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Progress in the application of in vivo confocal microscopy in different types of

dry eye examination
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(Department of Ophthalmology , The First Affiliated Hospital of Chongqing Medical University )

[Abstract] The pathogenesis of dry eye is complex, and various etiology will eventually lead to corneal and conjunctival injury and
cause a series of eye discomfort symptoms. Understanding the pathological changes of the ocular surface in patients with dry eye is of
great significance for the diagnosis and treatment of the disease. In recent years, in vivo confocal microscopy (IVCM) has been increas-
ingly used to study the microscopic world of dry eyes. IVCM is a non—invasive imaging tool that can examine the changes in corneal
cells and nerve fibers noninvasively in real time, evaluate various structures such as meibomian glands, and provide better help in un-
derstanding the pathogenesis of dry eye and histological changes at the cellular level. This paper summarizes the changes of ocular sur-
face of different types of dry eye under IVCM in order to further understand the pathological changes of each type of dry eye and assist
clinical diagnosis and treatment.

[Key words ]dry eye;in vivo confocal microscopy ; ocular surface ; histocyte

TR A Z R 5 A 18 PRI B , & i THW Y 5 L DA S B 55 i S ML A 5 RER IR S L (R T 40 Th 4 i 2 272
KBy Iy 5 BN TH AR 8 BUIR RO ], AT A 993 75 IR 2R 180 T 951 3 AT B Al 1 (meibomian gland , MG) , A]
HR 22 G iE SN A1 S5 005 B 26 S, s G MR 22 o AR i RIS A Sl G B B 28 40 (R T2 SR W R AR e i A etk
RAN () N RE S TR AR 2 T 0 e ) 51, 4 A5 CT K MRIAT T TH MR A A | X L 45 0 LL K A RE &5t 1y
BRI A 5%~50% , T8 17 B 285K 219%~30% , W 5 540 £ r A RATF IR (R T S R A i S A MRS, HLCT
HHERRR, AT TR A g G i (B AR, MRUBRAERT RIS, SRR R AL, B A e
o AR IR A BB (in vivo confocal microscopy, IVCM)
fRETTER:E & Email:924427573Cqq.com, B 4B T IR S PRI R ML 00 S0 360 — IR A

G  : A BB AR R i
BREMEE R 2 Email: cququam@163.com., MBS WE T 5w 7RIS X 22 B EG  4 2 U 3
HEEWE B &A% EL® LR A (%5 :82070935); F jk PR AT I R A o 7E T HR 4G, TVCM B 32 N H T A
THERAEZHAABAD (%5 :2023GDRC004) ; JIEE 3 R G Al R RV R A e !, 5 A5 2 O 1) PTAGORT T
SREHASAREIRRAMARARMETA R A SCET VO TR BB
158 H AR : https:/link.cnki.net/urlid/50.1046.R.20240206.1104.024 BAESZ R0 DL T IR LR TVCM R A ERRE , D i R 2 TR
(2024-02-09) Rt 5%,




BERERKFZR 2024 £55 49 5 2 #5 (Journal of Chongging Medical University 2024.Vol.49 No.2 )

— 115 —

1 KikEsR= 2 TR

AR Z 19 IR PR K TR TH VB A AN J2 B8 8 5
g, Horp T 25 5 1F (sjgren's syndrome, SS) A &P+ 1R J&
A SS THRZ B & S /v S H R BIR , 5 8UR =9
™ e AT | & IR G, IVEM 58 SS TR
AR 2 S0 SO 2 L T L3S Bl I DR I A DA 1 % il YR T
Wk S

AW IR 3™ F oK 235 S f Bk SR A T 5
AN ECE TR, 8t TVCM B IS SS i, K B f I
& b 2 A TR S AN HL U DA B TR B | 240 e ) b
Rt - B ol e ol W AN N 9 N <1 1 T
U ST R RSB U /D T B0 A R B AL, TR AR T
V220 0 5 E U A R T AR SS T HR B T T TR 40 it JC T
285 AE TR FE 2 0T I S5 A B, REEAR S R At L ( den-
dritic cell, DC) % B B @ 38 i, 3 LR SS T-HR BH o 44 =™,
Matsumoto Y FI Ihrahim OMA" ] F] IVCM WL %% % Fi SS T R
FECE I DN S AT 6 5% A B (R T TR VA B S 25 L
Kheirkhah A 55" B P4 52 240 B 2% 5 BH S R . AHAL T SS
TR K Ag RS IR, IVCM T SS IR 535 Ay b 22 2T 4 i L
A3 SO PG AT B R IR I A 2R il R A R
T A2 R R AT s B 22 B B g A R
ZERE AT BB A A 3 T 1l R 27 4 A B T A S
FR SRR B s (B A RS R, SS U A IRl 22
i B S U U R T R A . Yang T 4ROV
IVCM WRETH AR % B0, AR A (e B R, R0 S0 2 i AR
LB ARG, 7T MRS 58 R 200 88 A 1 s

WEALTFEIA N SS T MR £8 2 A RS2 ' 28 o G BV hy o gt
b B SR AL R TVEM WSR2 BUIZ MR AE J2 il T A B 1 e %
BB SE R AP | b R T B 0 A SR S BO R IO
FHEIN BT RO PR R A TR AR A R R A o
BEAR, L WTE RS K g5 LR AR AR, 5 3000 I ARG D 4%
FHADA 590 I 1 Bt e T e 32 45, R SR8 e 3R , gk 5
B P E . SS IR AR A I PN B 0 e % T 1) AR LA
L, BB b0 i ol (5453 — 25058, DC
YHLAE £ o e 2 v R P B BEAE A A MBS0 2 S A
Sy de TR SO0 Y FHZEATT B R MR DC &L S TR ™
TR Z A E AR OGO R P B R H IVEM W 5% 11 DC %5
JEE T Sy A B M I PR T IR AR 3 TR 3 2 S RE RS 1 8 A
Z—o BRMER LS IEAN M2 BE KB AS AL, TVOM 38 1] 4347 45 i
YU HAZ S LL A AR T SS T IR AR 8 BR 2% L - Je A0 i A 3
L £l 55 o HE 3 B G 1 P2 (R B B 2 S I 12 A A% S L )
WEFEE D AR LT 5 BT MR 13 1) S FH MR 75 R
ENTEASEES

2 EAILEETER

JR 0T S 2T IR B o 23 o ki i S AR TH R kil
PRI E, v G AR IR T BE BE A (meibomian gland dysfunction,
MGD) e A # W, MGD J& MG Ag—Flvig o kI8P As , i
RS BB AL R

FIFHTVCM MEE MGD fE 35 & BEMGD T IR B F ipp 2
% B TN 22 I 5 fE RS RS A b 22 SR R X
2 i A g s, L R P R B MGD SR P A R R
P RAE 2 A G2 75 X MGD 3% A B e DC SR &R
X HE 21 A 8 ) (E A LA A 53 & B0 MG D i B
X MBI AR IS DC %5 5 22 S R 4e 124 3 P TVEM N MGD i
I T 1 1A 58 R0 2% 3 A A AU R B o L, AR FL AR
NG B 5 284 T3, W Fa3 1) SSTAS X5 S o, e v e %
PR IRLAE B R AVAT )72 0 R SR 9 i AN, L MGD R
B MG ZE 47 B 12 B IR R £ i

X % I B A A 22 5 il AR S KE MGD TR 55 fg e st
WAL XAy I AR R F ARG 520, f I 22725 il 2 15 et
MGD T-HR 5 A 2 A TR X 43 3 T 16 . # B DC 41 it 25
JEAFAE 1L, T REJE MGD fB 5 # 5E DC 40 A Ff1 5% v e i ]
KA AN BRI R Aoy KR, SBOT R EES .
162 R A HE AR S BRI 5K B A Ry & MGD iR 3 IR FB R &
MG FF H B 25 B A8 H 3009 i B0 2 30, L MGD J8 3 i R AR
B ARAEAR BT, TVCM S ME— BB S I 1) L4 21 21 2 ol
BT, FIFH IVCM X MG 20l 2= TR A BE TS, fgfs W01 &
BRI 5K, AT S B S50 T 3k S MGD T HR 119 & 2E {3
H ATV BRI 8D RN S RIS 4, A BT ]
AT A1 (50T

3 HEAREETR

FHEE 5 BT IR 15 PR R 1 R 2 b p 2 i
L HARAR AN ) AZ 458705 e, 15 PR 22 D IR 3 25 1 1 23 P4
Y. Z9AIT T OCIRIAIT I —& 0 i, KNP E LR
A TEUR SN K PP AR 1T 5 | 2 R TR

25 ALK 40 M 0 B B CRE J 1, A B TR AR e
PE AR Z2E T AR SR H AT TVCM B IE S22 WEAS AR 40 i
AR AT SRR I kR A A IVCM & 305 4 B ) 1R 4 A
L, 75 GHR A 2 AR AN i T B, S5 B2 iRy T A L
Z 2P EYIA T I B I S5 AR A0 i 25 2 B B SR, TR ie
Rak MR 25 2 5 A B R IR 5 75 YRR AR 3 5 AR AR
YRR B B R AR S AR, SRR M IS i 2 A R
T ERE AN MR I, i P RN 9% J IR YT 1 R JEE AT AL
BT 2P IVOM MR Z R 253697 10 3 (2P0 2) ff i
BB AN, 258 DC AN , vogt MR £T 44k, MG i
A28 R T AR R AT, Rt o0 0 B S SR 38, 8 11 5k B,



— 116 —

BERERKFZR 2024 £55 49 5 2 #5 (Journal of Chongging Medical University 2024.Vol.49 No.2 )

TEFOCHGGT IR b BRI MOR AN B S5 44 I D RE A e
PR TR B A A A 2 — > B PR, TVCM 2 — A
(E AR R ANEROAR | 1] B4 S 75 IR A8 45 AR 14 240
WD JRAE A Y SR AR A BT B0 BE A A R T S ] e
G TR AR 5 o TRl SR JAE TR 5 BOM I T A R 5 il
> RIIRENRAS , rTRESE 2515 R AR 5 L B i A S B R )
JELIH R R IT RS G B A S+ r . HETREAT IVEM
WEE 25k T IR AT ST h T A5 IEARIR 4 M A ks, 5 T4
HRAG TS 25 TG B 4 I TR e I R R B A D, s =
ek MRS 245 B P B IR P I IR 5405 18 % L 437, S oxsh T
X SETT I AR FE AT B T BT 1]

4 BRSHNZEREETR

TH BN 2 5w R IRPH T A 2h 2 e w s e, s
Wk B % JHRHES 50 SR B TR, RSB IG H A R
SRR T AT, IR F R R TEIR I A AR 4 2 UL
F R B AR SC 4 BR 9% (thyroid—associated ophthalmopathy,
TAO) , X & —Fh 5 HUR R T A 58 bt HUIR IR DU S 3 4
I E B HRE

il FH IVCM MER & 30, AR TG s TAO, 76 s TAO &
B R AR A BAARDUIYT 20 A B B, S5 I 1 e A K
PR AR M 5 B R e, (B b R 2T 2 B o 22 il 7 3R A 355 338
FEETE s TAO B 3% M) 22 F G 28 U7 TAO B &
MG BRI 5Kk JEA AR, B A8 B HESZEAL , AR X
WA LG, MG F B 58 48 /08 , I N i) 0 v g RO 43 i )
B 9E  TF 1 ] 1B AT DL AS [) 3 10 2 2 Ak, e 76 8] LK a4
E AL o A3 L A B FEIE B M TAO S T MG A
S A 3 T kA A AR B A . R RS Bk
TAO B, 38 0] DOULER 31 MG BR AR BH 38 9 9k Fi 4 2
TR IR AE 5218

it L e AR, AT LA Sk TVCM AR A MG EAF L
AR o S TG B P AN AR S B TAO, PhsE f2 75 75 B4 B R
TBIT o AR AN AU 2 R R 6 Sl ) B e e 51 & 1 HR 3
YEREFITECT AR AN 2 5 B0 AR 1 43 I AITH AR
FE X AT BEE T S0 TAO AR BN R B s T AR TS s 3 R
FRA . TAO B E MG WOULES #4728 1k 35 B2 BH 28 M1 98 4E
TR, Rk R Ak 1 S T BE R TAO FE A IR Bk 58 TG
Y K FHOE AT IR ISR, MG 20, et i MG FHL
FE FRGE U AR ANARIEE S R AT A AN EAE L B
KRG MG LAk, 0 IVOM AT 3% Bh it — 25 3% TAO &A=
TR A AL | 2 2 PPN R 3 1 A 25 IO 25 A AR 1k, A5 B 1
il 7 BRI 45 T et T3

HR 2 A7 T WG RF A A2 W vh 2> B 22, TVCM X

MR PR 2 S5 M A T 240 )2 T b ) TE RS, T DA R B
WLEEAE) S OB M B IR A A YR 7 P IR
ARSCHIAR A IVCM AT LSS A 25 245 IR A 45 155 200 fifd 2%
JEIRAS SAEANMTIR U Ak 28 2 AR A DL B I o Bl s
A WO B WL PR AR AN I £ S SR, AT AN [ 28 2 T IR AR iE
PEAR UL, wT LU B S Ol sh A2 1k, PrBIBE VTR T o
B2 M HRAR 5C B 25 R B0 i PRAZ T ) #h SEHAR
IVCM IE H 45 52 2 S AL, 91 2R ok n] DL i TR A GBI FIR R
S BRI 70 BT A il 5 AR G IEA FE AR ALY

& £ X #

[1] Stapleton F, Alves M, Bunya VY, et al. TFOS DEWS I epidemiol-
ogy report[J]. Ocul Surf,2017,15(3) :334-365.

[2] Sim R, Yong K, Liu YC, et al. In vivo confocal microscopy in differ-
ent types of dry eye and meibomian gland dysfunction[J]. J Clin Med,
2022,11(9):2349.

[3] Vehof J, Utheim TP, Bootsma H, et al. Advances, limitations and
future perspectives in the diagnosis and management of dry eye in
Sjogren's syndrome[J]. Clin Exp Rheumatol,2020,38(4) :301-309.

[4] Labbé A, Liang QF, Wang ZQ, et al. Corneal nerve structure and
function in patients with non—sjogren dry eye : clinical correlations[J]. In-
vest Ophthalmol Vis Sci,2013,54(8) :5144-5150.

[5] Lanza M, laccarino S, Varricchi G, et al. Corneal confocal micros-
copy alterations in Sjogren's syndrome dry eye[J]. Acta Ophthalmol,
2017,95(5) :e366-e372.

[6] Cardigos J, Barcelos F, Carvalho H, et al. Tear Meniscus and cor-
neal sub-basal nerve plexus assessment in primary sjogren syndrome
and sicca syndrome patients[]]. Cornea,2019,38(2):221-228.

[7]  Alhatem A, Cavalcanti B, Hamrah P. In vivo confocal microscopy
in dry eye disease and related conditions[J]. Semin Ophthalmol, 2012,
27(5/6):138-148.

[8] Kheirkhah A, Rahimi Darabad R, Cruzat A, et al. Corneal epithe-
lial immune dendritic cell alterations in subtypes of dry eye disease: a
pilot in vivo confocal microscopic study[J]. Invest Ophthalmol Vis Sei,
2015,56(12):7179-7185.

[9] Machetta F, Fea AM, Actis AG, et al. In vivo confocal microscopic
evaluation of corneal Langerhans cells in dry eye patients[J]. Open Oph-
thalmol J,2014,8:51-59.

[10] Matsumoto Y, Ibrahim OMA. Application of in vivo confocal mi-
croscopy in dry eye disease[J]. Invest Ophthalmol Vis Sci, 2018, 59
(14):41-47.

[11] Kheirkhah A, Saboo US, Abud TB, et al. Reduced corneal endo-
thelial cell density in patients with dry eye disease[J]. Am J Ophthalmol,
2015,159(6):1022-1026.

[12] Fea AM, Aragno V,Testa V, et al. The effect of autologous plate-
let lysate eye drops: an in vivo confocal microscopy study[J]. Biomed
Res Int,2016,2016:830-842.

[13] Gabbriellini G, Baldini C, Varanini V, et al. In vivo confocal scan-



BERERKFZR 2024 £55 49 5 2 #5 (Journal of Chongging Medical University 2024.Vol.49 No.2 )

— 117 —

ning laser microscopy in patients with primary Sjogren's syndrome: a
monocentric experience[J]. Mod Rheumatol ,2015,25(4) :585-589.

[14] Taccheri B, Torroni G, Cagini C, et al. Corneal confocal scanning
laser microscopy in patients with dry eye disease treated with topical cy-
closporinelJ]. Eye,2017,31(5):788-794.

[15] Tepelus TC, Chiu GB, Huang JY, et al. Correlation between cor-
neal innervation and inflammation evaluated with confocal microscopy
and symptomatology in patients with dry eye syndromes: a preliminary
study[J]. Albrecht Von Graefes Arch Fur Klin Und Exp Ophthalmol,
2017,255(9):1771-1778.

[16] Villani E, Galimberti D, del Papa N, et al. Inflammation in dry
eye associated with rheumatoid arthritis: cytokine and in vivo confocal
microscopy study[J]. Innate Immun, 2013, 19(4) :420-427..

[17] Villani E, Magnani F, Viola F, et al. In vivo confocal evaluation of
the ocular surface morpho—functional unit in dry eye[J]. Optom Vis Sci,
2013,90(6) :576-586.

[18] Cruzat A, Pavan—Langston D, Hamrah P. In vivo confocal micros-
copy of corneal nerves: analysis and clinical correlation[J]. Semin Oph-
thalmol,2010,25(5/6) : 171-177.

[19] Yang T, Delli K, Coumou AD, et al. The lacrimal gland in
Sjogren's syndrome: can we unravel its mystery using ultrasound? [J].
Clin Exp Rheumatol ,2022,40(12) :2428-2433.

[20]  Mokhtarzadeh M, Casey R, Glasgow BJ. Fluorescein punctate
staining traced to superficial corneal epithelial cells by impression cytol-
ogy and confocal microscopy[J]. Invest Ophthalmol Vis Sci, 2011, 52
(5):2127-2135.

200 X0 F, 4% UK REOR IR R R U TE TR A IR IR
FICB WP IR . B PRiRBE 2R, 2016, 16(12) :2213-2216.
Liu R, Li B, Sheng MJ. Application of in vivo confocal microscopy for
ocular surface observing in patients with Sj gren's syndrome[J]. Int Eye
Sci,2016,16(12):2213-2216.

[22]  Kojima T, Matsumoto Y, Dogru M, et al. The application of in vivo
laser scanning confocal microscopy as a tool of conjunctival in vivo cytol-
ogy in the diagnosis of dry eye ocular surface disease[J]. Mol Vis, 2010,
16:2457-2464.

[23] Lam SM, Tong L, Duan XR, et al. Longitudinal changes in tear
fluid lipidome brought about by eyelid-warming treatment in a cohort of
meibomian gland dysfunction[J]. J Lipid Res,2014,55(9):1959-1969.
[24] Fu JY, Chou YL, Hao R, et al. Evaluation of ocular surface im-
pairment in meibomian gland dysfunction of varying severity using a
comprehensive grading scale[J]. Medicine,2019,98(31) :e16547.

[25]  Villani E, Canton V, Magnani F, et al. The aging Meibomian
gland: an in vivo confocal study[J]. Invest Ophthalmol Vis Sci, 2013, 54
(7):4735-4740.

[26] Qazi Y, Kheirkhah A, Blackie C, et al. In vivo detection of clini-
cally non—apparent ocular surface inflammation in patients with meibo-

mian gland dysfunction—associated refractory dry eye symptoms: a pilot

study[J]. Eye,2015,29(8):1099-1110.
[27] Liang QF, Gao C, Liang H , et al. In vivo confocal microscopy
evaluation of meibomian glands in meibomian gland dysfunction pa-
tients[J]. Journal of the Formosan Medical Association, 2016, 52 (9) :
649-656.
[28] Villani E, Ceresara G, Beretta S, et al. In vivo confocal micros-
copy of meibomian glands in contact lens wearers[J]. Invest Ophthalmol
Vis Sci, 2011,52(8):5215-5219.
[29] Mastropasqua R, Agnifili L, Fasanella V, et al. In vivo distribution
of corneal epithelial dendritic cells in patients with glaucomalJ]. Invest
Ophthalmol Vis Sci,2016,57(14) : 5996-6002 .
[30] Georgiev GA, Eftimov P, Yokoi N. Contribution of mucins towards
the physical properties of the tear film: a modern update[J]. Int J Mol
Sci, 2019,20(24):6132.
[31] Staso SD, Agnifili L, Ciancaglini M, et al. In vivo scanning laser
confocal microscopy of conjunctival goblet cells in medically—controlled
glaucomalJ]. In Vivo,2018,32(2) :437-443.
[32] Agnifili L, Fasanella V, Mastropasqua R, et al. In vivo goblet cell
density as a potential indicator of glaucoma filtration surgery outcome[J].
Invest Ophthalmol Vis Sci,2016,57(7):2928-2935.
[33] Kam KW, Di Zazzo A, De Gregorio C, et al. A review on drug—
induced dry eye disease[J]. Indian J Ophthalmol, 2023, 71(4) : 1263-
1269.
[34] Mastropasqua L, Agnifili L, Mastropasqua R, et al. In vivo laser
scanning confocal microscopy of the ocular surface in glaucomalJ]. Mi-
crosc Microanal ,2014,20(3) :879-894.
[35] Wei YH, Chen WL, Hu FR, et al. In vivo confocal microscopy of
bulbar conjunctiva in patients with Graves' ophthalmopathy[J], 2015,
114(10) :965-972.
[36] Wu LQ, Cheng JW, Cai JP, et al. Observation of corneal Langer-
hans cells by in vivo confocal microscopy in thyroid—associated ophthal-
mopathy[J]. Curr Eye Res,2016,41(7):927-932.
[37] Kocabeyoglu S, Mocan MC, Cevik Y, et al. Ocular surface altera-
tions and in vivo confocal microscopic features of corneas in patients
with newly diagnosed Graves' disease[J]. Cornea,2015,34(7):745-749.
[38] Cheng SN, Yu YQ, Chen J, et al. In vivo confocal microscopy as-
sessment of meibomian glands microstructure in patients with Graves'
orbitopathy[J]. BMC Ophthalmol,2021,21(1):261.
(391 REMESS 2R 00, e BR , 45 . TG P4 SR i W Bl X FROR AR O
L5 A8 3 I A IR FROUR 5 K B IR BRI 52 (], £ R BB R 2 ik (PR 2
1) ,2022,51(5):676-682.
Cheng SN, Jiang FG, You YY, et al. Observation on the microstructure
of meibomian gland in patients with thyroid-associated ophthalmopathy
by in vivo confocal microscopy[J]. Acta Med Univ Sci Technol Hua-
zhong,2022,51(5) :676-682.

WAERB B —F)



