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Context: Although Heidelberg retinal tomography (HRT)-generated topographic images have 

been studied extensively for the detection of retinal nerve fiber layer (RNFL) defects, little is 

known about the role of HRT-generated surface reflectivity images in the detection of RNFL 

defects in either patients with glaucoma or glaucoma suspects. 

Aims: To evaluate the effectiveness of HRT version II (HRT II) optic nerve reflectivity images 

in uncovering RNFL defects in an outpatient population evaluated for glaucoma.

Study design/materials and methods: In 102 consecutive eyes from 60 patients evaluated 

for glaucoma in an academic-based practice, HRT II optic nerve images were prospectively 

imaged and compared with clinical optic nerve exam techniques to see if HRT II was able to 

detect RNFL defects overlooked in clinical practice. 

Results: Nine eyes (8.8%) were found to have RNFL defects recognized by screening with 

HRT II. Of these nine eyes, eight (88.9%) were recognized to demonstrate RNFL defects by 

conventional examination techniques. One additional eye had an RNFL defect seen on physical 

exam that was not detected by HRT. 

Conclusion: In academic practice, HRT II may be helpful in complementing conventional 

exam techniques in the recognition and documentation of acquired RNFL loss. 
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Introduction
Glaucoma is a disease process in which there is a progressive loss of the retinal ganglion 

cells resulting in characteristic optic atrophy and visual field loss.1 Early identification of 

individuals with glaucoma is important to initiate timely treatment and prevent vision 

loss, as glaucomatous damage is irreversible.2 The diagnosis of glaucoma depends on 

intraocular pressure measurements, visual field analysis, and, most importantly, reliable 

optic nerve head evaluations.3 Evaluating structural changes in optic nerve head and 

retinal nerve fiber layer (RNFL) as well as functional monitoring of progressive visual 

field changes are employed in assessing ongoing glaucomatous damage.4

A number of imaging devices, including Heidelberg retinal tomography (HRT) 

(versions I, II, and III) (Heidelberg Engineering, Germany), optical coherence tomo

graphy, and GDx scanning laser polarimetry, have been developed with the objective 

to reliably measure and follow structural changes in optic nerve head or the thickness 

of RNFL.5 HRT, one such imaging modality, uses a confocal scanning laser to image 

serial sections of optic nerve to create a map of topographical sections of optic nerve 

head and surrounding retina. HRT, based on the surface reflectivity pattern, also has 

the ability to detect changes in, or localized loss of, RNFL, though this has not been 
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studied extensively. Burk et al6 showed that surface reflec-

tivity images by HRT II can yield information on the loss of 

RNFL while evaluating patients with glaucoma. 

In this study we sought to evaluate the utility of HRT II 

surface reflectivity images in an academic referral practice. 

The aim of this study was to explore 1) the ability of HRT II in 

quantitative detection of RNFL defects in glaucoma suspects 

as well as patients with glaucoma as compared with clinical 

examination and 2) whether the RNFL defects detected cor-

relate with functional changes in visual function.

Materials and methods
Enrollment of patients
This was a retrospective comparative study. The study was 

approved by the Institutional Review Board at the George 

Washington University, and all procedures followed were in 

accordance with the ethical standards of the Helsinki Dec-

laration of 1975. The study was performed in an academic-

based glaucoma practice clinic. One hundred and two eyes 

from 60 consecutive patients aged 18 years who were 

following up with the glaucoma clinic at our institution and 

who were willing to participate were included in the study. 

Patients enrolled in the study included those with a diag-

nosis of glaucoma or those followed as glaucoma suspects. 

Glaucoma was defined as a diagnosis of primary open angle 

glaucoma that was made when there was definite evidence 

of tissue damage or visual function loss related to glaucoma. 

Diagnosis of glaucoma suspects was based on signs of cup to 

disc ratio asymmetry or symmetrically large physiologic cup 

with presumed predisposition because of a risk factor such 

as elevated intraocular pressure, positive family history of 

glaucomatous visual field loss, pigment dispersion syndrome, 

hyperopia, myopia, or the presence of a gene known to be 

associated with glaucoma. Patients with pupils 2.5 mm; 

pathological myopia; congenital ocular or optic nerve anoma-

lies; anomalies with concurrent ocular disorders that interfere 

with imaging, including cataract; and corneal scarring were 

excluded. Any patients with vitreoretinal disorders including 

vascular occlusions and optic neuropathy were also excluded. 

Patients with disc areas 1.00 mm or 3.00 mm on HRT 

imaging were also not included in the study.

All patients underwent a complete eye examination 

including slit lamp biomicroscopy of the ocular surface and 

anterior segment, gonioscopy, dilated fundus examination 

with a +78D/20D lens, as well as disc stereo photography. 

All patients underwent clinical evaluation prior to imaging 

studies. Two experienced clinicians (DAB, JAD) evaluated in a 

masked fashion for presence of RNFL defects based on clinical 

examination as well as fundus stereophotographs. In addition, 

optic and RNFL analysis with HRT II was performed by 

experienced clinicians (MMI, ASH) to evaluate the presence 

of any RNFL defects. HRT II measures the surface of the optic 

disc and peripapillary retina and then estimates the retinal 

thickness as an indirect measurement of the nerve fiver layer, 

as described previously.7,8 In short, the instrument performs 

A-scan in 32 focal planes, constructs a three-dimensional map, 

and displays the information as two images: a topographical 

image and a reflectivity image. Each HRT II scan includes a 

three-scan series of a 10×10° frame and creates a composite 

image with a reference plane for data analysis. The mean 

topography of the three series was used for the analysis, and 

the contour line of the optic disc edge drawn by an experienced 

technician was used. RNFL defect dimensions, including 

the smallest and largest width along with the height, were 

measured using the scale provided by the HRT II reflectivity 

image, and the area of the defect was approximated into an 

isosceles trapezoid shape and calculated in mm2. The area of 

defect was converted to the average retinal arterial width by 

dividing the calculated area by the square of the average width 

of the imaged retinal arteriole (0.1912 mm2). 

All patients underwent standard 24-2 or 30-2 achro-

matic Humphrey visual field analysis (Carl Zeiss Meditec, 

Germany) with an SITA (Swedish interactive threshold 

algorithm) standard or full threshold protocol. A reliable 

visual field test was defined as one with 10% false positive 

response, 5% false negatives, and 20% fixation losses. 

A retrospective chart review was performed to collect the 

demographic details as well as current Humphrey visual field 

analysis. Student’s t-test statistical analyses were performed 

using IBM SPSS® Statistics version 19.0 (IBM Corporation, 

Armonk, NY, USA). 

Results
A total of 102 eyes (with glaucoma n=40, glaucoma suspect 

n=62) from 60 patients were evaluated for detection of RNFL 

defects with HRT II and compared with physical exam. The 

demographic details of the patient population are given in 

Tables 1 and 2. The mean cup to disc ratio was higher in the 

patients with glaucoma as compared with those with suspi-

cion of glaucoma (P=0.04). Similarly, the corrected pattern 

standard deviation was higher in patients with glaucoma as 

compared with glaucoma suspects (P=0.03). 

Nine eyes (8.8%) were found to have RNFL defects by 

HRT II surface reflectivity image, glaucoma = five eyes and 

glaucoma suspects = four eyes (see Table 3). Of these nine 

eyes, eight were recognized to demonstrate NFL defects by 
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physical examination. In addition, one RNFL defect was 

observed by clinical examination on one eye that was not 

detected by HRT II. 

The smallest width noted ranged from 1.31 mm to 2.62 mm 

while the largest width ranged from 2.62 mm to 9.93 mm. 

The mean area of RNFL defect detected in the nine patients 

by HRT II was 23.60±9.82. Visual field defects were detected 

in five of nine patients who had RNFL defect seen with HRT 

II. There was no correlation between the areas of the RNFL 

defects with presence of visual field defects (22.68 in patients 

with visual field defects vs 24.75 in patients with no visual 

field defects). Patients with corresponding visual field losses 

had lower mean deviation (-8.6 vs -1.3) and higher corrected 

pattern standard deviation values (8.11 vs 2.02) than those 

with no visual field defects (see Tables 4 and 5).

Discussion
Diagnostic tools such as HRT have been used for community 

screening of patients with glaucoma to allow early diagnosis 

and treatment. HRT II has conventionally used optic nerve 

head topographic parameters as well as indirect assessment 

of retinal RNFL thickness to follow progression in glaucoma 

patients.7 Though widely used in clinical practice, RNFL 

thickness is indirectly assessed by HRT software based on 

assumption of an arbitrary reference plane located 50 microns 

posterior to the retinal surface at the papillomacular bundle, 

contributing to lower diagnostic accuracy.9 

When used in the conventional manner evaluating struc-

tural optic disc changes, the sensitivity of HRT in diagnosing 

glaucoma in different studies has ranged from 57% to 94% 

and has been associated with high false positives.10,11 In 

this study we sought to evaluate the utility of HRT II as a 

screening tool in the detection of RNFL defects using surface 

reflectivity in a patient population with documented glau-

coma or who were suspected to have glaucoma (see Figure 1).  

Although it is well known that HRT II can also detect RNFL 

loss seen with early glaucomatous damage, based on changes 

in surface reflectivity, review of literature suggests that this 

has not been well studied. 

In this study, based on surface reflectivity pattern, HRT II 

imaging was comparable and showed good concordance with 

a focused clinical examination in detection of RNFL defects. 

We observed that HRT II had a sensitivity of 88.8% and a 

specificity of 98.9% compared with physical examination in 

detecting focal RNFL defects in a population with documented 

glaucoma or who were suspected to have glaucoma.  

Table 1 Demographics stratified by diagnosis

Patient  
characteristic

All patients
(n=60) 102 eyes

Glaucoma suspects
(n=40) 62 eyes

Glaucoma  
(n=20) 40 eyes

P-value

Age, years (mean ± SD) 53.2±11.2 51.2±12.1  56.7±8.6 NS
Sex (M/F) 24/36 16/24 8/12 NS
Race

Black 36 24 12
Caucasian 23 16 7 NS
Asian 1 0 1

IOP 16.0±3.0 16.0±3.0 16.0±3.0 NS
CD ratio 0.68±0.14 0.66±0.12 0.72±0.15 0.04
MD -2.33±2.95 -2.00±2.48 -2.82±3.51 NS
CPSD 1.82±2.39 1.47±1.84 2.72±3.3 0.03

Abbreviations: SD, standard deviation; NS, not significant; M, male; F, female; IOP, intraocular pressure; CD ratio, cup to disc ratio; MD, median deviation; CPSD, corrected 
pattern standard deviation.

Table 2 Demographics stratified by NFL status

Patient  
characteristic

No NFL defect
(n=50) 92 eyes

NFL defect
N=10 

P-value

Age (mean ± SD) 53.8±11.5  50.1±9.6 NS
Sex (M/F) 20/30 4/6 NS
IOP 16.0±3.0 17.0±3.00 NS
CD ratio 0.67±0.13 0.75±0.01 NS
MD -2.32±2.98 -5.45±4.66 NS
CPSD 1.64±2.19 3.24±3.44 0.02

Abbreviations: NFL, nerve fiber layer; SD, standard deviation; NS, not significant; 
M, male; F, female; IOP, intraocular pressure; CD ratio, cup to disc ratio; MD, 
median deviation; CPSD, corrected pattern standard deviation.

Table 3 Detection of NFL defect

HRT Clinical examination

NFL  
defect +

NFL  
defect -

NFL  
defect +

NFL  
defect -

Glaucoma 5 35 4 36
Glaucoma  
suspect

4 58 5 57

N=9 N=93 N=9 N=93

Abbreviations: NFL, nerve fiber layer; HRT, Heidelberg retinal tomography.
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Table 5 Mean VF parameters and NFL defect area for patients 
with detected NFL defects by Heidelberg retinal tomography 
version II as stratified by presence or absence of VF defects (n=9)

VF defects  
(n=5)

No VF defect  
(n=4) 

P-value

Mean MD -8.6 -1.3 NS 
Mean CPSD 8.11 2.02 0.02
Mean NFL defect 22.68 24.75 NS 

Abbreviations: VF, visual field; NFL, nerve fiber layer; MD, median deviation; 
NS, not significant; CPSD, corrected pattern standard deviation.

Table 4 Characteristics of patients with RNFL defects as detected by HRT II

No Nerve fiber layer defect dimensions Diagnosis Visual field defect MD CPSD CD

Smallest  
width

Largest  
width

Area

1 2.09 5.23 38.28 G Seidel scotoma -6.04 7.09 0.8
2 1.31 5.23 28.97 GS – -0.31 2.35 0.7
3 1.57 2.62 17.52 G Enlarged blind spot -4.62 5.62 0.85
4 2.09 3.14 9.57 GS – -2.17 2.39 0.7
5 2.62 4.18 30.39 GS – -3.11 1.52 0.7
6 2.09 3.66 30.07 GS – 0.32 1.85 0.7
7 2.62 9.93 10.04 G Seidel scotoma/global depression -18.4 12.89 0.9
8 2.09 3.14 20.5 G Seidel scotoma/global depression -13.51 11.97 0.9
9 2.62 3.14 27.09 G Seidel scotoma -0.51 2.98 0.85
Mean 2.12 4.47 23.60 – – – – –

Abbreviations: CD ratio, cup to disc ratio; MD, median deviation; CPSD, corrected pattern standard deviation; RNFL, retinal nerve fiber layer; HRT, Heidelberg retinal 
tomography; G, glaucoma; GS, glaucoma suspect.

In addition, HRT II and physical exam conjointly yielded the 

highest number of recognizable RNFL defects in an academic 

referral glaucoma population. In a previous study, Burk  

et al6 explored the use of surface reflectivity images in a series 

of 12 patients with documented nerve fiber loss seen on optic 

disc photography, and showed a much lower detection rate 

of 75% with HRT II.

In our case series, all five patients who showed visual 

field defects revealed the presence of RNFL loss on HRT II. 

No correlation was seen between the size of RNFL defects 

and visual field defect parameters such as mean deviation 

or corrected pattern standard deviation. Since most of the 

patients in our study population had less advanced visual 

field changes, as reflected by lower mean deviation values, 

it is likely that our series may be having localized or less 

advanced nerve fiber layer loss. It has been shown in previous 

studies that 40%–50% of nerve fiber is lost prior to detection 

of visual field changes and often occurs earlier by as much as 

5 years.12 If RNFL loss is a predictor of future field defects, 

assessment of RNFL defects may have greater specificity 

than evaluation of disc changes in glaucoma suspect eyes 

as well as in monitoring patients who already show RNFL 

defects. Another interesting fact observed was that glaucoma 

suspects with RNFL defects were significantly younger than 

the glaucoma patients with RNFL loss. 

There are several limitations to our study. First, all our 

patients were from a tertiary academic practice, where 

most of the patients were referred, and may not reflect a 

community-based screening population. Differences in 

sensitivities and specificities for glaucoma testing have 

been shown to vary between institutional settings and mass 

screening environments.13 Secondly, we had a small sample 

size with less advanced visual field defects. Future studies 

looking at long-term follow-up of these patients looking for 

any progressing of these defects and correlation with visual 

field changes will be helpful. Further, we are planning on 

including patients with early as well as advanced glaucoma 

and a larger sample size in future studies.

Conclusion
In summary, we evaluated the utility of HRT II in assessing 

and documenting acquired RNFL loss in glaucoma or glau-

coma suspect patients, and hence it can be used as a screening 

tool for identifying potential patients for further workup.

In an academic practice, HRT may be helpful in comple-

menting conventional examination techniques in the recogni-

tion and documentation of acquired RNFL loss. HRT and a 

focused examination conjointly yielded the highest number 

of recognizable RNFL defects.
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Figure 1 Heidelberg retinal tomography version II surface reflectivity image showing nerve fiber layer defects (arrows).
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