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<> Confocal microscopy is a modern clinical method, which provides in real-time mode a non-invasive possibi-
lity for in vivo imaging of the cornea, limbus, and conjunctiva. In several ocular surface disorders, this method
could be applied for diagnostic purposes, as well as for disease monitoring and treatment efficacy evaluation.
In present article, we discuss main changes observed by confocal microscopy in patients with dry eye, and
propose our examination algorithm of ocular surface investigation in dry eye disease.
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<> KondokaJjbHasi MUKPOCKOIHSI — COBPEMEHHBIH METOJ HCCJIeA0BAHHSI, TO3BOJISIIOLIHI B peXKKUMe pe-
aJIbHOTO BpeMeHHU OLLeHUTb HEMHBA3UBHO {11 Viv0 CTPYKTYPY POroBULbI, 1MMOa U KOHBIOHKTUBLL. [1pu pas-
JIMYHbBIX 3a00JIeBaHUSIX TKAHEH IJ1a3HOW MOBEPXHOCTH METOJ MOXKeT ObITb UCIOJb30BAH KaK C IMarHOCTH-
YeCcKO# 11eJIbl0, TaK U C LeJIbI0 MOHUTOPUHIA TeueHUsi 3a60JIeBaHUsT U OLIEHKH 3PHEKTUBHOCTH JIeUeH U,
B pamkax naHHO# CTaThbH pacCMOTPeHbl OCHOBHbIE H3MeHeHHSsT, HabJ a0 aeMble MPU KOH(DOKATLHOH MUKPO-
CKOIMHWHU Y MalHeHTOB ¢ cuHApoMoM cyxoro riasa (CCI'), u npuBeaéH cocTaBJeHHBIE aBTOPAMHU aJTOPUTM
uccyeoBaHus TKane# ryasHol mosepxuoctu npu CCI.

<> Karouesvie carosa: KOHqJOKaJIbHaH MHUKPOCKOITHS; TKAHHU rJ1a3HOH [TOBEPXHOCTH; CHHAPOM CYyXOI'O IJ1a3a.

Confocal microscopy is a modern method per-
mitting real-time in vivo assessment of the cellular
structure of the cornea, limbus, and conjunctiva.
High-resolution confocal microscopy measures the
thickness of each layer and evaluates the size, shape,
and number of cells, including cells of the epithelium,
stroma, and corneal endothelium [1, 2, 10, 12, 13,
17, 18, 20].

In 1955, Marvin Minsky invented the confocal
microscope, which was used for imaging brain cells
and in vivo investigation of synaptic transmission in
neurons. During 1980—1990, the method of coniocal
microscopy was studied in detail [2, 15]. The basic
principle of confocal imaging is that it uses point
illumination, which allows both the illuminator and
objective to focus on one point of the tissue. Thus,
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we get a high-resolution image, but the field of view
is limited [2, 15].

In this study, we used a confocal laser scanning
microscope [Rostock Cornea Module (RCM)] of the
Heidelberg Retina Tomograph (HRT3, Heidelberg
Engineering GmbH, Germany). The HRT3-RCM
system has a helium—neon diode laser with a
wavelength of 670 nm and provides high-resolution
(up to 1 pum/pixel) imaging. We performed contact
scanning under epibulbar anesthesia using disposable
sterile caps made of polymethyl methacrylate; the
system obtains diagonal scans of all corneal layers
and scans through moderately opaque tissue (corneal
clouding or corneal edema).

Confocal microscopy ushered in a new era in the
diagnosis of corneal disorders and other diseases of the
ocular surface. The state of ocular surface tissues has
attracted the attention of many physicians. The ocular
surface tissues include the anterior epithelium of the
cornea, limbus, and conjunctiva. Dry eye syndrome
(DES) is one of the most common diseases of the
ocular surface and is estimated to affect 5%—35%
of the population in developed countries [5]. The
Dry Eye Workshop defines DES as a disorder of
the tear film due to tear deficiency or excessive tear
evaporation, causing damage to the ocular surface.
DES is associated with increased osmolarity of the
tear film and inflammation in the ocular surface
tissues [5]. Confocal microscopy can help obtaining
a detailed understanding of the pathophysiological
mechanisms of DES, what is important for choosing a
correct treatment strategy and assessing its efficacy.
Moreover, the capture of subclinical manifestations
may ensure early detection of the disease.

Corneal epithelium is a non-keratinized, stratified
squamous epithelium and consists of three layers:
superficial, medium (wing cells), and a layer of
basal cells. The thickness of corneal epithelium is
approximately 50 pm. Superficial cells are polygonal
with distinct borders, bright nucleus, and dark
cytoplasm; their diameter is approximately 40—50 pm
and thickness is approximately 4—5 um (Figure la).
The shape and size of wing cells varies; their
diameter usually reaches 30—45 pm and thickness
is approximately 10 pm. The density of these cells
is approximately 5000 cells/mm? (Figure 1b). Basal
cells have distinct bright borders and no visible
nucleus; their diameter is approximately 10—15 pm,
density varies between 3600 and 8996 cells/mm?
(Figure lc), and they exhibit mitotic activity. Basal
cells have smaller diameter and higher density
compared to those of wing cells [1, 2].

Increased reflectivity of epithelial cells indicates
metabolic activity decline and the beginning of
desquamation [3].

Confocal ~ microscopy identifies  abnormal
morphological changes in epithelial cells and assesses
their density in different layers. Some studies have
reported decreased density of superficial and medium
epithelial cells in patients with DES [3, 6, 21]. Erdélyi
et al. revealed that the density of superficial and
medium epithelial cells in patients with DES was
702—984 cells/mm? and 4612—5444 cells/mm?,
respectively, whereas density in the control group
was 1026—1398 cells/mm? and 5437—6171 cells/mm?2,
respectively [6].

Therefore, individuals with DES are characterized
by a decreased density of superficial and medium

Fig. 1.
layer
Puc. 1.
CJIOH 3MUTeHst, ¢ — 06as3aJbHblIH CJI0H MUTENUS

Confocal microscopy of the corneal epithelium (HRT3-RCM): a — superficial layer, b — an intermediate layer, ¢ — basal

Kondokanbnast mukpockonus snutesust poropuibl (HRT3-RCM): @ — noBepxHOCTHBIH CJ10#, b — NPOMEKYTOUHBIH
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epithelial cells. The data on basal cell density are
controversial. Villani et al. found that DES is
associated with increased basal cell density [22].
Moreover, Zhang et al. demonstrated a significant
decrease in basal cell density in patients with DES
compared to that in controls (9234 + 1365 cells/mm?
in mild DES and 8634 + 998 cells/mm? in more
severe DES) [28]. The Bowman and the Descemet
membranes are transparent structures that do not
reflect light; thus, they cannot be visualized via
confocal microscopy [1].

The subepithelial nerve plexus is located under
the Bowman membrane. Its nerve fibers perforate the
membrane and form a sub-basal nerve plexus at the
basal cell level. The fibers of this plexus are superficial
and provide innervation to the basal epithelial layer
(1, 2, 3, 8, 17].

The main criteria for the estimation of nerve
fibers are density, width, tortuosity, reflectivity, and
branching.

According to Niederer et al., the density of
sub-basal nerves decreases by 0.9% each year
[16]. Decreased density of sub-basal nerves is
also observed in patients with diabetes mellitus,
infectious keratitis, after laser-assisted in situ
keratomileusis (LASIK), and after photorefractive
keratectomy [4, 7, 8]. Data on the density of sub-
basal nerves in DES are controversial. Hosal et al.
and Tuominen et al. observed no changes in sub-
basal nerve density in patients with DES [9, 21].
Zhang et al. demonstrated increased sub-basal
nerve density in patients with DES compared to
that in healthy controls (1423.5 + 609.5 pm/mm?
and 1315.7 + 664.7 pm/mm?, respectively). Such
controversy may be explained by the enrollment of
patients with different stages and severity of DES
[27]. However, several studies suggest that DES is
associated with increased tortuosity and reflectivity
of nerve fibers in the subepithelial nerve plexus and
the sub-basal nerve plexus (Figure 3) [16, 17, 27].

Fig. 2. Desquamation of the corneal epithelium (oblique cut,
HRT 3-RCM)

Puc. 2. JleckBamauusi 3muTeJusl pPOTroBUILI (KOCOH cpes,
HRT3-RCM)

DES is associated with an increased number of
beaded fibers in the sub-basal nerve plexus, which
indicates either damage or increased metabolic
activity [3, 21, 22].

Hyperreflective dendritic cells [Langerhans cells
(LCs)] can be visualized at the basal epithelial cell
level and the Bowman membrane. Their density is
34 + 3 cells/mm? at the center and 98 + 8 cells/mm?
at the periphery. LCs are antigen-presenting dendritic
cells of the corneal epithelium and represent an
important component of the immune system as
they can limit inflammation by the activation of
T-lymphocytes and other immune cells. The density
of LC decreases from the periphery to the center.
LCs are predominantly located near the fibers of the
sub-basal nerve plexus [1, 4, 11].

Accordingto Lin et al., compared to that of controls,
patients with DES tend to have higher LC density
(34.9 + 5.7 cells/mm? and 89.8 + 10.8 cells/mm?,
respectively). In addition, increase in the numbers
of LC processes may indicate their activation.
Normally, LCs with multiple processes are found
at the periphery, whereas DES is characterized by
an increased number of such cells at the center
(Figure 4) [4, 11].

Fig. 3. Subbasal nerve plexus (HRT3-RCM):
a — in healthy person, b — in dry eye
disease patient

Puc. 3. Cy66a3anbHble HepBHbLIE CIJIeTEHHUS
(HRT3-RCM): @ — y 3nmopoBoro na-
uMeHTa, b — y nauueHta ¢ CHHIPOMOM

CyXoro rJjiasa
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Fig. 4. Multiple dendritic cells in the optic center in a dry eye Fig. 6. Hyperreflective intercellular micro-inclusions,

disease patient (HRT3-RCM) “activated” keratocytes (HRT3-RCM)

Puc. 4. MHoxecTBeHHbIE JIEHAPUTHUECKHE KJETKH B OMTHYE- Puc. 6. TuneppedieKTHBHbIE MEXKKJIETOUHbIE MUKPO-
CKOM LIeHTpe y MalHeHTa ¢ CHHIPOMOM CyXOro ryasa BKJIIOUEHHS], <KAKTUBUPOBAHHbBIE» KEPATOLUTbI
(HRT3-RCM) (HRT3-RCM)

Fig. 5. Confocal microscopy of the corneal stroma (HRT3-RCM): Fig. 7. Confocal microscopy of the corneal endothe-
a — anterior stroma, b — posterior stroma lium (HRT3-RCM)
Puc. 5. KoHdokasnbHass Mukpockonusi ctpombl porouiibl (HRT3- Puc. 7. KontokanbHasi MUKPOCKOIHSI SHAOTEJHS PO-
RCM): @ — nepenusisi ctpoma poroBullbl, b — 3aaHss ropuubl (HRT3-RCM)
cTpOMa poro
TpoOMa POrOBULLbI Table |
Ocular surface assessment algorithm with confocal microscopy in vivo
Tabauya 1
AJITOPUTM OLIEHKH COCTOSIHUSI TKAHEH IIa3HOU MOBEPXHOCTU MPH MOMOLIM KOH(OKAJIbHON MUKPOCKOMUMU in Vivo
Cell density (per mm?)
Keratocytes
Mokasatean Epithelial wing cells Epithelial basal cells Anterior Posterior
stroma stroma
Dendritic cells (Langerhans cells) — /+ [+ +++

Areas of desquamation in the

superficial epithelium = [+ A

Hyperreflective intercellular micro-

inclusions EARAR/Rans

Thickening of the Bowman

membrane aaan/nn

Total length of sub-basal nerve
fibers in the field, mm*

Tortuosity of sub-basal nerve fibers* | — /+ /++/ +++

Granular structures in sub-basal

nerve fibers SRR nns

* These parameters can be calculated using semi-automatic analytic software CCMetrix Image Analysis Software v. 1.1

<> OPHTHALMOLOGY JOURNAL Vol 10 Nol 2017 ISSN 1998-7102



ORIGINAL RESEARCHES

21

Corneal stroma comprises approximately 90%
of total corneal thickness and consists of collagen
fibers, intercellular substances, and keratocytes.
Collagen fibers and intercellular substances are
transparent and cannot be seen by confocal

microscopy. The diameter of keratocyte nuclei varies
between 5 and 30 um; they are bean shaped in the
anterior stroma and oval shaped in the posterior
stroma (Figure 3a and 3b). Keratocyte density
is observed in the anterior stroma (Figure 5)
[10, 12, 14].

«—» «t+»

Fig. 8. Dendritic cells

Puc. 8. Henpputuueckue kjaetku (Jlanrepranca)

«—>» «+»

Fig. 9. Superficial epithelium desquamation focuses

Puc. 9. Ouaru neckBamalny NOBEPXHOCTHOTO SMUTEJHS

«+»

«—>»

Fig. 10. Hyperreflective intercellular micro-inclusions

Puc. 10. TuneppedeKTHBHbIE MEKKJIETOUHbIE MUKPOBKJIIOYEHHS

No DES-specific changes in the corneal stroma
have been described in the literature. Several studies
have demonstrated a large number of hyperreflective
keratocytes and intercellular  micro-inclusions

(Figure 6). Some authors consider these keratocytes
as activated cells or stress cells. The density of
activated keratocytes is higher in patients with DES
and endocrine ophthalmopathy [23]. However, there
is no consensus on the underlying mechanism of
this hyperreflectivity: keratocyte apoptosis, active
metabolic process, or inaccuracy of the method.

«++»

«++» «+++»
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«+>»

«—»

Fig. 11.

Puc. 11. ¥niorHenne 60yMmeHOBOH MeMOpaHbI

Bowman’s membrane stiffening

«—» «+»
Fig. 12. Tortuosity of subbasal nerve fibers

Puc. 12. M3Buroctsb cy66a3anbHbIX HEPBHBIX BOJOKOH

«+»

«—»

Fig. 13. Bead-like structures of subbasal nerve fibers

«++» «+++»

«++» «t+++»

Puc. 13. I'panynonono6uble cTPyKTypbl cy66a3a/bHbIX HEPBHBIX BOJOKOH

The endothelium consists of one layer of hexagonal
cells with dark borders and bright cytoplasm
(Figure 7). Cell nuclei are usually not visualized. On
average, cell diameter is 20 pm [1, 10, 14].

Confocal microscopy allows real-time in vivo
assessment of the cellular structure of cornea,
limbus, and conjunctiva. Therefore, this method
can be used for diagnosing various ocular surface
disorders and monitoring treatment efficacy.
Assessment of the corneal epithelium in patients
with DES reveals significant lesions [9]. These

lesions are probably associated with tear film
hyperosmolarity due to excessive tear evaporation,
which could be caused by either morphological
changes or inflammation in the corneal epithelium
[19, 26]. The condition of corneal stroma requires
further  investigation.  Particular  attention
should be paid to the corneal nerves. Confocal
microscopy shows substantial changes in the sub-
basal nerve plexus of DES patients and enables
noninvasive evaluation of corneal immune cells;
this is especially important for patients with DES
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because inflammation plays an important role in
the development of this disease.

Considering all of the above mentioned data, we

developed an algorithm for the evaluation of ocular
surface tissues using in vivo confocal microscopy
(Table 1).

The authors believe that this algorithm will be

useful for both routine clinical practice (for patients
with ocular surface disorders) and various research
studies that require detailed quantitative assessment
of corneal changes.

REFERENCES

1.

AsHabaeB b.M. [lasepHas ckaHupytowasa Tomorpadma rna-
3a; MepemHuA 1 3adHuii cermeHT. [Aznabaev BM. Lazernaya
skaniruyushchaya tomografiya glaza: peredniy i zadniy segment.
(In Russ.)]

TkaueHko H.B., Actaxos C.10. [marHoctmyeckue BO3MOX-
HOCTU KOHDOKANbHOA MUKDOCKOMMAW NP CCNENOBAHAN MO-
BEPXHOCTHbIX CTPYKTYp rnasHoro A6noka // Ochranbmonoru-
yeckue segomocti. — 2009. — T. 2. — N° 1. [Tkachenko NV,
Astakhov SYu. Diagnosticheskie vozmozhnosti konfokal'noy
mikroskopii pri issledovanii poverkhnostnykh struktur
glaznogo yabloka. Oftal'mologicheskie vedomosti. 2009;2(1).
(In Russ.)]

Benitez del Castillo JM, Wasfy MA, Fernandez C, Garcia-
Sanchez J. An in vivo confocal masked study on corneal
epithelium and subbasal nerves in patients with dry eye. In-
vest Ophthalmol Vis Sci. 2004;45:3030-3035. doi: 10.1167/
iovs.04-0251.

Cruzat A, Witkin D, Baniasadi N, et al. Inflammation and the ner-
vous system: The connection in the cornea in patients with infec-
tious keratitis. Invest Ophthalmol Vis Sci. 2011;52:5136-5143.
doi: 10.1167/iovs.10-7048.

DEWS. Methodologies to diagnose and monitor dry eye disease.
Report of the Diagnostic Methodology Subcomittee of the Inter-
national Dry Eye Workshop (2007). Ocul Surf. 2007;5:108-152.
doi: 10.1016/51542-0124(12)70083-6.

Erdélyi B, Kraak R, Zhivov A. In vivo confocal laser scanning mi-
croscopy of the cornea in dry eye. Graefes Arch Clin Exp Ophthal-
mol. 2007;245:39-44. doi: 10.1007/500417-006-0375-6.

Erie JC, McLaren JW, Hodge DO. Recovery of corneal sub-
basal nerve density after PRK and LASIK. Am J Ophthalmol.
2005;140:1059-1064. doi: 10.1016/].aj0.2005.07.027.

Hamrah P, Cruzat A, Dastjerdi MH. Corneal sensation and
subbasal nerve alterations in patients with herpes simplex
keratitis: An in vivo confocal microscopy study. Ophthalmology.
20100ct;117:1930-1936. doi: 10.1016/j.0phtha.2010.07.010.

Hosal BM, Ornek N, Zilelioglu G. Morphology of cor-
neal nerves and corneal sensation in dry eye: A pre-
liminary study. Eye. 2005;19:1276-1279. doi: 10.1038/
sj.eye.6701760.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Jalbert I, Stapleton F, Papas E, et al. In vivo confocal microscopy
of the human comea. Br J Ophthalmol. 2003;87(2):225-236.
doi: 10.1136/bj0.87.2.225.

Lin H, Li W, Dong N, Chen W. Changes in corneal epithelial
layer inflammatory cells in aqueous tear-deficient dry eye.
Invest Ophthalmol Vis Sci. 2010;51:122-128. doi: 10.1167/
i0vs.09-3629.

Mastropasqua L, Nubile M. Confocal Microscopy of the Cornea.
SLACK Incorporated. USA. 2002;122.

Maurer JK, Jester JV. Use of the vivo confocal micros-
copy to understand the pathology of accidental ocular ir-
ritaition. Toxicol Pathol. 1999;27(1):44-47. doi: 10.1177/
019262339902700109.

Masters BR, Thaer A. Real-time scanning slit confocal microscopy
of the in vivo human cornea. Applied Optics. 1994;33:695-701.
doi: 10.1364/A0.33.000695.

Minsky M. Memoir on inventing the confocal scanning micro-
scope. 1988;10:128-138.

Niederer RL, Perumal D, Sherwin T, McGhee CN. Age-related dif-
ferences in the normal human cornea; A laser scanning in vivo
confocal microscopy study. BrJ Ophthalmol. 2007;91:1165-1169.
doi: 10.1136/bj0.2006.112656.

Oliveira-Soto L, Efron N. Morphology of corneal nerves
using confocal microscopy. Cornea. 2001;20(4):374-384.
doi: 10.1097/00003226-200105000-00008.

Patel S, McLaren J, Hodge D, et al. Normal human keratocyte den-
sity and corneal thickness measurement by using confocal micros-
copy in vivo. Invest Ophthalmol Vis Sci. 2001;42(2):333-339.
Pflugfelder SC, Solomon A, Stern ME. The diagnosis and
management of dry eye: A twenty-five-year review. Cornea.
2000;19:644-649. doi: 10.1097/00003226-200009000-00009.
Somodi S, Hahnel C, Slowic C, et al. Confocal in vivo micros-
copy and confocal laser-scanning fluorescence microscopy in
keratoconus. Ger J Ophthalmol. 1996;5(6):518-525.

Tuominen IS, Konttinen YT, Vesaluoma MH. Corneal innervation
and morphology in primary Sjogren’s syndrome. Invest Ophthal-
mol Vis Sci. 2003;44:2545-2549. doi: 10.1167/iovs.02-1260.
Villani E, Galimberti D, Viola F, et al. The cornea in Sjogren’s
syndrome: An in vivo confocal study. Invest Ophthalmol Vis Sci.
2007;48:2017-2022. doi: 10.1167/iovs.06-1129.

Villani E, Viola F, Sala R. Corneal involvement in Graves’ orbi-
topathy: An in vivo confocal study. Invest Ophthalmol Vis Sci.
2010;51:4574-4578. doi: 10.1167/iovs.10-5380.

Villani E, Galimberti D, Viola F. Corneal involvement in rheuma-
toid Arthritis: An in vivo confocal study. Invest Ophthalmol Vis
Sci. 2008;49:560-564. doi: 10.1167/iovs.07-0893.

Wilson T, Sheppard CJR. Theory and practice of scanning optical
microscopy. London: AcademicPress; 1984.
Wygledowska-Promienska D, Rokita-Wala I, Gierek-Ciaciura S,
et al. The alterations in the corneal structure at Ill/IV stage of
keratoconus by means of confocal microscopy and ultrasound
biomicroscopy before penetrating keratoplasty. Klin Oczna.
1999;101(6):427-432.

<> OPHTHALMOLOGY JOURNAL

Vol 10 Nol 2017

ISSN 1998-7102



30

ORIGINAL RESEARCHES

27. Zhang M, Chen J, Luo L, et al. Altered corneal nerves in aque-
ous tear deficiency viewed by in vivo confocal microscopy.
Cornea. 2005;24:818-824. doi: 10.1097/01.ic0.0000154402.
01710.95.

Information about the authors

28. Zhang X, Chen Q, Chen W. Tear dynamics and corneal con-
focal microscopy of subjects with mild self-reported of-
fice dry eye. Ophthalmology. 2011;118:902-7. doi: 10.1016/
j.ophtha.2010.08.033.

Csedenus 06 asmopax

Vitaly V. Potemkin — PhD, assistant professor. Department
of Ophthalmology. FSBEI HE “Academician I.P. Pavlov First
St Petersburg State Medical University” of the Ministry of
Healthcare of Russia. Ophthalmologist. City Ophthalmologic
Center of Saint Petersburg State Hospital No 2, Saint Peters-
burg, Russia. E-mail: potem@inbox.ru.

Tatyana S. Varganova — Ophthalmologist. Saint Petersburg
State Hospital No 2, Saint Petersburg, Russia. E-mail:
varganova.ts@yandex.ru.

Elena V. Ageeva — resident. Department of Ophthalmology.
FSBEI HE “Academician I.P. Pavlov First St Petersburg State
Medical University” of the Ministry of Healthcare of Russia,
Saint Petersburg, Russia. E-mail: ageeva_elena@inbox.ru.

Buranuii BurtanbeBuu [loTéMkMH — KaHI. Med. Hayk, J0-
ueHt kadenpnl odranbmosorun. GPIBOY BO «IICII6IMY
uM. W.IL [TaBnoBa» Munsnpasa Poccuu. Bpau-odranbmouor.
CI16 ThY3 «loponackas mMHoronpocduabHas GosbHHLIA Ne 2%,
Canxr-TTerep6ypr. E-mail: potem@inbox.ru.

Tatbana CepreeBHa BapranoBa — Bpau-odranbmodor. CI16
I'BY3 «Joponckast MHoronpoduabHas 6oabHuna Ne 2», CaHKT-
[TerepGypr. E-mail: varganova.ts@yandex.ru.

Enena BaanumupoBHa AreeBa — KJIMHHYECKMH OpIHHA-
Top, Kadenpa odranbmonorud. PI'BOY BO «IICIT6IMY
um. ML.IT. [TaBnoBa» MunznpaBa Poccuu, Cankr-IletepOypr.
E-mail: ageeva_elena@inbox.ru.

<> OPHTHALMOLOGY JOURNAL

Vol 10 Nol 2017

ISSN 1998-7102



