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Abstract
Purpose—To compare visual fields on the Nidek MP-1 to those obtained on the Humphrey field
analyzer (HFA) in healthy volunteers and assess the effects of differences in stimulus parameters
and testing strategies that may influence the interpretation of results in patients. A secondary aim
was to establish MP-1 normative data to calculate the total deviation analyses and global indices
analogous to those used by the HFA.

Methods—50 healthy volunteers (age 43.5 ± 13.9 yrs, range 18–68 yrs) underwent repeat MP-1
and HFA visual field testing, using the 10-2 pattern. MP-1 data were converted to HFA equivalent
dB units. Between instrument comparisons of HFA and MP-1 sensitivities, regression of
sensitivity with age, and examination duration were assessed. Test-retest variability was examined
between visits.

Results—MP-1 (mean = 32.82 dB, SD = 1.92 dB) and HFA sensitivities (mean = 32.84 dB, SD
= 1.83 dB) were not significantly different (p = 0.759). SD values for the HFA (range 1.11–3.30
dB) were similar to the MP-1 (range 0.14–2.75 dB). However asymmetry comparisons between
instruments showed significantly decreased superior rather than inferior retinal values for the
MP-1. There was a small but significant difference (p = 0.004) in mean test duration between the
MP-1 (mean = 6:11 min, SD = 1:49 min) and the HFA (mean = 5:14 min, SD = 0:42 min). There
was also a difference in the decline of mean sensitivity with age, a decline of 0.1 and 0.4dB per
decade was noted in MP-1 and HFA sensitivity respectively. Test-retest variability was similar
between instruments. A small but non-significant increase in mean sensitivity at the second visit
for both the MP-1 (p = 0.060) and HFA (p = 0.570) was found.

Conclusions—Both instruments showed similar variability and test-retest variability when
results were compared using equivalent units. However there are important differences in
sensitivity values, stimulus parameters and testing strategies that have to be taken into account
when comparisons are made.
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The MP-1 is a commercially available microperimeter which has recently gained widespread
clinical use, in a variety of ocular disease.1–6 Not only has microperimetry been used to
detect scotomata in patients with unsteady fixation or a non-foveal preferred retinal locus
(PRL), but it has also been used to study patients who have foveal fixation. For example, in
patients with glaucoma it has been reported that MP-1 and Humphrey 10-2 sensitivities were
significantly correlated7 and that SLO microperimetry detected more subtle functional
damage than standard achromatic perimetry in the central 10° field.8

Because of the increased clinical use of this instrument it is important to understand the
similarities and differences between the parameters of the MP-1 and conventional perimetry,
as implemented by the Humphrey Field Analyzer (HFA). Although similar stimulus
patterns, sizes, durations and testing strategies are available in both instruments, there are
important differences that can affect the interpretation of the results. For example stimuli are
presented on a background of 10 candelas per square meter (cd/m2) in the HFA but on a
background of 1.27 cd/m2 in the MP-1. The difference in background adaptation level and
minimum stimulus luminance causes a difference in the dynamic range of the two devices,
such that the HFA is capable of presenting dimmer stimuli than the MP-1. The decibel
values from each instrument are therefore not equivalent and must be converted to
equivalent units before data comparisons can be made.

The identification and quantification of visual field abnormalities relies on normative data.
The local defect map on the MP-1 is available to the clinician to evaluate sensitivity losses
in comparison to normative data and is approximately analogous to the total deviation (TD)
map of the HFA. This existing MP-1 normative database was collected using a 77-point 10°
circular grid in which the separation increases with eccentricity, using the 4-2-1 threshold
strategy.9–10 Although it has been shown that interpolation has minimal effects on threshold
values with eccentricity of the 10-2 field,11 suggesting that interpolated data is appropriate,
the use of normative data relies on several assumptions. These include the assumption that
stimulus and background luminance values are identical between instruments, that the actual
values are those stated by the manufacturer and that the same 4-2-1 threshold strategy was
used.

The aims of the study were to compare visual field results on the MP-1 to those obtained on
the HFA in healthy volunteers and assess the effects of some of the differences in terms of
stimulus parameters and testing strategies that may influence the interpretation of results. A
secondary aim was to develop an appropriate model for our data to establish MP-1
normative data, in order to calculate the total deviation analyses and global indices
analogous to those used by the HFA.

METHODS
Subjects

The study comprised fifty healthy volunteers (31 females, 19 males) with a mean age of 43.5
± 13.9 years (range 18–68 years) without any history of ocular disease and no medications
known to affect the visual field. Subjects were recruited from the staff population at
Columbia University and approximately 10 subjects per decade of age were targeted in order
to age-stratify the sample. Based on the known mean threshold values within the central 10°
field and group standard deviations12–13 converted to HFA equivalent units, a sample of 50
would detect a difference of 0.6 dB in Mean Sensitivity between instruments with a
conservative power of 95% with an alpha level of 0.05. All subjects had received a recent
eye examination less than one year prior to their study visit and had clear ocular media,
refractive errors not exceeding ±3.25D sphere and −2.00D cylinder, visual acuities ≥20/20,
no systemic or neurological disease, no history of ocular surgery, steady foveal fixation and
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undilated pupillary diameters of at least 4 mm. Fifteen subjects were hyperopic. The
dominant eye of each individual was included in the study, as determined by the hole-in-the-
card test14. A further 7 normal subjects (mean age 43.6 ± 21.5, range 25–74 years),
conforming to the above inclusion criteria were recruited to validate the database and
underwent all study procedures.

The study adhered to the tenets of the Declaration of Helsinki for research involving human
subjects and the protocol was approved by the Columbia University Medical Center
Institutional Review Board for Human Research. Each participant gave informed consent
prior to enrollment in the study.

Perimetry
Subjects performed one examination using the HFA II 750 perimeter (Carl Zeiss Meditec,
Dublin, CA) and one using the MP-1 microperimeter (Nidek Instruments Inc, Padova, Italy;
NAVIS software version 1.7.3). To account for the learning effect, this was repeated on a
separate visit (mean 7 days later, range 2–15 days). Identical instructions were given to all
participants. Test order between instruments was randomized at the first visit and repeated at
the subsequent visit. Fifteen minute rest periods were given between examinations.

HFA perimetry was undertaken using the 10-2 stimulus pattern, with the SITA Standard
threshold strategy, Goldmann size III white stimuli, 200ms in duration and a three minute
adaptation period to the 10cd/m2 white background prior to examination. The fixation target
was a central yellow spot, diameter 0.4°. Visual fields were included where there were less
than 20% fixation losses, false positives and false negatives; this resulted in the exclusion of
15 of the 200 fields from the analysis and the exclusion of two subjects from the sample
entirely.

For the MP-1 a 10-2 pattern similar to the Humphrey 10-2 visual field was used. This
pattern had 68 test locations covering the central 20°. White test lights (stimulus size
Goldmann III, 200 ms in duration) were presented on a dim white background with a
luminance of 1.27 cd/m2, using a 4-2 threshold staircase strategy. Subjects were asked to
maintain fixation on a red cross (2° in diameter, stroke width 0.2°) following a 15 minute
adaptation period to the background. Spherical refractive error was corrected by the optics
of the instrument, however it was not possible to correct for astigmatic error.

The MP-1 allows for automated real-time fundus tracking via infra-red fundus imaging,
which compensates for misalignment by pausing stimulus projection. Deviations from
central fixation are sampled at a frequency of 25Hz (every 40ms) and presented in a fixation
map. Fixation stability is then quantified using the bivariate contour ellipse area (BCEA),
within which the center of the target was imaged 68% of the time.15–17 Duration of
examination is given as the total time from start to end of testing including pauses (unless
the test timer is paused by the perimetrist) and when the fundus is not tracked, for example
during a blink.

The HFA gaze tracking system (HFA II – i series: user’s manual) uses infrared lights to
measure the distance between the first corneal reflex (Purkinje 1) and the pupil centre. Real-
time image analysis is displayed in the form of a gaze graph, which has not previously been
quantified. Upward markings of the graph denote eye movements up to 10°, but directional
information is not given. Downward markings indicate the system was unable to detect the
gaze direction, which occurs during blinks. Duration is the total time from first stimulus
presentation to last, not including pauses.

Acton et al. Page 3

Optom Vis Sci. Author manuscript; available in PMC 2012 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Analysis
All left eye data were transposed to a right eye format prior to analyses. Mean deviation
(MD) and TD probability values are given by the HFA Statpac software.18 The HFA field
was inverted superior to inferior, such that the sensitivity values were presented as a retinal
view corresponding to the MP-1 printout. Where necessary, for comparison purposes, MP-1
data were converted to HFA equivalent dB units, calculated using the formula in Equation
1.19

(1)

where μ = the stimulus increment for the MP-1 in cd/m2

3183 = maximum intensity of the HFA in cd/m2

10 = the multiplier to convert to dB.

The maximum and minimum stimulus intensity of the MP-1 is 127 and 1.27 cd/m2 (0 and 20
dB), respectively and substituting into Equation 1, this gives equivalent HFA units of 14 and
34dB. Analyses were performed on data from the second visit, with the exception of the
between-visit comparisons.

Sensitivity data was assessed for normality using the Kolmogorov-Smirnov test and
compared by quadrants and hemifields. Sensitivity values were compared between
instruments using the unpaired t test and Bland-Altman plot.20 Variability was analyzed
using the pointwise group standard deviation values. The influence of age on sensitivity was
assessed by univariate linear regression of sensitivity with age and regression slopes were
compared between instruments using the unpaired t test and assessed for significant
deviation from zero. Stimulus co-ordinates for the 10-2 pattern were compared between
instruments. Test-retest variability was analyzed using the Bland-Altman method, paired t
tests and standard deviation of Mean Sensitivity (MS) at the 2 visits. Examination duration
was compared with the unpaired t test, which excluded 7 subjects who required a pause
during MP-1 testing. Sensitivity was investigated as a function of exam duration.

Fixation measures were compared (Pearson’s correlation) between instruments using the
BCEA measure from the MP-1 software and pixel counts of the HFA gaze graph images
obtained in MatLab version 7.7.0 (The MathWorks, Natick, Massachusetts, USA).

To create an MP-1 normal database, the prediction limits were calculated from the
regression of sensitivity with age. The linear regression model was estimated using a
Bayesian approach.21 The aim of the Bayesian approach is to capture uncertainty about the
parameters of a model using a probability distribution. The prior distribution captures the
uncertainty before data are observed and the posterior distribution captures the uncertainty
after data are observed. The posterior distribution is most often estimated through
simulation. Functionals of the posterior distribution, such as prediction intervals, can then be
estimated from the simulated data. For a detailed description of the Bayesian model see
Appendix.

Prediction intervals were empirically estimated from the sample and were then used to
determine in 7 subjects, whether the deviations according to the age-matched sensitivities,
exceeded those found in less than 5% of the normal database.
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RESULTS
Sensitivity Data Normality

Pointwise MP-1 sensitivities displayed non-Gaussian (Kolmogorov-Smirnov test: p values
ranged from p < 0.001 to p = 0.041), mostly negatively skewed distributions, in all but 3
stimulus locations situated in the superior peripheral retina. However, in the HFA visual
field, 14 of 68 locations at various eccentricities had non-Gaussian distributions, and the
remaining locations had normal distributions (p values ranged from p = 0.051 to p = 0.724).

Sensitivity Comparison
Table 1 demonstrates a comparison of asymmetries across the visual field in sensitivity
values, in which converted values are given for the MP-1. On average, asymmetries were
less than 1.6 dB. Significant superior-inferior asymmetries were found for the MP-1 and the
HFA. For the MP-1, lower sensitivity values were found in superior retinal locations, but for
the HFA, lower sensitivity values were found in inferior retinal locations and the differences
were smaller. Nasal-temporal differences were not significant. Foveal sensitivities were
greater than peripheral sensitivities, especially for the HFA. Sensitivity values for the MP-1
(mean = 32.82 dB, SD = 1.92 dB) were not significantly different (unpaired t test: t = -0.307,
p = 0.759) from HFA values (mean = 32.84 dB, SD = 1.83 dB). However when analyzed by
location, the superior retinal locations were significantly lower for the MP-1 and the inferior
locations were significantly lower in the HFA, leaving a “corridor” approximately around
the midline which was not significantly different (Figure 1). The Bland-Altman plot (Figure
2) shows how the dB difference between instruments varies with the magnitude of
sensitivity. The plot has a truncated appearance which extends from the point where the
difference between instruments is 0 dB (on the y-axis) and the upper limit of the MP-1 at 34
dB in HFA equivalent units (on the x-axis). It illustrates how the ceiling effect of the MP-1
reduces the measured variability.

Variability
Standard deviations at each stimulus location (Figure 3) show a comparable magnitude of
variability between instruments. However the range of standard deviation values is larger for
the MP-1 at both the upper and lower limit. Larger standard deviations are present in the
periphery. For the MP-1 the superior retinal standard deviation values are greater, whereas
the distribution of values is more uniform for the HFA.

The Effects of Age
Figure 4 shows a decline of 0.1 and 0.4 dB per decade for MP-1 and HFA MS, respectively.
The relationship between age and sensitivity was significant for the HFA (F = 17.190, p <
0.001), but not for the MP-1 (F = 1.332, p = 0.254). Weak relationships were present,
especially for the MP-1 MS decline with age (r2 = 0.03). Pointwise linear regression of
MP-1 sensitivities with age also indicated weak relationships in the majority of stimulus
locations. The 95% confidence interval as predicted by the Bayesian model is shown by the
gray line, which reflects the small decline with advancing age.

HFA sensitivities declined with age, the mean loss was 0.041dB per year and the slopes
were significantly different from zero (t = −4.146, p < 0.001). For the MP-1, a loss of 0.010
dB per year was found, however the slopes were not significantly different from zero (t =
−1.154, p = 0.254). HFA slopes were significantly steeper than for the MP-1 (t = 14.240, p <
0.001).
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Comparison of Stimulus Locations
The stimulus coordinates of the programmed 10-2 pattern of the MP-1 differ from those of
the HFA (see Figure 5). The mean distance between corresponding stimulus points of the
HFA and the MP-1, for a given location (shown by arrow in Figure 5), was 0.8° (SD 0.3°,
range 0.1–2.3°) and it was greater for the more peripheral stimuli.

Test–Retest Variability
For the MP-1, the mean MS was 18.57 and 18.84 dB at visits 1 and 2, respectively and this
difference was not significant (paired t-test: t = −1.923, p = 0.060). For the HFA, the mean
MS was 32.70 and 32.79 dB at visits 1 and 2, respectively and this difference was also not
significant (t = −0.573, p = 0.570). The global standard deviation of MS between visits was
0.55 dB for the HFA and 0.52 dB. However examination duration was significantly shorter
at the second visit for both the MP-1 (paired t-test: t = 4.096, p < 0.001) and the HFA (t =
2.045, p = 0.048). Bland-Altman plots (see Figure 6) indicated that the variability of HFA
MS and pointwise sensitivities did not change with magnitude, however the MP-1 MS
values were less variable for higher sensitivities i.e. > 19 dB, due to the ceiling effect. In
addition, the truncated appearance of the MP-1 plots, can be attributed to the ceiling or the
upper limit of the MP-1 (see gray lines in Figure 6B & 6D).

Comparison of Fixation Measures
The recorded deviations on the HFA gaze graph had a greater magnitude than the equivalent
deviations from the MP-1 fixation coordinates. Although a significant correlation between
BCEA and gaze graph area was noted (Pearson’s correlation r = 0.348, p = 0.021), only 12%
of the variance in BCEA was attributable to the gaze graph area (r2 = 0.121). The correlation
increased slightly when comparing gaze graph area with the MP-1 fixation coordinates
sampled at a similar rate to the HFA gaze tracker (r2 = 0.170).

Duration of Examination
Mean examination duration was 5:14 min (SD 0:42 min, range 4:26 – 8:26 min) for the HFA
and 6:11 min (SD 1:49 min, range 3:05 – 9:37 min) for the MP-1. This difference was
statistically significant (unpaired t-test: t = 2.953, p = 0.004). Figure 7 shows the variation in
test duration with sensitivity magnitude. For the HFA there was little variation in test
duration with sensitivity whereas for the MP-1, subjects with lower sensitivities had longer
examinations.

Comparison of MP-1 Local Defect Map to MP-1 TD Map
In a further 7 normal subjects, not included in the normative database, MP-1 TD maps were
generated from our normative data (Bayesian model). Examples of these maps obtained
from two of these subjects are shown in Figure 8. The numerical TD maps indicate the dB
difference from the age-matched normal data and the probability TD maps indicate the
statistical likelihood of this difference falling within the range of normal, as predicted by the
Bayesian model. Similarities were found between numerical maps. Numerical TD maps (i.e.
derived by our own normative data and Bayesian model) were similar to the numerical
values of the local defect maps (LDM, i.e. derived from the existing MP-1 normative data)
and the mean defect values (LDM: MD = 0 ± 0.4 dB) were also similar to the mean
deviation (TD maps: MD = 0.1 ± 0.4 dB) values. Conversely, there were differences when
we examined the defects defined by probability maps. All 7 subjects had no HFA TD
defects, but 6 of the 7 subjects had up to 5 local defects (i.e. derived from the existing MP-1
normative data) as opposed to only 1 subject who had a single MP-1 TD defect (i.e. derived
from our own normative data). The median number of defects identified by the LDM was 2
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more than the number identified by the MP-1 TD map, and this difference was significant
(Sign test p = 0.03).

DISCUSSION
The clinical use of microperimetry has increased in recent years, as a method of detecting
and evaluating scotomata and fixation stability in retinal disease.1–6 This study was designed
to compare visual field results obtained by MP-1 microperimetry with the conventional
visual field, acquired with the HFA, in normal subjects to show similarities and differences
which may influence clinical interpretation. The secondary aim was to create a normative
database specific to the 4-2 threshold strategy and 10-2 stimulus pattern, thus presenting
information that is of value to the clinician in the interpretation of MP-1 visual fields.

When we compared visual field results obtained on the two instruments we found overall
that sensitivity values and variability at each stimulus location were similar provided the
MP-1 data were converted to equivalent HFA dB. Although MS and pointwise sensitivity
values around the midline of the visual field were similar for both instruments (see Figure
1), sensitivity was lower in superior retinal locations for the MP-1. This finding is in contrast
to those of standard perimetry studies12, 22–23 but in agreement with recent MP-1
studies.13, 24 In addition, between-subject variability was increased in superior peripheral
retinal locations (see Figure 3), whereas it was more uniform across the field for the HFA.
However it should be pointed out that many locations for the MP-1 had lower variability
than any location for the HFA. A possible explanation for the MP-1 findings of decreased
sensitivity and greater variability in superior retinal locations is the detection of
angioscotoma,25–26 which may be increased due to a greater accuracy of fixation during
MP-1 threshold estimation. It has also been suggested that the decreased sensitivity is an
apparent defect caused by an instrument artifact.27

Test-retest variability for both the MP-1 and HFA was similar. In a previous study of
patients with macular disease, a small improvement in MP-1 sensitivity between tests was
reported, which did not reach statistical significance,28 and this is consistent with the results
in this study, for both the MP-1 and the HFA. It is possible that this result was affected by
the limitations of the normal sample in this study, which was composed of mostly good
observers with a limited upper age range. Our assessment of test-retest variability was also
limited by the number of repeated visual fields and would be enhanced by an increased
number of visits. It is possible and would be advantageous to include double threshold
determinations at predetermined locations in the MP-1 test-routines, in order to use the
established methods of measuring variability in perimetry. These define short-term
fluctuation (SF) and long-term fluctuation (LF) as the components of variability in
automated static perimetry.29

Although the MP-1 provides the clinician with a similar choice of stimuli and test patterns to
the HFA, there are important differences in the maximum and minimum stimulus and
background luminances that can affect the interpretation of visual field results. Stimuli are
presented on a background of 1.27 cd/m2 in the MP-1 compared to a background of 10 cd/
m2 in the HFA. This results in a difference in the dynamic range of the two devices, such
that the HFA is capable of presenting dimmer stimuli than the MP-1. The minimum stimulus
luminance of the MP-1 (1.27cd/m2), at 20 dB is presented on a steady adapting background
(1.27cd/m2), which gives a Weber contrast of 1 (ΔI/I). For the HFA, the minimum stimulus
luminance of the HFA is 0.03 cd/m2 (51 dB), which has a Weber contrast of 0.003, although
it is not possible for the human eye to detect this. In our study sample the HFA MS was
33dB (1.6cd/m2), for which the Weber contrast was 0.16. This indicates that the Weber
contrast for the average stimulus seen by normal subjects was smaller than that of the
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minimum stimulus luminance of the MP-1. In this study we found evidence for a ceiling
effect, as demonstrated by the large number of MP-1 sensitivities at 20 dB, the flattened age-
related sensitivity decline (see Figure 4) and the significantly skewed distribution of data.
Clinically, the ceiling effect is a potential limitation of the MP-1 as the capability to test
beyond normal sensitivity is useful for monitoring patients with normal or greater than
normal sensitivities over time. Although the low ceiling for the MP-1 reduced between-
subject variability, with 25 locations having SDs <1.1 dB (the lower limit of SDs for the
HFA; Figure 3), this effect led to non-Gaussian data distribution, which was then accounted
for by the Bayesian method to derive the defect probability maps. The MP-1 ceiling is
shown in Figure 4 and illustrates how the low ceiling can obscure age effects, for example, a
slope of 0.4 dB per decade fitted to the MP-1 data points at ages >40 years, would extend
beyond 20 dB at younger ages. In this study the HFA age-related decline of 0.4 dB per
decade is consistent with previous studies,12, 30 however the MP-1 decline of 0.1 dB per
decade is less than previously reported.9, 31 Possible reasons for this difference to previous
studies include differing stimulus locations and threshold estimating algorithms, or a smaller
sample size and narrower age range.

The difference in adapting background luminances provided by the two devices may affect
the extent and depth of visual field deficits in patients. This is because the mechanisms
mediating detection of the stimulus may differ. The low background used in the MP-1 is in
the mesopic range and MP-1 increment thresholds may be mediated by mixed rod-cone
system responses. Threshold values will vary depending on the spectral, spatial and
temporal properties of the stimulus and they will vary with retinal eccentricity.32–33 In
diseases such as cone-rod dystrophies, where rod function is less affected than cone
function, the greater potential for rod intrusion would further confound interpretation of
MP-1 results. In addition, the mesopic MP-1 background may result in more pronounced
deficits. Increment threshold measurements have been shown to be dependent on adaptation
level in diseases that primarily affect the photoreceptors such as retinitis pigmentosa (RP).34

Thus, measurements on the MP-1 would be expected to better discriminate between RP
patients and normal subjects than those obtained on the HFA.

A significant advantage of the MP-1 microperimeter over the HFA is the capability for
fixation stability quantification. In our study, quantification of fixation between instruments
was only weakly correlated, due to the difference in the nature of the measurements. During
MP-1 testing, stimulus presentation is temporarily interrupted in the event of large
deviations in fixation, approximately 5–10° depending on pupil size, due to loss of the live
infrared image. Conversely, the HFA continues testing during such large deviations and
employs a coarser sampling frequency to produce the gaze graph. Spatial accuracy of the
MP-1 sensitivity measures is therefore greater, although the 10-2 pattern does not precisely
correspond to the HFA (see Figure 5). In normal subjects, this greater reliability of MP-1
testing is only at the cost of an extra minute of test duration, however this difference is likely
to be larger in patients with unstable fixation or excessive head movement, due to the greater
fixation accuracy required for continuation of MP-1 testing. Although total examination
time is extended by the longer period required to adapt to the low background, the greater
spatial accuracy is a considerable advantage for structure to function comparison.

The secondary aim of this study was to obtain normative data using the 4-2 threshold
strategy and 10-2 stimulus pattern. The normative data collected in this study gave similar
age-corrected deviation values to those provided by the existing normative data of the MP-1
(Figure 8), however the probability defects derived from each database were different.
Normative perimetric data is essential to the identification and quantification of visual field
abnormality. The existing MP-1 database was formed from 180 normal subjects.9–10 From
this, defects of the local defect map are defined by confidence intervals calculated by a
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method of distribution-free estimation of age-related centiles.13, 35 In this study, we obtained
a normal database of 50 subjects in order to have the capability to define TD defects in tests
matched by stimulus pattern and threshold strategy. The Bayesian model used for our
normative data to predict confidence intervals incorporates the ceiling effect as a parameter.
Comparing between normative databases, the numerical age-corrected deviations had
similar values, however the number of locations identified as defective was significantly
greater with the machine normative data rather than using the Bayesian model (Figure 8).
This could be explained by the wider confidence intervals of the Bayesian model being more
suitable to the MP-1 data. Further study including a greater number of patients and those
with visual field defects would be required for conclusive comparison of the local defect
map and MP-1 TD map and this is currently underway. A limitation of our normative
database is the sample size and a larger sample with a wider age range would be required to
constitute empirical data from which to calculate the individual deviations from the normal
reference values, as described by Heijl et al.18

In summary, the MP-1 is one of the few commercially available instruments to combine
precise fundus tracking with automated visual field evaluation of the central macular area.
For patients with unsteady or non-foveal fixation it provides a reliable and reproducible
method for evaluating sensitivity in the macular area. The use of the HFA is not appropriate
for visual field evaluation in these patients as accuracy of the measure is based on the
assumption that fixation is foveal and stable during the exam. Not only is the MP-1 a useful
tool for evaluating and following disease progression in patients with macular disease but
the ability to measure function while simultaneously visualizing the fundus makes it very
useful for studying patients with other retinal diseases such as diabetic retinopathy and
retinitis pigmentosa. The principal advantages of the MP-1 are precise fundus tracking
during testing, quantification of fixation stability and co-registration of results to the fundus
image, although this relies on optical assumptions. When MP-1 results were compared to
those obtained with the HFA, using equivalent units, the two instruments showed similar
variability and test-retest variability. However there are important differences in thresholds,
stimulus parameters and testing strategies that have to be taken into account when
comparisons are made. When collecting normative data specific to the MP-1 instrument,
threshold strategy and stimulus pattern, in a small sample, Bayesian modeling is appropriate
from which to calculate total deviation defects. The clinical decision as to which device is
the most appropriate choice will depend on the patient and clinical circumstance. For
example, as a screening device in patients with retinal disease, for monitoring patients with
unsteady and/or a non-foveal PRL and/or for precise monitoring of patients whose
sensitivities fall within the dynamic range, the MP-1 is appropriate. For monitoring patients
with near normal sensitivities, or very deep defects, and steady foveal fixation, use of the
10-2 pattern on the HFA should be considered. Initial results from both instruments would
facilitate the decision as to which device would be the most appropriate for continued
follow-up.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Mean difference in sensitivity values (in dB) between instruments. The HFA visual field is
inverted superior-inferior to give the corresponding retinal view to the MP-1 and the MP-1
data was converted to HFA equivalent units. Negative values indicate lower MP-1 compared
to HFA sensitivities and positive values indicate lower HFA values. Shading indicates that
the difference was significant and non significant differences are unshaded.
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Figure 2.
Bland-Altman plot to show the difference in sensitivity values between instruments. The
difference plotted along the ordinate shows the converted (HFA equivalent units) MP-1
sensitivities subtracted from the HFA sensitivities, for each stimulus location, for each
patient. The relationship between the variability between instruments and magnitude of
difference between instruments is shown. The horizontal solid line represents the mean
difference and the dotted lines represent the 95% limits of agreement.

Acton et al. Page 13

Optom Vis Sci. Author manuscript; available in PMC 2012 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
One standard deviation of the group mean sensitivity (in dB) shows the intratest
interindividual variation in sensitivity at each stimulus location for the HFA (top) and the
MP-1 (bottom). The HFA visual field is inverted superior-inferior to give the corresponding
retinal view to the MP-1 and the MP-1 data was converted to HFA equivalent units.
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Figure 4.
Univariate linear regression of Mean Sensitivity (MS) as a function of age is shown by the
scatterplot (left) for the MP-1 and the HFA. The 95% lower bound was predicted by the
Bayesian model. The regression slopes at each stimulus location for the HFA (top right) and
the MP-1 (bottom right) are shown and the MP-1 ceiling at 20dB is indicated by the dashed
line. The HFA visual field is inverted superior-inferior to give the corresponding retinal
view to the MP-1.
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Figure 5.
The stimulus locations of the 10-2 pattern for the MP-1 and HFA are plotted according to
the coordinates for each location, in degrees. The HFA stimulus locations have fixed
coordinates. The mean value for the MP-1 coordinates for normal subjects is presented.
Standard error values were less than the scatterplot point size. The arrow indicates the
distance between corresponding given stimulus location points of the HFA and the MP-1.
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Figure 6.
Test-retest variability for the HFA and MP-1 is shown by Bland-Altman plots. The Bland-
Altman plots determine if there is a relationship between the variability and magnitude of
sensitivity values between visits, for the HFA (A & C) and the MP-1 (B & D), for Mean
Sensitivity (MS) (A & B) and pointwise sensitivity (C & D). The horizontal solid line
represents the mean difference and the dotted lines represent the 95% limits of agreement.
The ceiling effect due to the MP-1 is indicated by the gray lines in (B) and (D).
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Figure 7.
Mean Sensitivity (MS) as a function of test duration. MP-1 data was converted to HFA
equivalent units.
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Figure 8.
Example of MP-1 maps from two normal subjects of different ages. The MP-1 local defect
maps show the numerical deviations (in dB) to the age-matched normal sensitivities
superimposed on the fundus image. These maps also indicate a classification of “suspect” or
“relative scotoma” based on probability values derived from the existing MP-1 normative
database, and a classification of “absolute scotoma” if the stimulus was not seen. MP-1 total
deviation (TD) maps were generated from our own normative database, using the Bayesian
model. The TD numerical maps indicate the deviations from the age-matched normal
sensitivities (in dB) and the TD probability maps show probability defects. The two subjects
in this example had probability defects on the local defect map, but both had no defects on
the TD probability maps. A color verison of this figure is available online at
www.optvissci.com.
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