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Abstract
e AIM: To validate the ability of the Heidelberg Edge

Perimeter (HEP) in detecting glaucomatous visual field
(VF) defects compared to the Octopus Visual Field (OVF)
Analyzer and to determine the test-retest repeatability of
both modalities.

e METHODS: This prospective, cross-sectional study
was conducted at Wills Eye Hospital, Philadelphia, PA.
Glaucoma subjects and unaffected controls underwent VF
testing using HEP standard automated perimetry (SAP) llI
30-2 Adaptive Staircase Thresholding Algorithm (ASTA)
FAST protocol and OVF G-TOP white-on-white strategy.
Testing order was randomized. Pearson’s correlation
coefficient was calculated for both mean deviation (MD)
and pattern standard deviation/square root of loss of
variance (PSD/sLV). Receiver operating characteristic
(ROC) curves were used to determine the diagnostic
abilities of both modalities. Glaucoma subjects returned
for repeat testing and intraclass correlation coefficients
(ICCs) were calculated to assess test-retest repeatability.

e RESULTS: Seventy-nine subjects with glaucoma and
36 unaffected controls were enrolled. HEP and OVF were
significantly correlated for both MD (r=-0.84; P<0.01) and
PSD/sLV (r=0.79; P<0.01). Areas under the ROC curves
(AUCs) were also comparable between HEP and OVF for
both MD (0.74 and 0.79, respectively; P=0.26) and PSD/sLV
(0.74 and 0.82; P=0.08). ICC was high for both HEP

(0.96 for MD, 0.95 for PSD/sLV) and OVF (0.82 and 0.88,
respectively). Mean test duration (min) was significantly
shorter for OVF (2.63) compared to HEP (5.15; P<0.01).

e CONCLUSION: HEP and OVF show strong correlation
for both MD and PSD/sLV, and have similar validity for
detecting glaucoma. The test-retest repeatability is high for
both HEP and OVF, however the average testing duration
of HEP is significantly longer than that of OVF.
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INTRODUCTION
erimetry, whether manual or automated, has remained
P a stable testing paradigm integral to the diagnosis and
monitoring of glaucoma. The Heidelberg Edge Perimeter
(HEP) is a newly developed modality for systematic visual
field (VF) measurements, and has several novel features of
note!™. First, the HEP implements dynamic stimulus size
variation during testing in order to accommodate glaucomatous
subjects with loss of contrast sensitivity. Second, the HEP
can integrate the results of the Spectralis optical coherence
tomography (OCT) to detect clinically significant structure-
function correlations between anatomical assessments such
as retinal nerve fiber layer (RNFL) thickness and minimum
rim width and VF results”. In addition to standard automated
perimetry (SAP), the HEP also offers a new stimulus in the
Flicker Defined Form (FDF), which utilizes phase reversal
of flickering black and white dots to generate a contour edge
illusion. FDF has been found to be more sensitive than SAP in
the detection of VF losses in early glaucoma, and demonstrated
strong correlations with RNFL thickness and optic nerve
structural measurements'**.
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Due to the relative novelty of the HEP system, presently little
is known about the ability of the HEP SAP to detect VF losses
compared to SAP administered thorough validated systems.
While a comparison between the HEP and the Humphrey
Visual Field (HVF) Analyzer reported higher precision favoring
the HEP, the HEP has not been directly compared to the Octopus
Visual Field (OVF) Analyzer in a similar fashion”. The purpose
of this study is to evaluate ability of the HEP to detect VF
defects and to compare the test-retest repeatability of SAP
using the HEP and OVF analyzers in subjects with glaucoma
and unaffected controls. Validation against standardized VF
analyzers like the Octopus is a pre-requisite for a new modality
like the HEP before it can gain acceptance as a worthwhile
investment for clinical practices and healthcare institutions.
SUBJECTS AND METHODS
Ethical Approval This prospective, cross-sectional study was
conducted in accordance with the 1964 Declaration of Helsinki
and its later amendments. The study protocol was approved
by the Institutional Review Board of the Wills Eye Hospital,
Philadelphia, PA. Written informed consent was obtained from
all subjects in accordance with the Health Insurance Portability
and Accountability Act (HIPAA).
Study Subjects and Clinical Examination Subjects
with glaucoma were recruited from the Wills Eye Hospital
ophthalmology clinics between July 8, 2014 and May 15,
2015. The diagnosis of glaucoma was made by glaucoma
specialists during clinical examination based upon characteristic
glaucomatous optic disc (e.g. high cup-to-disc ratio, vertical
elongation of the optic cup, rim notching, cup-to-disc
asymmetry between eyes, among others) and VF changes.
Control subjects consisted of recruits from the Cataract
and Primary Eye Care Service at the Wills Eye Hospital
as well as volunteers with normal eye examinations. All
subjects underwent an ophthalmic examination that included
assessments of best-corrected visual acuity (BCVA), slit
lamp biomicroscopy, Goldmann applanation tonometry, and
fundoscopy.
Subjects were included if they were >18 years of age, with
BCVA of 20/40 or better in the tested eye, spherical refraction
within +5 D, and cylinder correction within £3 D. Subjects
were excluded if they had any conditions preventing adequate
examination of the pupil, active infection of the anterior or
posterior segments of the eye, any intraocular surgical or laser
procedure performed within 4wk prior to enrollment, use of
medications known to affect VF sensitivity, or any coexisting
intraocular diseases.
Visual Field Testing VF assessments were completed
using the OVF analyzer 900 (Haag-Streit Diagnostics,
Bern, Switzerland) and the HEP (Heidelberg Engineering,
Heidelberg, Germany). Testing order was randomized. The
578

G-TOP (Tendency Oriented Perimetry, 30-2) white-on-white
strategy with a stimulus interval of 1s was used for OVF and
the SAP III 30-2 Adaptive Staircase Thresholding Algorithm
(ASTA) FAST strategy was used for HEP. FAST protocols
have enjoyed a long history in HVF testing and have been
shown to reduce testing times and test-retest variability without
significantly affecting VF indices"*"”.

Subjects were tested with the appropriate refraction. Trial
lenses were substituted when the subjects’ own prescription
glasses or contact lenses were unavailable, or when the
spectacles were judged to impede VF testing. Testing
commenced after a brief tutorial to familiarize the subject with
the examination. OVF and HEP VFs with fixation losses (FL),
false positive errors (FP), and false negative errors (FN) less
than 33% were included for analysis. Mean deviation (MD),
pattern standard deviation (PSD), FL, FN, FP, and test duration
were recorded. The square root of loss of variance (sLV), a
comparable parameter to PSD, was recorded for OVF. A self-
selected subset of glaucoma subjects returned for retesting
3-6mo after the initial visit to determine test-retest repeatability
for both machines. Each subject was given a survey to assess
testing method preference post-examination.

Statistical Analysis Because the HEP and OVF parameters
are scaled differently, we first explored utilizing an algorithm
developed to convert HEP to OVF values'*. Agreement
analyses of the converted HEP and OVF values indicated that
the algorithm may not be optimal for use in HEP (Figure 1).
As such, in lieu of Bland-Altman plots, Pearson’s correlation
coefficient was utilized to assess consistency between the
HEP and OVF for the unconverted MD and PSD/sLV values.
Receiver operating characteristic (ROC) curves were used
to determine the ability of the HEP and OVF to differentiate
between control and glaucoma subjects. The area under the
ROC curve (AUC) was calculated for each measure. To assess
testing repeatability for the MD and PSD/sLV parameters,
intraclass correlation coefficients (ICCs) were computed. Inter-
eye correlation was accounted for by using the mixed effect
model. All analyses were performed using SAS software
version 9.4 (SAS Institute, Cary, NC, USA).

RESULTS

A total of 79 glaucoma and 36 control subjects were enrolled.
A total of 109 glaucomatous and 65 control eyes receiving
both HEP and OVF testing. Mean SD BCVA was 0.057 (0.106;
Snellen converted to logMAR) and 0.063 (0.085), respectively.
In the glaucoma group, primary open angle glaucoma was
the predominant diagnosis, the mean age was 70.1 (9.0)y
(range 48-90y), and subjects were 58% female (n=46). In the
control group, the mean age was 67.9 (9.2)y (range 47-87y)
and subjects were 64% female (n=23). The two groups were
comparable with respect to age, sex, and ethnicity (Table 1).
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Figure 1 Comparisons between the converted HEP and the OVF analyzer for MD and PSD/sLV Bland-Altman plots with the

representations of the limits of agreement for MD (A) and PSD/sLV (B) suggested that the conversion algorithm may not be optimal for use in

the HEP device. Horizontal lines represent -1.96s (bottom line), mean (middle line), and +1.96s (top line).
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Figure 2 Areas under the ROC curve (AUC) for the HEP and the OVF demonstrated fair to good diagnostic accuracy for both devices

Comparisons were made between devices for MD (A) and PSD/sLV (B).

Pearson’s correlation coefficients between HEP and OVF were
strong at -0.84 for MD and 0.79 for PSD/sLV (P<0.01 for both).
Among glaucoma patients, correlation remained strong between
machines at -0.86 for MD and 0.83 for PSD/sLV (P<0.01 for both).
AUC was used to compare the predictive accuracy of the HEP
and OVF devices in differentiating between glaucoma and
controls. The MD AUCs were both fair and similar between
the HEP (0.74) and the OVF (0.79; P=0.26). Likewise, the
PSD/sLV AUCs were fair to good and comparable between the
HEP (0.74) and the OVF (0.82; P=0.08, Figure 2).
Thirty-five randomly selected subjects with glaucoma
returned for repeat testing. [CC was used to assess test-retest
repeatability of SAP administered through the OVF and the
HEP (Table 2). The test-retest repeatability was high for both
HEP (ICCs of 0.96 for MD and 0.95 for PSD/sLV) and OVF
(ICCs 0f 0.82 and 0.88, respectively).

The mean OVF testing time of 2.63 (0.55)min was significantly
shorter than that of the HEP testing time of 5.15 (2.25)min
(P<0.01). Post-testing satisfaction surveys administered to all
subjects showed a trend towards preferring the HEP over the
OVF for both glaucoma (33% vs 23%) and controls (44% vs
14%) without reaching statistical significance (P=0.18). The
other glaucoma (44%) and control (42%) subjects expressed
no distinct preference for testing modality.

Table 1 Demographics and clinical characteristics of study subjects

who underwent SAP testing using the HEP and OVF analyzers

Parameters Glaucoma Control
(n=79, 109 eyes) (n=36, 65 eyes)

Age (y) 0.23
Mean (SD) 70.1 (9.0) 67.9 (9.2)

Gender, 1 (%) 0.57
Male 33 (41.8) 13 (36.1)

Female 46 (58.2) 23 (63.9)

Ethnicity, n (%) 0.09
Caucasian 55 (69.6) 17 (47.2)
African-American 21 (26.6) 15 (41.7)

Other 3(3.8) 4 (11.1)

Diagnosis, 1 (%)

POAG 52 (65.8) -
Secondary OAG 11 (13.9) -
LTG 6 (7.6) -
CACG 9(11.4) -

Two-sample #-test was used to compare means, and Fisher’s exact
test was used to compare proportions. POAG: Primary open angle
glaucoma; OAG: Open angle glaucoma; LTG: Low tension glaucoma;

CACG: Chronic angle-closure glaucoma.

DISCUSSION

The HEP is a novel VF testing device with several innovative

features. In particular, it provides stimulus size variation for
579
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Table 2 Test-retest repeatability (assessed using ICCs) of SAP

administered to a random subset of study subjects using the HEP

and OVF analyzers
Parameters Subjects (n) Eyes (n) 1cc
HEP
MD 27 35 0.96
PSD 27 35 0.95
OVF
MD 35 47 0.82
PSD 35 47 0.88

ICCs: Intraclass correlation coefficients; SAP: Standard automated

perimetry.

testing VF areas with more severe sensitivity loss. The aims
of this study were to compare the diagnostic ability of HEP
SAP with that of the OVF and to evaluate the test-retest
repeatability of both modalities. This is one of the first reports
examining HEP in a clinical ophthalmic practice and to the
best of our knowledge the first report directly comparing the
HEP and the OVF. Results demonstrated strong consistency
between the two devices for both MD and PSD/sLV in the
glaucoma group. The AUCs were comparable between HEP
and OVF, indicating similar efficacy in determining VF losses.
The ICCs demonstrated high test-retest repeatability for both
HEP (0.96 for MD and 0.95 for PSD) and OVF (0.82 for MD
and 0.88 for PSD).

For any HEP testing session, a stimulus of Goldmann size
IIT is presented to detect sensitivities between 40 and 16 dB.
For sensitivities below 16 dB, stimulus size increases in a
linear fashion following a published Goldmann table while
luminance remains the same. Although SAP testing exhibits
high variability for VF locations of reduced sensitivity,
increasing the target size in response to decreased sensitivity
allows for greater test-retest repeatability on the HEP!"*).
Indeed, HEP SAP has been shown to provide equivalent test-
retest repeatability compared to the HVF, while this study
demonstrated the superior test-retest repeatability of HEP
relative to OVF'?,

The OVF has become a widely-utilized modality due its
ability to perform rapid threshold testing (approximately
2.5min) resulting in increased subject comfort and diminished
fatigue without a significant loss in sensitivity and precision
compared to the HVF!'""?!, Previous studies have shown that
longer testing times result in a decreased mean sensitivity
and an increased mean defect, presumably related to fatigue
artifacts'"*'*!. The SAP III 30-2 ASTA FAST testing strategy
was used in this study to mitigate the effect of fatigue. While
shorter testing strategies have been linked to higher variability
in areas of low sensitivity, this association was not apparent
in this study as evidenced by the high repeatability score on
the HEP SAP protocol”. Interestingly, despite the fact that
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the HEP SAP had a significantly longer testing time compared
to the OVF, subject preferences were comparable between
testing modalities. Subjects who preferred HEP testing cited
OVF background noise, the need for a patch during OVF
testing, a lack of clicker noise in OVF, the larger screen and
better contrast in HEP, as well as higher overall comfort level
during HEP testing as reasons for their selection. Subjects
who preferred OVF indicated the shorter duration and higher
comfort level of OVF testing as factors.

Study limitations included small sample size and self-selection
of the glaucoma subjects who returned for repeat testing.
The sample size of our 79 patients with glaucoma and 36
controls provided 80% power to detect an AUC difference of
0.11 (e.g. 0.74 vs 0.85) between HEP and OVF for detecting
glaucoma. VF testing was one component of the glaucoma
diagnosis which might have introduced a bias in evaluating the
diagnostic ability of HEP and OVEF. Subjects with advanced
glaucoma were more likely to have greater inherent test-retest
variability on SAP and this may have influenced the results,
and test-retest repeatability was not evaluated for control
subjects. Other potential limitations of this study include
the lack of familiarity with VF testing for the control group.
The presence of a learning curve for inexperienced subjects
in VF testing is a well-known phenomenon, with multiple
studies demonstrating score improvements upon repeat

(2520 While we did not include an evaluation of lens

testing
status in our subjects, since the same eyes received both HEP
and OVF testing, it is unlikely that the presence of cataracts
or pseudophakia would have affected comparisons between
testing modalities. Finally, while the 30-2 is routinely used in
glaucoma screening, 24-2 strategies are more commonly used
in evaluations of progression. As such, it would be interesting
to see how 24-2 strategies compared between HEP and OVE.
In conclusion, the strong correlations between the HEP and the
OVF, in addition to the favorable ICC values for HEP relative
to OVF, suggest that the HEP may be useful in detecting VF
loss with a higher degree of reliability compared to OVF.
In particular, the automatic increase in stimulus size upon a
reduction in sensitivity may be useful in testing subjects with
advanced glaucoma. Although HEP testing lasted longer than
OVF, subject preferences were not affected. Future studies,
including those comparing the HEP to the HVF, are necessary
before the utility of the HEP in ophthalmic clinical practice can
be clearly defined.
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