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SENSITIVITY AND SPECIFICITY 
OF SPECTRAL OCT IN PATIENTS 
WITH EARLY GLAUCOMA

SUMMARY
SENSITIVITY AND SPECIFICITY OF SPECTRAL OCT IN 
PATIENTS WITH EARLY GLAUCOMA.

The study examines the sensitivity and specificity of spectral OCT in 
detecting early glaucoma. The aim was to evaluate data obtained by RNFL 
analysis in 4 observed quadrants and to compare it with the resulting 
diagnosis of glaucoma neuropathy determined subsequently on the 
basis of changes in the visual field. This concerns a retrospective study 
numbering 31 probands who underwent OCT examination at our centre in 
the period from 2008 to 2017. Test statistics demonstrated sensitivity of 
OCT examination (specific RNFL analysis) of 63.64% and specificity of 90%. 
The used ROC (receiver operating characteristic curve) test showed an AUC 
(area under curve) value of 0.734 on a statistically significant level of p = 
0.0097. We therefore found that the instrument Spectral OCT SLO, with 
the aid of RNFL analysis, was effective in determining probands in whom 
development of glaucoma pathology was subsequently confirmed. 
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INTRODUCTION

Glaucoma is a multifactorial, progressive and irreversible 
neuropathy of the optic nerve, characterised by a loss of re-
tinal ganglion cells and atrophy of the optic nerve. Glauco-
ma neuropathy is accompanied by specific damage to the 
visual field. The most significant risk factor is considered 
to be elevation of intraocular pressure. The fundamental 
methods of examination are measurement of intraocular 
pressure, biomicroscopic evaluation of the optic nerve disc, 
gonioscopy and perimetric examination. However, as a rule 
these examinations fail to detect very early glaucomatous 
changes. It is considered that before the actual initial detec-
tion of defects in the visual field with the aid of automated 
perimetry, more than 35% of retinal ganglion cells may alre-
ady be lost (7). The finding that structural changes precede 
detectable functional deficits has led to increased interest 

in imaging technology. Imaging methods now play an irre-
placeable role in the current diagnosis of glaucoma. Most 
often we proceed to perform these examinations precisely 
within the framework of diagnosis of early stages of glauco-
ma, and subsequently upon monitoring glaucoma over time 
for the purpose of detecting its progression. The imaging 
methods used for diagnosis and monitoring of glaucoma 
include HRT examination (Heidelberg retinal tomography), 
OCT examination (optical coherence tomography) and GDx 
(nerve fibre analyser). Here we shall focus especially on OCT 
examination. OCT provides a quantity of analyses for dia-
gnosis of glaucoma pathology – analysis of the retinal nerve 
fibre layer (RNFL), analysis of the papilla of the optic nerve 
and more recently also analysis of macular changes in glau-
coma, specifically analysis of the ganglion cell layer (GCL) 
and posterior pole asymmetry analysis (PPAA) of maps of 
macular thickness of the retina. A modern diagnostic ana-
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lysis is also measurement of the minimum thickness of the 
neuroretinal rim from the edge of the Bruch’s membrane 
(BMO-MRW – Bruch’s Membrane Opening Minimum Rim 
Width), which is currently provided only by certain types of 
spectral OCT. OCT can also be used for evaluating the ante-
rior segment, especially for measurement of diffuse optical 
pachymetry,measurement of the anterior chamber angle 
and analysis of pathologies of the angle and iris.

One of the most important functions of OCT is the po-
ssibility of subsequent scanning, which enables monitoring 
of the patient and any applicable progression of the patho-
logy over time. Monitoring can be performed in two ways. 
The first is software post-processing, comparing the recor-
ded data with previous examination with the aid of retinal 
(mostly vascular) registration. The second, more precise and 
modern option is “eye tracking”, which produces only a mi-
nimum deviation between two consecutive measurements 
on the level of approx. 1 µm (9).

At our centre we have at our disposal the instrument 
Spectral OCT SLO from the manufacturer OPKO Instrumen-
tation/OTI OPKO Health, Inc. This is an instrument with an 
axial resolution of 5 µm and transverse resolution of 15 µm. 
The scanning speed is 27 thousand A-scans per second. We 
use the instrument primarily for structural examination of 
the macular region of the retina, for example in patients with 
age-related macular degeneration. Thanks to the possibility 
of analysis of the RNFL (retinal nerve fibre layer) and measu-
rement of the topography of the optic nerve papilla, at our 
centre we regularly examine also patients with suspected 
glaucoma neuropathy, most frequently within the framework 
of early diagnosis of primary open angle glaucoma (POAG).

According to certain studies (5), in the case of spectral 
domain OCT it is possible to attain sensitivity of as high as 
96% and specificity of 76%. The aim of our retrospective 
study was to evaluate data obtained thanks to RNFL analy-
sis in 4 observed summary quadrants and compare it with 
the resulting diagnosis of glaucoma neuropathy determined 
subsequently primarily on the basis of changes in the visual 
field. A specific feature of our study is the categorisation (0-

2) of changes of the RNFL in individual quadrants, based on 
the method of the instrument software.

METHOD

The study numbered a total of 31 probands, who 
underwent an RNFL examination at our centre with the aid 
of an OCT instrument in the period from 2008 to 2017. This 
cohort comprised 16 women and 15 men. The average age of 
the patients at the time of examination was 52 years (maxi-
mum 77, minimum 28) with standard deviation of 15 years. 
In all patients we concentrated on evaluating the classificati-
on of RNFL thickness in their right eyes. Included in the study 
were patients with a suspected finding at a biomicroscopic 
examination (C/D ratio greater than 0.5), without a positive 
finding on the perimeter and without anti-glaucomatous 
therapy. Evaluated were both RNFL thickness itself and the 
adjusted classification comparing RNFL thickness with the 
normative database in the individual 4 quadrants. We chose 
the designation as follows: we designated values correspon-
ding to 95% of the normative database with number 0, co-
rresponding to less than 5% of the normative database with 
number 1 and corresponding to less than 1% of the norma-
tive database with number 2. Number 0 therefore meant a 
negative result – there was no thinning of the RNFL beneath 
the normative value. By contrast, number 2 meant maximal 
thinning of the RNFL beneath the normative value (pathologi-
cal finding). Number 1 then expressed partial thinning of the 
RNFL beneath the normative value (suspected finding). For a 
statistical evaluation of sensitivity and specificity we worked 
with the average numerical value of RNFL thickness in micro-
metres and the numerical value of the classification from all 4 
quadrants, as well as the sum of values from all 4 quadrants. 

The probands continued to be monitored at our centre for 
a minimum period of one year (minimum 1 year, maximum 
9 years, average 3.72 years). In some patients, there was a 
demonstrated progression of the glaucoma pathology on 
the basis of changes in the visual field in the observed eye, 
and therapy was applied. We designated these probands 
with number 1. Probands designated with number 0 were 
those in whom no glaucoma pathology was manifested 
within the observation period (and up to today). The visual 
field of these patients is intact.

The results of measurement were converted into an MS 
Excel table and subsequently statistically evaluated with the 
aid of the statistical program Statistika version 12 from the 
company STATSOFT and MedCalc. The selected statistical le-
vel of significance was p = 0.05.

RESULTS

Progression of glaucoma took place in a total of 11 right 
eyes of the patients (designation 1). This means that 20 right 
eyes of the patients were without progression (designation 
0) in the observation period. At the time of the first exami-
nation, a total of 21 eyes were negative (0) according to OCT 
in all quadrants. From this it ensues that only 1 eye produ-
ced a false negative. The average simplified categorised va-Fig. 1. Special Optical Coherence Tomography instrument
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lue of RNFL thickness in the individual quadrants in patients 
with designation 1 and 0 is presented in graph 1. The aver-
age value of all quadrants in patients with designation 1 is 
0.59 and in patients with 0 is 0.18. A Student parametric test 
demonstrated a statistically significant difference between 
these values (p = 0.0027).

The test statistics on the cohort of 31 right eyes of pro-
bands for OCT examination demonstrated sensitivity of 
63.64% and specificity of 90% (Table 1). With the aid of an 
ROC (receiver operating characteristic curve) test, an AUC 
(area under curve) value of 0.734 was determined, on a sta-
tistically significant level of p = 0.0097.

With reference to the result of the further statistical test 
(Youden index) of J = 0.5364, we can state that the instru-
ment used is capable of reliably dividing healthy subjects 
and affected patients. The association criterion is categoris-
ation with number 1. This means that a proband with this 
designation of reduction of RNFL thickness beneath 5% of 

the normative database or suspect finding in at least one 
quadrant is the same proband in whom glaucoma patholo-
gy was subsequently manifested. 

Sensitivity and specificity related to RNFL thickness in all 
quadrants showed the same results as upon use of catego-
rised values (63.64% and 90% respectively). For evaluati-
on of sensitivity and specificity we used the sum of RNFL 
thickness in all quadrants in micrometres (the average value 
for probands with number 1 was 357.27 µm, and for pro-
bands with number 0 this was 401.30 µm). 

Individual quadrants were also evaluated. The average 
thickness of the RNFL layer in the lower quadrant in healthy 
eyes was 114.1 µm as against 103.45 µm in eyes with demon-
strated glaucoma pathology, in the upper quadrant this was 
123.55 µm in healthy eyes as against 107.9 µm in the affected 
probands, in the nasal quadrants 83.85 µm in healthy eyes 
vs. 80.82 in affected patients and in the temporal quadrant 
79.8 µm vs. 65.09 µm. The difference between average RNFL 

Table 1. Result of Receiver Operating Characteristic of test for Spectral Optical 
Coherence Tomography instrument 

Area under ROC curve (AUC) 0,734

Standard error 0,0904

95% reliability interval 0,545-0,876

Z statistic 2,588

Level of significance P (Area = 0.5) 0,0097

Youden index J 0,5364

Association criterion >1

Sensitivity 63,64

Specificity 90

Graph 1. Average categorised values of RNFL thickness in 
individual quadrants in patients with designation 1 (with 
pathology) and 0 (without pathology)

Graph 2. Receiver Operating Characteristic curve for 
Spectral Optical Coherence Tomography instrument. Sen-
sitivity 63.64%, specificity 90.00%, association criterion >1
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thickness in the probands with progression and without 
progression was therefore most pronounced in the upper 
quadrant (15.65 µm), followed by the temporal quadrant 
(14.71 µm) and the lower quadrant (10.65 µm), whereas the 
difference in the nasal quadrant was negligible (3.03 µm).

DISCUSSION      

RNFL analysis is currently considered the standard tool for 
detection of early glaucoma. Numerous studies have demon-
strated a correlation between thinning of the RNFL and afflic-
tion of the visual field (1). The aim of our study was to confirm 
this correlation and evaluate the sensitivity and specificity of 
spectral OCT examination in detecting early glaucoma.

The sensitivity of the time-domain instrument StratusOCT on 
patients with already demonstrated glaucomatous changes in 
the visual field has been investigated by Budenz et al. (2). The 
sensitivity and specificity of the instrument upon an abnormal 
value of RNFL thickness in one and more quadrants on the le-
vel of less than 5% was as follows: 89% for sensitivity and 95% 
for specificity. With the arrival of spectral OCT, distinguished by 
better resolution on the basis of a larger number of A-scans in 
comparison with time-domain OCT and at the same time better 
reproducibility for various levels of severity of glaucoma, an in-
crease in precision of diagnosis of glaucoma neuropathy was also 
expected. Studies were conducted comparing sensitivity and 
specificity in the case of time-domain and spectral-domain OCT. 
One of these was the study by Chang et al. (5), which for time-
domain OCT (StratusOCT) in one or more abnormal quadrants 
on a level of 5% determined sensitivity of 96% and specificity 
of 76%, whereas for spectral-domain OCT (Cirrus OCT) this was 
98% and 80%. They also studied parameters which are distin-
guished by the highest sensitivity and specificity. The highest 
sensitivity was determined for the meridian of 12 on the clock 
face (0.98), average thickness of RNFL (0.96) and upper quadrant 
(0.9) (8). A further development of the analytical possibilities of 
OCT brought evaluation of the ganglion cell layer in the macular 
region and analysis of symmetry of the macular region to the dia-
gnosis of glaucoma. However, according to the study by Kaushik 
et al. (6) from 2018, at present measurement of GCA (ganglion 
cell analysis) provided by SD-OCT has not surpassed measure-
ment of RNFL in the diagnosis of pre-perimetric glaucoma. This 
was confirmed also by a meta-analysis in a total of thirty-seven 
studies which investigated a comparison between macular and 
RNFL parameters measured with the aid of RTVue OCT (Opto-

vue Inc., Fremont, CA), (19 studies, 3094 subjects), Cirrus OCT 
(Carl Zeiss Meditec Inc., Dublin, CA), (14 studies, 2164 subjects) 
and 3D Topcon OCT (Topcon, Inc., Tokyo, Japan), (4 studies, 522 
subjects). Studies in general stated sensitivity, at fixed specifici-
ties on a level of 0.90 or 0.95, in the most effective parameters 
between 0.65 and 0.75. In the case of all OCT instruments, ma-
cular parameters in comparison with RNFL parameters manifes-
ted a similar or slightly lower precision for detection of glauco-
ma (10). Sensitivity and specificity of RNFL analysis in our study 
was congruent with the studies evaluated by this meta-analysis 
(sensitivity 63.64% and specificity 90%). It is therefore possible to 
state that the instrument Spectral OCT SLO (OPKO Instrumenta-
tion/OTI OPKO Health, Inc.) is an effective tool for the detection 
of glaucoma pathology. In comparison with some of the above-
-mentioned studies, the sensitivity we demonstrated is slightly 
lower, which may be due in particular to an assessment of only 
the first performed OCT in the right eye, the relative size of the 
cohort (n = 31) and the subsequent difference in the length of 
the observation interval (1 to 9 years), during which the neuro-
pathy could progress. Last but not least this may also be due to 
the simplified categorisation itself, in which the category of RNFL 
1 – patients on the borderline of a physiological finding may 
have found themselves beneath 5% of the normative database 
or with a suspected finding. For this reason, in addition to the 
above-mentioned simple categorisation it is important to take 
into account the evaluation of the RNFL thickness itself, including 
evaluation of the individual 4 quadrants and sub-segments. The 
average value of RNFL thickness from the total of all quadrants 
in our study was 357.27 µm in group 1 (with progression) and 
401.30 µm in group 0 (without progression). Early glaucoma is 
typified by a reduction in RNFL thickness in the temporal inferior 
and temporal superior sub-segment. In our study also the grea-
test difference in RNFL thickness between probands in group 
0 and group 1 (i.e. without and with glaucoma pathology) was 
manifested in the upper and temporal quadrant, followed by 
the lower quadrant, with only a minimal difference in the nasal 
quadrant. An essential component of early diagnosis is also mo-
nitoring of changes of RNFL thickness over time and comparison 
thereof with the initial measurement.

Our study demonstrated that the instrument Spectral 
OCT CLO (OPKO Instrumentation/OTI OPKO Health, Inc.) is 
an effective tool for the detection of glaucoma pathology. 
Within the framework of RNFL analysis we succeeded in de-
signating probands in whom the progression of glaucoma 
pathology had occurred on a statistically significant level. 
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