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Pellucid marginal degeneration classification
development based on investigation of relationship
between functional and refractive changes
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BACKGROUND: One of the problems in the diagnosis and treatment of pellucid marginal degeneration of the cornea is the
difficulty of systematizing its manifestations due to the lack of classification. This is due to the low frequency of pellucid mar-
ginal degeneration in the structure of primary keratectasia, the main type of which is keratoconus. The developed classifica-
tions of keratoconus cannot be fully applied to pellucid marginal degeneration.

AIM: The aim was to develop a classification of pellucid marginal degeneration based on investigation of relationship
between functional and refractive changes.

MATERIALS AND METHODS: The study included 42 people (42 eyes) with pellucid marginal degeneration. Keratometry and
refractometry were performed, uncorrected and best corrected visual acuity, as well as cylindrical and spherical components
of subjective refraction were studied, and retinal visual acuity was determined. The 15'group — 12 patients (12 eyes) with fully
corrected induced ametropia (best corrected visual acuity 0.8), the 2" group — 17 patients (17 eyes) with partially corrected
induced ametropia (<0.8 and >0.3), the 3 group — 13 patients (13 eyes) with uncorrected induced ametropia (<0.3).

RESULTS: To develop a clinical classification of pellucid marginal degeneration by stages, we selected: the values of corneal
astigmatism, best corrected visual acuity and Index of difference between the values of maximum and minimum keratometry (AK),
all of which had good separation of obtained data, and their demarcate values in groups.

CONCLUSION: The study showed the presence of relationship between functional and refractive changes indices of eyes
with pellucid marginal degeneration. The leading parameters of refractive status, objectively determining the value of best cor-
rected visual acuity, are induced corneal astigmatism and AK. The developed classification of pellucid marginal degeneration
is easy to use and makes it possible to determine the stage of keratectasia even if there is only induced corneal astigmatism
or AK values.
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PaspaboTka knaccupukauumu nennioLuaHoM
MapruHajbHOi AereHepaLuumn porosuLbl Ha 0CHOBE
UccnepfoBaHUs B3aUMOCBA3U (YHKLUOHANbHbIX

U pedppaKLUOHHBIX U3MEHEHUM
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AxkmyaneHocmes. OpHoi 13 NpobneM B AMArHOCTUKE W JIeYEHUM NENSIIOLMAHONA MapriHanbHOM ereHepauun poroBuLlbl
ABNAETCA CNIOXHOCTb CUCTEMATU3ALMN e€ NPOABNEHUIA BCIEACTBUE OTCYTCTBUA KnaccubuKaumu. 310 obycnosneHo Hebosb-
LUIOW YacTOTOW NEOLMAHON MapriHanbHON AereHepaLmn poroBULbl B CTPYKTYPe MEPBUYHBIX KepaTIKTasui, OCHOBHBIM BU-
A0M KOTOpbIX BbICTYNaeT KepaToKoHyc. PaspaboTaHHble KnaccuduKaumum KepaToKoHyca He MOryT BbITb NOHOLEHHO NpuMe-
HWMBI K NeNIOLMAHON MapruHanbHOW SereHepaLyuy poroBuLibl.

Llesny — paspaboTatb KnaccudmKaumio NenloLMaHOM MapruHanbHOW AereHepaLyi poroBuLbl Ha 0CHOBE UCCe40BaHUS
B3aUMOCBA3M DYHKLUMOHANBHBIX U pedPaKLMOHHBIX U3MEHEHUHN.

Mamepuanelr u Memodel. B vccnepoBaHum yyactBoBanm 42 yenoseka (42 rnasa) ¢ NentoLMAHON MapruHanbHoN fe-
reHepauuein porosuubl. [poBoAMNIM KepaTOMeTpUi0 U pedpaKTOMETPUIO, UCCIe0BanM HEKOPPUTMPYEMYIO U MaKCUMaibHO
KOPpUrMpyeMyto OCTpOTY 3peHus, a TakKe LMIMHAPUYECKUA U ChHEPUYECKUI A KOMMOHEHTbI CYObeKTUBHOW pedpaKumm, onpe-
LeNsnv peTuHanbHyl ocTpoTy 3peHus. lepsywo rpynny coctaBuiv 12 naumentoB (12 rnas) ¢ MonHOCTBIO KOppUrMpyemon
WHOYLMPOBaHHOI aMeTponuen (MakcMManbHO KoppurupyeMas octpota 3peHus =0,8), BTopyto rpynny — 17 uenosek (17 rnas)
€ YacTuyHo KoppurupyeMoii (<0,8 n =0,3), TpeTbto rpynny — 13 yenoek (13 rnas) ¢ HeKoppUrMpyeMoli UHLYLIMPOBaHHOM
ameTtponuei (<0,3).

Pesynemamel. [1ns pa3paboTKM KIIMHWUYECKON KNacCUdUKaLMU MEIOLMEHOA MapruHanbHOW AereHepauny porosuubl
Mo cTagusM ObinK BblbpaHbl MOKa3aTenu: BEMYMHBI POrOBUYHOMO acTUrMaTM3Ma, MaKCUMManbHO KOpPUrMpyeMon OCTPOThI
3peHUs U PasHULI MEKY 3HAYEHUAMN MaKCUMabHOW M MUHUMAaNbHON KepaToMeTpum (AK), meBLLMe XopoLume pa3aeneHus
MOMyYeHHbIX AAHHBIX M UX pa3rpaHUMYMBalOLLME 3HAYEHUs B rpynnax.

3aknoyenue. ViccnenoBaHue NoKasano Hanuume B3auMOCBA3N MeXAY BYHKLMOHANBHBIMU U pedpaKLMOHHBIMK NOKa3a-
TENAMM [Na3 ¢ NeNUMEHONA MapruHanbHOi fereHepaumeit porosuubl. Begylummm napaMeTpamm pedpakuMOHHOMO CTaTyca,
06BEKTMBHO OMpeAensiowyMM BEIMUNHY MaKCUMabHO KOPPUIMpYeMOoi OCTPOTHI 3peHus, OMpeaesieHbl MHAYLMPOBaHHbINA
POroBUYHbIN acTurMaTuaM 1 AK. PaspabotaHHas KnaccudmKkaums NennioLumaHo MapruHanbHoW AereHepaLym porosuLbl 06-
najaeT NpoCTOTO/ NPUMEHEHUS U NO3BONSET ONPeSeNUTb CTAAMI0 IKTa3UU Jaxe NpY HaZMYWM TONBKO 3HAYEHWs UHAYLMpO-
BaHHOI0 POroBMYHOr0 acTurMaTuaMa unm AK.

KnioueBbie cnoBa: nennouuaHas MapruHasbHaa fereHepauunsa porosulbl; aCTUrMaTU3M; KJ'IaCCVId)VIKaLI,VIFI; 0CTpOTa 3peHus.
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BACKGROUND

Despite some advances in diagnostics of pellucid
marginal corneal degeneration (PMCD), data interpreta-
tion is still impossible and remains one of the serious
problems because of the lack of a classification of this
pathology [1, 2]. This circumstance is probably due to
the low frequency of PMCD in the range of primary ker-
atectasia, with keratoconus (KC) as the most common
type. However, the need to systematize the clinical and
diagnostic manifestations of PMCD for the treatment of
this category of patients is quite relevant [1-5]. The lit-
erature presents few publications where the authors at-
tempt to classify PMCD into stages according to the mag-
nitude of induced corneal astigmatism (ICA); however,
no other signs are considered in relation to this indicator
[1, 6].

The main pathognomonic sign of PMCD is the kera-
totopographic crab claw pattern. However, as this pat-
tern can be also present in KC, it cannot be considered
specific; thus, other indicators should be taken into ac-
count for making a diagnosis, particularly keratopachym-
etry, to identify the location of the thinning zone (Fig. 1)
[1,5,7,8l].

Since a group of the world'’s leading ophthalmologists
involved in the study of various issues of diagnostics
and treatment of primary keratectasia achieved a global
agreement in 2015 (Global Consensus on Keratoconus
and Ectatic Diseases of the Cornea), within which PMCD
and KC were recognized as clinical manifestations of the
same disease, the use of the same classification is per-
haps applicable for both types of keratectasia. However,
this would not be entirely correct [9]. Thus, for example,
one of the signs of the Amsler—Krumeich classification
of KC (1998), namely, the presence of Vogt's striae and
corneal opacities, which can cause a pronounced depri-
vation effect, is not registered in PMCD [1, 3-5, 10, 11].
Our studies have also shown that with equal ICA values,
the values of uncorrected (UCVA) and best-corrected vi-
sual acuity (BCVA) in patients with PMCD were higher
than that in KC [2]. This phenomenon occurred because
in PMCD, the thinning zone is located on the extreme pe-
riphery of the cornea, whereas in KC, it is located in the
central sections, which can lead to higher aberrations
[1, 3-5].

Many authors have proposed classifications of KC.
However, all of them are unlikely to be fully applica-
ble to PMCD, as some consider the keratotopographic
pattern aspects, which is very variable in KC, whereas
others consider it necessary to use the maximum num-
ber of signs as criteria, characteristic precisely for KC
[12-16].

The aforementioned absence of corneal opacities and
the crab claw keratotopographic pattern characteristic in
all cases in PMCD eyes necessitate the use of indicators
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of functional refractive changes in the affected eyes as
the main signs characterizing the degree of pathological
changes.

The work aimed to develop a PMCD classification
based on the study of the relationship between functional
and refractive changes.

MATERIALS AND METHODS

The study involved 42 patients (42 eyes) with PMCD,
including 23 men and 19 women. The age of the patients
ranged from 28 to 67 (average 48 + 9.2) years. The main
selection criteria for the follow-up group were the pres-
ence of a keratotopographic crab claw pattern and pe-
ripheral thinning of the cornea.

All patients underwent keratometry and refractometry
using an NRK 8000 device (Nikon, Japan) to determine
the ICA value and cylindrical and spherical components
of objective refraction. The UCVA, BCVA, and cylindrical
and spherical components of subjective refraction were
examined using a character projector R2047 (CSO, ltaly)
at a decimal scale on a TAKAGI VT-5 phoropter (Japan).
In addition, retinal visual acuity was determined in all pa-
tients using a Lambda 100 retinometer (Heine, Germany)
on a decimal scale from 0.06 to 0.8.

All patients were distributed into three groups ac-
cording to the degree of correction of induced ametro-
pia (IA) and the BCVA value. Group 1 included 12 patients
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Fig. 1. Pentacam Map Report. Keratotopographic pattern and kera-
topachymetric map of a patient with pellucid marginal degeneration
of the cornea

Puc. 1. KepatoTonorpaduyeckuii natrepH 1 KepatonaxumeTpuye-
CKas KapTa nauueHTa C NestoLMaHON MapriHaibHol aereHepa-
UMen poroBuLbl Ha aHanu3atope Pentacam (OCULUS, T'epMaHus)
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(12 eyes) with fully correctable IA (BCVA = 0.8), group 2
included 17 patients (17 eyes) with partially correctable
IA (BCVA <0.8 and =0.3), and group 3 included 13 patients
(13 eyes) with uncorrectable IA (BCVA <0.3).
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Fig. 2. Uncorrected visual acuity (UCVA) in patients with pellucid
marginal degeneration of the cornea
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Fig. 3. Best corrected visual acuity (BCVA) values in patients with
pellucid marginal degeneration of the cornea
Puc. 3. 3HaueHWs MaKCMManbHO KOPpUrMpyeMon oCTpOTbl 3pe-
Husa (MKO3) y nauneHTOoB ¢ NenmiouMaHo MapruHansHom aere-
Hepaumeii poroBuLb
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Fig. 5. Cylindrical component of subjective refraction value in pa-
tients with pellucid marginal degeneration of the cornea

Puc. 5. BennunHa UMAMHAPUYECKOTO KOMMOHEHTa CybbeKTuB-
Hon pedpakumm (LLKCP) y nauueHToB C nenntouMaHON Mapru-
HanbHOW JereHepaLieil porosuubl
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In all eyes, the Pentacam device (OCULUS, Germany)
was used to determine the keratotopographic pattern,
minimum keratopachymetry (KPM,, ), maximum kera-
tometry (K.,,,), and minimum keratometry (K., ), and the
difference between them was calculated (AK).

The study did not include patients with retinal visual
acuity less than 0.8, cataracts and macular pathology,
and corneal opacities of various origins.

Statistical data processing was performed using the
IBM SPSS Statistics for Windows, version 20 (IBM Corp.,
Armonk, NY, USA). The delimiting values of the studied
parameters to justify the classification were determined
using the ROC analysis.

RESULTS

Results of the data analysis are presented in dia-
grams (Figs. 2-12), demonstrating the difference in the
intergroup distribution of the studied values and quanti-
ties. Good data distribution, except for BCVA, was noted
for ICA, cylindrical component of objective refraction,
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Fig. 4. Induced corneal astigmatism in patients with pellucid mar-
ginal degeneration of the cornea
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Fig. 6. Spherical component of subjective refraction value in pa-
tients with pellucid marginal degeneration of the cornea

Puc. 6. BennunHa cdepuyeckoro KoMnoHeHTa CyObEKTUBHOM
pedpakumn (CKCP) y nauneHToB ¢ NesnoLMAHON MapriHabHOM
AereHepauuen porosuLbl
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Fig. 7. Cylindrical component of objective refraction in patients
with pellucid marginal degeneration of the cornea
Puc. 7. BenmunHa umnmHApMYecKoro KOMNOHeHTa 06bEKTUBHOM
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Fig. 9. Maximum keratometry values (K,,,,) in patients with pel-
lucid marginal degeneration of the cornea

Puc. 9. 3nayenna makcumanbHoi kepatometpum (K, ,,) y na-
LMEHTOB C NMeLUMAHON MapruHanbHoii AereHepaumeii po-
rOBULbI
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Fig. 11. Difference between values of maximum and mini-
mum keratometry values (AK) in patients with pellucid mar-
ginal degeneration of the cornea

Puc. 11. PasHuua Mexnay 3Ha4eHMAMU MaKCUManbHOW U MU-
HUManbHON KepaTtoMeTpuu (AK) y NaumMeHTOB ¢ NeNNOLMUAHON
MapruHanbHOM AereHepauueit poroBuLbl
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Fig. 8. Spherical component of objective refraction in patients with
pellucid marginal degeneration of the cornea

Puc. 8. BennunHa cdepuyeckoro KoMnoHeHTa 00BLEKTUBHOM
pedpakumm (CKOP) y naumneHToB ¢ NeanoLmMaHON MapriuHanbHo
LereHepaLyen poroBuLibl
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Fig. 10. Minimum keratometry values (K_;,) in patients with pel-
lucid marginal degeneration of the cornea
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Fig. 12. Minimum keratopachymetry values (KMNM,;,) in patients
with pellucid marginal degeneration of the cornea
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Table. Classification of pellucid marginal degeneration of the cornea
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Tabnuua. Knaccudbukaums nennioumnaHon MapruHanbHon fereHepaLy poroBulibl

Induced corneal

) . Best-corrected AK,
Stage astigmatism, <ual acui di
diopters visual acuity lopters
| (corrected induced ametropia) <5.0 20.8 <5.0
Il (partially corrected induced ametropia) 25.0 -<10.0 <0.8-203 25.0 -<14.0
Il (uncorrected induced ametropia) <10.0 <0.3 <14.0

cylindrical component of subjective refraction, and AKX,
where poor distribution was noted for UCVA, K, .., K.,
and KPM_... The values of the spherical components of
objective and subjective refractions did not show inter-
group differences.

To develop a clinical classification of PMCD, the ICA,
BCVA, AK, and their delimiting values in groups were se-

lected (Table 1).

DISCUSSION

First of all, the results of this study confirmed the re-
lationship between the functional condition and refractive
status of the PMCD eyes. The main pathological refrac-
tive index of corneal ectasia (ICA) determines the visual
acuity and process severity; as a result, it was accepted
as fundamental for the classification of PMCD. Although
the cylindrical components of objective and subjective
refractions also had a good distribution into groups, in
our opinion, their use as criteria for dividing stages can
be difficult in the presence of concomitant pathology of
the optical media of the eye, such as cataracts, or in a
pseudophakic eye.

When evaluating visual acuity parameters, the value
of retinal visual acuity with BCVA <0.8 can be considered
reasonable not only for studying the functional status but
also for predicting and evaluating visual functions during
implantation of intrastromal corneal segments. In addi-
tion, this method helps determine the required param-
eter in the initial cataract, when the BCVA can be suf-
ficiently reduced. Taking into account the above fact and
the older age of patients with PMCD, unlike those with
KC, the probability of concomitant pathology not only of
the optical media but also of the retina is higher in these
patients; therefore, the use of BCVA in all cases can be
difficult [2, 17].

The ICA, as an objective indicator, can be considered
the main parameter for the PMCD distribution by stages.
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