#£50% & 21H/2023 % 11 B/FEEx

W BEE A AH T2 B A5 i F 58 2k e 5 i

REH £E
He st (5 SRR A AR B2 5O T2 BE, dbat 1001925
AR BRSO AR B AR R A &, At 100192

WE M TR R (OCT) AR — T ICARIC I = 4E AR BOR , BoA 7 e iR B A0 . N B
B I8 OCT $ AR B —A> 2R T, E A58 2o (O RSk N 815 A8 SR AT AE R L U = 2 TR . BT OCT A& se IR
T P AR 3 A A A SR AR MG I TR T O B B A B T RS T AN T s Y R TR AR SCE AR T
WEE OCT LR 1 JEFR AN R G540, AR5 B 25 T N8 OCT 3k 19 & ', B 238 T N B OCT AR 1) S i e e H:

T ) B 2 U 1o

KEWE  EADLY; LM TEN G WEURG; MRSk RS

FESEES 0439 XEKFRERD A

1 gl E

G2 H TR H AR (OCT) B AR F AR AR T+ 3
B K S0 50k AR S R DB AT T SE Bk
2O B TE AR I R o B S R . A 1991 4F
Huang %5 i W OCT WM& LUK, OCT 5 AR 78 i
25 30 ZAE N & R R, I 7 TR sh Bk B B2 e L A HR
) JIES 3 95 12 W 5 AT R AR AR T T

H R, 5 Y B 2% AR 4 R A 4 i LR 12
AL E AR OB R R R SRR
B OCT HARAE 308 A% I =X AE A [ 19 1 DR 43
WA EA A SRR A E S AN
AN - 58 5 B AR H AR T B R RE i BEAT PO RRAC , M HLAE
KEZHH L 0 AR TR A LA ok, PRI 3 %
T SV AT U) R b B 5 8 P AR T D S IR 2 A4
AL AR 3 BE R 255 100 wm, ME Ll IR 5 43 B A4
K;OCT AR BA 2510 pm B 53 HER LI K 1~3 mm 1)
PR TR IE AT 25| ASME ), A T 2 /R4 2L
IR, PR Ry Ao i vz

e OCT B ABEA: 2 497, F 58 A Bt 32 Z8s Hw T
BRSO KAL) . OCT HAR R L K
I PR b X6 735 2 B AR AR AR 38 VI35 3K L2 3E T OCT
BRI & B . 1995 4E , Fujimoto "4 1 T OCT
OEFETER AR, IHE ] OCT P85 85 %k JE IR i 20 4L
BB AT T WAL . 1996 4F |, Tearney 25" IR KB T
OCTHHM FENE B -

HILLUS, B OCT # AR K& . mE 1 aLL

DOI: 10.3788/CJL230904

Al RAEIRBE OCT BUBAKIR b 4 32 5 Az, {5 9 BT
OCT BB A MW ST 5 N H 4538 2

2 OCTRGIAY

2.1 HHH OCT &4

% —fLOCT XA A B OCT (TD-OCT) , %
F Y038 3 2 7 WL 0 255 6 B R R, T
SRR EN NG . 2% B THBOCT 24
) 25 k0 7 B L LS H 2 0L T 38 v B P T4 . B 3k
OCT 3 FARAH T8 , A& R4 G 38 5 7 ik
WAl AR RS SS % kASEFROLR
5ok AMES B S I ECROE R AE T, Tk G R
MgsHal . 208k R SR 3RS el B AT IS
FIEM S AER . W OCT & 2 A B
VAR = AT N L S
22 S OCT &%

1995 4F , Fercher 25" 48 Y T — Fh 4587 19 A% 5
KM OCT £4:(FD-OCT) , BE£K T OCT
22 6 M AU R 2548, 8 2 )R R K ot
15 5 A7 A L o A5 46 ok R BORE S A TR BE AR B o IR
OCT X a4 4y i 3 OCT (SD-OCT) F 4 OCT
(SS-OCT)H K%,

T OCT RGeS IR Fa A G IR, R FH 26 [ R
T T WORME TR A AL IS I OCT ARG 454 W
E 2(b) fin o Sial SR & ot S e i & 4% 5
O3 SE AKE LR RS R W EGR DGR Ll ot
W36, B 568 20 2k B AR AL I, DT A5 BR8] 8 K+ 36

Wi HE . 2023-06-12; f&EHEHR . 2023-07-07; RABH: 2023-07-12; MELEHXZHE: 2023-07-31
HETH: EEAKPEEA(61975019) b #E Z 0 SRR E S H (KZ202011232050)

#BE1EE . Tjlangzhu@bistu.edu.cn

2107103-1


https://dx.doi.org/10.3788/CJL230904
mailto:E-mail:jiangzhu@bistu.edu.cn
mailto:E-mail:jiangzhu@bistu.edu.cn

2% 50% &£ 21 #1/2023 £ 11 B/ E#*x

6000
5000 f
2}
g
£ 4000
=
e
2 3000 f
o
5]
g
2
E 2000
=]
Z
1000
0

dermatology
» endoscopy

= ophthalmology

B 1 1991—20224F  HRFF P9 85 F1 R Sk OCT BIF 58 69 Hh il SC ik Bt (B - 98 T PubMed )

Fig. 1
@

light source

fiber optic
coupler

scanning

oscillator
E—N

detector

—{ data acquisition ‘4‘ computer ‘

_______________________

coupler

detector

fiber optic

The number of publications on OCT studies in ophthalmology, endoscopy, and dermatology in 1991-2022 (data from PubMed)

(®)

broadband
light source

i diffraction
1 grating

fiber optic
coupler

reference arm

scanning
oscillator

line array
camera

sample

reference arm

scanning
oscillator

data acquisition H computer ‘

sample

2 OCT ZGHEIKE () W OCT R & A ; (b) i OCT RGEHHE ; (o) HMOCT F4¢ st HL &

Fig. 2 OCT system schematics. (a) Schematic of a time-domain OCT system; (b) schematic of a spectral domain OCT system;

(¢) schematic of a swept-source OCT system
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Fig. 3 Different types of OCT endoscopic scanning probes. (a) Lateral view endoscopic OCT imaging probe'™”
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Fig. 4 Other types of OCT probes. (a) Lens-free endoscopic probe™’;

(b) endoscopic probe based on polarization-sensitive GTIN

lens™; (c) dual-modality endoscopic probe combining white light microscopy and OCT""; (d) multimodality endoscopic probe

combining OCT and fluorescence imaging™’
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Table 1 Performance comparison of representative endoscopic OCT systems

Author Year LalAcral A)fial Diameter /  Rotation f?ccd / Central Sample
resolution /pm  resolution /pm mm (res™ ") wavelength /nm

Lietal. 2009 10 15 5 0.417 1310 Onions
Chen et al. 2013 6.6 7.5 1.5 33.3 853 Chicken trachea
Liao et al. 2017 4 4 1.5 30 850 Grape
Kim ez al. 2017 2.49 2.59 1.21 850 Rabbit iliac artery
Qiu et al. 2020 4.4 11.3 0.125 1300 Skin
Kim ez al. 2020 3.38 1.83 1.2 100 850 Swine coronary artery
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Fig. 5

UHR-OCT imaging of in witro porcine coronary arteries””, where the left panel shows the image of the intact artery, and the

right panel shows the image of the artery after stripping the endothelial layer
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Fig. 6 Imaging of isolated human lung tissue using an endoscope with integrated superlens”™, the characteristic structures of the alveoli

are clearly visible
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Fig. 7 Dual-modality imaging with OCT combined with fluorescence. (a) OCT- LIF dual-modality endoscopic structure””; (b) OCT-

NIRAF for coronary arteriosclerosis assessment””; (¢) OCT-AFT for in vivo imaging of the fallopian tube'”

500 um

® US-OCT

500 pm

K8 IEH R EKN OCT Mg 5 US-OCT BB A ML ™ . () OCT 1% 5 (b)) US-OCT EI%
Fig. 8 OCT and US-OCT dual-modality imaging of normal rabbit aorta™. (a) OCT image; (b) US-OCT image
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Table 2 Parameters and important information of different commercial endoscopic OCT products

Product Vendor Release time Key specification Advantage

Frame speed: 15 frame/s
M2 LightLab 2004 Line frequency: 3 kHz
The number of lines: 200

The first commercial endoscopic
vascular OCT

Frame speed: 20 frame/s
M3 LightL.ab 2007 Line frequency: 4. 8 kHz Faster scanning speed than M2
The number of lines: 240

Frame speed: 100 frame/s
C7XR™ Lightl.ab 2009 Line frequency: 50 kHz
The number of lines: 500

The first swept source OCT greatly
improves the scanning speed

Resolution: 10 pm
F2 Forssman 2019 Pull-back speed: 18, 36 mm/s High resolution and large scanning range
Scanning range: 14 mm
Resolution: <<15 pm
Cornaris®P60 Vivolight 2020 Pull-back speed: 20 mm/s “Zero” contrast agent OCT examination
Scanning range: 10 mm
Resolution: <15 pm
Cornaris®P80 Vivolight 2021 Pull-back speed: 20, 40 mm/s
Scanning range: 10 mm

New multimodal OCT system with multiple
scanning modes

Resolution: <<15 pm
Cornaris®Mobile Vivolight 2022 Pull-back speed: 20, 37.5 mm/s Portable coronary OCT system
g P y y
Scanning range: 10 mm
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Fig. 9 Imaging of rabbit abdominal aorta™. (a) OCT cross-sectional images of atherosclerotic microstructures in rabbits; (b) OCT
images of calcified plaques; (¢) OCT image of lipid plaques
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Fig. 10 Representative images of porcine coronary arterie””. (a) Angiogram after stent implantation; (b) OCT image (because of the

polymeric nature, the stent does not reflect light and therefore appears as a transparent (black) diamond shape)
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Fig. 11 TImages of radial strain due to pressure changes"”. (a)-(d) Phase shift between two frames; (e)-(h) the gradient of phase shifts
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Fig. 12 OCT cross-sectional views of benign and malignant bronchial lesions™. (a) Benign bronchial lesion; (b) malignant bronchial
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Fig. 13 OCT endoscopic image” (the mucosal morphology is irregular in the white line region with a nonproliferative Barrett’s

esophagus below it and normal squamous epithelium to its right. Star dots indicate motion artifacts, asterisks indicate areas

where the duct does not touch the mucosa, and arrows indicate atypical proliferative lesions)
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Fig. 14 OCT images of ischemic ileum with white arrows pointing to the interstitial fluid accumulation™
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Fig. 15 OCT imaging of the small intestine allograft on the day of transplantation versus one day later when it produced a rejection
]

7

TN BT OCT 7848 /5 /N B AT HE 5 40 6 T 25
HAE—Ew®.

OCT N 8 KAR 5 145 3 52 A0 45 G = A48 T N B
B (OCTA) AR . 2017 4F , Lee 2% %} 97 {4l 43 %
EERFEEIRIT R E AT T OCTA R, B UE T W
B IG5 1 5 BOR BB % o3 BT B A8 RE 9 I A ARAE W R T
OCTA TE I K2 Wi v (9 2 o [R]4F | Liang %48
T — AT AR R 3K, I SR Z AR Sk X i 1 A B A ok
AT 7 A%, G 45 a0 15 16 Frzs , I B T 25 7 b o]
UL 2022 4F, Yao 55" T 35 45 MR HE ORI B 25 AH C 2
] 5 22, 40 T OCTA Ff I 75 515 09 th 5%, 1X 37 44
A A R bR A L2 T RE T

Ak

reaction™

44 EERE

WEL OCT +7 AR RE G PEAG AL 4E | 5 81 g IR 4
G Z Fhodl gL O AR L 1#] 17 Bir R o 2008 4
Testoni 25" FF ) A PN 85 455 % IE JBR 45w A i g 21 21
HEAT T A&, R HER 2 W I 98 2 s A8 5l e 98 e s A
PAE TS FBE . S, Bus 2 Belinson 2843 31
Xif i R A RN T SR AT T OSSR R T A AL SUIE F
R AR BARRE T RS . — RS I
3 OCT W 814 AR Bk f EL N A 5 04 9 G 12 W7 7 i
Zz—

TE ARG 1Y B2 W T, 8L OCT 4 AR A 4
BET B . 2019 4F  LiZE W T —Fbopr AL Y
4 OCT R4, I RAIZ RGN NEBESEAT T RN

2107103-11



K16 ks BAA OCT AT OCTA K™ . (a) 150 pm B4R A9 OCT K% 5 (b) 150 pm % JE 4R A9 OCTA F 1% ;5 (¢)200 pm ¥ JE
A OCT B 5 (d)200 pm 4L 1 OCTA B
Fig. 16 OCT and OCTA images of intestinal hyperplastic polyps™’. (a) OCT image at 150 pm depth; (b) OCTA image at 150 pm
depth; (¢) OCT image at 200 pm depth; (d) OCTA image at 150 pm depth
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Fig. 17 OCT images of different tumor tissues. (a) Magnified view of biliopancreatic duct tumor tissue™”; (b) OCT image of ureteral

carcinoma”™”; (¢) images of normal, early cancerous, and cancerous cervical tissues
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Fig. 18 OCT images of the human vagina with 1.3 pm and 1.7 pm OCT system”’
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Abstract

Significance Optical coherence tomography (OCT) is a label-free optical imaging technique based on the principle of low-coherence
interference, which has the advantages of high resolution and fast imaging speed. OCT can image tissue anatomy and microcirculation
without physiological sections and exogenous contrast agents. However, the OCT penetration depth is limited to 2-3 mm owing to
the optical scattering of biological tissue. Therefore, most OCT applications focus on ocular imaging and endoscopy. OCT has led to
a better understanding of ocular structures and has provided efficient treatment of glaucoma, maculopathy, and other ocular diseases.
Endoscopy is another important field of OCT application. Combining OCT imaging with an endoscopic micro-probe, endoscopic
OCT can obtain three-dimensional morphological microstructures of in wvivo internal organs with depth-resolved information and
micron-scale resolution, which is advantageous in detecting small lesions under the surface of tissue. With an optical fiber and a
miniaturized lens, an endoscopic OCT probe can be inserted into the body through the working channel of a conventional video
endoscope. By overcoming the low resolution of ultrasound imaging and the shallow penetration depth of confocal imaging,
endoscopic OCT has become an indispensable imaging tool in clinical diagnosis.

Progress First, we summarize the development of endoscopic OCT over recent years. Although ophthalmic OCT still
predominates, the research and application of endoscopic OCT techniques are increasing (Fig. 1). Three types of OCT systems are
described: time-domain OCT, spectral-domain OCT, and swept-source OCT (Fig. 2). In contrast to time-domain OCT systems with
the mechanical scanning structure in the reference optical path, frequency-domain OCT systems, including spectral-domain OCT and
swept-source OCT, record the interference signals as functions of wavelength. The depth information of the sample can be obtained
by the Fourier transform of the interference signals at different wavelengths. Frequency-domain OCT improves imaging acquisition
speed. Then, various probes are presented, such as the anterior and side-view imaging probes (Figs. 2 and 3). An anterior imaging
probe with the beam along the optical axis is suitable for guiding surgical procedures. A side-view imaging probe is easily minimalized
and is capable of imaging tissue with small inner diameters, such as blood vessels.

Second, the various techniques of endoscopic OCT are summarized, including ultrahigh-resolution OCT and dual-modality
imaging. Imaging of porcine coronary arteries with ultrahigh-resolution OCT can detect lesions in the endothelial cell layer, providing
a new option for the early diagnosis of coronary atherosclerosis (Fig. 5). The alveolar structure in human lung tissue can be observed

clearly using ultrahigh-resolution OCT imaging (Fig. 6). Ultrahigh-resolution OCT may have more applications in clinical practices if
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the cost can be deduced. Multimodality imaging has become a popular research area in recent years, which can acquire multiple
images simultaneously and overcome the limitations of OCT, providing precision clinical diagnosis. Dual-modality imaging
combining OCT with fluorescence imaging compensates for the lack of molecular sensitivity in OCT and provides more detailed
information about the tissue (Fig. 7). Dual-modality imaging with OCT and ultrasound combines the advantages of the high resolution
of OCT and the deep penetration of ultrasound imaging to acquire two types of structural information simultaneously (Fig. 8).

Third, we introduce commercialized endoscopic OCT and compare the performance. Many endoscopic OCT devices have
emerged over recent years (Table 2). From the clinical applications of endoscopic OCT technology, we review the current advances
in cardiology, respirology, gastroenterology, urology, and gynecology. In cardiology, OCT applications for atherosclerosis
assessment (Fig. 9) and postoperative evaluation of stent implantation procedures have been introduced (Fig. 10). In respirology,
OCT endoscopy technology has increasing applications in the early diagnosis of lung cancer, chronic bronchial inflammation,
bronchial asthma (Fig. 12), etc. In gastroenterology, OCT endoscopy can diagnose Barrett’s esophagus lesions early with the
risk of esophageal adenocarcinoma (Fig. 13). Although endoscopy imaging is challenging for intestinal tissue owing to the large size
of the stomach and the long length of the small intestine, endoscopic OCT has promising applications in areas such as intestinal
damage diagnosis (Fig. 14) and small intestine allografts (Fig. 15). In addition, endoscopic OCT has been used for cancer screening of
various tissues, such as the biliopancreatic duct, cervix, and ureter, providing an accurate diagnosis of neoplastic lesions (Fig. 17). In
gynecology, endoscopic OCT technology offers new ideas for diagnosing gynecological diseases and monitoring of vaginal health
status (Fig. 18).

Conclusions and Prospects Endoscopic OCT technology has progressed from time-domain OCT to frequency-domain OCT in
the past few decades and has become an essential diagnostic tool in addition to traditional endoscopic imaging methods. However,
endoscopic OCT technology still requires continuous improvement, including the enhancement of imaging quality, the miniaturization
of probes, the extension of imaging depth, the improvement of spatial resolution, reduction in manufacturing costs, and combination
with other imaging modalities. With an improvement in performance, endoscopic OCT technology will provide a more significant
imaging basis for precision medicine.

Key words medical optics; optical coherence tomography; endoscopic imaging; miniaturized probe; endoscopic catheter
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