Specificity)

ROC(Receiver

ROC “1- ”

ROC

ROC



ROC 1980 Weinstein
ROC
ROC Curve R
O
(MRI CT)
(Prognostic Factors)
(Logistic Regression)

Fineberg

(Hemorrhage)



ROC Curve

( )

ROC
(AreaUnder Curve)

ROC

Dose planning



§21

(AVM) [4]

AVM

AVM

) AVM

AVM

(MRI) MRI AVM

(Seldinger technique) [5]



MRI

§2.2
AVM

MRI



AVM

MRI

AVM

1993

MRI

MRI

AVM

AVM

MRI

MRI

AVM

MRI



MRI

ROC
8§3.1.1 ROC Curve
(AVM) AVM A.
(Feeding Arteries) B. (Nidus) C.
(Draining Veins)( ) AVM

(Gold Standard) [6]

(CO)( ) (ACO
) (PO
30% ) MRI
(CR Complete Regression) (ACR Almost

Complete Regression) (PR Partial Regression)



MRI

1. (Sengitivity)
2. (Specificity)

[5]

(Positive Predictive Value  PPV)

(Negative Predictive Vaue NPV)

PPV = Pr(CO CR) =
( )
NPV =P(Non CO Non CR) =
(
PPV NPV
MRI
83.1.2 ROC Curve

(Sensitivity) (Specificity)

10



1- Specificity X Sengitivity

0,00 (1,1

ROC Curve

(Strict) (Moderate)

§3.2 Logistic Regression

“AVM

11

Y



Gold Standard ( Gold
Standard )
( )
(Sensitivity) (Specificity)
Sensitivity ~ Specificity ROC

Sensitivity  Specificity
ROC ROC Curve
(Model Diagnostic)

Deviance Analysis

ROC

12



STATA/6.0

(Logistic Regression Model)

13



ROC MRI

§4.1 ROC
ROC Curve
(Gold Standard) (Angiography)
(MRI)
ROC MRI
MRI
(Radiologist) /
(MRI)
() ACR( ) CR(
)
MRI 102
(Angiography) 93

9

89

13 85

14



17

VS.
VS.
Total
Total
ROC
(Sensitivity) (Specificity)

Sensitivity = 87/ 93 = 0.93548
Specificity =7/9=0.77778

95% (0.88444 ,

0.98652) (055178,1)  Sensitivity
1-Specificity ROC
0.856631 ( )
Positive Predictive Value
(PPV) 09775( 87/89) 95%
(0.94674 ,1) Negative Predictive Value ( NPV )
0.538462 (=7/13) 95%

(0.267464 , 0.809459 )

15



VS.

(Sensitivity) (Specificity)

Sensitivity = 83/ 93 = 0.892473
Specificity = 7/9 = 0.77778

95% (0.88444 ,0.98652)
(0.55178,1) Sensitivity 1-Specificity
ROC 0.835125 (
) Positive Predictive Vaue(PPV)
0.976471( 83/85) 95% (0.94425
1) Negative Predictive Value (NPV')  0.411765
(=7/17) 95% (0.17781,
0.64572)
S Y L A s ot rozs uuioz
U.0924735 U.rrri U.6301Z20 [ U.I/0471 | U 411700




()

ACR(

PR(Partial Response)

)

MRI 102
(Angiography) 78
24 64
38
63 39
SENSIUVITY[SPECIICIY] _ATed PPV NPV
U. (4309 U.75 [U.740/95 [ U.9UOZD [U.47 304
U.7430Y | U.7/9107 | U.7/0/0Z5 | U.9ZUOSD [U.45717Y
§4.2 Logistic Regression
AVM
(rv) (pd) (posthem)

17




(speztler) (angioday )

(Adverse Radiation Effects ARE) posthem ARE
( ) pd  angioday
rv ( rv<3d 3<rv<10
10<rv) (spe=1,2 spe=3
spe=4,5 )

L ogistic Regression

STATA/6.0
ROC
~ (rv)
(spe) dxp (day)
(posthem) ROC
spe rv

~ rv spe ( rv2

18



3<rv<10 rv3

v spe
ROC

rv>10 spe2 spe=3 spe3

day posthem dxp are

0.8403(

spe3 day posthem dxp are

0.8105
spe
)
STATA/6.0

spe=4,5)

rv

rv2 rv3

|0dds Ratio Std. Err. z

.3446156 -1.066
.135024
.0015036 -3.743
.1055476 -1.416
.0023704 2.231
.1335193 -2.325

-2.012

P>|z| [95% Conf. Interval]
_______ o

0.287@
0.044¢
0.000
0.157

.0493736 2.433091
.0195457 .9501596
.9914132 .9973071
.0007826 3.170067

0.026¢(3) 1.000639 1.009931

0.020

.0435012 .7656223

spe2 |.3465985

spe3 |.1362773

day |.9943558

posthem] .0498081

dxp  ]1.005274

are |-1824979
ROC

19



Sen Spe Area
p=0.1 1 0.16 0.58
p=0.2 1 0.28 0.64
p=0.3 1 032 0.66
p=0.4 1 032 0.66
p=0.5 0.921052632 0.44 0.680526316
p=0.55  0.881578947 0.48 0.680789474
p=0.6 0.881578947 0.52 0.700789474
p=0.65  0.881578947 0.52 0.700789474
p=0.7 0.828947368 0.64 0.734473684
p=0.71  0.789473684 0.68 0.734736842
p=0.72  0.763157895 0.72 0.741578947
p=0.73  0.763157895 0.76 0.761578947
p=0.75  0.763157895 0.76 0.761578947
p=0.76  0.723684211 0.76 0.741842105
p=0.77  0.723684211 0.76 0.741842105
p=0.78  0.723684211 0.8 0.761842105
p=0.79  0.723684211 0.8 0.761842105
p=0.8 0.710526316 0.8 0.755263158
p=.81 0.697368421 0.8 0.748684211
p=0.82  0.684210526 0.8 0.742105263
p=0.83  0.671052632 0.8 0.735526316
p=0.84  0.631578947 0.8 0.715789474
p=0.85  0.605263158 0.84 0.722631579
p=0.9 0.460526316 0.92 0.690263158
p=0.95  0.315789474 1 0.657894737
0.78 ROC
(ROC )

0.78

20

0.76184



0.78

21



ROC

() ACR( ) CR(
)
Gold standard

SENSITUVITY] SPECIOGHY Area PPV NPV
U.93940 | U.Z111Q | U.000031L [ U.97 7525 | U.D3540Z
UBIZAT3 | U.77770 [U.B301ZD [U.ITO47TL | UA4LLT0D
PPV (

ROC

Gold Standard ROC

0.85

MRI

Kappa

22




[7]
2x2 table A B

A

B CR| PR
CR|P11|P12| P1.
PR |P21|P22| P2.
P1|P2

P11=N11/N

P1=P11+P12 P1=P11+P21
P2.=P21+P22 P2=P12+P22
Pe=P1.xP1+P2.xP2
Po=P11+P22

Kappa = (Po-Pe)/(1-Pe)

Kappa
Kappa
Varance 95%

SAS Kappa [8]
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