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Comparison of OCT and HRT Findings Among Normal, 
Normal Tension Glaucoma, and High Tension Glaucoma
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Purpose: To evaluate the relationship between optic disc and retinal nerve fiber layer (RNFL) measurements 
obtained with the optical coherence tomography (OCT) and the Heidelberg retina topography (HRT) in 
normal, normal tension glaucoma (NTG), and high tension glaucoma (HTG).
Methods: Normal, NTG and HTG subjects who met inclusion and exclusion criteria were evaluated 
retrospectively. One hundred seventy eyes of 170 patients (30 normal, 40 NTG, and 100 HTG) were 
enrolled. Complete ophthalmologic examination, HRT, OCT, and automated perimetry were evaluated.
Results: Disc area, cup area and cup/disc area ratio measured with HRT were significantly different between 
NTG and HTG (all p<0.05). Mean RNFL thickness measured by OCT with ascanning diameter of 3.4 mm 
was larger in NTG than HTG (84.97±24.20 µm vs. 73.53±27.17 µm, p=0.037). Four quadrant RNFL 
thickness measurements were not significantly different between NTG and HTG (all p>0.05). Mean deviation 
and corrected pattern standard deviation measured by automated perimetry was significantly correlated with 
mean and inferior RNFL thickness in both NTG and HTG (Pearson’s r, p<0.05). Mean RNFL thickness/disc 
area ratio was significantly larger in HTG than NTG (35.21±18.92 vs. 31.30±10.91, p=0.004).
Conclusions: These findings suggest that optic disc and RNFL damage pattern in NTG may be different from 
those of HTG.
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Glaucomatous optic nerve damage may manifest itself not 
only as a morphological change in the optic nerve head 
(ONH) but also as a decrease in the thickness of the retinal 
nerve fiber layer (RNFL).1 Loss of axonal fibers results in 
the decreased thickness of the RNFL, and this structural 
change has been found to precede both any morphological 
changes of the optic nerve head and functional changes in 
the visual field.2-13 Thus, measuring the RNFL thickness, 
along with morphological analysis of the ONH lies at the 
cornerstone of early glaucoma detection.The development of 
the Heidelberg Retina Topography (HRT, Heidelberg 
engineering GmbH, Heidelberg, Germany) has made possible 
an objective three dimensional topographic analysis of the 
ONH. A more recent development in the optical coherence 

tomography (OCT Humphrey Systems, Inc., Dublin, 
California, USA) utilizes a near infra-red beam to provide 
cross sectional views of the retina with a remarkable 
resolution of up to 10 µm. However, it has been reported that 
not only the RNFL thickness but the size of the ONH has 
great inter-individual and inter-racial variations.14-17 Also, the 
thickness of the RNFL has been found to be directly 
proportional to the size of the ONH.18-20 Therefore, clinical 
correlation between these two variables should aid each other 
in the diagnosis of early glaucomatous change. Inter-racial 
comparisons in the thickness of the RNFL, have to date been 
largely studied between Caucasians and those of African 
descent. The authors of this study have attempted to compare 
high tension and normal tension glaucoma patients for any 
differences in HRT and OCT measurements in a cohort of 
Korean patients diagnosed with glaucoma. 

Materials and Methods

This study involved retrospective comparison analysis of 
HRT and OCT variables of the right eye of patients 
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Table 1. Patients’ demographics

Normal (n=30) NTG (n=40) HTG (n=100) p value

Age
(years)

41.40±15.73
(range, 20 to 73)

54.30±9.90
(range, 23 to 68)

52.80±10.54
(range, 23 to 75) .02*

Gender (M:F) 13:17 18:22 41:59 .97†

Refractive error
(diopters)

-1.4±1.7
(range, -4.35 to 1.25)

-1.3±2.2
(range, -4.50 to 3.25)

-0.5±1.6
(range, -4.1 to 2.1) .26*

MD (dB) -1.76±1.41 -7.09±4.13 -7.28±6.29 <.029*

CPSD (dB) 0.93±0.97 5.18±4.61 4.98±4.40 <.031*

CPSD=corrected pattern standard deviation on visual field; dB=decibels; F=female; HTG=high tension glaucoma M=male; 
MD=mean deviation on visual field; NTG=normal tension glaucoma; Values given as means±standard deviations; * By analysis of 
variance; † By Chi-square test.

diagnosed with high tension glaucoma (HTG) or normal 
tension glaucoma (NTG) between January, 2001 and May, 
2001. Normal controls were also included in this comparison 
study. The thirty eyes of normal controls were restricted to 
those without any ocular morbidity, showing neither 
glaucomatous optic disc changes nor visual field defects, and 
whose intraocular pressure (IOP) never exceeded 21 mmHg 
on repeated measurements. The thirty NTG eyes included in 
this study were defined as those showing both glaucomatous 
optic disc changes and corresponding visual field defects but 
who’s IOP never exceeded 21 mmHg on repeated 
measurements. Subsequently, the one hundred eyes enrolled 
as HTG group included those as stated above for NTG except 
whose IOP exceeded 21 mmHg prior to or after initiation of 
therapy and thus diagnosed as primary open angle glaucoma. 
The restriction of the study to the right eye of each patient 
for each group was to facilitate statistical analysis. HRT, 
OCT and visual field exams were all completed on the same 
day by one examiner for each of the exams.

Exclusion criteria included any other ocular co-morbidity 
including high myopia, cataracts and diabetic retinopathy that 
may interfere with the results. A past history of any central 
nervous system disease that could influence ONH 
morphology also warranted exclusion.

Visual fields were obtained by Humphrey automated 
perimetry (Allergan- Humphrey, Inc., San Leandro, USA) 
central 30-2 program. Obtained visual field indices for 
statistical analysis included mean deviation (MD), and 
corrected pattern standard deviation (CPSD). The HRT exam 
immediately followed the visual field exam by creating a 
mean topograph from 3 images with image size of 15 
degrees. In all subjects the ONH border was drawn just 
inside the inner boundary of the scleral ring of Elschnig by 
a single examiner. All ONH measurement variables made by 
the HRT were calculated from this manually drawn ONH 
border and an automatically set standard reference plane. The 
twelve ONH measurement variables calculated by the HRT 
included disc area, rim area, cup area, cup/disc ratio, cup 
volume, rim volume, mean cup depth, maximum cup depth, 
cup shape measure, height variation contour, mean RNFL 
thickness and RNFL cross sectional area.

OCT examinations were the last to be completed in the 
series. All globes were internally fixated by asking the 
examinee to fixate on the built-in flashing light. The 
peripapillary retina was scanned at diameters of 2.3 mm and 
3.4 mm centered on the center of the disc to obtain RNFL 
thickness measurements. RNFL thickness was measured for 
each of the 4 quadrants surrounding the disc and a mean value 
was calculated. In addition, the OCT values for the mean and 
inferior RNFL thickness from the two glaucomatous groups 
were divided by nasal RNFL thickness and disc area, in an 
attempt to compare values between the two groups.

All twelve measurement variables calculated by the HRT 
and the five measurement variables obtained with the OCT 
were compared amongst the normal controls, NTG and HTG 
groups. Between the two glaucoma groups the MD and 
CPSD obtained from automated perimetric testing were also 
compared. Comparison between the two glaucoma groups 
was done with the 3.4 mm scanning diameter values, as this 
location has previously been reported as showing a 
significant difference between thetwo glaucoma groups.21,22

Statistical analyses were done with the SPSS/PC program 
to differentiate between the Pearson correlation test, linear 
regression test, analysis of variance (ANOVA) and the 
Student ttest. A p-value of less than 0.05 was set for 
statistical significance.

Results

Demographic data shown in Table 1 for each of the three 
groups show a tendency for the normal control group to have 
been younger than either of the two glaucomatous groups, but 
statistically show no significant difference. Gender and 
refractive error showed no statistical difference amongst the 
three groups. As expected, MD and CPSD values were 
significantly higher for the normal control group when 
compared to the two glaucoma groups.

Comparisons of HRT parameters among three study 
groups were shown in Table 2. According to ANOVA, height 
variation contour was the only value which was similar 
among all three study groups. Cup area and cup/disc area 
ratio had different values in three groups. 
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Table 2. HRT parameters in normal, normal tension glaucoma, and high tension glaucoma
Normal (n=30) NTG (n=40) HTG (n=100) p value* p value† p value‡ p value§

Disc area (mm2) 2.476±0.577 2.780±0.480 2.408±0.582 0.831 0.064 0.001 0.035

Cup area (mm2) 0.734±0.393 1.513±0.457 1.114±0.600 0.001 0.002 0.001 0.041

Cup/disc area ratio 0.289±0.135 0.537±0.104 0.449±0.165 0.001 0.001 0.004 0.026
Rim area (mm2) 1.742±0.472 1.267±0.281 1.270±0.331 0.001 0.001 0.998 0.032

Cup volume (mm3) 0.166±0.171 0.465±0.223 0.373±0.298 0.001 0.001 0.143 0.034

Rim volume (mm3) 0.433±0.094 0.265±0.088 0.298±0.152 0.001 0.001 0.371 0.018

Mean cup depth (mm) 0.230±0.105 0.360±0.099 0.332±0.116 0.001 0.001 0.362 0.041

Maximum cup depth (mm) 0.583±0.214 0.772±0.200 0.732±0.187 0.001 0.001 0.513 0.024

Cup shape measure -0.155±0.067 -0.062±0.075 -0.090±0.086 0.001 0.001 0.131 0.029
Height variation contour (mm) 0.373±0.087 0.342±0.109 0.358±0.113 0.461 0.784 0.701 0.081

Mean retinal thickness (mm) 0.247±0.075 0.192±0.071 0.203±0.727 0.005 0.009 0.711 0.026

RNFL cross section area (mm2) 1.363±0.353 1.119±0.398 1.088±0.364 0.018 0.001 0.855 0.034
HTG=high tension glaucoma; NTG=normal tension glaucoma; RNFL=retinal nerve fiber layer; Values given as means±standard 
deviations; * Corresponding pairs: normal and NTG, Student t test; † Corresponding pairs: normal and HTG, Student t test; 
‡ Corresponding pairs: NTG and HTG, Student t test; § Corresponding: normal, NTG, and HTG, analysis of variance.

Table 3. Retinal nerve fiber layer thickness measured by OCT in normal, normal tension glaucoma, and high 
tension glaucoma (µm)

Normal (n=30) NTG (n=40) HTG (n= 100) p value* p value† p value‡ p value§

Scan diameter of 3.4 mm

Mean 102.40±16.96 84.97±24.20 73.53±27.16 0.011 0.001 0.037 0.024

Superior 139.47±22.25 113.5±31.84 100.51±35.74 0.003 0.001 0.085 0.015

Inferior 126.17±23.02 96.33±38.81 79.66±42.34 0.004 0.001 0.055 0.031

Nasal 60.70±23.33 67.73±39.76 53.23±36.13 0.687 0.560 0.068 0.087

Temporal 81.73±25.56 61.17±25.01 61.17±28.52 0.005 0.001 0.999 0.041

Scan diameter of 2.3 mm

Mean 122.87±27.21 85.55±37.57 78.23±36.21 0.001 0.001 0.501 0.031

Superior 164.57±28.47 121.57±49.25 112.83±53.73 0.001 0.001 0.605 0.026

Inferior 158.63±34.85 98.08±54.01 85.02±52.42 0.001 0.001 0.342 0.047

Nasal 86.43±36.35 74.13±42.37 65.62±49.24 0.506 0.072 0.577 0.067

Temporal 81.87±42.30 48.43±34.39 49.44±38.41 0.001 0.001 0.989 0.021

NTG=normal tension glaucoma; HTG=high tension glaucoma; Values given as means±standard deviations; * Corresponding pairs: 
normal and NTG, Student t test; † Corresponding pairs: normal and HTG, Student t test; ‡ Corresponding pairs: NTG and 
HTG, Student t test; § Corresponding: normal, NTG, and HTG, analysis of variance.

Disc area was significantly different only between NTG 
and HTG but not between normal vs. NTG and normal vs. 
HTG. Rim area, cup volume, rim volume, maximum cup 
depth, cup shape measure, mean retinal thickness, and RNFL 
cross section area were different between normals vs. 
NTG/HTG.

RNFL thickness measurements by OCT with the 3.4 mm 
and 2.3 mm diameter scan were tabled in Table 3. First of 
all, according to ANOVA, RNFL thickness of nasal 
peripapillary quadrant was similar in three groups with both 
scan diameters. With 3.4 mm scan diameter, mean RNFL 
thickness showed a significant difference among all three 
groups. The normal control group showed the thickest RNFL 
while the HTG group showed the thinnest. Comparison of the 

four peripapillary quadrants among the three groups showed 
the normal control group to have the highest RNFL thickness 
values except for the nasal quadrant when compared against 
the two glaucoma groups. RNFL thickness for each quadrant 
between the two glaucoma groups showed no significant 
difference. For the 2.3 mm diameter scan, although the 
normal control group showed the highest value of mean 
RNFL thickness, a difference between the two glaucoma 
groups was not found. Measurements for the four peripaillary 
quadrants showed the similar tendency as with the 3.4 mm 
diameter scan. 

In the normal control group, OCT measurements for mean 
RNFL thickness and foreach of the peripapillary quadrants 
except the nasal quadrant significantly correlated with disc 
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area calculations from the HRT. Also, rim area calculations 
from the HRT showed a significant association with mean, 
superior and temporal quadrant RNFL thickness 
measurements with the OCT. Among the OCT measurements, 
the superior RNFL thickness measurement showed the most 
association with calculated HRT parameters.

For the NTG group, associative analysis between OCT and 
HRT variables showed the inferior RNFL thickness 
measurement to be significantly correlated with HRT 
parameters cup volume, cup/disc ratio, rim area and cup 
shape measure. Also, the mean RNFL thickness measurement 
showed significance when associated with rim area and cup 
shape measure. Two visual field indices MD and CPSD 
showed significant correlation with mean and inferior 
quadrant RNFL thickness measurements on OCT. In 
association with visual field testing, the inferior quadrant 
RNFL thickness showed a high correlation with MD and 
CPSD. In addition, the thinner the RNFL was, the further the 
MD and CPSD fluctuated from the normals.

In the HTG group, HRT parameters associated with mean 
RNFL thickness were cup area, cup/disc ratio and cup shape 
measure. Of note, the cup shape measure showed significant 
association with all RNFL thickness measurements except the 
nasal quadrant RNFL. Inferior quadrant RNFL thickness 
showed the most correlations with HRT parameters including 
cup area, cup/disc ratio, rim area, cup area, rim volume, cup 
shape measure, mean RNFL thickness and RNFL cross 
sectional area.

Both MD and CPSD showed correlation with the mean 
and inferior quadrant RNFL thickness measurements with a 
higher correlation for the inferior RNFL thickness. The 
thinner the RNFL the further the MD and CPSD drifted from 
normal. This trend was consistent for both glaucoma groups.

The two glaucoma groups were compared by taking the 
mean and inferior quadrant RNFL thickness measurements by 
OCT, which incidentally showed a significant association 
with MD and CPSD, and dividing these measurements by the 
nasal quadrant RNFL thickness and disc area measured and 
calculated by the HRT and OCT respectively. The ratio of 
the mean and inferior RNFL thickness to the nasal quadrant 
RNFL thickness did not show a significant difference 
between NTG and HTG groups (all p>0.05). The ratio of the 
mean RNFL thickness to disc area for the two glaucoma 
groups was 35.21±18.92 for NTG and 31.30±10.91 for HTG, 
showing a significant difference between the two groups 
(p=0.004) however the ratio of inferior quadrant RNFL 
thickness to disc area reached no significant level between 
the two glaucoma groups (p>0.05).

Discussion

HRT and OCT are relatively recent developments to 
combat these problems. HRT provides a quantitative value 
for various parameters by taking three dimensional 
measurements of the ONH and peripapillary retina. The high 

reproducibility of HRT has already been reported.23 OCT 
utilizes a light source in the near infra red spectrum to take 
tomographic sections of tissue just like a B-scan 
ultrasonograph, enabling direct measurements of RNFL 
thickness. 

However, RNFL thickness and ONH morphology are 
known to have wide inter-individual and inter-racial 
variations.14-17 Tsai et al.14 have reported that the disc area 
of Oriental people is larger than Caucasians but smaller than 
people of African descent. They also remarked on the high 
inter-individual differences. In light of these differences and 
the fact that the incidence of NTG is reported to be much 
higher in Asians than Caucasians, the unbiased use of 
Western data in an attempt at diagnosis and detection of 
progression of glaucoma can give erroneous results. The 
compilation of data for Korean people in the analysis of 
ONH morphology by HRT and the measurements of RNFL 
thickness by OCT in normal subjects have already been 
published.24-28 However, comparisons with glaucomatous eyes 
have not yet been studied. The authors of this study 
attempted to analyze, compare and find any association in 
HRT and OCT parameters in normal Korean subjects and 
those already diagnosed with NTG or HTG.

Quantitative comparisons showed a significantly larger 
disc area for the NTG group than the HTG group (p=0.001). 
This was in accord with the results published by Yang et al.25 
but contradicted the report by Park.26 Also, average disc area 
was larger for the NTG group when compared to controls but 
did not reach a significant level (p=0.064). Cup area showed 
statistically different values for each of the three groups with 
NTG having by far the largest area. This was also in 
contradiction to the report made by Park.26 As in reports 
made by Fazio29 and Yang26 comparison of rim area showed 
no difference between the two glaucoma groups but showed 
a larger area for normal controls as expected. However, 
previous reports made by Park26 showed larger rim areas for 
the NTG group, as reports by Caprioli,30 Yamagami,31 and 
Eid32 postulated smaller rim areas for the NTG group. 
Caprioli,30 Yamagami,31 and Fazio29 all used ONH 
stereophotogaphs or the Rodenstock ONH analyzer to 
compare amongst the groups and thus their methods differed 
from this present study. However, a recent study by Lester, 
Mikelberg et al.33 used the HRT to compare one hundred and 
thirty two HTG patients with fifty NTG patients and found 
no significant difference in any HRT parameter between the 
two groups.

In light of the present results, rim area in the two 
glaucoma groups show a high association with the 
superiorand the inferior RNFL thickness. The mean and 
inferior RNFL thickness showed a significant association 
with cup shape measure. This observation leads to the 
hypothesis that the change in the mean and the inferior 
RNFL thickness is more responsible for glaucomatous optic 
nerve head change than any other quadrant. Unlike in the 
normal control group, disc area showed no significant 
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correlation with RNFL thickness in the two glaucoma groups, 
leading to the idea that, a decrease in RNFL thickness in 
glaucoma does not affect disc size. Also, inferior 
peripapillary RNFL thickness was the only quadrant to have 
a significant association with cup/disc ratio in the two 
glaucoma groups. The association of the mean and inferior 
peripapillary quadrant RNFL with visual field indices MD 
and CPSD is worthy of note. The normal ONH is known to 
have a double-hump pattern with a dual prominence at the 
superior and inferior borders. This double-hump pattern is 
known to be preferentially lost with superior and inferior 
RNFL flattening in glaucomatous eyes.34 However, the 
present study shows that the peripapillary RNFL thickness to 
have the most association with glaucomatous visual field 
changes is the inferior quadrant rather than the superior 
quadrant, irrespective of the level of IOP. 

Previous reports made by Jonas19 and Quigley18 confirm 
the findings of our study, in that the bigger the disc area, 
the thicker the mean and inferior RNFL thickness 
measurements in normal controls. Therefore, the ratio of the 
mean/inferior RNFL thickness to disc area can be an 
objective parameter in the two glaucoma groups. This study 
used in its analysis, the mean RNFL thickness rather than the 
superior quadrant thickness due to the mean RNFL’s 
association with visual field indices.

In a comparison between the two glaucoma groups, the 
mean RNFL thickness/disc area ratio showed a significantly 
lesser value for NTG despite the fact that absolute values for 
mean RNFL thickness and disc area was larger for NTG. The 
authors of this study propose that the mean RNFL 
thickness/disc area ratio can be an aiding factor in 
distinguishing between the two glaucoma types.

The primary limitation of this study lies in the different 
number of patients recruited for each comparison group. 
Namely, the HTG group had a larger number of recruits than 
either the NTG or the normal control group. This discrepancy 
in the number of recruits largely resulted from the high cost 
of the various exams employed in this study, since in the 
normal control group, OCT and HRT exams were performed 
only on those patients willing to take on the economic burden 
and such patients were difficult to find. Secondly, the nature 
of the present study was retrospective. Subjects were selected 
for their similarity in glaucoma severity measured by visual 
field indices. Thus, a comparative analysis between 
subgroups classified according to graded glaucoma severity 
was not possible with this study design. A prospective study 
based on a graded glaucoma severity scale between the two 
glaucoma groups should be addressed in the future.

The traditional triad of visual field, optic disc cupping, and 
RNFL defects can now be augmented by the analyses of 
direct RNFL thickness measurements and ONH morphology 
through OCT and HRT, respectively. Such augmentation 
should be able to aid in the early diagnosis and early 
detection of progression of glaucoma even before signs are 
evident in the traditional triad. Also, OCT and HRT can aid 

in the differential diagnosis between NTG and HTG allowing 
early intervention for the clinician. In this regard, the authors 
of this study conclude that OCT in conjunction with 
associated HRT variables, not only acts as an adjunct to the 
traditional triad of visual field, RNFL photography and ONH 
morphologic studies, but can also be a most useful tool in 
research analysis of Korean eyes with glaucoma, such as in 
the differentiation of NTG and HTG.
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