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[ Abstract] Objective To evaluate the effectiveness of bio-impedance spectroscopy (BIS) analysis for marginal

tissue malignancy/benignancy identification during Breast-Conserving Surgery (BCS). Methods A multicenter
parallel-group clinical trial was conducted with the patients who received breast conserving surgery in 2 hospitals.
One hundred and fifty breast tissue specimens were collected and analyzed by BIS, frozen section biopsy and paraffin
section biopsy respectively. Results were compared and statistical analysis was implemented. Results For BIS
technique to identify malignant/benign marginal tissues, the sensitivity was 92, 98%, and the specificity was
94. 62%. The coherence of BIS results and frozen section biopsy results was significant, and the Kappa value was
higher than 0. 75. The mean measuring time of BIS was 2. 63 min, which was shorter than frozen section biopsy

(18.97 min) and paraffin section biospy (1.12 d). Conclusion BIS technique likely has high accuracy in tissue

identification so has potential to be adopted as a real-time indicator for marginal tissue malignancy/benignancy
identification during breast-conserving surgery.
[Key words] Tissue identification

Bio-impedance spectroscopy Breast-conservingsurgery

Intraoperative detection

FUBRIEE H A 2 Mt i b o R s i — ORISR U ROR AN A T HL e TR 45 R R 5 2
Fhgems . HHL R — HA TR LIS, vk BB AR A PRolk 2256 A A RE ) B2 . S Bk
VRIS A TR P X VR S E A RIE R AR A IR R SR R KR YD 4

LU B H R X TR & e i FL o 44

A EIRMEH . E-mail; wxd65112@163. com

R e (] 4G o 5 DKVR T G AH L 2R W BT T A
DA FAT 0 WLAT A L S5 I 500 RIAS, 0l A A 55 4
R A AE TR % AR AT Oy B A R B 2



268 PO R 2 2 i (BE 22 D

AT

S A5 B BRI e , 45 JT TR B[] I B AT A8 1Y)
FARIH.

SR FH A WY BT 1% H A K X 43 N [R] 1 4 URE AR
FHEHA A IEC BB T K& M5, Surowiec Hl
Jossinet 455~ b [ (14 2L by 41 ZUHEAT T A 9 B BL
T 2 BHLIE R A0 LR 2H R0 A A FL AR 41 2 A
FRAE 45 R b A7 76 W & 22 % . Fear 1 Lazebnik
SEL S AN TR L A8 B U 1) O R FL D 4L AU A R
h0. 5~20 GHz I i 4 B 2847 T A& 9 BH H 3% 0l
LG5 e Bk S L B 40 4L 2 [A) B A fL S A AR AR
K%, Gregory Xk A T 187 (i FLIRF AR &
B9 232 3L AR e H 2 141 ) LR 1E %
ZUIE R 1 Hz~32 MHz (#4359 I &, 36390F 7
3 3o AR 1 23 ok DX 2 0 Mok 9 2 4R E 4]
A,

A=Y BRLBL IS 5T R 2 B L R AR R
BL TG I 2 2 5 AR HL AT e S A FRATT R
AT T RTIAE ST %k L VD B TR v 3R R
(20 SUVREAR BEAT T 28 W BT 3% 100 5 R I &t 43 7
B X TR ARSI R fo M BH L Ro/R.. R4l 21 &F
i B R RBR AR IX 3 FREEA UL LA e i T 244 i AT
rER,

A58 MBS 24 GE 0 £ B VR AR W BB IS 43 AT B
ARAEFUIR AR FL T AR (BCS) i #2 wf x5 7] 4 B 92 200 Jfd
75 B% B UEAT PO M A ot . JRATT MFL R g
FAR PRI VI G B A AT T A L o A P B
PO o3 AT 45 5 UK R VI B 336 K R A 055 U0 R 38 A 1) 45
A X GE T A5 AR BE B A I U 2 R AR
ST A AR A I R RRE R SRR AR AR
SIER/(I

1 #HHEMTTE

1.1 R =R

AR B i 5 A A SR R TR R O A BR 2 ]
F 30 A 1 3L 2H 2L i B T35 43 A AL MScanl. 0B
XTEEA 47 &, MScanl. 0B )l & 8 3k R FH &
P DY H AR 15 T PR A 3 e A AR U AT R AR
RAR A IC S H R e N, IR A AR AT DAFE 3 kHz~
1 MHZH3 323 Bl 3547 47 45000 6 o PR AR A ZURE A
14 H B BT % B i 1 A7 b X, XA AS O 7 A 1 e R
SR HT T
1.2 REwigit

N S A LRI GY R 7ML g a pA Ol i
— {53 W ) 5 b A 2 I 5 I A8 P A= W BEL BT 3% L vk

RYI P T R B AR R 5 U0 7 1S R B R AT R .
R UE R 6 B4 A B R T P S AR O AR SR e
AR H L UAE 8 ] MScanl. 0B 5¢ lUbR A A , IF
VA I 235 S B0 1) 2 15 2R S5 A R A L 1 A AR 3%
g 3 S 00 & HEAT KR D) P 3 R A I DD T A
1M HL X MScanl. 0B 6 14 45 5 ™ £ 25, DA K ik
5 AR R ER . FEIZARA I 3 IR I 25 R
2R84 B LS 8 2 W B BT 3 9 4G 25 2R 55 vk o D)
T R 1 A A 5 AR — B0ME L LA YD Y A
ARG 1000 45 SRA by 4 b v L PP A AR 40 BEL T 3 ARG 0 3L AR
957 o 98 1) R AR R S SRR A .

1.3 #WRIIFH

AR GEAE A5 v U 35 S8 AL FL ARG O H © 4% HE
FARIRI B A br . O &5 s & s
@K FH g 7 K00 B AR B ZL R g 4 40, 9 HL )
GRS /N T 3 mm; O A 1E B 7L R 4 24,
15 2L R AL 2UR 2 5 FL IR 4 2035k o f i e B R
1 em; @ f A 5 D0 2L IR 41 23 A 50 2 26 1w LAY B A%
¥IKF 0.5 em,

DL AR SRR WA AAF A W HERR . 2, )i R
SEAB VG S BE O e AR 51 L B AR N RS B i
PEE 25 N .2 AN PRI 50 o0 0 3 AR 3R 76
No —N B AT DL £ 2 A BURE &0, 78 2L R A8 1
B AR v 328 B 30 SR i ) % A bR A 23t 150
161] Ay 1P VR K 6 P A O X 2
1.4 #EMAZE
141 ASWaea Dozl irgi8im 4 s vl i
T K 25 AR R A bm 1 S DF A 2 9 BEL B 335 A T 1) 3 52
PE. FEARARAL A - RO R B R BH P R R
R %, BH AR AR L R BA AR 8K L, o 0 5 L 12 Wi 4
B, 298 (Youden) 5 %5 BH = FUI0 (L 1 BH 14 151 3000 4K
K HEXU 95 Y6 B A5 X 1a]

1.4.2 —gchsp i Lo AR Y BE B 46 il 25 1L
UKURY F 16 A A A 45 R — Bt . PR R bR R E R
Kappa R EOF AT BB 50 M T3 95 20 B A5 X H] .
Kappa {78 B EH7EL— 1. 1] Z [, | Kappa | =
0.75 M FH — M5 0. 75> | Kappa | =0. 4 W #
— B — ;0. 4> [ Kappa | i — B 2%

1.5 Hit%FHiE

JE fi 8 b R B G50, 3 85 ) B0AE TR AT A OA
FEVEFR AR FH R | L R B LR . SR B G it 22
FEEHE RS TR PSR KR,
Wilcoxon # IS % \McNemar £ H K% . agw =
0.05,



%2

VR E IR S5 A2 W BHLDOE HOR 7 LR PR 3L T AR o3 D) Sk 20 4Dl 5 4 10 A

269

2 R

IR EFER R BEE
W gk /B FUIR A SR A IE T 150 Bl 15X A%
5500 5T R A 4 BE W R S BT AT B A 4 R LS
PEVEAN 43 7 K080 52 a8 A 150 1 FL AR 20 bR AR 15 5

2.1

HEFT N, o T A 1 BIFLIR AL AR A vk RO 25 2R
TCIEHRE - — BAEVF A 70 A B 4 A S5 2R
Wit 2 (1 149 41151 R 4L SR AR R A7 20 B » 940
Bri FLARH SR A B AR BL I 2 1, 4% b e & 58
JR R 15 DL L3 2.

2.2 MANFG EHREAERER

x1 HIHIBRIABARERRBR
Table 1 Descriptions of removed breast tissue specimen
Patient Scrlsft:ing Exp;\‘]r(i;ncnt Clinical trial center }3;:1?1\1]&: Reason
YTLI 21 MS02018  The No. 2 People’s Hospital of Yibin 1% Undetermined by frozen section biopsy
F2 BERORLETHRGIH
Table 2 Descriptions of cases completed by each clinical trial center
Analysis Clinical trial center Patient Breast tissue ‘Removed Percentage of removed
(case) (case) tissue (case) breast tissue
Authentic evaluation West China Hospital of Sichuan University 51 100 0 0%
The No. 2 People’s Hospital of Yibin 25 50 0 0%
Total 76 150 0 0%
Consistency evaluation West China Hospital of Sichuan University 51 100 0 0%
The No. 2 People’s Hospital of Yibin 25 50 1 2%
Total 76 150 1 0.67%
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Table 3  Comparison between results of bio-impedance spectroscopy

(BIS) and paraffin section biopsy (PSB)

PSB (case)

Clinical trial center BIS

Lesion Normal Total

West China Hospital of Sichuan Lesion 36 4 40
University

Normal 2 58 60

Subtotal 38 62 100

The No. 2 People’s Hospital Lesion 17 1 18

of Yibin

Normal 2 30 32

Subtotal 19 31 50

Total Lesion 53 5 58

Normal 4 88 92

Total 57 93 150
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Table 4 Evaluation indices of bio-impedance spectroscopy diagnostic experiment

West China Hospital

The No. 2 People’s

%f $ichu_an 95%CI Hospital of Yibin 95%CI Total 95%CI
niversity

Sensitivity 94.74% 82.25%-99.36% 89.47% 66.86%-98.70%  92.98%  83.00%-98.05%
Specificity 93.55% 84.30%-98.21% 96.77% 83.30%-99.92%  94.62%  87.90%-98.23%
Accuracy 94.00% 88.00%-98. 00 % 94.00% 82.00%-98.00%  94.00%  89.00%-97.00%
Positive likelihood ratio 14. 68 5. 67-38. 00 27. 74 4.01-191. 91 17. 29 7.35-40. 69
Negative likelihood ratio 0.06 0.01-0. 22 0.11 0. 03-0. 40 0.07 0.03-0. 19
Positive predictive value 90.00% 76.34%-97.21% 94.44% 72.71%-99.86%  91.38%  81.02%-97.14%
Negative predictive value 96. 67 % 88.47%-99.59% 93.75% 79.19%-99.23% 95.65% 89.24%-98.80%
Diagnostic index 188.29% 186.23% 187.61%

Youden index 88.29% 86.23% 87.61%

False positive ratio 6.45% 3.23% 5.38%

False negative ratio 5.26% 10.53% 7.02%

CI. Confidence interval
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Table 5 Consistency evaluation between bio-impedance spectroscopy (BIS) and frozen section biopsy (FSB)

FSB (case) s i
Clinical trial center BIS Kappa  Asymptotic 95%CI z P
Lesion Normal index standard error
West China Hospital of Sichuan Lesion 35 5 0.893 6 0.046 1 0.803 2-0.984 0 8.987 <C0.000 1
University
Normal 0 60
The No. 2 People’s Hospital Lesion 15 2 0.819 9 0.086 2 0.651 0-0.988 8  5.739 <C0.000 1
of Yibin
Normal 2 30
Total Lesion 50 7 0.870 0 0.041 9 0.787 9-0.952 1 10.647 <C0.000 1
Normal 2 90

CI. Confidence interval
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