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Abstract

Purpose To evaluate the performance of the

HRT II (Heidelberg retinal tomograph) and

GDx (glaucoma detection) retinal nerve fibre

analyzer in GDx when used in the primary

care eye clinic setting for glaucoma screening.

Patients and Methods The study was

prospective, cross-sectional, and hospital-

based. One-hundred and twelve patients, 59

women and 53 men with a mean age of 57.8

years (range 18–85 years), had consecutive

HRT II disc imaging and GDx retinal nerve

fiber layer analysis. The Moorfield’s regression

classification and the ‘GDx number’ were used

to predict the likelihood of glaucoma. A

separate clinician, masked to the instrument

results determined a definitive diagnosis,

based on clinical examination. The extent of

agreement between instrument prediction and

the clinician diagnosis of glaucoma was

examined by generating sensitivity and

specificity tables.

Results The HRT II had a sensitivity of 0.79

(95% CI: 0.60–0.92) and a specificity of 0.70

(95% CI: 0.60–0.78). The positive predictive

value of the HRT II was 0.43 (95% CI: 0.29–0.57).

Using a GDx number of 50 as ‘cutoff’ for

glaucoma detection, the GDx had a sensitivity

of 0.80 (95% CI: 0.59–0.93) and a specificity of

0.72 (95% CI: 0.61–0.80), with a positive

predictive value of 0.43 (95% CI: 0.28–0.59).

Conclusions For glaucoma detection, neither

the HRT II nor the GDx are effective as

stand-alone screening devices in the primary

care setting.
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Introduction

Glaucoma is a disease characterized by the

progressive loss of retinal ganglion cells,

corresponding histologically to a decrease in

thickness of the nerve fibre layer. Functional loss

in glaucoma is manifested by visual field loss

when sufficient nerve fibres have been lost

either focally or diffusely and show

corresponding changes in optic disc

topography. An estimated 40–50% of nerve

fibres may be lost before functional visual loss

occurs. Consequently, conventional perimetric

testing may not be sensitive enough to detect

early disease or subtle progression and lead to

delays in starting or changing treatments.

Both retinal nerve fibre layer (RNFL)

thickness disturbances and optic disc damage

have been shown to precede visual loss,1–4 so

that objective assessment of these parameters

may help physicians detect and monitor

glaucoma earlier.

Over the last few years, a number of new

methods have been developed to assess the

RNFL and the optic disc, by using different

properties of light. Previous studies have shown

that, despite considerable overlap in the optic

disc and RNFL measurements, statistically

significant differences exist between normal and

glaucomatous eyes.5–8 There are, however,

conflicting reports regarding the ability of these

methods to discriminate between normal and

glaucomatous eyes.

In the primary care setting, the differentiation

of patients with definite glaucoma and those

who are normal is usually straightforward. It is

the ability to detect those with glaucoma from

patients with slightly suspicious disc features or

mildly elevated intraocular pressures (IOP) that

often prove more difficult. Hence, there may be

a tendency for over referral or more alarmingly
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under referral. Methods that would help in this

differentiation would be of great benefit. Hence, this

study was designed to compare the ability of a scanning

laser ophthalmoscope, Heidelberg retinal tomograph II

(HRT II) with a scanning laser polarimeter, GDx nerve

fibre layer analyzer (GDx) in detecting those with early

glaucoma from a group of suspected glaucoma patients.

Methods

Subjects

All new patient referrals to the primary eye care clinic at

Mile End Community Hospital between the dates of

April and June 2001 with a possible diagnosis of

glaucoma were enrolled in to the study. All the patients

were referred by local optometrists after an examination

including, IOP measurement by either contact or

noncontact tonometry and/or perimetry and clinical

optic disc assessment. Referral was made on the basis

of optic discs cupping suspicious of glaucoma, raised

IOPs, or visual field defects.

Informed consent was obtained from all patients and

Ethics committee (Moorfield’s Eye Hospital) approval

was attained.

Following recruitment, both eyes of each subject were

imaged using both the HRT II and GDx nerve fibre layer

analyzer. Imaging was carried out by experienced

technicians, who obtained three satisfactory scans from

each eye. The order of measurement was randomly

determined by the availability of the instrument.

A glaucoma consultant specialist blinded to both the

HRT and GDx measurements, assessed all the patients

and assigned a clinical diagnosis based on an ophthalmic

examination, including slit-lamp biomicroscopy,

Goldmann applanation tonometry, gonioscopy, dilated

fundus examination, and a reliable 24-2 SITA standard

Humphrey field analysis. (Reliability of the field was

assessed using the following criteria, less than 20%

fixation losses, and up to a maximum of 30% false-

positive and false-negative errors).

Using the clinical and perimetric information, the

glaucoma specialist categorized each patient into one of

the following groups, ‘definite glaucoma’, ‘glaucoma

suspect’ (GS), ‘ocular hypertension’ (OHT),

‘nonglaucomatous optic neuropathy’, or ‘normal’. The

diagnosis of glaucoma was made on the basis of optic

disc cupping, greater than 0.4 or asymmetry of vertical

cup–disc ratio by more than 0.2 with a corresponding

visual field defect. A glaucomatous visual field defect

was defined if 4/6 of the following criteria were met on

24-2 SITA, (i) a pattern standard deviation (PSD) worse

than the normal 1% level, (ii) a glaucoma hemifield test

(GHT) ‘outside normal limits’ (ONL), (iii) one hemifield

cluster worse than the normal 1% level, (iv) two

hemifield clusters worse than the 5% level, (v) four

abnormal (Po0.05) locations, (vi) five abnormal locations

(Po0.05) on the pattern deviation probability plot. OHT

was defined as an IOP of greater than 21 mmHg, in the

absence of glaucomatous optic disc or perimetric

changes. GS were patients with some, but not all of the

criteria needed for a diagnosis of definite glaucoma.

Healthy eyes were defined as having IOPs 21 mmHg or

less, with no history of elevated IOP. These eyes had

intact rims, no evidence of haemorrhage, notching,

excavation, or RNFL defect and symmetrical optic discs

based on clinical examination. Nonglaucomatous optic

neuropathy was diagnosed in patients regardless of IOP.

These subjects had optic nerve head changes inconsistent

with the characteristic cupping or visual field defects

associated with glaucomatous optic neuropathy.

A separate ophthalmologist, masked to the patients’

clinical examination analysed the data from the HRT II

and GDx devices for possible prediction of glaucoma.

HRT II disc imaging was graded as ‘normal’,

‘borderline’, and ‘ONL’ based on the Moorfield’s

regression coefficient. For GDx neural peripapillary

imaging, ‘normal’ and ‘abnormal’ results were defined in

terms of a GDx number of 50 (If the subject fell above this

value, they were considered to have an abnormal result

and visa versa.)

Instrumentation

Confocal scanning laser ophthalmoscope

The HRT II (Heidelberg Engineering, Heidelberg,

Germany) utilizes diode technology to produce

topographical measurements of the optic disc. The image

is derived from 32 optical sections at consecutive focal

depth planes. Three 151 field-of-view scans, judged to be

of acceptable quality, were obtained for each eye. A mean

topographic image based on these scans was created

using HRT software version 1.11. A technician outlined

the optic disc margin on the mean topographic image

while observing the stereoscopic photographs of the

optic disc. The Moorfield’s regression classification9

(obtained using the 99% prediction interval from the

linear regression between the optic disc area and the log

of the neuroretinal rim area) was used to give a

categorical analysis of the disc. Classification of the disc

was into three categories, ONL, within normal limits

(WNL), and borderline (B). We used ONL as a diagnosis

of glaucoma.

Scanning laser polarimetry

The GDx nerve fibre layer analyzer (Laser Diagnostic

Technologies, San Diego, CA, USA) uses scanning laser

technology coupled with an integrated polarization
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modulator to provide a retardation map of the

peripapillary retina, based on the birefringent properties

of the RNFL. Measurement of the retardation of light that

has double passed the birefringent fibres of the RNFL is

used to construct an image, each pixel corresponding to

the retardation value at its location. The GDx software-

provided parameter utilized in this study was the GDx

number10,11 (a neural network assessment of glaucoma

likelihood). The number generated is based on the

analysis of the image pixels. The values vary from 0 to

100, with higher values more likely to represent

glaucoma. (The GDx manual suggests that scores below

30 represent a normal nerve fibre layer, scores between

30 to 80 suggest a suspicion of glaucoma, whereas those

greater than 80 being highly suggestive of glaucoma).

Three scans of acceptable quality were obtained for

each eye, and a mean retardation map comprising each

of the scans was created using the GDx software version

2.0.09. The optic disc margin was outlined based on the

mean retardation image by a technician. A corneal

compensator was not utilized, as this software was not

available at the time the study was performed.

Statistical analysis

In order to determine sensitivity and specificity, normal

and abnormal were defined such that, only those who

were diagnosed with definite glaucoma were considered

as glaucomatous, all other categories including, GS and

OHT, were considered as nonglaucomatous.

In terms of instrumentation, ONL was considered as

abnormal (B and WNL were analysed as being normal)

with the HRT II.

The optimal GDx number for the ‘cutoff’ between

‘normal’ and ‘abnormal’ was determined by the use of

receiver operating characteristic (ROC) curves. Table 1

gives the sensitivity, specificity, and area under the ROC

curve values at different GDx scores in terms of

agreement with the clinician’s diagnosis. Fifty was

determined to be the best ‘cutoff’ as it gave the greatest

area under the ROC curve.

Having determined normal and abnormal results for

each test, sensitivity and specificity tables were generated

comparing the result from each imaging device to the

clinician’s diagnosis (gold standard).

Paired t-tests were used to compare the GDx number

obtained in glaucoma patients as compared to the other

categories, whereas w2 tests were used to evaluate the

categorical data from the HRT, comparing glaucoma

patients as diagnosed clinically to the other categories.

Linear regression analysis was used to explore whether

age was a determinant of the GDx number.

The kappa statistics was utilized to ascertain

agreement between the devices and the clinician’s

diagnosis.

Statistical analysis was carried out using SPSS Version

10 (SPSS Inc., Chicago, IL, USA).

Results

Over the 3-month study period, 112 patients were

recruited into the study. There were 59 women and 53

men with a mean age of 57.8 years (range 18–85 years).

Satisfactory disc images were obtained in 106 patients

with HRT II and 99 patients with the GDx (Failure to

obtain adequate images with both instruments was due

to excessive head movement during image acquisition).

A clinical diagnosis of glaucoma was made in 15 left and

14 right eyes of 23 patients. The patient demographics are

shown in Table 2. The only significant difference in mean

age between the races was between Caucasians and

Asians with Caucasians having a mean age of 60.7712.8

years as compared to 43.3713.2 years in Asians,

Po0.001.

Clinician analysis

Table 3 demonstrates the diagnosis given by glaucoma

specialist after clinical examination and perimetry. The

only significant difference in mean age between the

different diagnoses, was that those with glaucoma

were older than those without, P¼ 0.003.

Heidelberg retinal tomograph II

Moorfield’s regression classification was used to

determine whether the optic nerve head was likely to

be glaucomatous. Table 4 illustrates the data from the

study. A w2 analysis reveals that there was a significant

relationship between the diagnosis of glaucoma with the

classification of ONL and also a significant relationship

between the WNL and the exclusion of glaucoma,

Po0.001. There was no significant change in the

Table 1 Sensitivity, specificity, and area under the ROC curve
at different values of GDx number for agreement with the
clinician’s diagnosis

Cutoff
value

Sensitivity
(95% CI)

Specificity
(95% CI)

Area under
ROC curve

30 0.96 (0.80–1.00) 0.50 (0.39–0.60) 0.73
35 0.92 (0.74–0.99) 0.58 (0.47–0.68) 0.75
40 0.80 (0.59–0.72) 0.62 (0.52–0.72) 0.71
45 0.80 (0.59–0.93) 0.66 (0.56–0.76) 0.73
50 0.80 (0.59–0.93) 0.72 (0.61–0.80) 0.76
55 0.68 (0.46–0.85) 0.78 (0.68–0.86) 0.73
60 0.56 (0.35–0.76) 0.82 (0.73–0.89) 0.69

CI, confidence interval; ROC, receiver operating characteristic.
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proportions of HRT classification with age, P¼ 0.32 or

ethnicity, P¼ 0.19.

The sensivities, specificities, and positive predictive

values for the HRT II are summarized in Table 5.

GDx nerve fibre layer analyzer

There was a significant difference in GDx number

between those individuals diagnosed by the glaucoma

specialist as being normal (26.8719.4) and those with

definite glaucoma (54.0725.2), GS (39.6722.2), and those

with OHT (36.2722.4). The P-values were Po0.001,

0.002, and 0.04, respectively. There was no difference

between the GDx number in nonglaucomatous optic

neuropathy (33.8721.3) as compared to normals,

P¼ 0.10. The differences in the demographics of our

patients did not significantly affect the GDx number.

Linear regression analysis revealed no change in GDx

number with increasing age, r¼ 0.09, P¼ 0.20. There was

no difference in GDx number between the genders

(P¼ 0.40) or between Caucasians and other races (Asians,

P¼ 0.11, Black patients, P¼ 0.20, and others, P¼ 0.66).

The proportions of patients with normal and elevated

GDx scores are presented in Table 4. At this level, the

Table 2 Demographics of study population

Race Mean age7SD (years) Range (years) Male female ratio Number/ (%) Significance (P)

Caucasian 60.7712.8 26–85 1.0:1.7 67 (59.8) F
Asian 43.3713.2 18–68 1.0:1.5 13 (11.6) o0.001
Black 57.0711.9 35–81 1.0:1.5 26 (23.2) 0.08
Others 60.0712.5 40–70 1.0:1.0 6 (5.4) 0.82

Definitions: Caucasian (Northern Europeans), Asian (Indian subcontinent extraction), black (African or Afro-Caribbean origin), others (Chinese,

Mediterranean).

P-values indicate difference in mean age between Caucasians and other races.

Table 3 Numbers of eyes assigned to a specific diagnosis by glaucoma specialist

Diagnosis Right eyes/ (%) Left eyes/ (%) Mean (7SD) age (years) Significance (P)

Normal 27 (24.1%) 27 (24.1%) 56.2710.6 F
Ocular hypertension 23 (20.5) 23 (20.5) 59.6713.6 0.17
Nonglaucomatous ON 7 (6.3%) 9 (8.0%) 54.8712.6 0.71
Glaucoma suspect 34 (30.3%) 35 (31.3%) 54.0715.3 0.37
Definite glaucoma 14 (12.5%) 15 (13.4%) 63.6713.0 0.003
No data 7 (6.3%) 3 (2.7%)

Total 112 112

P-values indicate difference in mean age between Caucasians and other races.

Table 4 Distribution of patients using GDx and HRT II, by eye

Test Laterality Test result Clinician’s diagnosis

Glaucoma Glaucoma suspect OHT Normal NGON

GDx Right o50 2 9 7 16 3
450 11 5 3 4 1

Left o50 5 10 6 15 2
450 9 6 3 3 2

HRT II Right WNL 1 5 6 15 2
Borderline 2 4 1 4 0

ONL 12 7 1 4 2
Left WNL 1 3 6 14 1

Borderline 3 7 0 2 1
ONL 12 9 3 3 2

WNL, within normal limits; ONL, outside normal limits; OHT, ocular hypertension; NGON, nonglaucomatous optic neuropathy.

Categorization based on the GDx number and the HRT regression coefficient.
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sensitivities, specificities, and positive predictive values

are summarized in Table 5.

Agreement

The kappa test ratio indicated that the agreement

between GDx and HRT was observed in 59% of patients.

There was agreement between the clinician’s diagnosis

and the GDx in 69% and HRT in 67% of cases.

Discussion

In this study, we used the neural network output of the

GDx, the GDx number, and the Moorfield’s regression

coefficient of the HRT II to determine the effectiveness of

these instruments to screen for glaucoma in a primary

care clinic. The results of each instrument were compared

to a clinician’s diagnosis, which was used as the ‘gold

standard’.

Our data were consistent with other studies in that, the

GDx number correlated well with the diagnosis of the

patient.10,12 In patients with definite glaucoma, the GDx

number was significantly higher than in those who were

diagnosed as normal. Those patients with a diagnosis of

GS or OHT had intermediate GDx numbers. Similarly the

HRT II classification correlated well with the diagnosis

and exclusion of glaucoma.

Both the GDx and HRT II were able to detect patients

with glaucoma. The sensitivities were 0.80 and 0.79,

respectively. The ability to accurately exclude those

without glaucoma (specificity) was not as good in either

instrument, although the HRT II was better than the

GDx, 0.70 as compared to 0.72. The positive predictive

value (PPV) for each test was very low, with only 43%

of eyes that were classified as abnormal with each test,

being clinically determined to be glaucoma.

Our results are broadly similar to previous studies

assessing the GDx number in predicting glaucoma.

Widely varying sensitivities (0.64–0.96) and specificities

(0.74–0.96)10,12–16 have been reported.

Similarly, the HRT has quoted sensitivities of 0.42–0.88,

and specificities of 0.84–0.90.6,16

The differences in values between studies are probably

a reflection of different methodologies, especially the

recruitment of subjects. In our study, patients were

recruited from those where there was only a suspicion of

glaucoma, without a confirmed diagnosis, whereas most

other studies used preselected patients with a definite

diagnosis.

This led to the GS or OHT categories, where although

fitting certain criteria for glaucoma, clinically, the

diagnosis remained unconfirmed at the time of the study

as the glaucoma diagnosis required a corresponding

visual field defect.

As a result, the sensitivity, specificity, and predictive

calculations may have been affected. This is because

some of these patients may have gone on to develop

glaucoma in the future, but in our analysis, they were

assumed not to have glaucoma. It is interesting to note

that the mean GDx number was significantly higher in

GS and OHT patients as compared to nonglaucoma

patients, a finding that has been reported previously.10,12

It may be that a sizeable proportion of these patients

have early glaucoma (not detectable perimetrically),

which is consistent with the theory that structural

changes precede the earliest detectable visual field

defects in glaucoma.1–4 Another reason for differences in

sensitivity and specificity values are the criteria used for

determining a positive or negative result. We used the

GDx number and HRT regression classification because

as a screening procedure the criteria should be as simple

as possible to attain but yet give good reliability, other

groups have used specific parameters of the optic disc

topography or different ‘cutoffs’ in GDx number between

normal and abnormal.

Limitations of our study include its relatively small

sample size leading to only 29 eyes with definite

glaucoma. Although there were differences in the mean

age of glaucoma vs nonglaucoma patients, we feel that

this difference was not a major factor in determining the

result obtained by the GDx and HRT II, as GDx number

and proportions of HRT regression classification were

shown not to change with age. Several reports have

described inaccuracy within GDx measurements as a

Table 5 Predictive values for GDx and HRT II as screening tools in the detection of glaucoma, by eye

Test Laterality Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI)

GDx Right 0.92 (0.61–1.00) 0.73 (0.58–0.85) 0.46 (0.26–0.67)
Left 0.69 (0.39–0.91) 0.70 (0.55–0.83) 0.39 (0.20–0.61)
All 0.80 (0.59–0.93) 0.72 (0.61–0.80) 0.43 (0.28–0.59)

HRT II Right 0.79 (0.49–0.95) 0.73 (0.58–0.84) 0.44 (0.24–0.65)
Left 0.80 (0.52–0.96) 0.67 (0.52–0.79) 0.41 (0.24–0.61)
All 0.79 (0.60–0.92) 0.70 (0.60–0.78) 0.43 (0.29–0.57)

PPV, positive predictive value.
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result of an inadequate corneal compensation

procedure.17,18 It has been suggested that this effect may

be compensated for by post hoc methods.19,20 As with

many other studies, we did not allow for this correction,

which have also influenced our overall results, although

comparisons between groups should not have been

greatly impaired. Selection bias introduced, owing to the

recruitment of patients being referred as suspects for

glaucoma as opposed to a heterogeneous population

normally seen in the community. Consequently, the

number of normal subjects is likely to be lower than that

seen in the normal primary care setting.

In conclusion, although there was good agreement

between both imaging devices and the glaucoma

specialist, however, neither instrument performs well at

their current level of development as a screening tool for

glaucoma in a primary care setting.
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