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ABSTRACT

Purpose. Eccentric photorefraction provides an opportunity to gather rapid and remote estimates of refraction and gaze
position from infants. The technique has the potential for extensive use in vision screenings and studies of visual
development. The goal of this study was to assess the refraction calibration of the PowerRefractor (Multichannel Systems)
for use with uncyclopleged infants.

Methods. The defocus measurements from the instrument were compared with the results of simultaneous retinoscopy
in one analysis and with known amounts of defocus induced with trial lenses in another. Data were collected from infants
1 to 6 months of age and adults.

Results. The PowerRefractor typically read <1 D of myopia when the retinoscopy reflex was judged to be neutral at the
same working distance in both infants and adults. The slopes of both infant and adult validation functions (trial lens power
vs. measurement of induced defocus) were close to 1 over a 4D range. The infant slopes were significantly greater than
those of the adults, however.

Conclusions. The results suggest that the instrument is capable of detecting large amounts of defocus but needs individual
calibration for detailed studies of accommodative accuracy and absolute levels of defocus, as has been recommended

previously for adult subjects.
(Optom Vis Sci 2006;83:346-353)
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easurements of infant refraction and gaze position are

central to understanding the development of clear, sin-

gle vision and to understanding clinically significant
abnormality (e.g., accommodative esotropia, intermittent exotro-
pia, and amblyogenic factors such as high hyperopia and anisome-
tropia’?).

The eccentric photorefraction technique can be used to make
both of these measurements and is attractive for studying infants
because it is fast, remote, and can record from both eyes simulta-
neously®~¢ (see Fig. 1). When automated at video rates, its speed
and potential to record data binocularly make it, in theory, prefer-
able to conventional retinoscopy; infants’ short attention spans
have less impact on data quality and anisometropia is easier to
detect in a binocular measurement. Estimates of vergence, gaze
position, and pupil size are made using a contrast detection algo-
rithm to locate the pupils and first Purkinje images in each video
frame, while the refraction estimate is made using the eccentric
photorefraction principle.”

The current study concerns calibration of the refraction esti-
mate. The eccentric photorefraction principle is based on an anal-

ysis of light reflected from the retina. Light from a source in the
plane of the front of the camera lens forms an image on the retina
and is then reflected back through the pupil into the camera. The
estimate of the eye’s defocus is derived from the distribution of
reflected light across the subject’s pupil in the camera image™° (see
Fig. 1). The standard analytical description of this light distribu-
tion includes the following parameters: the refractive error of the
eye, the distance of the subject to the camera, the pupil size, and the
eccentricity of the light source from the edge of the aperture at the
front of the camera lens (the photorefraction aperture). Knowing
each of the other parameters, therefore, should reveal the eye’s
refractive error. Unfortunately, this analysis of the technique is not
a complete description of the system. There are additional factors
that affect the calibration of these instruments.” These factors are
mainly optical characteristics of the eye being measured and in-
clude: 1. Reflectance of the retina, which may affect the gradient of
the light distribution in the pupil”'®'!, 2. The distance between
the retinal structures that reflect the light and the photoreceptors
that initiate the visual response, which may cause an absolute offset
in the measurement. (Glickstein and Millodot'? suggest that light
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FIGURE 1.

An example PowerRefractor image from an infant. The distribution of light
in the pupils provides simultaneous estimates of defocus in the two eyes,
and the positions of the Purkinje images relative to the center of the pupils
provide an estimate of gaze position. The image also demonstrates the
technique used in this study for the relative validation. A positive-powered
lens was held before one eye, producing a myopic crescent in the pupil,
and the induced anisometropia was determined as a function of lens
power. (The camera aperture size was kept in the recommended range of
5.6-38 throughout data collection.)

forming the reflex in retinoscopy is reflected from the inner limit-
ing membrane. Mutti et al.’® propose reflection from the outer
retina in rats, which would cause a smaller artifact. Also see Be-
rendschot et al.'* for a review of reflectance in different retinal
layers.), and 3. Higher-order monochromatic aberrations, which
may disrupt the light distribution in the pupil.'>!®

In a system with an extended light source, the slope of the light
distribution in the pupil plane can be fit with a linear regression to
estimate refractive error over a relatively wide operating
range.”'®!” The conversion of the slope of the linear regression
into a refraction estimate has to be based on an empiric calibration
rather than the theoretical analysis discussed previously, however,
because of the additional factors.

Our goal was to test the validity of an adult empirical calibration
for assessing infant subjects using one of the more commonly used
instruments. The PowerRefractor (initially manufactured by Mul-
tichannel Systems but more recently by PlusOptix) is an example
of a video-based eccentric photorefractor that is in principle well
suited for use with pediatric populations. This instrument was
calibrated using adult subjects.”'” The results of the built-in cali-
bration have been verified in uncyclopleged adults by other groups
who have compared it with subjective refraction and autorefrac-
tors."®!? Tt has also been found reliable, typically within 1 D of
spherical equivalent, when compared with cycloplegic or noncy-
cloplegic retinoscopy or autorefraction in populations extending
down into childhood.?%-2!

The results of these studies suggest that the PowerRefractor, like
the eccentric photorefraction technique in general, holds promise
as a clinical and research tool for use with infants. The goal of the
current study was to assess the built-in adult PowerRefractor re-
fraction estimate for use with uncyclopleged infants under natu-
ralistic conditions, because this younger population would benefit
the most from the rapid assessment method and has eyes that differ
the most from the adults for which the instrument was calibrated

(e.g., in terms of fundus reflectance,”**

Cy€,24’25 12,13

optical power of the

the small eye artifact, and higher-order aberra-
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tions?®?”). We wanted to determine whether the built-in adult
calibration would be appropriate for use with free-viewing uncy-
clopleged infant subjects.

Other variants of the photorefraction technique and other ec-
centric photorefraction instruments have been calibrated directly
for use as vision screening tools for infants,>°? but to date the
relatively widely used PowerRefractor system has not been vali-
dated for infants and we are not aware of an instance in which
another adult defocus calibration has been validated for infants.
Our study consisted of an absolute validation using the gold stan-
dard of retinoscopy and a relative validation using trial lenses to
induce known amounts of defocus.

METHODS
Subjects

Infant subjects were recruited from public birth records and the
local community. Adult subjects were students, staff, and faculty of
Indiana University. Informed consent was gathered from adults
and from parents for their infants after the study had been reviewed
and approved by the Indiana University Institutional Review
Board.

General Procedure

The infants included in the study were healthy, born at full
term, and had no clinically significant ocular abnormalities. They
were supported on a parent’s lap with their head stabilized against
the parent. Some infants sucked on a pacifier or the parent’s finger,
which provided further stabilization of their head. The adults sat
on the same chair as the parents with no further head stabilization.
The subjects were not cyclopleged to produce a validation for
natural pupil sizes in dim lighting conditions (the adult pupil sizes
ranged from 5-7 mm and the infant’s from 4-6 mm). These
conditions are similar to those used in other experiments and vi-
sion screenings. The PowerRefractor camera was positioned 1 m
from the subject with the subject’s face centered in the image in
accordance with the recommended instrument protocol for this
Multichannel Systems version (as shown in Fig. 1). None of the
subjects wore an optical correction. Each adult’s and infant’s at-
tention was attracted to the camera distance using an illuminated
toy in a general attempt to stabilize their accommodation. The
PowerRefractor was used in “binocular” mode (as named in the
manual) in which pupil diameter, refraction along the vertical
meridian, vergence, and horizontal, and vertical positions of both
eyes are recorded at 25 Hz.

Specific Validation Procedures

The aim was to test the instrument’s built-in defocus calibration
for naturalistic pupil sizes. The infants therefore were not cyclo-
pleged and free to change their accommodation. Thus, the eye’s
defocus could vary unpredictably and so a validation protocol
would have to be performed while the accommodative state and
the absolute refraction of the eye were unstable and unknown. Two
protocols were designed to meet this requirement. One provided
an absolute defocus comparison with retinoscopy, and the other
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provided a relative validation based on measurements of change in
defocus.

Absolute Validation

Procedure.
son between PowerRefractor readings and retinoscopy reflexes.

This protocol was designed to make a compari-

The protocol was performed on the subject’s left eye. The focus of
the eye was deliberately varied using trial lenses placed in front of
the eye by an assistant and by allowing the subject to freely change
their accommodation. The PowerRefractor measured the eye’s re-
fraction continuously at 25 Hz while an experienced retinoscopist
performed retinoscopy in the plane of the front of the camera lens
at 5° eccentricity from the center of the photorefraction aperture
(see Fig. 2). The retinoscopy was performed intermittently and as
briefly as possible. The retinoscopist’s task was to judge the direc-
tion of motion of the reflex, which she described as “with,”
“against,” or “neutral.” The procedure was recorded with an addi-
tional video camera that permitted synchronization of the retinos-
copy judgments with the data recorded by the PowerRefractor.
Thus, after the data collection, the retinoscopist’s judgments could
be compared with the simultaneous measurements made by the
PowerRefractor. At times when the eye was focused between the
subject and the PowerRefractor, the retinoscopist should have seen
an “against” reflex and the PowerRefractor should have read myo-
pia (negative defocus). When the eye was focused further away
than the PowerRefractor, the retinoscopist should have seen a
“with” reflex and the PowerRefractor should have read hyperopia
(positive defocus). The motion of the retinoscopy reflex would be
neutral when the source of the retinoscopy reflection in the eye was
conjugate with the retinoscope and the eye was “focused” at the
retinoscope. The PowerRefractor reading can be compared with
the retinoscope motion to determine whether the PowerRefactor
reads zero when the retinoscope reflex is neutral in the plane of the
PowerRefractor light source and aperture (as basic theory would
predict).

The series of retinoscopy calls were recorded with different
lenses over the eye. In addition to judging the direction of motion
of the reflex, the retinoscopist also requested the power of the
following trial lens in an attempt to reach a neutral judgment (the

Retinoscope

Photorefractor
camera

FIGURE 2.

A demonstration of the absolute validation protocol. Retinoscopy was
performed immediately adjacent to the PowerRefractor photorefraction
aperture at a 1-m viewing distance.

nulling technique is somewhat similar to the ones used by Angi et
al,® Bobier®! and Seidemann and Schaeffel®®). The “neutral”
point was not always reached because the subjects were free to
change their accommodation and the infants had a limited atten-
tion span.

Data Analysis.
judgment was compared with the simultaneous mean PowerRe-

The direction of motion of the retinoscopy

fractor reading preferably over 2 seconds, but not less than 1 sec-
ond, of data (25-50 measurements). The longest period of data
(up to 2 seconds) that fulfilled the following two criteria was used:
1) the gaze position of either eye could be no more than 15° from
the pupillary axis, because the optics of the infant eye are likely to
change with eccentricity as has been shown in adules.”!"?5738 2)
No more than one consecutive data point was missing (the instru-
ment does not collect data if its built-in software criteria are not
met). The identified periods of data were also confirmed to contain
no data more than 2 D from the mean (both missing data and
extreme outliers could be caused by blinks for example'®). If pos-
sible, PowerRefractor data collected during the retinoscopy was
used; otherwise, data immediately preceding the retinoscopy was
used (occasionally the use of the retinoscope interrupted the Pow-
erRefractor recording typically by causing the pupil to constrict
below the diameter required for the recording). It was not possible
to use the data immediately after the retinoscopy because the lens
placed over the eye was typically removed at that time. An example
dataset for one retinoscopy call is shown in Figure 3.

Subjects were included in the absolute analysis if they provided
PowerRefractor data for at least two retinoscopy calls. These may
or may not have included a neutral call. The data were then com-
bined across subjects to examine the consistency with which a
hyperopic PowerRefractor reading resulted in a “with” judgment
and a myopic PowerRefractor reading resulted in an “against”
judgment. The PowerRefractor reading corresponding to the tran-
sition between “with” and “against” judgments corresponds to the
reading when the eye is focused at the retinoscope and photore-
fractor aperture. This estimate from the data pooled across the
population could then be compared with the individual subjects
for whom a true “neutral” judgment was made.

g 5 | w w |

2 - 7
©

£ (U RSP 00 00 B ® & 0R o o £ —
5 T S aP % 68% mnoPy Yrgiuid Sadyo

5 05 £ o° SE W% 0 % o0 |
o °3 Spes fer® . unt .. enthztts 248
5 - NN 2 B o fadF N RS
€ 45 | .
Q o

g 2 | | | | |

'Y 50 52 54 56 58 60 62

Time (s)

® Right Refraction O Left Refraction == == |ens On

FIGURE 3.

Example of the absolute validation data. The PowerRefractor data from the
right and left eyes are represented as a function of time by the filled and
open symbols, respectively. An apparent anisometropia develops at 53
seconds when a lens was placed over the left eye. The dashed line
illustrates the time that the lens was over the eye. The retinoscopy was
performed on that eye between 56 and 60 seconds as shown by the solid
line. The retinoscopy call was “against” and the mean PowerRefractor
reading was —0.27 D.

e Retinoscopy

Optometry and Vision Science, Vol. 83, No. 6, June 2006



Relative Validation

Procedure.
for an eye focused at the light source and photorefraction aperture,

After determining the PowerRefractor reading

the second protocol was designed to determine whether the Pow-
erRefractor estimates of changes in defocus are appropriate (e.g.,
for studies of dynamic accommodative responses). This was
achieved by recording the PowerRefractor measurement as a func-
tion of defocus of one eye (in a similar manner to the calibrations
described by Schaeffel et al.” and Choi et al.'”). The defocus was
achieved using a trial lens in front of one eye again. The total
defocus of the eye had to be known to plot the PowerRefractor
measurement against total defocus, however, and, although the
infants were encouraged to maintain their accommodation at the
camera distance, it was not fully stable. The simultaneously re-
corded data from the two eyes were therefore used to calculate the
amount of anisometropia induced by the lens of known power to
eliminate the effect of changes in accommodation (Fig. 1). The
difference in readings between the two eyes was calculated while
positive lenses of 1, 2, 3, and 4 D were held in front of one eye (the
data were corrected for the subject’s true refractive anisometropia
by subtracting the difference between the eyes with no lens
present).

Data Analysis.
from the pupillary axis were excluded. The difference between the

Data in which the gaze position exceeded 15°

measurements from the two eyes was calculated for each of the re-
maining 25-Hz samples. These differences were then averaged over a
second of data to generate an estimate of the total anisometropia for
each lens power. The final induced anisometropia estimate was de-
rived by subtracting the subject’s ocular anisometropia with no lenses
(also averaged over 1 second) (Fig. 4). We were concerned that the
induced anisometropia might be highly variable if the infant made
dramatic changes in accommodation. Therefore, we only included
babies in the analysis if the uncovered eye (right eye in Fig. 1) had a
mean reading that fell between +1.50 and —2.00 D for every lens
power.

The data were summarized by plotting induced anisometropia against
trial lens power (Fig. 6). An ordinary least-squares regression was then
performed for each subject to estimate the slope of this function. The y
intercept was set to zero for the regression (a prediction resulting from the
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FIGURE 4.

Example of relative validation data from a 22-week-old infant. One sec-
ond of PowerRefractor data is plotted for each of the four lens powers. The
eye with the lenses placed over it is represented by the open squares, and
the uncovered eye is represented by the filled circles. The data demon-
strate the increasing induced anisometropia with increasing lens power.
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baseline anisometropia subtraction). Only infants who provided data for
all four lenses were included in the analysis.

RESULTS
Absolute Validation

The absolute validation data are shown in Figure 5A and B, in
which the motion of the retinoscopy reflex (the retinoscopist’s
judgment) is plotted as a function of the simultaneous PowerRe-
fractor reading. The adult data are shown in Figure 5A and the
infant data in Figure 5B. Data were successfully recorded from 11
infants ages 7 to 19 weeks. The protocol was attempted with 39
infants from 2 to 24 weeks of age, indicating a success rate of 28%.
This success rate is relatively low and reflects the demands made on
the infant. They had to repeatedly and stably look in the direction
of the retinoscopist for more than 2 seconds while a lens was placed
over one of their eyes. From our experience, this success rate also
indicates the likely success in performing this validation for indi-
vidual infants in future studies. Data were also collected from four
adults from 22 to 35 years of age (of five attempted, the only
presbyopic adult attempted had pupils that were too small for the
PowerRefractor to make measurements).

The goal of this analysis was to find the PowerRefractor reading
that corresponds to a neutral judgment for retinoscopy at the cam-
era distance. This is equivalent to the measurement at which the
retinoscopy reflex transitions between “with” and “against” mo-
tions. The data collected from a number of infants did not include
aneutral call and therefore we took two approaches to this analysis.
In one, we summarized the PowerRefractor readings for which
neutral judgments were made. In the other, we generated a psy-
chometric function using the retinoscopist’s “with” and “against”
judgments for all of the subjects. The 50% “with” threshold on this
function is equivalent to 50% “against” and represents the transi-
tion between the two judgments.

In the neutral judgment analysis, the four adult neutral calls lie
between PowerRefractor readings of —0.43 and 0.05 D (with a mean
of —0.28 D (standard deviation [SD] * 0.22 D), whereas the neutral
calls from the four infant sessions that included them lie between
—0.73 and 0.67 D (with a mean of -0.15 D [SD =+ 0.66 D] for these
infants 8, 12, 15, and 16 weeks of age). In the psychometric function
analysis, the “with” and “against” judgments from Figure 5A and B
were combined into 0.5-D bins to form the psychometric functions
shown in Figure 5C and D. In Figure 5A and B, the “with” calls
extend from positive PowerRefractor readings to approach a reading
of —1 D. The “against” calls extend from negative PowerRefractor
readings to a reading of zero. This overlap in the judgments defines the
slope of the psychometric functions in Figure 5C and D. The 50%
points on the psychometric functions were derived using probit anal-
ysis (SPSS, Finney, 1952). The adult value was —0.37 D (95% con-
fidence interval [CI]: 0.32 D to —1.22 D) and the infant value was
—0.34 (95% CI: 0.31 D to —1.11 D). A t-test indicated no significant
difference between these values (p > 0.25). The infant and adult data
do show a similar amount of overlap of “with” and “against” judg-
ments, possibly as a result of the angular offset between the photore-
fraction aperture and retinoscope causing variability if the subject
switches fixation between the two instruments, characteristics of indi-
vidual eyes that affect the linearity of the light distribution in the pupil,

or the assessment of the direction of the retinoscopy call (most studies
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FIGURE 5.

Results of the absolute validation protocol. A and C show adult data and B and D show infant data. (A and B) The retinoscopy judgments are plotted

as a function of PowerRefractor reading for each subject. (C and D) The

individual data points are combined to form psychometric functions. The

percentage of “with” judgments is plotted as a function of PowerRefractor reading in 0.5-D bins centered on the values shown. The solid functions show
the fits to the data using Probit analysis. The total number of judgments (n) from which each percentage was calculated is shown beneath the panels.

have shown that an interval of = 0.50 D contains 80% of the variance
in repeated retinoscopy estimates®”). Overall, however, the derived
transition points and neutral judgments are comparable in the two
groups. The data indicate that the PowerRefractor typically reads be-
tween zero and —1 D when the retinoscope reflex is judged to be
neutral in the photorefractor aperture plane.

Relative Validation

Induced anisometropia is plotted as a function of lens power in
Figure 6. Data from three representative adults and infants are
shown in Figures 6A and B, respectively. A perfect validation
would produce data that lie along the 1:1 function. The data in
each panel represent the range of function slopes found.

The slopes of the validation functions are plotted as a function
of age in Figure 7. Slopes are shown from the 13 infants whose data
met the inclusion criteria. The protocol was attempted on 26 in-
fants from 4 to 23 weeks of age, indicating a 45% success rate. Data
are also shown from 13 adults from 22 to 35 years of age (this
protocol was also attempted on the one presbyopic adult whose
pupils were too small for the PowerRefractor to make measure-
ments). Although there is a difference between the infant and adult
slopes, there is no significant effect of age over the infant age range
tested here (ordinary least-squares regression: y = 0.0086x +
0.9497: R* = 0.1009, p > 0.10). The infant slopes ranged from
0.84 to 1.33 with a mean of 1.06 (SD =* 0.16), and the adults had
a range of 0.55 to 1.14 with a mean of 0.90 (SD * 0.18). The
difference between these distributions was statistically significant
atthe o = 0.05 level (¢t = 2.42, df = 24, p = 0.023, in a two-tailed
t test assuming unequal variance). The infant regressions had a

mean R? of 0.88 with a range of 0.652 to 0.993 and the adults had
a mean R? of 0.98 with a range of 0.896 to 0.998. The data imply
that despite structural differences between adult and infant eyes,
the commercial Multichannel Systems PowerRefractor calibration
is fairly accurate in measuring changes in defocus in both popula-
tions, although a small but significant difference in slope between
the groups was demonstrated.

The linear regressions performed on each individual’s data were
constrained so that the y intercept was equal to zero as predicted by
the subtraction of the subject’s true refractive anisometropia with
no lens. A second analysis was performed to determine whether the
adult and infant slopes were matched if the intercept of the regres-
sion was permitted to vary. In this analysis, the mean infant slope
was 1.11 (SD * 0.24) (range, 0.74-1.40) and the mean adult
slope was 0.92 (SD # 0.20) (range, 0.53-1.25). Again, a t test
revealed that these slope distributions were statistically signifi-
cantly different at the « = 0.05 level (t = 2.17, df = 23, p = 0.04
in a two-tailed t test assuming unequal variance), and also that the
adult and infant distributions of fitted intercepts were not signifi-
cantly different. The mean adult intercept was —0.06 D (SD =
0.22 D) and the mean infant intercept was —0.15 D (SD * 0.60
D) (t = —0.44, df = 15, p = 0.66, in a two-tailed t test assuming
unequal variance). Thus, the outcome was the same for this second
analysis.

DISCUSSION

We have performed an empirical analysis of photorefraction
measurements provided by a commercial instrument. We have
tested the validity of the calibration provided in the PowerRefrac-
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tor software for infant subjects. We used two protocols, one that
compared the measurements with simultaneous retinoscopy judg-
ments, an absolute comparison, and another that compared the
readings with known changes in defocus, a relative comparison.
We performed these analyses empirically because the current the-
oretical descriptions of the eccentric photorefraction technique are
not complete for predicting defocus.

Absolute Validation

The point at which an eccentric photorefractor reads zero
should not depend on an assumed conversion factor from slope of
the light intensity distribution to diopters of defocus. The “slope”
for zero defocus is zero and so a multiplicative factor has no effect
on the result. The PowerRefractor should therefore read zero when
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FIGURE 6.

Results of the relative validation protocol. Induced anisometropia, as
measured by the PowerRefractor, is plotted as a function of lens power for
individual subjects. Examples of adult and infant data are given in A and
B, respectively. The y intercept was constrained to be zero for each of
these fits. The slope and R? of each regression is provided.
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The slopes of the individual relative validation functions are plotted as a
function of age in weeks. A linear regression fit to the infant data has a
slope that does not differ significantly from zero.

the retinoscope is held in the same plane as the photorefraction
aperture and the retinoscopy reflex is neutral. A nonzero reading
from the photorefractor in this situation would imply a dioptric
offset. Possible reasons for this might include any remaining lon-
gitudinal chromatic aberration resulting from the wavelength dif-
ference between the PowerRefractor and retinoscope light sourc-
es?® (with no correction, the PowerRefractor would read more
hyperopia than the retinoscopy) or a compensation built into the
PowerRefractor software for either tonic accommodation or the
distance of the camera relative to infinity.>* Our results show that
the adults and infants actually had similar offsets between the
PowerRefractor and retinoscopy results. The PowerRefractor typ-
ically read a small amount of myopia when the retinoscopy reflex
was judged to be neutral. The most simple explanation for this
difference would be a compensation in the software for the viewing
distance of the camera.

Two other studies have made simultaneous comparisons be-
tween the photorefractor reading and the focus of the eye. Allen et
al.'® plotted PowerRefractor reading as a function of target fixation
distance for five adults. For a fixation distance of —1 D, equivalent
to the camera distance of 1 m, they found a PowerRefractor read-
ing of approximately —1 D (p. 246, Fig. 1). Seidemann and
Schaeffel** performed retinoscopy on adults while data were col-
lected with the PowerRefractor. Their Figure 1 (p. 422) demon-
strates that for a retinoscopy neutralization at —1 D (the 1-m
camera distance), the PowerRefractor readings were between ap-
proximately 0 D and —1 D. The results of these two other studies
are in good agreement with the data shown here in Figure 5.

Relative Validation

The slopes of the relative validation functions are close to one for
the infants and adults. The data suggest that even the slopes at the
extremes of each population lie within a factor of two of the ideal
1:1 line. The mean values also suggest that the infants had higher
slopes than found for adults with approximately the same variabil-
ity in the two groups. Variability in adult slopes is noted by Schaef-
fel et al.” and Seidemann and Schaeffel.** The increased slope of
the infants’ induced anisometropia function must come from a
factor that causes a multiplicative increase in calculated slope of the
light distribution in the pupil. This could be caused by an increase
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in fundus reflectance, for example, the light intensity at each point
in the pupil would be multiplied by a common factor. Whatever
the factor causing this, it does not appear to be compensated for in
a correction for mean image intensity such as that described by
Schaeffel et al.”

Using this induced anisometropia protocol to control for a
change in infants’ accommodation depends on the assumption
that infants” accommodation is fully consensual. If this were not
true, the apparent anisometropia would change with changes in
accommodation; the anisometropia would either increase or de-
crease depending on the eye driving the response and the direction
of the response. We saw no clear evidence of this behavior in the
data and limited the range of mean values from the eye with no lens
to prevent excessive changes in accommodation. We were there-
fore comfortable making this assumption and are not able to ex-
plain the difference in mean infant and adult slopes by assuming
that infants’ accommodation is not consensual.

Clinical Estimation of Refractive Error

One of the most promising uses of the eccentric photorefraction
technique is to examine children for the presence of high refractive
errors, strabismus, or media abnormalities. A number of studies
have compared screening data from other eccentric photorefractors
with a full clinical examination of refractive error.®30-3241-45
Abrahamsson et al.,?° Suryakumar and Bobier,® and Schmidt et
al.*” have all used the PowerRefractor to screen for refractive error.
Abrahamsson et al. found that over 90% of their children from 6
months to 5 years of age had differences between PowerRefractor
and autorefractor readings of <1 D, and Suryakumar and Bobier
found that the PowerRefractor underestimated hyperopia less than
a number of other similar screening instruments in uncyclopleged
preschool children. Schmidt et al. found the PowerRefractor did
not perform as well as a number of their other screening tools in the
Vision in Preschoolers study.

We do not examine the ability of the instrument to detect re-
fractive error, but look at its accuracy at measuring defocus in one
meridian (the combination of refractive error and accommodative
performance). The children that participated in the other studies
were typically older than the infants tested here and so, under the
assumption that children’s eyes are more mature than infants’, the
children should only have more adult-like defocus calibrations.

An interesting observation has been made in a number of stud-
ies, that cycloplegia can actually make screening for refractive error
less effective, particularly for assessing astigmatism and its ax-
is,20-32:4144.46 The aberrations introduced into the periphery of the
image of a dilated pupil are thought to disrupt the gradient of the
light-intensity profile. It is feasible that our defocus measurements
would have suggested poorer performance of the instrument if we
had conducted our protocols in less naturalistic conditions using
cycloplegia.

CONCLUSION

The data collected here suggest that the PowerRefractor (Mul-
tichannel Systems version) is able to consistently detect large
amounts of defocus in infants, as required in a vision screening
environment. For more detailed analyses of absolute accommoda-

tive accuracy and small amounts of defocus, however, the absolute
validation indicated an offset between the photorefraction and
retinoscopy defocus estimates, and the relative protocol demon-
strated different slopes for adults and infants with clear individual
differences. It is therefore necessary to consider these factors when
making detailed analyses using this instrument. Although this is
true, the same requirement has also been noted by the developers of
the instrument for work with adults.”3

Our experience in collecting these data suggests it will not be
simple to do individual calibrations for infant subjects or to repli-
cate the validation easily for individual instruments in different
laboratories. These data were collected on different groups of in-
fants, and the combined success rates imply that successful com-
pletion of both protocols on an individual would require excluding
a large number of infants. The option of using cycloplegia would
depend on the goals and design of the analysis.
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