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Objective: To compare global retinal sensitivity thresholds obtained through the Easyfield 
perimeter (EF) and Humphrey visual field analyzer (HFA).
Design: Observational cross-sectional study.
Participants: Glaucomatous patients and glaucoma suspects enrolled between 
October 2018 and April 2019.
Materials and Methods: All participants underwent EF (SPARK Precision) and HFA 
perimetry (SITA-Standard). After inclusion, demographic and ocular data were collected, 
including measurements of retinal nerve fiber layer (RNFL) thickness obtained from spectral- 
domain optical coherence tomography (SD-OCT). Global indices (mean deviation, MD; pattern 
standard deviation, PSD) values were compared between perimeters, and their correlation and 
agreement were evaluated. We used regression analysis to investigate structure-functional 
correlations between SD-OCT measurements and MD index of each perimeter.
Results: We investigated 111 eyes from 69 patients. Mean MD (mean difference=1.49dB) 
and PSD values (mean difference=0.42dB) from the HFA were significantly larger than those 
from the EF perimeter (p<0.001). There were significant linear correlations between EF-MD 
and HFA-MD (r=0.56), and EF-PSD and HFA-PSD (r=0.38; p<0.001). We found significant 
non-linear associations between average RNFL thickness and MD values derived from both 
EF (R2=0.41) and HFA (R2=0.17) perimeters (p≤0.012). A difference <2dB between EF-MD 
and HFA-MD was found in 53% of the eyes, while 71% of them had a difference <1dB 
between EF-PSD and HFA-PSD.
Conclusion: While we found a moderate correlation and a small mean sensitivity difference 
between test results, EF’s correlation with structural measurements was at least comparable 
to that of the HFA. Our findings suggest that although these tests should not be used 
interchangeably, EF SPARK Precision could be used as an alternative for functional assess
ment in eyes with mild glaucoma.
Keywords: glaucoma, visual field, Easyfield, Humphrey

Introduction
Glaucomatous optic neuropathy represents the main cause of irreversible blindness in 
the world. The disease affects over 70 million people worldwide, with almost 10% 
being bilaterally blind.1 It is a multifactorial condition characterized by degeneration of 
retinal ganglion cells, associated with typical changes of the optic nerve head (ONH) 
and retinal nerve fiber layer (RNFL). These structural changes lead to progressive 
functional damage and to various patterns of visual field (VF) loss.2,3
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In this context, achromatic standard automated perimetry 
(SAP) remains as the gold standard test for functional assess
ment in glaucoma.3–5 Despite its wide applicability for diag
nosis and disease monitoring, perimetry is a subjective 
psychophysical exam. Therefore, its reliability may be 
affected by both test-related features and patient’s 
characteristics.6 Among factors negatively influencing SAP 
outcomes, it should be underscored the test–retest variability, 
fatigue, inattentiveness, advanced functional damage and 
prolonged test duration.7 The observation that the time 
taken to determine the retinal sensitivity during SAP was 
significantly related to the test reliability,8,9 and likely the 
only variable that could be objectively modified, led 
researches to continuously seek for faster test strategies.10,11

In this context, the SPARK threshold strategy (SPARK 
Precision) was recently incorporated to the Easyfield® 

(EF) perimeter (Oculus Optikgeräte GmbH, Wetzlar, 
Germany). In brief, it consists on an averaged perimetric 
strategy, which is based on retinal sensitivity thresholds 
correlations obtained from different VF locations. These 
statistical relationships are derived from almost 100,000 
VF examinations.12,13 Overall, by adopting this different 
methodology, the strategy aims to provide a faster exam 
and mitigate fatigue-related issues. On the other hand, it is 
still to be better understood how this new approach would 
influence the final retinal sensitivity estimation in compar
ison to other more well-established VF tests. Having this 
information in perspective, we sought to evaluate the 
retinal sensitivity thresholds and related parameters 
obtained through the EF perimeter SPARK Precision 
strategy,14 and compare it to the Humphrey VF analyzer 
(HFA; Carl Zeiss Meditec, Dublin, USA) SITA-standard 
strategy, in glaucoma suspects and glaucoma patients.

Materials and Methods
This observational cross-sectional study was conducted at 
the Glaucoma Service of the Hospital Medicine dos Olhos. 
The study protocol was approved by the Institutional 
Review Board at UNIFIEO and adhered to the tenets of 
the Declaration of Helsinki. All patients provided written 
informed consent prior to enrollment and examination.

Subjects
For this study, glaucomatous eyes (glaucomatous optic 
neuropathy and reproducible VF defect) and glaucomatous 
suspects (suspicious ONH appearance with normal VF test 
and intraocular pressure [IOP] <21mmHg) were consecu
tively enrolled between October 2018 and April 2019. All 

participants had to have previous experience with perime
try test (minimum of three previous exams) and unchanged 
medical regimen (including laser or surgical procedure) 
during the study. After enrollment, all patients were sub
mitted to a complete ophthalmological examination. 
Exclusion criteria for both groups were age younger than 
18 years old, previous posterior segment intraocular sur
gery, ocular trauma, significant media opacity, inability to 
perform the examinations, and diseases affecting the eye 
and/or eye diseases, other than glaucoma, eg, diabetic 
retinopathy, macular edema, hypertensive retinopathy.

Regarding the definitions of glaucoma and glaucoma 
suspects, we adopted the same criteria we used in previous 
studies from our group.15–17 In brief, characteristic glau
comatous optic neuropathy was defined as a vertical cup-to 
-disc ratio (VCDR) of 0.6 or greater, asymmetry of VCDR 
of 0.2 or greater between eyes, presence of localized or 
diffuse peripapillary RNFL (pRNFL) defects, or neuroret
inal rim defects in the absence of any other abnormalities 
that could explain such findings.15,16 A glaucomatous VF 
defect in the standard automated perimetry (Humphrey 
SITA-Standard 24–2, Carl Zeiss Meditec, Dublin, CA) 
was defined as three or more points in clusters with 
a probability of less than 5% (excluding those on the 
edge of the field or directly above and below the blind 
spot) on the pattern deviation plot, a pattern standard 
deviation (PSD) index with a probability of less than 5%, 
or a glaucoma hemifield test with results outside the nor
mal limits.

A glaucoma suspect was defined as those with suspi
cious ONH appearance, with normal VF testing and at 
least 30 months of follow-up with no evidence of progres
sive optic neuropathy (assessed by serial color stereo 
photographs).17 A suspicious ONH appearance was 
defined as a VCDR⩾0.6, but without any definitive sign 
of glaucoma (ex. localized RNFL defects and/or neuroret
inal rim defects).17 Based on the ISGEO classification, in 
most studies the VCDR cut-off value used to separate 
glaucomatous from healthy eyes was usually determined 
as 0.7 (based on the 97.5 percentile of the VCDR distribu
tion for the studied population). In the present study, we 
adopted a less strict cut-off value (0.6), which we consid
ered more clinically relevant, as many eyes with a VCDR 
of 0.6 would be probably classified as suspects on daily 
practice.18,19 Also, all glaucoma suspect eyes were 
required to have IOP<21mmHg during the follow-up per
iod and no previous history of IOP-lowering medications.
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Eye Exam and Visual Fields
After inclusion, the following demographic and ocular 
characteristics were collected: age, gender, race, IOP 
(Goldmann applanation tonometry), central corneal thick
ness (CCT; ultrasound pachymetry) and RNFL thickness 
measurements based on spectral-domain optical coherence 
tomography (SD-OCT; RTVue-100 OCT; Optovue, Inc., 
Fremont, CA). All patients underwent EF perimetry 
(SPARK Precision strategy; area: 30x24; stimulus size 
III) and HFA perimetry (strategy SITA-Standard; 24–2; 
stimulus size III). Visual field tests were performed on 
separate days in an aleatory sequence (not randomized) 
by convenience of the patient, within a maximum interval 
of 6 months between exams. The EF SPARK strategy is 
based on statistical relationships between threshold values 
corresponding to different locations in the glaucomatous 
VF and is available in three SPARK test versions: preci
sion, quick and training. The SPARK Precision strategy is 
the full-fledged version of SPARK. In brief, it examines 66 
central VF points, separated by 6 degrees, in approxi
mately 3 minutes. The examination is performed in four 
phases, and each phase gives an independent estimation of 
the threshold at each point. The median of the threshold 
estimates at each point represents the final result of the 
measurement.18,20 Regarding reliability indices adopted 
for this study, VF exams were excluded if presenting 
more than 33% fixation losses or false-negative errors, or 
more than 15% false-positive errors.20 All VFs were 
reviewed and excluded in the presence of artifacts, such 
as lid or rim artifacts, and if presenting abnormalities that 
could indicate diseases other than glaucoma, such as 
homonymous hemianopia.20

Data Analysis and Sample Size Calculation
Descriptive analysis was used to present demographic and 
clinical data. D’Agostino–Pearson’s test was performed to 
determine whether the data had a normal distribution or not. 
Descriptive statistics included mean and standard deviation 
for normally distributed variables and median and interquar
tile ranges for those non-normally distributed.

Continuous variables with normal distribution were com
pared using paired samples t-test, while those non-normally 
distributed were analyzed using the Wilcoxon test. Spearman 
correlation coefficients between corresponding global 
indices of the two perimeters were calculated. For structure- 
functional relationship evaluation, scatter plots were con
structed, and regression analysis was used to investigate the 

correlations between SD-OCT average RNFL thickness 
values and VF mean deviation (MD) index of each perimeter 
in a subset of 50 patients. In addition, all patients were 
classified as mild, moderate or advanced glaucoma according 
to each perimeter results, based on Hodapp-Parrish- 
Anderson definitions.21 We also compared the Glaucoma 
Staging System classification between the two devices.22 

This system considers both MD and PSD perimetric indices 
to classify functional damage in glaucoma.22

Bland and Altman plots were constructed to investi
gate the agreement between corresponding global indices 
of the two perimeters.23 Horizontal lines were drawn at 
the mean difference and at the limits of agreement (LoA; 
the mean difference ±1.96 the standard deviation of the 
differences). As proposed by Stöckl et al,24 for proper 
interpretation of the results, the 95% confidence interval 
(CI) of the LoA was calculated and a value for the max
imum allowed difference between methods was chosen. 
A pre-defined clinical agreement limit was set at 1dB for 
VF pattern standard deviation (PSD) index, and at 2dB for 
MD index. In brief, if the upper 95% CI limit of the 
higher LoA and the lower 95% CI limit of the lower 
LoA do not exceed the maximum allowed difference 
between methods, the differences are not clinically rele
vant and the two methods are considered to be in 
agreement.23,24

The VF parameter chosen for sample size calculation 
was the MD index, which was compared between the two 
perimeters in our study (among other parameters). 
Considering a mean expected difference of 1.5dB and an 
estimated mean standard deviation in each sample of 3dB, 
for an alpha error of 0.05 a minimum of 64 patients would 
be necessary to reach a statistical power of 80%. 
Computerized analysis was performed using MedCalc soft
ware (MedCalc Inc., Mariakerke, Belgium). The alpha level 
(type I error) was set at 0.05.

Results
A total of 111 eyes from 69 patients were enrolled. Of 
these, 25 eyes were excluded due to low reliability: 62.0% 
of them based on HFA results, 23.8% based on EF and 
14.2% based on both. As a result, 86 eyes (52 glaucoma
tous eyes and 34 glaucomatous suspects) from 50 patients 
(mean age, 60.7±13.4 years) were included for analysis. 
Demographic and clinical characteristics of study patients 
are provided in detail in Table 1.

The comparison of global indices revealed significant 
differences between the two perimeters, for both MD 
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index (mean difference: 1.49dB; p<0.001) and PSD index 
(mean difference: 0.42dB; p<0.001). Mean MD and PSD 
values from the HFA were significantly larger than those 
from the EF perimeter (p<0.001). There were significant, 
positive, and linear correlations between EF MD and HFA 
MD (r=0.56; p<0.001), and EF PSD and HFA PSD values 
(r=0.38; p<0.001). In addition, regarding structure–func
tion relationships, we found significant and non-linear 
correlations between OCT’s RNFL thickness and MD 
values derived from both perimeters (EF, R2=0.41, 
p<0.001; HFA, R2=0.17, p=0.012). In fact, EF MD yielded 
a greater coefficient of determination than HFA MD 
(p=0.043; Z statistic).

Regarding the agreement evaluation, one can note by 
analyzing the Bland–Altman plots that the upper and lower 
LoAs exceeded the maximum allowed differences between 
methods (EF vs HFA) for both MD and PSD values 
(Figures 1 and 2). Overall, it reveals that observed differ
ences between the two perimeters can be greater than our 
predefined error limits. Even though it may suggest a poor 
agreement between the two perimeters, the plots reveal 

that most cases lie close to the mean differences for each 
parameter (MD and PSD), and that results (LoA) have 
been possibly influenced by some outlier measurements. 
A difference <2dB between EF MD and HFA MD was 
found in 53% of the eyes, while 71% of the eyes had 
a difference <1dB between EF PSD and HFA PSD. 
Based on the Hodapp-Parrish-Anderson glaucoma func
tional damage classification21 (Table 1), there was 
a mismatch between EF and HFA in seven patients 
(8.1%). Regarding the comparison of the Glaucoma 
Staging System,22 which takes into account both MD and 
PSD values, the agreement between the two perimeters 
occurred in 41% of the exams. Finally, the agreement 

Table 1 Demographic and Ocular Characteristics of Study 
Patients

Variables*

Age (years) 60.7±13.4

Gender (%women) 62%

Race (W/AFD/ASD/O) 60%/8%/8%/24%

Central corneal thickness (µm) 534 ±35

SD-OCT – RNFL thickness (µm) 94±19.5

Easyfield MD (dB) 
Easyfield PSD (dB)

0.145 (−1.4–1.1) 
1.5 (1.32–1.99)

HFA MD (dB) 
HFA PSD (dB)

−1.34 (−0.25 – −2.97) 
1.92 (1.49–3.3)

HFA Glaucoma Severity** Mild 78 (90.7%) 
Moderate 6 (6.9%) 

Advanced 2 (2.3%)

Easyfield Glaucoma Severity** Mild 78 (93%) 

Moderate 3 (3.5%) 

Advanced 3 (3.5%)

Notes: *Normally distributed variables represented by mean± standard deviation; 
non-normally distributed variables represented by median (first quartile, third and 
quartile). **Based on Hodapp-Parrish-Anderson classification. 
Abbreviations: W, White; AFD, African descent; ASD, Asian descent; O, others; 
SD-OCT, spectral domain optical coherence tomography; RNFL, retinal nerve fiber 
layer; MD, mean deviation; PSD, pattern standard deviation; HFA Humphrey visual 
field analyzer.

Figure 1 Bland–Altman plot depicting the agreement between Humphrey visual 
field analyzer and Easyfield perimeter Mean Deviation indices.

Figure 2 Bland–Altman plot depicting the agreement between Humphrey visual 
field analyzer and Easyfield perimeter Pattern Standard Deviation indices.
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between HFA Glaucoma Hemifield Test and the EF 
Glaucoma Asymmetric Test was seen in 45% of the eval
uated eyes.

Discussion
Functional evaluation through SAP is still of paramount 
importance for glaucoma diagnosis and disease monitor
ing. However, it is well known that SAP results are sig
nificantly influenced by several variables. Among them, 
the time taken to determine the retinal sensitivity seems 
a key factor when it comes to test reliability and test–retest 
variability.8,9 The SPARK Precision strategy from the EF 
perimeter was developed to optimize the repeatability of 
the sensitivity values, while significantly shortening the 
exam time. In this context, it is important to understand 
how the results of this type of perimetric strategy compare 
with those from more widely used devices, such as the 
HFA SITA-Standard. In the present study, comparing these 
two different strategies in a large number of glaucoma 
suspects and patients with glaucoma (with mild functional 
damage on average), we found a moderate correlation 
between test results, with a small mean sensitivity differ
ence between the global indices. Notably, using the same 
criteria for the two VF devices, the percentage of eyes 
excluded due to low reliability indices was almost three 
times greater for the HFA compared to the EF perimetry, 
in this population with previous experience in perimetry 
test. Regarding agreement analysis, while adopting 
a relatively strict pre-defined clinical agreement limit 
between EF and HFA global indices (2dB for MD and 
1dB for PSD), we found that over 50% of the observations 
fell within these limits. Finally, although significant struc
ture–function relationships were found for both VF strate
gies, the correlation between EF SPARK Precision results 
and OCT’s measurements was comparatively stronger 
(based on coefficient of determination values). These 
results not only provide important information on how 
comparable these two perimetric tests are but also suggest 
that EF SPARK Precision strategy could be used as an 
alternative for functional assessment in glaucoma, espe
cially in cases of poor test reliability or patients with large 
test–retest variability.

There are scant data in the literature regarding the 
comparison between EF SPARK Precision and HFA Sita- 
standard strategies. SPARK perimetry appears to show 
useful sensitivity and specificity, and good agreement 
with the morphology.12,25 In our study, even though the 
exact determination of retinal sensitivity thresholds varied 

between devices, the average mean difference for global 
indices was relatively small, and a moderate correlation 
between them was found. In addition, when it comes to 
structure-functional correlation analysis, it should be noted 
the greater coefficient of determination values we found 
between OCT’s RNFL thickness and EF MD, when com
pared to HFA MD values. In a structure-functional inves
tigation in eyes with suspected or confirmed glaucoma, De 
La Rosa et al,14 also found a good correspondence 
between VF results obtained through SPARK strategy 
and structural analysis as assessed by different devices, 
including Heidelberg retinal tomography (HRT), scanning 
Laser Polarimetry (GDx) and OCT. Although this initial 
finding should be further verified in a different population, 
it suggests that among these two perimetric strategies, 
average retinal sensitivity thresholds determined by EF 
SPARK Precision strategy correlate better with structural 
damage in these eyes.

At this point, we believe it is important to discuss the 
main clinical implications of our findings. During func
tional assessment in glaucoma, physicians are constantly 
seeking for faster VF strategies to mitigate test–retest 
variability and improve test reliability.26–29 However, the 
adoption of a faster VF strategy may lead to a trade-off 
situation between time (and reliability improvement) and 
precision, as retinal sensitivity thresholds derived from 
conventional-longer and newer-faster VF strategies are 
not exactly the same.26 Therefore, we believe that under
standing how the results obtained through a faster peri
metric strategy compares with those derived from a more 
conventional one (such as the HFA SITA-Standard) has 
a significant clinical relevance. In our study population, 
the use of a faster VF strategy (SPARK Precision) seemed 
an interesting option, as it resulted in a smaller percentage 
of eyes with poor reliability indices. In addition, it pro
vided global indices (MD and PSD) values that not only 
had a relatively good correspondence with conventional 
functional assessment (over 50% of the observations fell 
within the pre-defined clinical agreement limits) but also 
a significant correlation with structural measurements by 
OCT. Even though there were statistically significant dif
ferences between global indices, they were relatively 
small. Having the difference between PSD values in 
mind, it is likely related to the averaging character of the 
SPARK strategy, which reduces the irregularity and varia
bility of the results. Finally, it should be emphasized that, 
although EF SPARK could be used as an alternative VF 
strategy to HFA SITA-Standard, these two VF tests should 
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not be used interchangeably, as their retinal sensitivity 
estimates are not exactly the same.

This study has some specific characteristics and limita
tions that should be considered while interpreting its find
ings. First, our results apply to this specific population and 
should not be generalized before further confirmatory stu
dies. The exact impact of a faster VF strategy on a specific 
patient response may vary significantly, and likely depends 
on his age, the degree of functional loss and other ocular 
and systemic factors. Second, our findings and conclusions 
are based on average retinal sensitivity measurements 
(global indices), as no regional nor point-by-point analyses 
were made. This fact should be taken into consideration 
while interpreting our findings. Third, most of our glauco
matous eyes had mild functional loss. The relatively small 
correlation coefficient values we found could be partially 
explained by the narrow functional damage range of our 
sample. As the magnitude of VF damage may significantly 
influence test reliability and test–retest variability, our 
results could have been different in a population with 
more advanced disease. Therefore, further evaluation of 
this technology on subjects with a broader range of glau
coma severity is necessary. Finally, it should be noted that 
test–retest variability and sensitivity/specificity values 
were not investigated in the present study.

Conclusions
Comparing the results obtained through EF SPARK 
Precision and HFA SITA-Standard strategies in eyes with 
suspected or confirmed glaucoma, we found a moderate 
correlation between test results, with a small mean sensitiv
ity difference between their global indices. Agreement ana
lysis revealed that over 50% of the observations fell within 
the pre-defined clinical agreement limits. In addition, EF test 
resulted in fewer eyes with poor reliability indices and had 
a correlation with structural measurements at least compar
able to that of the HFA. These findings suggest that, although 
these two VF tests should not be used interchangeably, EF 
SPARK Precision strategy seems a promising alternative 
option for functional assessment in eyes with mild glaucoma.

Abbreviations
EF, Easyfield; HFA, Humphrey; VF, visual field; PSD, 
pattern standard deviation; MD, mean deviation; ONH, 
optic nerve head; RNFL, retinal nerve fiber layer; SAP, 
standard automated perimetry; IOP, intraocular pressure; 
VCDR, vertical cup-to-disc ratio; pRNFL, peripapillary 
RNFL; CCT, central corneal thickness; OCT, optical 

coherence tomography; SD-OCT, spectral domain optical 
coherence tomography; LoA, limits of agreement; CI, con
fidence interval; HRT, Heidelberg Retinal Tomography; 
GDx, scanning laser polarimetry.
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