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Optical Coherence Tomography (OCT):
Clinical Applications of Endoscopic
Catheter in Gynecology
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Optical coherence tomography (OCT) is a non-invasive and high-resolution imaging
technology that provides real-time and cross-sectional images of the tissue architectures, suitable
for detecting precancerous lesions of the cervix. We have developed a catheter-based OCT system
allowing volumetric imaging of the cervical canal, particularly the cervical canal or the vagina.
Preliminary imaging results of the human palm and fingertip were shown to demonstrate the
imaging capability of the developed imaging system.

—BiE
FERRRHREET - T B SERE R SRR RRIE - RIBMGETEUR - 1£ 2018 4 > {2

Mﬁ%$%aﬁ%M%ﬁﬁﬁ£+t%A MARKIAE =+ — 8 — T RIF RN - 2
- AR T E SR T R ERTEN) - TE SR A RRE - BT ESEREZ A EEE
%%ﬂ%ﬁ¢%%@%ﬂ SR > IR BN H - B SR AR IR B R R -
B E S LRGSR R R B R SO - R T = SH B R A R AR AL

FUEHTEN 224 H3 109.9 21



Fr o A PTRERC R R RE A I KRB+ 5 S IR 2 A EALZSE % (human
papillomavirus, HPV) ZU#RECSLS [ 415 HPV Bus ki s ok B B E e Sk - HPV
PR G R AT =SB EEIR b R K75 SR RIAIR b RIS 3= S (invasive
cervical cancer, ICC) * 7£ T = SR 2 BilE — BB - M AT B+ L%
NG5 (cervical intraepithelial neoplasia, CIN) » HRIZZREER Kol i B2 A5 A8 AT - 7 i /=
EZEEREENFZEESR CIN FIRE » =572 —RISIR b Rz I 8 R R i B A HL A
#4E (mild dysplasia * 778 CIN 1) » HUERELRIEE 4 (moderate dysplasia » JRFE Sy CIN 1) 5
=432 IR Rz AR A - T EE N BG4 (severe dysplasia * JRE Ry CIN I11) f%E (R
AR - Rz A - SR IP BOETEAE HPV BUBEMRECR R Rl RETR T4 DL ERYIER - 9
HFEEAHE RS - HREE T & SR A Hs ¥+ = S0 b Rl s iae i - T DA TER +
ESHREIP K -

HAHK - FEHEERA A (papanicolaou test) » ZIESF M A (colposcopy) FIVE K
(biopsy) HI¥EE B K - BENA SO T+ = SRRV 42 2R - (B ffGm 2 1E T = S AR
- HIEGEH - SER AR SR - FAREEPRENE - HI - B E SR aR2 S
R (R R AR i 2 e B e B — (R AH & 7 R R RE -

br T kiR B R THBG MR & 2 4N - iaR R AV EOE HE R R AR I 2 R AR E -
T S B RN FE I E FE R [ R RVE R T B2 TI#ER F 1T (cold-knife
conization)  ERZUEEAAYIFR T (loop electrosurgical excision procedure, LEEP) A& 1A
(LB TS - 1B e Al aT ~ e AsrtR FE B - 8 R IR iy il Bh 221 ml Bk
(Y FHTUIFRERR R ARG E AL AT TG R R IR IR RE RS H Al F 252 A AR AT - H6E
IOA AT DR SHE A b FE AL B B R R LB - & A NS = SER2 e s - B
il » B EHDEE G Eiie H6E FE + = SEny R - e iEasat
32 (diffuse reflectance spectroscopy, DRS)® ~ #5372 (fluorescence spectroscopy)™®” LUK
RSO (Raman spectroscopy)® » 2R1TT5E SO E B R il T 22 BT O YERE TR (R E TR - If
& SRl R TR AN A e B B2 A P ER U AH A R G

25 Rk - EE BUEM TS [E BT @ R (optical coherence tomography, OCT)
T B SAR G R A HEREERITE S © Chen 5 ARFZE6E A OCT AL Bl RZ i FE BB AT
{TBAZERY OCT #4755 » S G T I N RUBERS 2 EAHA% (Ex vivo vaginal tissue from sacrificed
macaque) Z7E B T 5 SENFRIY R I B HIB B 0 T T 5 B R L0 © Lee 55
NBIRFEER A Rt L 22 Rl R E R fiT (polarization-sensitive Optical Coherence Tomography,
PS-OCT) E MG &AL 5 50 _F R IR Im 2 A 5 [RERY 5 S Rz o B R B 2 i L
B o BT B OCT M HIR T HIBERE T2 S8.2 40 » Zuluaga & AMIRFZE 1T 15 1A B
SR FE T S _E R A ETR 2R DU 43 1E o B S5 TR T = S R » Gallwas %%
ANHIRFFEER HE T e B SR R i s B N YETTHY OCT 24t n) LARS A = SHIY 57 g Rl AS i 2
b > DU AE SR8 T S S T CIN AVFEE(> 1Y -

NI » BRI e A — 2R R - R+ 5 SHE RYRRERS T - _Loafise i A
B MIRE H AR ST YA i 85 A S B L& (transformation zone) DAK T = SHNEE (cervical
canal) HYSERE RS » H 7= SHAMEIT =#ERY OCT RigthE— RPkEk - It HrJgEd 5 [FEEE
ANiE o R - BREEAS & LA SR R UG EE W S 3T OCT St » B+ = S T R E E
HIRET G - R HATHE FEREN M -
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JCELEI AT E R i (OCT) /2 — TN TR i A fk 2R [ Bl AT 15 2 iH AR PR 2 R B BV 22
ARG - RES A RS I E T eSS RHEE R - RA AT R R BRI HAS
TR B ECEE Y - 20 1 P - BEM SRR AN AV B 2 G ET AL - OCT
A PUE R L S (ultrasound) SEEHYMENT R » I H Al DSR2 FE LB BRI (confocal
microscopy) HIEMHMRAERER S - Kt OCT EH T AEVBEZ G ST e R EREE
FHEYTE K © OCT R TEREEFEHE - AT~ DIRERVED K2 B B BUE TRz » 5
GEE NIRRT - #hiEm 1 OCT fEB B SEIR Lryff FEE -
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tomography
| coherence
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L A 2 B 52 AR AR T 0 R AR T S SR AR AT L 0 PR (R H I~ L5 PSRBT A R il »
55 A Ba pily ~ IR BAMR)

OCT HYR B2 A FMEEFE M+ &R (low-coherence interferometry, LCI) 28
T IS [ B S [0 R R AE B - 418 2 s o B R A (sample arm) H225 55
(reference arm) Z[HHEAZE » (EMEEIE RESHEHRIIEEE - &R EF OCT 24
JRBF I SRl - A8 R RO B[R] ER B #R #1i7 (time domain optical coherence tomography,
TD-OCT) * £ TD-OCT 1 - 75 ZRE 8 2275 b o 1 S5 858 DUAS 2 B B A B AR AR AN [T PR
HPEAR B EAE T - (B2F 0 Th R8I SO 5 B B RS TR Rim s - 16 B
[IHEEN A Z % A iR eER - M8 T OCT MU ERUE NI B G « Rl » Fercher %A
AR H T B ZE O 2[RI FHET g R f#1i7 (Fourier domain optical coherence tomography, FD-
OCT)'Y - & BER AR BRI R TSR E AT - R AE S E P i A TR 2
REAETS Bl S 853 20K 52 Al (B0 F i

FD-OCT EfERITE N [E OCT £ifiy « A= LRI iRl (spectral-domain optical
coherence tomography, SD-OCT) F1#7#H =X ¥ 22 [ T ig f7 1 1l (swept-source optical coherence
tomography, SS-OCT) © £ SD-OCT 1 SS-OCT H » v 0] DUZ it $ I 20+ 5 AR T 4
7 TEEER AR B R RS S MRS REEUE. o SD-OCT 2 FHEIEFHE AR - & AR EIRA L
FEA R ERRA WA FIRE RIS ARG R - SRR E AR HIE 225 bR m e A
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At o AT PR T AR RS IR RRSR o T SS-OCT AR A RAFHHA T HHOLIR - 1E1F
i R AN R R H B A 2235 (narrow linewidth) (2 Y63+ 3iff FLEH DA 20 3 (8 125 2k
f b ER SR L THER 2 B B IRAVHERR -

1D 2D
Axial (Z) scanning Axial (Z) scanning

Backscattered intensity transverse (X) scanning
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2.0CT ¢ fetnly » BB AMART EWIFH LR RER _GR B amEHEa-

= - BRIERABE OCT RN

HR AR N AIRFSE R - OCT BB AR SR SRR RT 8RO HA B 8RN © AL - {#
RESTE A PRAY R By #0 E 5 = SHHEST OCT B » MES 2 E S L& DLRAE 5
SHNEIEEZE - S B PR A S EOR 2 B 7 E i R IRAE R RE st S el Fia )
PREVEERS (ex vivo) F = SHHMETEE - 5590 - iR OCT Bl BfiEasmE - A LAEihEE
EFETR2E  (HHEFOLER G BRI E SR 2 MR AN TIEERERE - R G
MrRESZ IR

TEAMTEEAH - Tt BT 5% OCT FEBZE T /5 & NSRS E 1) OCT 24t » Ik
NREEEE OCT L il H = SHNE T =M B - TEET ARSI TEZ AT - FRFTEARER
HPERESETT T — RVl - MR DL EFE R RE R AR T G IR ENI WD HIE SIS - R
K er B T SR ET AN E SRR ARG - WA AR EE S M G - R’
HEERE RS & - BB PR S A2 B R R -

3 ot & NTRSEE R OCT R E o 1E IR H A 8 A A S =X 8 50 R
(wavelength-swept laser light source) ZH LR Ry 1310 nm » 7 K& iE (tuning range)
F5 100 nm * fFHE=R (sweep rate) Ky 100 kHz © £ OCT AM T EIVE ARG T - KE RS
@ (fiberoptic coupler, FC1) A M (ER EDEARIEER SR (circulator, CIR2) » RZOE#IEER A HI
HE— A R A iR S8 5 E I iedE 208 (rotary joint, RY) » FERRAMBHMAEI TR GEREIRRE 2/
AT TR NS (catheter) T HERIH TR - AR EE EER i ZIEr
g L O 1 = PRS2SR L7 2 AR VI S M B (RFEE (plastic sheath) @ il HEE R
o Ui 0 78 3 B S R iR EE R - AT DA (RIEAE VI B R R IR IR (TR 2 22 1% - i85
B 7B R e AT LB B OCT =MEpk(E - S e [ R B K AT DUEE] 6
cm » W BAER G EREREE [ HuE Rl SR E B o SRR Y R R R
Ry 3 mm - G B RHARME A AT = 2] 7.5 BOR TR -
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3. W% OCT % %47 & B ° DBPD (dual-balanced photodiode) : # -F# & &R 7% ; RJ
(rotary joint) : PYAR4% 4 3 #8428 ; MDL (motorized delay line) : &y L4 3L #4% ; CIR
(circulator) : £4HE3R % ; FC (fiberoptic coupler) ; £454% 425 5 PC (polarization controller) :
FRALTE &) &

ERHTHENZFbR - K ECEIEERST CIR1 R H 6t (4 A BB B LRI E
7% (motorized delay line, MDL) » 3% GASAE B i FH AL JBE w5 472 il 2 FIT P28 il T S ol A 2288 35
PACABR S B IE TR 2 P 208 SR P [ 1] DA B 22 & O AE (optical path length) » T BRAR A Y ¢
FEMETTHEFZVCAD - (206 MDL [T E] 50y & B p AN I S B G E AT 4 - g T
WO EE R G fs FC2 {HaHE A FEE SR BE (IS (dual-balanced photodiode, DBPD,
Thorlabs, Inc.) HETTEAEREIL - FEERT 12-bit JELLEL(EAES (ATS9350, AlazarTech) FHH
DBPD B2 4 LA AR BRI B S AT FE AR - DT IR AERNGR R BRI R E A - RS IR
A C ++ BEXFESRE T NS (2 - DA G ETEIE R ~ EER S
R G RE -

I~ PRGFEREA S

Fo TN OCT SRAMREH BEE & e AR B 2 R B A B > FFTR LA SE OCT %
MakaT Al HEE T HHRBEFR ARG H - AE 4(a) R @ SR Th e a8 N $iHY i
WEIH - OCT FHEADLEZ I « EAE SO - BRMELS - BRI SRR
a0 ERGRERMFEGTERADEREGE. 2 SR AT DU N A FL B SRR PREC A
FH - T35 PR 85 T AE R R AR R T4 B R (rotary joint) BBH /B DT IR B S g H 5
HoH g m e H /i i . e B A O e — 25
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Ry T 018 Badg R i ERE - BAMEE RSB N8 OCT At N ERIFERHETT OCT
ZHER G - H AR SR EETE DL 20 THAYIERE L (rotation speed) HET g o [BIH7HE
(pullback speed) 55 0.7 mm/s » DU 117 597 20 r] DUZ S R iR et s - BIRI15E] OCT =
HEFAR - @ 4(b) FeiR(FEE IR 812 Sebin iy AJEFRSS OCT Me#liAEs 5 - HHRZIE A DU 8 i
kB IR FZ (epidermis) » E Y (dermis) FITHR (sweat ducts) 38 28 EA FFEUE: UM B2 R4
e S B T B AR S OCT SR T DA R AFRYER A = S8 AR - I BRI DAGE
HIRZ TR 81388 OCT SARREAITE AR B IE R S E & OCT se BRI T -

(@)

~100 cm

4. PNAEEE OCT 2% XM BHRA LS E 269 3D & B (Solidworks) © (b) AfadE R
OCT kB \m# 1% » L4 & & (epidermis) » H & (dermis) Fu&r & 47 52 A7 45 649 7T IR (sweat
ducts) ° *: & & £ RATRF AR -

ES E

YA TESERERPHEE T RRRIGIGEEES A T RBREEIERW - IR
(T = SHE AT B — BT 2 B AT BTN BAE - 35 RIS 75 SRR B R2 i B fi e
R - AIUYERF 2 SRR IRFI SR - Y2 FRIFTHE R E — A TR
Tl IV R] A 2R A R 2 (R B B R CER Rl Bl - RES TR RS 1T A =RERE - OCT
BT PERIROR SR - I HA R RIAUREECEA - A SRR E A Y
BB EGatEEL - OCT I LIE IR L F IGE E H s s BT & - It H a DMS 2] T3 e
SRR E R AR R - AR =D > FIsFAR R EH S OCT &b T
B NIREEEE T OCT S# » MAMRSEE OCT SR Al A+ SHNE T =HEpk B - 1t
T AR FEZ AT - TRMIEREESRMIEREEST 7 — RSl - &S T UGBS R RS iR A
TR B IRENIE HEAREE - RGBS (EET AE T SHRA KRG - WA
FFrBRE R EE R e BT - AR & - SBIER R BRI E R R - AHEIITE
HAERNAEYIR G - BRI S T E S Ente - IS Eaye e R I8 M RaEmin
BE o HETHE RIS -
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