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Abstract

PURPOSE: Assessment of optic disc damage is an essen-
tial part of the ocular examination and differential diagnosis
between the patient with ocular hypertension and pre-peri-
metric or perimetric glaucoma.

The Stratus optic coherent tomograph (Carl Zeiss Meditec,
Inc, Dublin, Calif) is still one of the most used optic nerve
imaging technology throughout the world. Therefore, the
development of methodology that enhances the utility
of optic disc measurements with the Stratus OCT remains
a relevant and meaningful goal.

In an attempt to determine the optimal number of repeat-
ed measurements we investigated how the average of
three sets of manually repeated measurements of reti-
na nerve firer layer (RNFL) thickness would compare with
a single set.

METHODS: A total of 73 individuals (136 eyes) aged
55.3+15.2 years with ocular hypertensive (OHT), pre-peri-
metric glaucoma or glaucoma were included in the final
analysis. When the data was evaluated using a quadrant
analysis we observed that 13.6% of the patients exhibited

a clinically meaningful difference of 20% or more in the
serial RNFL thickness measurements.

RESULTS: The difference ranged from 9.3 to 32.7 microns
and in 10 of the 12 quadrants the averaged measurement
exceeded the initial measurement. Most of the differences
demonstrated in this study occurred in the horizontal meridian
and are probably a result of instinctive saccadic eye move-
ments. A difference in the vertical meridian (superior and/or
inferior quadrants) which is the more relevant meridian for
changes in glaucoma was seen in only 3 patients (4.1%).

CONCLUSIONS: One reliable RNFL measurement would
be sufficient in most of these cases because in 95.9% of the
cases the differences observed for the vertical meridian were
less than 20%. Nevertheless, it is important to recognize
that there can be more variability in the horizontal meridian
and that in cases with visual loss encroaching on fixation
serial measurements may be useful. At any rate, as with all
ancillary tests, whenever a change is detected, it is wise
to repeat the test to verify the results.

KEY WORDS: glaucoma, Stratus OCT, retina nerve firer layer.

MOBTOPHbIE U3MEPEHUA TOJIWWHbI C/1OA HEPBHbIX BOJIOKOH
C NOMOLLbI ONTUYECKOTO KOFEPEHTHOIO TOMOTIPA®A STRATUS

PoHUT HEIMIEP, Bpau-odransmonor”; MAWKI JI. MUMYHU, Bpau-odTanbMonor’;
DCTEP DIIITENMH, Bpau-opramsmonor'; JINJIAK I'oPK'; TAPU JI. TPUK, k.m.H.>*.

'OTaenenne oPTATBMONOTHY, MEAUIMHCKUH 1IeHTp «Meup», Kpap-Caba, Mspaus;

*MezunuHcKas mkosa uM. Cakjiepa, YHuBepcureT Tenb-ABuBa, M3paiis;
*O1aenenue odTampmonoruu, BoiapHuia l'eapu opaa, Jempoiim, Muuuear;
*Kadenpa anHaToMuu 1 6UONOTHHU, MEAUIMHCKUH daKy/IbTeT YHUBepcuTeTa YaiiHa, Jempoiim, MuuuzaH.

Aemopbl He nosyuanu GUHAHCUPOBAHUE NPU NPO8edeHUU UCCIe)08AHUS U HANUCAHUL CIMAMBbU.

Kongauxkm unmepecos: omcymcmayem.

[AnAa KOHTaKTOB:
PoHut Hewep (Ronit Nesher), e-mail: nesher@inter.net.il

HAIIMOHAJ/IBHBIN KYPHAJI TJIAYKOMA 2/2014 11



Pe3iome

LIE/Ib. OueHKa M3MeHeHWU B AWNCKe 3pUTENLHOr0 HepBa
ABNAETCA BaXHOW 4acTbio odTanbmMonornyeckoro obcne-
poBaHuA 1 anddepeHunanbHON AUArHOCTUKM Y NauUeHToB
¢ oTanbmorunepTeH3mnei U paHHeid U pa3BUTON CTaauAMM
rnaykombl. ONTMYeCKUi KorepeHTHbln Tomorpad Stratus
(Carl Zeiss Meditec, Inc, Dublin, Calif) go cux nop sasnsercs
OZHUM M3 CaMblX YacTo UCMO/b3yeMbIX MPUOOPOB ANs BU3Y-
anu3aumm 3puTenbHOro Hepea no Bcemy mupy. o3tomy
pa3paboTka METOA0OTMM, ONTUMMU3UPYIOLLEN OLEHKY COCTOS-
HMA MCKa 3pUTENbHOro HepBa ¢ nomolbio Stratus, octaerca
BaXXHOW W aKTyanbHOW 3ajadyer. B nonbiTKe onpepenutb
ONTMManbHoe KOAUYeCTBO MOC/Aef0BaTeNbHbIX U3MepeHUid,
Mbl CPaBHWBaNMN pe3ynsTatbl O4UHOYHOTO U3MEPEHMUA TONLLM-
Hbl CNOSA HEPBHbIX BONOKOH C YCPeAHEHHbIMU pe3ynbTaTtamm
cepuu 13 Tpex NocieAoBaTeNbHbIX U3MEPEHUIA.

METO/bl. Bcero B nccnegoBaHuu y4acTsoBano 73 nauu-
eHTa (136 rnas) B Bo3pacTte 55,3+15,2 roaa ¢ oranbmMo-
runepTeHsnen unum JMarHoCTUpPOBaHHOW rnaykomon. [lpu
aHanuse NoNyyYeHHbIX AAHHbIX MO KBagpaHTam Mons 3peHus
y 13,6% nauueHToB ObINO OOHAPYKEHO KIMHUYECKU 3Ha-
ynmoe pasnuyue 220% B TONLUMHE CNOA HEPBHbIX BOJIOKOH.

PE3YJIbTATbI. Pa3Huua B n3mepeHuAx cocTaBnana ot
9,3 8o 32,7 MKM, 1 B 10 13 12 KBafpaHTOB yCpeHEHHbIN

OPUTUHAJNDBHBLIE CTATbU

pesynbTaT Tpex NocnefoBaTeNbHbIX WU3MePEeHWiA npeBblilan
pe3ynbTaT eauHUYHOro N3MepeHus. B GonbluMHCTBE ClyyaB
pasnnyvMe OTMeYanocb B FOPM3OHTaNbHOM MepupuaHe W,
BEPOATHO, ABNANOCH PE3YNbTaTOM €CTECTBEHHbIX CAKKaAHbIX
ABVXEHUIA. Pa3nuuue B pesynbratax no 6onee sHauyMmomy
ANA U3MEHEHUI NONA 3pEHUA NPY FNayKoMe BEPTUKANbHOMY
MepuanaHy (BepxHue W/Wnu HUKHME KBaapaHTbl) Habnaa-
nocb TonbKo Y 3 (4,1%) nauneHToB.

3AKJIFIOYEHUE. MockonbKky B 95,9% cnyyaes pasHuua
pe3ynbTaToB N0 BePTUKanbHOMY MepuAMaHy He NpeBblluaeT
20%, MOXHO cfienatb BbIBOA, YTO B GO/bLIMHCTBE CNy4aeB
[AOCTAaTOYHO OAHOr0 AOCTOBEPHOr0 WM3MEPEHMA TONLMHBI
CN0S HEPBHbIX BOMIOKOH CeTYaTKW. Tem He MeHee MOne3Ho
MOMHUTb 0 6onbLIer BaprabenbHOCTM Pe3yibTaToB Mo ropu-
30HTanbHOMY MepuguaHy. Hanpumep, B ciyvyae co CHuxe-
HUEeM 3peHus, 3aTPyAHALWMM GUKcauuio B3rALa, MOXeT
ObITb NONE3HbIM NPOBEAEHUE CEPUU U3 HECKONbKUX Ucche-
JOBaHUi noapsaa. B niobom cnyyae npu nosBAEHUU U3Me-
HEeHWA B pe3ynbTatax 3TOr0 UAM APYrUX BCMOMOraTenbHbIX
uccnesoBaHMn HaunyyLwen TaKTUKON ABNAETCA NMOBTOPEHMe
nccnefoBaHNA ANA NOATBEPIKAEHMA PE3yNbTaToB.

KNKIOYEBBIE CJIOBA: rnaykoma, ONTUYECKMUiA KOT€PEHTHbIN
Tomorpad Stratus, ToNWMHA CNOA HEPBHbIX BOJIOKOH CETYATKN.

valuating the optic disc is an essential part of the

ocular examination in the glaucoma patient [1].

Moreover, the assessment of optic disc damage

cannot be overemphasized as it is integral to
the differential diagnosis between the patient with
ocular hypertension and pre-perimetric or perimetric
glaucoma [2].

While some clinicians advocate using optic disc
photos together with optic nerve imaging for follow
up of glaucoma patients, others feel that the latter
may suffice [1, 3-4]. The most widely accepted optic
nerve imaging technique is Spectral Domain Optical
Coherence Tomography (Spectralis OCT, Heidelberg
Engineering, Heidelberg, Germany) which provides
an optical resolution of 7 micrometers axially and
14 micrometers laterally [5-6]. Alternative imaging
techniques with resolution approaching that of the
Spectralis are also available [7].

Given the limited resources available to many
health care facilities, the cost of technological
upgrades and the current global economic state, many
ophthalmology clinics and practices are unable to
afford the cost associated with upgrading optic nerve
imaging technology [8-10]. Consequently, despite its
lower optical axial resolution of 10 micrometers, the
Stratus OCT (Carl Zeiss Meditec, Inc, Dublin, Calif)
is still in use throughout the world [11]. For example,
a PubMed search with the query for “Stratus and OCT
and glaucoma” revealed 49 papers published in the
last two years [12]. Therefore, the development of
methodology that enhances the utility of optic disc
measurements with the Stratus OCT remains a relevant
and meaningful goal.
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The variability and suboptimal alignment
characteristics of Stratus OCT retinal nerve fiber layer
(RNFL) measurements have been clearly described
[13-17]. However, the optimal number of repeated
measurements has not been determined. Several built-
in scanning protocols have been demonstrated to
effectively measure the RNFL thickness [18]. Currently,
the “Fast RNFL thickness” protocol as programmed
by the manufacturer is a single set comprised of three
repeated measurements [11].

We investigated how the average of three sets of
manually repeated measurements of RNFL thickness
would compare with a single set.

Methods

All data for the study was collected and analyzed
in accordance with the policies and procedures of the
institutional review board of Meir Medical Center and
the tenets set forth in the Declaration of Helsinki.

A prospective consecutive cohort design was used.
All patients were examined in the glaucoma clinic of the
Department of Ophthalmology of Meir Medical Center,
a tertiary-care facility. All of the ocular hypertensive
(OHT), pre-perimetric glaucoma or glaucoma patients
that arrived between February 2005 and November
2006 were considered for inclusion. Only those with at
least three scans with a signal strength above 6 were
included.

All of the measurements were performed following
dilation of pupils. The measurements were performed
by a single examiner (R.N.). The “Fast RNFL thickness”
protocol was applied for each measurement. In this
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. . . . . Table 1
Segmental Analysis of retinal nerve fiber layer thickness in both eyes

Total Scan 1 Scan 2-4 p*
oD 107.1 (27.3) 107.6 (26.2) NS

Superior
0S 112.5 (19.2) 112.5 (20.0) NS
oD 66.3 (13.5) 67.0 (13.6) NS

Temporal
0S 67.9 (15.0) 67.9 (13.5) NS
oD 120.2 (24.6) 119.3 (24.4) NS

Inferior
0S 117.5 (24.5) 117.6 (23.0) NS
oD 75.5 (19.5) 74.7 (17.4) NS

Nasal

0S 72.8 (18.1) 72.9 (18.0) NS

* — applying the paired t-test, p was not significant also when applying repeated measures ANOVA to compare each of the 4 scans individually.

. T Table 2
Patient Characteristics in both groups
Group with Group with
Total Variability < 20% Variability » 20% Significance
(Group A) (Group B)
No. of Patients 73 63 10
No. of Eyes 136 125 11
Age+SD 55.3+15.2 54.7+15 58.7+17.8 *P=0.456
Gender (male; female) 36; 37 29; 34 3;7 **P=(),19

* — applying the paired t-test; ** — applying the Fisher test.

protocol, each individual measurement consists
of a set of three circle scans of a 3.4 mm diameter
combined into one scan. For each patient an initial
measurement was performed using this procedure.
All patients then underwent a minimum of 3 repeated
individual measurements (range 3 to 7) using the
same procedure on the same day. Only patients with
three or more reliable measurements (signal strength
> 6) were included. Measurements flagged as “low
confidence analysis” were excluded. In each eye three
measurements with the best apparent overlap on serial
analysis were evaluated. A comparison between the
first individual measurement and the mean of three
overlapping individual measurements was performed.
A segmental analysis of each of the four quadrants was
performed.

The Student t-test was used to compare the initial
measurement to the repeated measurements. A repea-
ted measures ANOVA was used to compare the four
measurements.

Results

A total of 73 individuals and 136 eyes were includ-
ed in the final analysis. There was an even distribution
between males (n=36) and females (n=37) with an
average age of 55.3 + 15.2 years. The thickness measu-
rements of the RNFL were analyzed separately for both
eyes (table 1). There was no statistically significant
difference in the RNFL thickness between the first
measurement and the mean of three repeated measure-
ments in any quadrant of either eye.

For further comparison, a 20% difference in RNFL
thickness between the initial measurement and the
averaged measurement was arbitrarily chosen to rep-
resent a clinically meaningful difference and used as
a cut-off value. Using this cut-off value the data for
each quadrant from each individual patient was ana-
lyzed. Using this criteria a clinically meaningful
difference was detected in one quadrant of one eye
in 8 patients (i.e. 8 quadrants in all), in one quadrant
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Figure 1: A comparison of the RNFL thickness values (in microns) determined by the initial measurement or the mean of
3 repeated measurements. The data shown come from the 12 quadrants in which the difference between the two measurement
techniques resulted in a difference of 20% or more. Eight patients had such a difference in one quadrant in a single eye while
there was one patient with such difference in both eyes. In addition, one patient exhibited a difference in two quadrants (nasal

and temporal) in the same eye
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Figure 2: The percent difference in RNFL thickness comparing the average RNFL thickness from three measurements to
the first measurement. The data shown come from the 12 quadrants in which the difference between the two measurement
techniques resulted in a difference of 20% or more. Eight patients had such a difference in one quadrant in a single eye while
there was one patient with such difference in both eyes. In addition, one patient exhibited a difference in two quadrants (nasal

and temporal) in the same eye

in both eyes in one patient (i.e. 2 quadrants in all) and
in two quadrants in one eye of one patient (i.e. 2 quad-
rants in all). Consequently, there was a total of 12 quad-
rants (84+2+2 = 12) in which the difference between
the initial measurement and the averaged measure-
ment was at least 20%. Therefore, clinically meaningful
differences were observed in 13.6% of patients (10/73)
or 8.1% of eyes (11/136).

Mean retinal nerve fiber layer (RNFL) thickness in
microns (SD) in the four quadrants of the both eyes.
This is the comparison of the initial Stratus OCT mesur-
ment ("Scan 1”) with the mean of the following three
repeated measurments (”Scan 2-4”).
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The demographic characteristics of the group in
which a clinically meaningful difference was detected
in at least one quadrant are presented in table 2. This
group did not differ in age or gender from the group
of individuals who did not exhibit a clinically mean-
ingful difference in any quadrant. Figure 1 compares
the RNFL thickness values determined from the initial
measurement and determined from the averaged meas-
urements for each of the quadrants in which a clinical-
ly meaningful difference was detected. The difference
ranged from 9.3 to 32.7 microns and in 10 of the 12
quadrants the averaged measurement exceeded the
initial measurement. In figure 2, these same data are
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presented as the percentile difference between the ini-
tial and the averaged RNFL thickness values. In general
the differences were between 21 and 30%, however,
differences exceeding 30% were noted and in one case
the difference exceeded 50%.

As illustrated in figure 3, in 8 of these 11 eyes the
observed difference was in the horizontal meridian (i.e.
either nasal or temporal). In one of these 8 eyes a dif-
ference was noted in both the nasal and the temporal
quadrants. The other 3 patients showed a difference in
either the superior or inferior meridian (i.e. vertical).

Discussion

Currently many RNFL thickness measurements
are performed with the Spectral OCT providing both
better resolution and repeatability between serial
examinations [19]. The repeatability is a result of
the Spectral OCT’s software as the software’s default
configuration enables repeated measurements at the
same location [6]. The Stratus OCT lacks an inherent
feature to assure that serial measurements are
consistently obtained from the same location. Whether
this contributes to the finding that RNFL thickness
measurement made with the Stratus OCT exhibits
greater variance in glaucoma eyes than in normal is
unclear [13, 20]. Despite this deficiency, the Stratus
OCT can still provide clinically valuable information
and continues to be used in many clinics.

In this study, we performed serial measurement of
RNFL thickness on 136 eyes of 73 patients with OHT,
pre-perimetric glaucoma or glaucoma. When the data
were evaluated using a quadrant analysis we observed
that 13.6% of the patients exhibited a difference of 20%
or more in the serial RNFL thickness measurements.
We also observed that this difference occurred most
frequently in measurements made in the horizontal
meridian. A similar finding of increased variability in
the horizontal meridian was demonstrated in a smaller
group of glaucoma patients by Schuman et al [13]. We
believe this finding is likely to be the result of increased
horizontal saccades, a finding that has been established
by others [21, 22]. The effect of eye movements on
the repeatability of RNFL thickness measurements has
been acknowledged, and recently several solutions
have been proposed [14, 19].

An intriguing additional finding of this study is
that in 10 of the 12 quadrants in which a difference
was demonstrated, the averaged RNFL thickness of
the repeated measurements was greater than RNFL
thickness obtained from the initial, single measure-
ment. Assuming the accuracy of the initial measure-
ments this finding would suggest that serial measure-
ments with the Status OCT tend to over-estimate RNFL
thickness, perhaps due to unstable fixation. We cur-
rently have no way to decide which of the two methods
is more accurate. However, it should be noted that in
longitudinal comparison choosing between the two

OPUTUHAJIbHbBIE CTATbU

B inferior
2 temporal

= superior
@ nasal

Figure 3: A representation of the frequency for which
differences in RNFL thickness of at least 20% between the
initial and the averaged measurements fell within each
quadrant. The data shown come from the 12 quadrants
in which the difference between the two measurement
techniques resulted in a difference of 20% or more. Eight
patients had such a difference in one quadrant in a single
eye while there was one patient with such difference in
both eyes. In addition, one patient exhibited a difference
in two quadrants (nasal and temporal) in the same eye

options could lead to two very different interpretations.
If indeed repeated measurements cause an overestima-
tion of RNFL thickness, then it could cause the clini-
cian to overlook progression of disease. On the other
hand, if repeated measurements are more accurate
than performing just one set, then obtaining only one
set of measurements may result in an under-estima-
tion of RNFL thickness resulting in an over-diagnosis
of progression.

At any rate, this observation was seen in a small
group of patients (13.6%), and mostly in the horizon-
tal meridian which is less relevant for changes in glau-
coma. A difference in the vertical meridian (superior
and/or inferior quadrants) which is the more relevant
meridian for changes in glaucoma was seen in only
3 patients (4.1%). Thus, a single set of RNFL measure-
ment may be sufficient in most cases (95.9%).

This study has several limitations. First, we were
unable to compare the Stratus measurements to those
made with the Spectralis on the same patients. Given
the higher resolution of the Spectralis this might have
given us a better idea of which measurement technique
was more accurate. Second, all measurements in each
patient were performed on the same day. Thus, fatigue
may have played a role in the frequency of eye move-
ments and thus on the variability of the results.

In summary, repeated RNFL measurements with
the Stratus OCT may show a difference in a small
fraction (13.6%) of patients. Most of the differences
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