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Abstract

In order to improve the accuracy of glaucoma diagnostics,
the use of the modern imaging technologies in routine prac-
tice has become necessary. Scanning laser polarimetry (SLP)
is one of the widely-used modern imaging technologies.
It was developed to measure the thickness of the retinal
nerve fibre layer (RNFLT) around the optic nerve head, and
to automatically compare the results with the corresponding
normative database reference values.

The method is based on retardation (slowing down) of
the polarized illuminating laser light of the instrument along
one axis (“slow axis”) by the birefringent retinal ganglion
cell axons.

Certain surgical interventions which involve the corneal
tissue (such as LASIK) may have clinically significant influ-
ence on the corneal retardation, which may potentially lead
to misinterpretation of the results. Since corneal refractive
surgery has become a widely-used method to correct for ame-
tropia, and many young people, who in future may develop

glaucoma, undergo different types of refractive surgery, this
issue gained great clinical significance.

Following the introduction of GDx-VCC, the next genera-
tion of the GDx devices, the influence of corneal retardation
became easily manageable, which helped to confirm that the
virtual decrease of the post-LASIK polarimetric RNFLT was an
artifact, and was not the sign of true RNFLT damage.

Recently a new polarimetric software version (enhanced
corneal compensation, GDx-ECC) was developed and inves-
tigated by different research groups for its ability to remove
the LASIK-induced corneal retardation artifacts, proving the
new method to be more accurate than GDx-VCC. It all led to
a conclusion that since GDx-ECC is able to neutralize changes
of corneal retardation induced by LASIK, this software may
be even more suitable to long-term follow-up of eyes which
undergo corneal refractive surgery.

KEYWORDS: scanning laser polarimetry, glaucoma, retar-
dation, LASIK, GDx.
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Pe3tome

Ha cerogHsWHMA AeHb UCNONb30BAHUE COBPEMEHHbIX
MEeTOA0B MEAMLMHCKON BM3yanusauuu sensetcs HeobXxo-
AMMbIM YCNOBMEM MONYYeHMs Gosee TOUHBIX PEe3ynbTaToB
AVNarHOCTUKN MayKoMbl.

OfHMUM U3 TaKUX METOJOB ABMAETCA CKaHMpylolas na-
3epHan nonapumetpus (CJIN), paspabotaHHas AnA OLEHKM
OAHOr0 M3 Hambonee BaXHbIX KPUTEPUEB AWUArHOCTUKU

rMayKoMHOro npouecca — TONLWMHbI C0SA HEPBHbIX BOJOKOH
(CHB) B nepunanunnsapHoii 30He CETYaTKU U aBTOMaTUye-
CKOro CpaBHEeHWsA pe3y/bTaToB C MOKa3aTelaMu HOPMbI.
N3mepenne TonwmHel CHB ¢ nomouwbio caHupyloLei
na3epHon NOAAPUMETPUKM OCHOBAHO HA TaK Ha3blBAEMOM
adtekTe petapAauum — 3ameAneHUM NONSPU30BAHHOIO
nyyka cseta. lapannenbHas CTPyKTypa MUKPOTPy6ouek
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B HepBHbIX BO/IOKHax obecneunBaeT 3deKT ABOMHOrO Ny-
yenpenomseHna — paciluenseHna npoxoaallein CBeToBow
BOJIHbI Ha B€ YaCTW, NONAPU30BAHHbIE B ABYX B3aUMHO nep-
NeHAVKYNAPHBIX NN0CKOCTAX, npoxogawme CHB ¢ pa3nuyHon
CKOPOCTbIO.

BennunHa cBeToBOW 3ajepwKu onpejenserca [eTeKTo-
POM CKaHVpYHOLLEero 1a3epHoro noaspumeTpa u npeobpasy-
etcA B TonwmHy CHB B mukpoHax.

CornacHo pesynbratam MWCCNeAO0BaHWNA, XMpypruyeckue
BMeLIaTenbCTBA Ha poroBuue, Takme Kak LASIK, moryt knu-
HWYECKN 3HAYMMO U3MEHATb BEIMYNHY CBETOBOMN 3afePXKN.
B Takux cnyyasx GbiBaeT HEOGXOAMMO NMPUMEHEHWE METO-
[OB HeNTpanMsaumu norpelHocTeil MsmepeHus Bo u3be-
aHWe HeBepHOro TONKOBAHUA Pe3yNbTaToB MCCNe40BaHMUA.
C yBennyeHnem 4actoTbl pedpaKLMOHHbIX XUPYPruyecKux
BMeLLATeNbCTB /19 KOPpPEeKuuu amerponuu, B TOM yucne
y MOJOAbIX NI0Aeid, Y KOTOPbIX B GyayLiem MOXeT pa3BUTbCA
rnaykoma, 31a npobnema npuobpena 60nbluyio KAMHUYE-
CKYI0 3HAYMMOCTb.

OB30P JIUTEPATYPbI

bnarogapa ncnonb3oBaHMI0O HOBOro NOKOJEeHUsA nasep-
HbIX nonapumeTtpos GDx-VCC ¢ nepemeHHbIM POroBUYHbLIM
KomneHcaTtopom (VCC — variable corneal compensator) 6bi10
YCTAHOBNEHO, YTO WM3MeHeHMe CBETOBOW 3afjepKu nocne
LASIK aBnsetca apteakTom, a He NPU3HAKOM NOBPEXAEHUSA
HepBHbIX BOIOKOH.

HegaBHo 6bino pa3pabotaHo HoBoe 06opynoBaHue GDx-
ECC, ocHalLeHHOe YCMNEHHbIM POroBUYHLIM KOMNEHCATOPOM
(ECC — enhanced corneal compensation). OHo 6bi10 npoTe-
CTUPOBAHO HECKONbKMMM UCCNef0BaTeNbCKUMU Tpynnamu u
noKasano 60/bLUY0 TOYHOCTb PE3Y/ILTAaTOB, YEM MpPEALWECTBY-
towwuii emy nonapumetp GDx-VCC.

Takum 06pa3om, MOXHO NPEANONOKUTb, YTO Ha Cerof-
HAWHWIA aeHb nmeHHo GDx-ECC nyywe Bcero noaxoauT Ans
KOMMNEeHcaLuun U3MeHeHUn B CBETOBOM 3ajepxkKke nocne LASIK
M BONrOCPOYHOro HabnofeHWs 3a nauueHTamu nocne ped-
PaKUMOHHOW XUPYPruu.

KNHOYEBDIE C/IOBA: ckaHupylowas nasepHas nonspumer-
pus, rnaykoma, pedpakuuoHHas xupyprus, GDx-VCC, GDx-ECC.

Introduction

In order to improve the accuracy of glaucoma diag-
nostics, the use of the modern imaging technologies in
routine practice has become necessary. Scanning laser
polarimetry (SLP) is one of the widely-used modern imag-
ing technologies. It was developed to measure the thick-
ness of the retinal nerve fibre layer (RNFLT) around the
optic nerve head, and to automatically compare the results
with the corresponding normative database reference val-
ues. In clinical practice, scanning laser polarimetry has
been made with the different members of one instru-
ment family: the GDx (Glaucoma Diagnostics) instrument
family (Carl Zeiss Meditec Inc., Dublin, CA, USA).

Working principle of scanning laser
polarimetry

Retinal nerve fibre layer thickness measurement
with scanning laser polarimetry is based on retardation
(slowing down) of the polarized illuminating laser light
of the instrument along one axis (“slow axis”) by the
birefringent retinal ganglion cell axons, i.e. the retinal
nerve fiber layer [4, 10]. The birefringent property of
the axons is caused by the parallel organized intracel-
lular organelles. When a retinal ganglion cell dies, the
axon of the cell also disappears. Thus, ganglion cell
loss means loss of birefringence. The automatic con-
version of retardation to RNLFT data (expressed in
wm) is based on the linear relationship between retar-
dation caused by the measured RNFLT and the histo-
logical thickness of this layer. However, since other tis-
sues (mainly the cornea) also cause retardation of the
illuminating light, the influence of these structures on
the measurement (measurement noise) needs neutra-
lization. This issue gained special clinical importance
in the last decade, and led to the development of the
different GDx instrument generations.

OKT xopuoudeu npu 2naykome

Influence of corneal refractive surgery
on polarimetric retardation

It has been also shown that certain surgical interven-
tions which involve the corneal tissue may have clinically
significant influence on the corneal retardation, which,
in several cases, requires special neutralization tech-
niques in order to prevent measurement artifacts and
misinterpretation of the results. Since corneal refractive
surgery has become a widely-used method to correct for
ametropia, and many young people, who in future may
develop glaucoma, undergo different types of refractive
surgery, this issue gained great clinical significance.

It became clear already in the early studies that
photorefractive keratectomy, which does not interfere
with the cornea stroma, has no influence on corneal
and global retardation [1, 6]. In contrast, during LASIK
the corneal stroma tissue is manipulated [7, 8]. Since
flap preparation is an essential part of both myopic
and hypermetropic treatments, and the hinge area
undergoes mechanical stress in all LASIK procedures,
the parallel-organized corneal stromal fibres (which
are considered as the structure responsible for corne-
al birefringence) are unavoidably disturbed even if the
central cornea remains untreated (hypermetropic treat-
ments). It is probable that flap preparation, corneal cut,
mechanical manipulation and the appearance of micro-
scopic metal debris of the LASIK-knife are more impor-
tant causes of the LASIK induced retardation changes
than the laser ablation of the corneal tissue itself [7, 8].

A decade ago, when built-in fixed-angle compen-
sation was used to neutralize corneal retardation,
a decrease of polarimetric RNFLT was observed after
LASIK, as compared to the correspondent pre-LASIK
value [5, 13]. Since at that time eye-fixation both during
flap preparation and tissue evaporation was achieved
with a suction ring at approximately 60 mmHg pres-
sure, a decrease of polarimetric RNFLT after LASIK was
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considered a potential sign of suction-induced (pres-
sure-induced) RNFLT damage. These early studies got
wide publicity, even if the authors did not consider the
role of corneal healing in their publications. Later, oth-
ers extended the length of the post-LASIK follow-up,
and proved that retardation after LASIK changes with
time and the change is parallel with the histologically
described corneal healing process [8, 9]. In brief, pola-
rimetric retardation decreases immediately after LASIK,
and then it increases during the first three post-LASIK
months parallel with the early corneal healing. Later,
the values become stable as the corneal healing process
slows down and stabilizes.

Success of new GDX developments
in neutralization of the LASIK-induced
retardation noise

Following the introduction of GDx-VCC, the next
generation of the GDx devices, the influence of cor-
neal retardation became easily manageable. The indi-
vidualized compensation of retardation caused by the
anterior segment tissues enabled the clinicians to re-
establish the corneal retardation after LASIK. When
the pre-LASIK cornea retardation was used to correct
for peripapillary retardation in images obtained before
LASIK, and the post-LASIK corneal retardation to cor-
rect for the peripapillary retardation after LASIK, the
polarimetric thickness remained stable [2, 8]. However,
when only the pre-LASIK values were used for the
pre- and post-LASIK time-points, the thickness values
showed a virtual decrease [3]. These studies confirmed
that the virtual decrease of the post-LASIK polarimet-
ric RNFLT was an artifact, and was not the sign of true
RNFLT damage. For clinical purposes, however, due to
the relatively long-lasting corneal healing process after
LASIK, using new corneal retardation images at each
GDx-VCC measurement session, for at least one year
after LASIK, is recommendable.

Recently a new polarimetric software version
(enhanced corneal compensation, GDx-ECC) was deve-
loped and tested by different research groups [10, 11].
In the ECC mode the compensator is adjusted so that it
combines with the corneal retardation to produce a bias
retardation of approximately 55 nm and a slow axis to be
close to vertical. The instrument then measures a high-
er total retardation than the RNFL retardation alone,
and the signal-to-noise ratio is improved as a result.
The actual bias retardation and axis in each image are
measured from the macular region, in a similar way to
corneal birefringence measurement. The actual retinal
nerve fiber layer retardation is derived mathematically.
The actual bias is determined from each image, and
removed from the final RNFL image. Though the GDx-
ECC software was developed to neutralize measurement
noise caused by posterior ocular tissues around the reti-
nal nerve fiber layer (atypical retardation pattern), and
not to improve neutralization of corneal birefringence,
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this technique was also investigated for its ability to
remove the LASIK-induced corneal retardation artifacts
[12]. It was found that in contrast to GDx-VCC, which
produced unchanged RNFLT if the corneal image was
re-taken after LASIK but showed significant RNFLT
changes if the pre-LASIK corneal retardation was used
both for the pre- and post-LASIK measurements, RNFLT
as measured with GDx-ECC, remained unchanged even
when the original, pre-LASIK corneal retardation imag-
es were used for all measurements [12]. This showed
that GDx-ECC is able to neutralize changes of corneal
retardation induced by LASIK, thus this software may
be even more suitable to long-term follow-up of eyes
which undergo corneal refractive surgery.
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