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WE:. B #HoTsmamigRse (AIM) 984 e FBREAFis L EHR R (FICE) £Mm4ELT Pit
pattern R 3 45 AR E AL WAL, T7ik k42022 F 6 A —2023 410 A ZRM G 10046 45 A e T &
FAENFFRAT S, 222 4 Jmkk; o AR A8 ML, FICE A= AIM =76 3 & +FICE #4174 &, FF2 & Pit
pattern 2 A 4 HAF L, JRILF R A H LR FALX T Pit pattern 2 A 5 B 69 AL . AT B [RATRMA
(PPV). FIMEFRMA (NPV) Fosfe#E, KA Kappatr B34 R FIAEX T Pit pattern £~ 45 B 5 @ 12 540 & 49
— 3k, RAZXEFBREBEEL (ROC curve) FFES AL, R 5-5@ N4 (74.32%) K, FICE
(92.34%) #= AIM =87 4 & +FICE (97.30%) Pit pattern 2 Ao h 5B LERF LS EF &, AAIM =L
& +FICE % T FICE, 2F¥A%TFEL (P<0.05); 5@ W54k, FICEA AIM Z#% % & +FICE#
Wi 5 AP G R TR E RS, BAIM =M% 4 E+FICE & TFICE, 243 A%TFEL (P<0.05);
5338 N4EARML, FICEA=AIM Z W6 % 6 +FICEL B T & AWM BN ERE T G, £2FHA%RITFEL
(P<0.05); &3l M4k, FICEF= AIM =874 % &+FICE TN & AW BB T & Tasm (AUC) 4514
0.815 (95%CI: 0.711 ~0.859) . 0.881 (95%CI: 0.752~0.904) #=0.933 (95%CI: 0.793 ~0.961); -&i@ N
4% . FICE #= AIM = ¥ 7% 4 & +FICE FM T8 45 & W /& 69 AUC -5 % 0.850 (95%CI: 0.720 ~0.866) . 0.938
(95%CI: 0.764~0.951) #20.947 (95%CI: 0.803~0.972); AIM =874 % & + FICE T £ 57 Ik 5 b o3 5 fm
FHAZE A %09 Youden 462 K, 9814 0.955420.968, Z5it  AIM =817 4 &, + FICE T Pit pattern 2 A 4
B 25 BT MR R A T2 AR e e RS, AR B MBS RS,
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Diagnostic value of acid indigocarmine mixture sandwich staining
combined with flexile spectral imaging color enhancement
colonoscopy Pit pattern classification for colorectal lesions

Lu Junping, Li Yuxi , Liu Qiuxian, Li Shuming, Wu Aihua, Qu Zhaofu
(Department of Gastroenterology, the Fourth People’ s Hospital of Nanhai District,
Foshan, Guangdong 528200, China)

Abstract: Objective To explore the diagnostic value of acetic acid indigocarmine mixture (AIM) sandwich
staining combined with flexile spectral imaging color enhancement (FICE) technology for colonoscopic Pit pattern

classification for colorectal lesions. Methods 100 patients with colorectal lesions from June 2022 to October 2023
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were selected as the research subjects, and 222 lesions; Patients were examined using conventional endoscopy,
FICE, AIM sandwich staining + FICE, and the detection status and pathological type of Pit pattern classification
were recorded. Calculate the sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV), and accuracy of Pit pattern classification diagnosis under different modes. Kappa was used to evaluate the
consistency between Pit pattern classification and pathological examination under different modes. Evaluate
diagnostic effectiveness using receiver operator characteristic curve (ROC curve). Results Compared with
ordinary endoscopy (74.32%), FICE technology (92.34%) and AIM staining + FICE (97.30%) detected more
lesions that matched the pathological results through Pit pattern classification, and AIM sandwich staining + FICE
detected more than FICE, the differences were statistically significant (P <0.05). Compared with ordinary
endoscopy, the diagnostic accuracy of FICE and AIM staining + FICE for colorectal carcinoma lesions were
higher, and AIM sandwich staining+FICE higher than FICE, the differences were statistically significant
(P<0.05). Compared with ordinary endoscopy, the diagnostic accuracy of FICE and AIM sandwich
staining + FICE for early colorectal cancer were higher, the differences were statistically significant (P < 0.05). The
area under the curve (AUC) predicted by ordinary endoscopy, FICE and AIM sandwich staining + FICE for
colorectal carcinoma lesions were 0.815 (95%CI: 0.711 ~0.859), 0.881 (95%CI: 0.752 ~0.904), and 0.933
(95%CI: 0.793 ~0.961), respectively; The AUC predicted by ordinary endoscopy, FICE and AIM sandwich
staining+FICE for early colorectal cancer were 0.850 (95%CI: 0.720 ~ 0.866), 0.938 (95%CI: 0.764 ~ 0.951), and
0.947 (95%CI: 0.803 ~ 0.972), respectively. For predicting colorectal carcinoma lesions and early colorectal cancer,
the Youden index of AIM staining + FICE technology was the highest, with values of 0.955 and 0.968, respectively.
Conclusion Under AIM sandwich staining + FICE, Pit pattern classification can detect more carcinoma lesions and
early colorectal cancer, with high diagnostic accuracy and effective improvement of endoscopic diagnosis and
treatment quality.

Keywords: acetic acid indigocarmine mixture (AIM) sandwich staining; flexile spectral imaging color

enhancement (FICE); Pit pattern classification; colorectal carcinoma; early colorectal cancer
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AEHER T Pit pattern 2B HI# HiE R
5% N B (74.32%, 165/222) ML, FICE
(92.34%, 205/222) HI AIM = W] & Yt (& +FICE
(97.30%, 216/222) Pit pattern 537 55 25 9455
FE (¥=2595, P=0.000; y=48.11, P=0.000),
H AIM = B J& 4 {4 +FICE & T FICE (y*=5.55,
P=0.018), ZRHAGIFE ., WRIME L,
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A VAR R A . I3 2~4,
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Table 1 Detection of Pit pattern classification in different modes n

Pit pattern 537
Bl
I %! I, % g vV A vV A esan
W B (n = 222)
fiiEe 15 72 30 40 8 165
e 10 11 22 12 2 57
Mt 25 83 52 52 10 222
FICE(n =222)
E 20 85 41 49 10 205
s 4 5 4 4 0 17
Bt 24 90 45 53 10 222
AIM = BIR e E+FICE (n = 222)
pias 24 91 42 49 10 216
VN e 1 2 1 2 0 6
Mt 25 93 43 51 10 222

AIM =HA B+FICE

A~C: CWRE—Ho-TpRLER, KIEA12mm, REFTMKMN, AIM ZHE Y Pit pattern 73 B L AV AL, F5-MEE; D~F:
HBW—H0-TpBER, HAL 17 mm, AIM =HlEY4 A Pit pattern 73 B L FNIVAY, T sy 8 ER A BERE K M s G~ 1. EAILO- T sp &l
B, BHAEZ 15 mm, AIM =AY Pit pattern 53R RFHR 4> 2 1, 8, AT UL JRFBIVIFG , Pit pattern 4352 V AU S BE AL

1 AEEX TEERMEERE

Fig.1 Colorectal carcinoma neoplastic lesions under different modes
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Table 2 The relationship between Pit pattern classification and pathological types under ordinary endoscopy n
bS]
Pit pattern 437!
AR R AL i LGIN HGIN/SM-s SM-d PR
7 (n =25) 15 5 5 0 0 0
I, % (n = 83) 5 72 4 2 0 0
IVE(n =52) 3 12 30 6 1 0
V B(n=52) 2 6 3 40 1 0
V El(n=10) 0 0 0 2 2 6

%3 FICE T Pit pattern Y EI 5fRIEFEBWK R 4
Table 3 The relationship between Pit pattern classification and pathological types under FICE n

Pit pattern 437 T
A e Mg AR i LGIN HGIN/SM-s SM~-d kg

M7 (n=24) 20 4 0 0 0 0
I, % (n = 90) 3 85 1 1 0 0
IVEI(n = 45) 2 2 41 0 0 0
V #(n=53) 0 4 0 49 0 0
V H(n=10) 0 0 0 0 4 6

F4 AIMZ=BEiA#E+FICE T Pit pattern SR SFEF KB XR &

Table 4 The relationship between Pit pattern classification and pathological types
under AIM sandwich staining + FICE n
SRR ZE R

Pit pattern 4374

AR A i 7ea LGIN HGIN/SM-s SM-d BEREIYE
M7 (n =25) 24 1 0 0 0 0
I, #(n =93) 1 91 0 1 0 0
VY (n = 43) 0 1 42 0 0 0
V Bl(n=>51) 0 2 0 49 0 0
V El(n=10) 0 0 0 0 4 6

2.3 Pit pattern S B S W A EHFIEEF MBS 232 FICE  Pit pattern 3% . 198 4b fif 98 1 95 25

HEBBNERSH

231  &iE 4L Pit pattern 738 . 197 b bR P
B, A 104 AR P A, 25 Ab AR R 1R
H, A 104 IR R A s 53 Ab RN EE H e
A AL R ARRINEE B, 169 AbAERINSS E i,
A 1040 FIHLE B e . Sl N BT Pit pattern 43
WS B IR P AR I TR O 90.99% , 12 W
4 B ER B 91.44% ., WARS5FI6,

o, A S ISR TR s 24 AbAE R R AR
A 44 R PR AR s 53 AR IES B, A 2 4b
AR RS B 169 bR RIS BT, A3
QbR HIHEE H A . FICE R Pit pattern 3 B2 W45 B
i o I8 P 55 A 18 MR B R 95.95%, 2 Wi 45 W
FEIHERAE N 97.75% . W37 H18.

233  AIM = W% 4 & +FICE  Pit pattern 731 .
197 Ab g e AR v, A 1AL SRR R AR 5 25 4b
eI S, A VAR IR RS s 55 40 RIS,
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R5 LEAET Pit pattern S BB HIZMMEERET &
Table 5 Diagnosis of colorectal carcinoma neoplastic lesions by Pit pattern classification under ordinary endoscopy n

Y B A
Pit pattern 437 Bt
b PR AR AR R AR
Jihgeg P A 187 10 197
A e g A 10 15 25
JsSan 197 25 222

%*6 EERETPit pattern 2 B2 M RHE EIAE &
Table 6 Diagnosis of early colorectal cancer by Pit pattern classification under ordinary endoscopy n

gL i)
Pit pattern 437! Bt
NS E e RIS B
S E 44 9 53
A e 10 159 169
Mt 54 168 222

&7 FICEFPit pattern S EUSHT L HIZMEMRET 4
Table 7 Diagnosis of colorectal carcinoma neoplastic lesions by Pit pattern classification under FICE n

Pit pattern 437! e 582
JirEE P A A M AR

iR P A 193 5 198

A sg P AR 4 20 24

Bt 197 25 222

%8 FICE T Pit pattern B2 T RHALEH AR &
Table 8 Diagnosis of early colorectal cancer by Pit pattern classification under FICE n

bepL eS|
Pit pattern 537 J=San
LIRS L e RIS
S E 51 2 53
RIS i 3 166 169
Bt 54 168 222

EHipdE, A2 AR s 167 409E R P=0.000) , H AIM = B3/ 4t 8 +FICE & T FICE
SiElE, A 1A RINAS B . AIM =BGE (¥ =457, P=0.033), ZREA%IFEL. 5%
4 + FICE T Pit pattern 73 BVIZ W 25 G MR M AR R SENBEAHLL, FICE FTAIM = HIIR YL A+ FICE 121 - 40
W BE 0 99.10%, Wi R IALE B Ry S EMENEREE R, 253 ARIT¥2E XL
98.65%. WA9F10, (¥ =8.63, P=0.003; *=1224, P=0.000); AIM=
234 3RS E RS EE SETENE G Y {2 + FICE 5 FICE 12 Wr - 1 4% & 1 g 09 vE o
Hit, FICEFIAIM =BRAYE+FICEZIBIZS EaEt: i, 258 (¥ =051, P=0475),
RS IMERRE B E (¥ =446, P=0.035; ¥ =13.25, LFE11~13,
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Table 9 Diagnosis of colorectal carcinoma neoplastic lesions by Pit pattern classification under AIM sandwich
staining + FICE n

S B
Pit pattern 4374 Bt
Jio e P A A e Mg 2B
iR P A 196 1 197
Ay P AR 1 24 25
582 197 25 222
®10 AIMZE+FICERART Pit pattern BN HT RIS HRGE 4
Table 10 Diagnosis of early colorectal cancer by Pit pattern classification under AIM sandwich staining + FICE n
S HAS T
Pit pattern G} it
FLRSS E BN RN ]
RS E 53 2 55
RIS 1 166 167
Bt 54 168 222
R 11 L@EAEISH Pit pattern BV IRIEE %
Table 11 The efficacy of Pit pattern classification under ordinary endoscopy %
Pit pattern 437! R pae i PPV NPV WERf Kappaﬁ
JiprEE P A 94.92 60.00 94.92 60.00 90.99 0.549
LSS g 81.48 94.64 83.02 94.08 91.44 0.766
& 12 FICEiZH#i Pit pattern Y EUHIZIAE %
Table 12 The efficacy of Pit pattern classification under FICE %
Pit pattern 437! U RS PPV NPV HER 5 Kappa fi
e 1 g 7 97.97 80.00 97.47 83.33 95.95 0.886
LS E 94.44 98.81 96.23 98.22 97.75 0.938
# 13 AIM=BHE L B+FICE 21 Pit pattern S BII%IEE %
Table 13 The efficacy of Pit pattern classification under AIM sandwich staining and FICE %
Pit pattern 4374 TR R PPV NPV R Kappa (.
iRt A 99.49 96.00 99.49 96.00 99.10 0.955
RS E 98.15 98.81 96.36 99.40 98.65 0.964

2.4 AEHER T Pit pattern 4 B 1 45 & 17 by 1%
RT BB ER ROC curve o1t

MWL, FICE AT AIM = B3R YL 4+ FICE T 45
L RS B IR N A (area under the curve,
AUC) 43924 0.815 (95%CI: 0.711 ~0.859) . 0.881
(95%CI: 0.752~0.904) F10.933 (95%CI: 0.793 ~

0.961); @ M4 . FICE FIAIM =HJA 440 + FICE ¥
TRHAZE FL IR AUC 535124 0.850 (95%CI: 0.720 ~
0.866) . 0938 (95%CI: 0.764~0.951) F1 0.947
(95%CI: 0.803 ~0.972) o XFF 15 45 15 W Mo Jed 1 s
A RRIILE B, AIM =444 + FICE A9 Youden
B, 409 0.955F10.968, UL 14 FIlE 2,
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* 14 FREEKT Pit pattern 4> B 5 25 B Bz Bhieg 14 5% 2= Fn R HA 45 H B 92 A0 ROC curve 734
Table 14 Analysis of ROC curves for predicting colorectal carcinoma neoplastic lesions and early colorectal cancer by

Pit pattern classification under different modes

KAt AUC 95%CI TR /% RS 1% Youden 8% P1E
4 E i R e AR
B 0.815 0.711 ~0.859 94.92 60.00 0.549 0.000
FICE 0.881 0.752 ~ 0.904 97.97 80.00 0.780 0.000
AIM = WA Y+ FICE 0.933 0.793 ~ 0.961 99.49 96.00 0.955 0.000
U E
3 P e 0.850 0.720 ~ 0.866 80.00 92.44 0.724 0.000
FICE 0.938 0.764 ~ 0.951 98.00 97.67 0.957 0.000
AIM =B} L +FICE 0.947 0.803 ~0.972 98.00 98.84 0.968 0.000
1.0 — IDW
0.8 0.8
0.6 0.6
i i
i) #
0.4 2 0.4
. — VB
0.2 4 300 P A 0.24 ——FICE
—FICE — AIM =R EHFICE R AR
—— AIM =AY A+ FICE
00 T T T T 00 T T T T
00 02 04 06 08 10 00 02 04 06 08 10
1S IR
A B

A: SEBARMEAE; B RIZE R
2 AE#ERXT Pit pattern 2 BUF 25 B iz Bh g 14w T A0 R H 45 B i7 98 A9 ROC curve 434
Fig.2 Analysis of ROC curves for predicting colorectal carcinoma neoplastic lesions and early colorectal cancer using

Pit pattern classification under different modes

N TR N VR NEN 78 i - S S UP R 7kt i
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WA A EEIRYT . NI, TEIGITRT, HEA TR
WEtEHr, WARTUONE . A B dth, Xt
PRUIBRI S AZIEI e IR 2E, AT RE S S EUR LAY Y]
BRFA, AT B R, @ alRes A — &5
ROPRTETF ACAE" ™ BRETEXT S B L B2 8, FETEAR
T N BT AR B B AG A, AREERE A A AT
SR, HEGR KRR, rTREBiaiE Tz, &
IRETHEL, (R R SRS bR AL FAYE, N B2

TIRITRIMERE™ EIRIR LR, T B Fh AR KA
B FIEASAMUAS , SRS W AR T ik, A
M6 T N RIRT T AR

AR BN, SEEANE (74.32%) HHLL,
FICE (92.34%) HI AIM = BJiA 4L (4 +FICE (97.30%)
Pit pattern 73 BY S5 BRSO AT SR T 5, 45 E i
9o M A0 AN LB 2 B g 12 W B R = L Pt
pattern ﬁ’iﬂ s ﬁgé'}:ﬂﬁ-% W%%Tﬁj\ﬂ%/ L, %@ﬁ%
R NGRS R IR AT BT A, X gl 412
WA, I AT RECAI W RN 2 B AR T TR
B, XA AR, B E R M, 2Tt
YIRS T Pit pattern 43750 B il K N B G
IR . LS B A R R R 2 W, SRR
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BT A% > 85%, s : 7N AR 21 210 Hl~#
HERIJT I, Pit pattern 232 A HERf BE 48 . FICE i i
AR AT, S56 RRAHOREOR, BRI ML s
JAHZERE R AN Tk, DT B A M e A PR . A
FMFFEIGE R B oR, FICE GE0%TE i b s IR 1
VA SO, 5 BT S e R W A e i . 47
78 0 TR M — o VR (I S R T R, R R ek
CAY = I S S /] AR U o N [ 8 0 ) R
R, ORIV AL AR IR P AL 5 1 R A ZUZ )
FRGF LUV BT o SR, PR % € S s IR P A B
LIBCRIEA Y HAh, SEMMASTERA R ok bk
Wk, STERA BRI AR EE | IO E /N 2Z AL TE Y
B, IR R AR R ROR AR MR AL , TR T U Bt
Y C S R TR Y € ST NDRE B RTAAN o N s bl L
B/ INR AR D A, B, 7ETHAE R A
AIM =R ak E v 2 N, A BT e e T it
— R IIRAE , R Y R AT,

ARG R IL, S5 FICEAML, AIM =HIjAYL {0
+FICE T Pit pattern 73 Bk 1 26 5 55 R JLAF & 320
15, 2SI R e AR (A R B TE R . FICE 7E
FIREE T AR O, B T A B2 WA (.
SR, IAFEREARAS S A Wi 20 o AIM =
Gy 5 FICE S A, BEnT R B NIE S 5%
AR, SRR AR B TR, FRAIGIRIS R A2
R ARSI LI, AIM =AY +FICE
T 25 R Mg e AR AN A B IR IO R |
SEEFIAUC Y88, 12 Wik e 55 P 52 Fll FICE B2
e, SR R T4 L PR e 7 A R0 45 g R
HlmKIZIT R, DA B BRI BRAR
AT R U AR LT T 0 B

ZE F TR, FH AIM = B34 4 (4 +FICE F Pit
pattern 430 AT & BT Z2 10 45 L g e s 74 L 40
SiE i, W RS, WTARER S N BRIZTR
Jitek o ARAWETE R Il B AT, A 1 R R
HARARRE D, HRETY REEARIE— S5,
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