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A Computer-Aided Diagnostic Algorithm can Improve Accuracy in Diagnosis
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ABSTRACT Objective: We compared the efficacy of the transvaginal sonography (TVS) assisted with a computer-aided diagnostic
(CAD) algorithm to it of TVS in discriminating the benign tumor from malignant adnexal masses. Methods: Women (n=124, with
pathological diagnosis of benign 80 cases and malignant 44 cases) scheduled for surgical removal of at least one ovary and had TVS
image data in First Affiliated Hospital of Harbin Medical University during from September, 2013 to March, 2015. The average ages of
the patients are 54.2+ 9.7 years. We established the image database. In total, 496 images were acquired, and 4 images of each case were
chosen for image processing. We used the multi-mode ultrasound sequence recognition system to reanalyze the images, applicated gray
co-occurrence matrix method to obtain tumor texture features of the region of interest (ROI) and to classify the ROI as normal tissue,
benign tumors and malignant tumors, then we compared the accuracy of diagnosis of ovarian cancer TVS group and TVS+ CAD group
which are executed by 2 ultrasound doctors. The mean area under the ROC curve (Az) was preformed to evaluate the diagnostic accuracy
using pathological diagnosis as the gold standard. Furthermore, the comparing parameters we calculated are include the accuracy, the
specificity, the sensitivity, the positive predictive value, and the negative predictive value within before and after application of CAD.
Results: The diagnostic accuracy was improved after CAD application compared to TVS alone, ROC area under the curve (Az) was
0.791 [95% CI 0.725-0.857] in TVS alone, and 0.927 [95% CI 0.883-0.970] in TVS+ CAD; Comparing TVS and TVS+ CAD the
accuracy (0.774 vs 0.919, P<0.05), the specificity (0.738 vs 0.933, P<0.05) and the positive predictive value (0.650 vs 0.889,P<0.05)
were significantly improved. Conclusions: The CAD algorithm is significantly useful to improve the diagnostic accuracy in Ovarian
cancer and decrease false negative rates.

Key words: Ovarian cancer diagnosis; Transvaginal sonography(TVS); Computer-aided diagnosis (CAD)

Chinese Library Classification(CLC): R737.3; R445 Document code: A

Article ID: 1673-6273(2017)02-276-04

* R T H BRI TR TR 2013013)
YEZ A AAIR(1982-) At , IR RV, FEERFFT 7 ) IERHI I ¥ 88 75 2, E-mail ; 984yangnasunny@163.com
NSERVER  FHEE(1960-) , -, W AT I, F 05T 7 10] : LRHIE 1875 2, BT : 13674618904, E-mail:; circulation0311@163.com
(ke H 157 :2016-08-09 43232 H 1:2016-09-02)



REYES#E www.shengwuyixue.com Progressin Modern Biomedicine Voll17 NO.2 JAN.2017 . 277 -

22

Al S

FELARHIE h , BP SUR 2 B BRI EOUR N, B S e ks, Bl
HXF 22, 1 H R TCAERA 5 e B AR A i ETHE
P, B C AR KRR L EAS — s, RIFi2 i
L0 S C ORI B (2 L)), Wi RIS WA 54
FETI00, BT XS B o e (A 0 6 1012, A P e s A A
L RHEBEVRYT , BRI Fh 2 R R AR AR B T AR
PSR B UK i R X T2 BRI B (E 2155
HIE , [ESRAFAEAR L mR A D i ), R 2RI - O WX
FRAF R A @ P PR AR IS T AR 2 I , £
H IS WA SR Fabh IR 2332 3 B2 AR 22 96 LRl IR K S5 5
© Y 3 NGt | i P B R AR By TR A 2 R0 57 A48 LA 3t
IR SE L AR I s @ RO PR BEARHIEAFAE S X o SR s
PREMED AR R AR A T B B RUR AT Bl 20 B
7 Ra A U IS W (CAD) 4 3= 240 sU2 Bl A
PR, KA AR — BV b AT E A M BB 45 Y HE AL
YERR 55 B2 W UL, T DA S LD R 5 R I 112, Ak
AR R AR LI R Bl E R 55 4 , CAD S Bl A2
WAL B A R B R X5 E TR SR B AR A (TVS )2
T R A DR 4 D ARSI 5, AR TS S TS B B2
O Bl PR LA B s B S0 12 ) s 1

1 3R 57

L1 IR

Wbk 2013 45 9 A 2015 4F 3 H AR BEEATF ARG G0
HLMR B AR i A R R, 3t 124 4], (i
VT BL P 80 6], ST 44 5], SERJAEMS 5424 9.7 %, MELIHHID
IR N JERS S e IR Il 7 2 A4 R, SR EENY R
BE BRI AR, IR AR 1T B B T RGN 44
BAEB 4 TR R, A 496 IE RGBT
1.2 7%k

fIT A #75 E i GE Voluson E8 =4k A 2 Wi (=R
3k, WA 7.5-12 MHz ) FREL, e P05 T LG Ak 38 512, ot e
JPE PR I A 7 G T AR A B R U R SRR AL 3L, SR T
NTF S AEBR X KRB E 456 3T T hie B AR
BT EN 5 R AR B EG rp ) e e g 8, 1 AR e e A e e
B R S Ahge i ht (B & W LR BE VAR OG BRI — 1 ) 345
Ji e () 5 F SO AL, KSR 4B X I 0 2 R IE 2 4, [ i
SR R o 4288 7 B 2 N T PR X B S ) SRl e R
HEFT AT, FEASE AR G R 7Rt B e B R, 4 B O SR i
JREHISIWIRRERE AT 12 7, RIS P 44 88 75 B X SR B S
R E A 2 W, DUR B2 Wl 4 bRl | LB Wi 4 8 7
[ 2B N T SRR B2 W B AR i 5 v 22 5, LR T
AL B IR X 7 R it T X 75 32 W B S0 1 e S e L R
P B TR B T SR AR ) 25 57
1.3 SitEaHh

GuiteE ot ORI g AR FOR THIRERIL A
R FIR. ROC MLk FR FIWHEE 75 E DTS W TR . Bl
TVS 12 5 TVS 454 CAD 2k B BURE R S5 L P

P FIUI (EL A BT (22 57 R R D7 B LA P<0.05 S22 5%
EEW -9

2 #R

2.1 BEWIE

PAARWITER AR R IR 1 BEE DF5ER) 124 BIRH A
OIBR b, L AR 2 10 o 2 (71% ), HZ2 8 & 31
REMRME AL it e , - BORE R R R AR S CAL125 B,
AR R B 2 PIIE S 44 4], KA 80 4],

x| BEBHE
Table 1 Patient characteristics
Variable n=124
Age (year) 542+ 9.7
Menopausal (yes/no) 88/36
CA125(= 35/<35) 57167
Reason for surgery
Symptomatic adnexal mass 77(62%)
Asymptomatic discovered at gynaecological
" examination/TVgSy : H1(E8%4)
Adnexal mass pathology (benign / Malignant) 80/44
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Table 2 Az of radiologists' diagnosis before and after CAD

Az P value SE 95%CI
TVS 0.79 <0.001 0.034 0.725-0.857
TVS+CAD 0.927 <0.001 0.022 0.883-0.970

7E:TVS: TVS BEiglf; TVS+CAD: TVS &4 CAD i2H#f,

Note: TVS: Diagnosis with TVS alone,TVS+CAD : Diagnosis with TVS assisted with CAD. SE: Standard Error, CI: Confidence Interval.
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Fig. 1 Receiver operating characteristic curves for radiologists using TVS

alone, and TVS assisted with CAD
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Table 3 Accuracy, sensitivity, specificity, PPV and NPV before and after CAD

Accuracy Sensitivity Specificity PPV NPV
TVS 0.774(96/124) 0.887(39/44) 0.738(59/80) 0.650(39/60) 0.922(59/64)
TVS+CAD 0.919(114/124)* 0.909(40/44) 0.936(75/80)* 0.889(40/45)* 0.949(75/79)

E  ¥5F B = (TP+TN)/(TP+TN+FP+FN); Bt =TP/(TP+FN); 4% &% =TN/(TN+FP) ; B {41 {& (PPV)=TP/(TP+FP); BB 4 FiiM{E(NPV)=TN/
(TN+FN), FN, B4R B4 FP, RPRIEFGIE; TN, AR ERGIE; TP, EFRIERGIH. * 5 TVS tb4g,P<0.05,
Note: Accuracy = (TP + TN)/(TP + TN + FP + FN); sensitivity = TP/(TP + FN); specificity= TN/(TN + FP); positive predictive value (PPV)=TP/(TP +

FP); negative predictive value (NPV) = TN/(TN + FN). FN, false negatives; FP, false positives; TN, true negatives; and TP, true positives. *compared to

TVS,P<0.05.

i B B R P 2 WA BRSO R S I (L
FOEAPEFONAE , % B CAD 254 B =X 712 W O 5398 1 RS o
JE RS L BHAE SN (R 4O T B B O 2 W, B A
B B2 W H AR mT L B 75 1 B2 v B0 698 12 1B 4 14 7fy
JE D BB

P2 I TR P A (LR PR A AR A ST, KT
TR P I T ) PR 28 35 o 45 VAR A P A O AR T i 4F 5%
A R AR B9 i RO B A B2 R AR TRAE BT R A X T
RRAFBE R AR R UL, 3k o 2 S JE AN m sk Y o LRI B R
2RI R R, T EE IR R TAE SR 07 BT
R AE N R AR RS T2 S S 2R S TR B2 W
RS FATRAF B 0 o 4 B P B A A S, X TR B
PRIMIE N HL 2

CAD iR HEE22 2 XAF5E A EA R4 90 AF-AUnt 2 JF
U, AR B TR AL AR R A0 270 26 1R ad R i, X Fh
NGAE A PHE SN 24 PR AR GO I O B, B

2 ¥ 3 Hk(References)
[1] Vaes E, Manchanda R, Autier P, et al. Differential diagnosis of
adnexal masses: sequential use of the risk of malignancy index and
computer-aided diagnostic tool [J].

HistoScanning, a novel

Ultrasound Obstet Gynecol, 2012, 39(1): 91-98

—
NS}
—

Kaijser J, Sayasneh A, Van Hoorde K, et al. Presurgical diagnosis of

adnexal tumours using mathematical models and scoring systems: a

systematic review and meta-analysis[J]. Hum Reprod Update, 2014,

20(3): 449-462

[3] Diane M. Twickler, ElysiaMoschos. Ultrasound and Assessmentof
Ovarian Cancer Risk[J]. AJR, 2010, 194: 322-329

[4] Campbell S. Ovarian cancer: role of ultrasound in preoperative
diagnosis and population screening [J]. Ultrasound Obstet Gynecol,
2012, 40(3): 245-254

[5] Testa AC, Ludovisi M, Mascilini F, et al. Ultrasound evaluation of

intra-abdominal sites of disease to predict likelihood of suboptimal

cytoreduction in advanced ovarian cancer: a prospective study [J].



REYES#E www.shengwuyixue.com Progressin Modern Biomedicine Voll17 NO.2 JAN.2017

- 279 -

UltrasoundObstet Gynecol, 2012, 39(1): 99-105

[6] Sun L, Li Y, Zhang YT, et al. A computer-aided diagnostic
algorithm  improves  the  accuracy of  transesophageal
echocardiography for left atrial thrombi: a single-center prospective
study[J]. J Ultrasound Med, 2014, 33(1): 83-91

[7] Kaijser J, Sayasneh A, Van Hoorde K, et al. Presurgical diagnosis of
adnexal tumours using mathematical models and scoring systems: a
systematic review and meta-analysis [J]. Hum Reprod Update, 2014,
20(3): 449-462

[8] Ferrazzi E, Zanetta G, Dordoni D, et al. Lissoni AA Transvaginal
ultrasonographic characterization of ovarian masses: comparison of
five scoring systems in a multicenter study [J]. Ultrasound
ObstetGynecol, 1997, 10: 192-197

[9] Alcazar JL, Ruiz-Perez ML, Errasti T. Transvaginal color Doppler
sonography in adnexal masses: which parameter performs best? [J].
Ultrasound ObstetGynecol, 1996: 114-119

[10] Valentin L. Prospective crossvalidation of Doppler ultrasound
examination and gray-scale ultrasound imaging for discrimination of
benign and malignant pelvic masses [J]. Ultrasound ObstetGynecol,
1999, 14: 273-283

[11] Kligerman S, CailL, WCS. The effect of computer-aided detection on
radiologist performance in the detection of lung cancers previously
missed on a chest radiograph [J]. J Thorac Imaging, 2013, 28 (4):
244-252

[12] Magalhiies Barros Netto S, Corré a Silva A, AcatauassU Nunes R, et
al. Automatic segmentation of lung nodules with growing neural gas
and support vector machine [J]. Comput Biol Med, 2012, 42 (11):
1110-1121

[13] Moon WK, Lo CM, Chang JM, et al. Computer-aided classification
of breast masses using speckle features of automated breast ultrasound
images[J]. Med Phys, 2012, 39(10): 6465-6473

[14] Dromain C, Boyer B, Ferré R, et al. Computed-aided diagnosis
(CAD) in the detection of breast cancer[J]. Eur J Radiol, 2013, 82(3):
417-423

[15] Mang T, Hermosillo G, Wolf M, et al. Time-efficient CT
colonography interpretation using an advanced image-gallery-based,
computer-aided "first-reader" workflow for the detection of colorectal
adenomas[J]. Eur Radiol, 2012, 22(12): 2768-2779

[16] Cheng JZ, Ni D, Chou YH, et al. Computer-Aided Diagnosis with
Deep Learning Architecture: Applications to Breast Lesions in US
Images and Pulmonary Nodules in CT Scans[J]. Sci Rep, 2016, 15(6):
244-254

[17] Suzuki K. A review of computer-aided diagnosis in thoracic and
colonic imaging[J]. Quant Imaging Med Surg, 2012, 2(3): 163-176

[18] S S Kumara, R S Monib, J Rajeesh. An automatic computer-aided
diagnosis system for liver tumours on computed tomography images
[J]. Computers & Electrical Engineering, 2013, 39(5): 1516-1526

[19] Gaurav Sethi, Barjinder S Saini. Computer aided diagnosis system for
abdomen diseases in computed tomography images[J]. Biocybernetics
and Biomedical Engineering, 2016, 36(1): 42-55

[20] André s Ortiza, Juan M GO rrizb, Javier Rami rez. LVQ-SVM
based CAD tool applied to structural MRI for the diagnosis of the
Alzheimer's disease Pattern Recognition Letters[J]. Pattern Recognition
Letters, 2013, 34(14): 1725-1733

(E##5 271 1)

[8] Heng EL , Gatzoulis MA, Babu-Narayan SV. Tailoring counselling
after pulmonary valve surgery in repaired tetralogy of Fallot[J]. Heart,
2015, 101(21): 1695-1696

[9] Zhang Hui-feng, Jia Bing, Ye Ming, et al. Real-time three-dimensional
echocardiographic assessment of tetralogy of fallot the value of right
heart function after surgery
journal, 2014, 29(11): 825-827

[10] Downing TE, Kim YY. Tetralogy of Fallot: General Principles of
Management[J]. Cardiol Clin, 2015, 33(4): 531-541

[J]. Chinese practical pediatric clinical

[11] Talwar S, Kumar R, Bhoje A, et al. Anatomical Repair of an Unusual
Combination of Tetralogy of Fallot and Atrio ventricular Septal
Defect With Unroofed Coronary Sinus[J]. J Card Surg, 2015, 30(11):
849-852

[12] Bokma JP, Winter MM, Oosterhof T, et al. Individualised prediction
of pulmonary homograft durability in tetralogy of Fallot [J]. Heart,
2015, 101(21): 1717-1723

[13] Wadhawa V, Mishra A, Kothari J. Anomalous right coronary from
aortopulmonary window in tetralogy of Fallot [J]. Asian Cardiovasc

Thorac Ann, 2015, 23(9): 1140

[14] McCartney SL, Machovec K, Jooste EH. Uncorrected Tetralogy of
Fallot, Biventricular Dysfunction, and a Large Pericardial Effusion[J].
J Cardiothorac Vasc Anesth, 2015, 29(5): 1391-1395

[15] Ma ller J, Hager A, Diller GP, et al. Peak oxygen uptake, ventilatory
efficiency and QRS-duration predict event free survival in patients
late after surgical repair of tetralogy of Fallot [J]. Int J Cardiol, 2015,
196: 158-164

[16

[}

Boutsikou M, Uebing A Kilner P, et al. Brock procedure: 52 years of
effective palliation for Tetralogy of Fallot [J]. Int J Cardiol, 2015, 19
(9): 195-196

[17] Zile MR, Gregg D. Is Biventricular Fibrosis the Mediator of Late

—

Complications in Tetralogy of Fallot?[J]. JACC Cardiovasc Imaging,
2015, 9(1): 11-13

[18] Yao Q, Hu XH, Shen QL, et al. Differential Effect of the Ratio of
Right Ventricular Volume to Left Ventricular Volume in Children
with Repaired Tetralogy of Fallot[J]. Cardiology, 2016, 133 (3): 135-
140

[19

—

Vida VL, Zucchetta F, Stellin G. Pulmonary valve-sparing techniques
during repair of tetralogy of Fallot: The delamination plasty [J]. J
Thorac Cardiovasc Surg, 2016. DOI: 10.1016/j.jtcvs.2016.02.015



