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Simple device for quantifying the influence of halos
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Abstract. We present a simple device (called a halometer) to detect
and quantify the phenomenon of halos after certain surgical proce-
dures, such as refractive surgery. The task of the subject consists ba-
sically of discriminating, after dark adaptation, a small light source
around a central high-luminance stimulus. The device, which is con-
nected to a computer, provides a disturbance index to measure the
effect of halos on the observer’s vision. Tested with normal subjects
and patients after LASIK (laser in situ keratomileusis) surgery, this ap-
paratus proved sufficiently sensitive to quantify the halos in subjects
who had undergone surgery. © 2003 Society of Photo-Optical Instrumentation En-
gineers. [DOI: 10.1117/1.1607333]
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1 Introduction
Night-vision disturbances1–7 are frequent after different types
of eye operations, such as refractive or cataract surgery~with
mono- and multifocal intraocular lenses!. Although the study
and evaluation of night-vision disturbances began many de
cades ago,8–10 the recent growth of ocular surgery has given
such studies special relevance. These disturbances, which i
clude glare, starbursts, and halos, underlie some of the pos
operative complaints, prompted by visual discomfort, espe
cially under low illumination when the pupil is largest. The
problem can even interfere with certain routine tasks, such a
driving at night. Although the patient may report these distur-
bances, for example, in a questionnaire during a clinical visit
such information has serious limitations because subjectiv
responses can be swayed by various psychological factors a
may fail to reveal the magnitude of the problem, its evolution,
or its relationship to other variables.

Given the importance of ocular surgery, different tests are
needed to quantify night-vision disturbances. It would facili-
tate the study of these phenomena, for example, to establis
whether the subject suffers these disturbances, and if so, the
magnitude and even the differences among subjects. It woul
also allow an exhaustive study of the relationships of thes
phenomena to different pathologies or to variables of the op
eration, thereby making monitoring easier. The developmen
of devices for this purpose would therefore be useful for the
clinician as well as the researcher concerned with these su
gical operations.

Here we present an experimental device that we call a
halometer, which is designed to quantify the presence of halo
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in the vision of the subject. As is well known, a subject a
fected by halos sees rings around lights at night. Tests exi
evaluate glare, but it is rare to measure halos. In the test u
for the latter, as described later, a subject, after dark ada
tion, is asked to discriminate~detect! a small luminous source
around a central high-luminance stimulus. Our device p
vides a disturbance index for evaluating the effect of halos
night vision. Laboratory comparisons of the results for norm
subjects~control group! and others subjected to LASIK~laser
in situ keratomileusis! surgery reveals that our experiment
device is useful for analyzing and quantifying the pheno
enon of halos.

2 Experimental Setup
2.1 Description of the Test and Device (Halometer)
The halometer consists basically of two boards within a me
acrylate box~see Fig. 1!. The two boards are connected b
electrical wires fixed by screws. The front part of the box h
a black cover also of methacrylate with holes drilled in it
permit the exit of light from LEDs situated on the board. T
back part of the boards has guides and holes to isolate
LEDs. The electronic board is connected to the back par
the boards. The box is placed on a methacrylate bracke
subject~Fig. 2! situated in front of the device would see
black screen with different holes where a central light sou
is surrounded by a series of luminous spots arranged in tw
radial lines. The central light source serves also to fix
observer’s gaze. The distance between the farthest spots
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Fig. 1 Cross-sectional view of the device (halometer).
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line is 20.4 cm. The central spot has a diameter of 1.2 cm. In
the experiments performed to check the device, the subjec
were seated with the head supported by a chin and headres
m from the device. The central and surrounding spots sub
tended 0.34 and 0.06 deg, respectively.

To simulate situations in which the subjects usually indi-
cate halos, it is advisable to present stimuli with very high
luminances. For this, the central source and the circular spo
are GaN LEDs~large-emission diode! ~LITE-ON Electronics
Inc.! with a power of 120 mW and a direct current of 30 mA.
The device is connected via a port to a personal compute
~PC! that computerizes the data~Fig. 3!. The luminance of the
spots was calibrated with a Spectrascan Photoresearch P
704 spectroradiometer. For this, we used two field sizes: fo
the central spot, a field of 0.125 deg was used since on pro
viding very high luminances, it would saturate the spectrora
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diometer; for the peripherals, a field of 1 deg was used. T
luminance of the spots was variable and controlled by a s
ware program. The calibration of the device gave a lumina
value for the central spot ranging from2.753103 cd/m2 to
9.43104 cd/m2, while the luminance of the lateral circula
spots ranged from 0.1 cd/m2 to 20.3 cd/m2. The luminance of
the central spot allowed a broad margin for simulating situ
tions of central sources with high luminance. For example,
luminance of the full moon is on the order of2.5
3103 cd/m2, while that of the surface of a fluorescent lamp
83103 cd/m2. It should be taken into account that, general
devices such as color monitors~CRT or thin-film transistor
types! do not reach high luminance maximums~averaging
350 cd/m2! and thus are not adequate for simulating the
situations. The device also provides intermediate luminan
for the central and lateral spots, which may be suitable
adjusting to the great range of the variables in this pheno
enon: type of operation, degree of ametropia, age, etc. In
case of a subject who indicates strong glare during the exp
ment for a selected luminance, we would select a lower va

The task of the subject was to discriminate the lateral
minous spots with respect to the central spot. This test
chosen because a subject who sees halos around a c
source should have greater difficulty in discriminating perip
eral lights. For example, a refractive surgery patient is usu
operated on within a central optical zone of 5 or 6 mm an
small additional transition zone of 1 to 2 mm. Under lo
illumination conditions, the pupil dilates and, depending
the observer, there would be an image on the retina gener
by the central optical zone, another one by the transit
zones, and even another by the unoperated anterior co
Since all these zones have different optical power, they for
defocused image with respect to that provided by the e
metropized central optical zone of the cornea. If the object
high luminance, the defocused zones can form halos that
perceptible to the observer. These halos would interfere w
the discrimination of peripheral lights. It is important to poi
out that the phenomena of night-vision disturbances occu

Fig. 3 Scheme of the experimental device.
Fig. 2 Front view of the device (halometer). The holes that permit the
exit of light from the central and peripheral LEDs are viewed by the
subject on a dark background.
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Simple device for quantifying . . .
multaneously rather than in an isolated way, and thus a sub
ject that complains of halos may also perceive a certain glar
in the image that also diminishes discrimination.

2.2 Determination of the Disturbance Index:
Psychophysical Parameters and Procedure
During the experiments to determine the disturbance index
different methods11–12 and psychophysical parameters can be
selected, depending on the object under study. When chara
terizing this device, we used a modified version of the
constant-stimulus method. This method11–12 and its modifica-
tions are widespread and have been used in measuring diffe
ent visual parameters.13 In the determination of the distur-
bance index, there are different phases, which are described
the following paragraphs.

2.2.1 Dark adaptation
This is needed to make the test measurements independent
the subject’s previous observation conditions and to simulat
the most common situations in the appearance of night-visio
disturbances. Thus an almost dark surrounding is used, i
which the pupil size is large, corresponding to the scotopic o
mesopic level. In our tests, we chose a dark-adaptation perio
of 3 min. Although total functional dark adaptation requires a
longer period, different experimental data14 show that after
the third minute the increase in the pupil size~the parameter
we are interested in! is minimum for later times. In this way
we ensured almost total dark adaptation, minimizing the du
ration of the experimental sessions to avoid tiring the observ
ers because fatigue and distraction influence the data.

2.2.2 Central-stimulus adaptation
After dark adaptation, the central stimulus is presented for 1
min before beginning the exposure to radial stimuli. In this
phase, if the subject indicates that the luminance chosen fo
the central stimulus is very high, producing a high disability
glare that impedes the execution of the experiment, anothe
lower luminance is chosen, beginning again at the adaptatio
phase.

2.2.3 Stimulus presentation and detection

Exposure time. We chose an exposure time of 1.25 s, which is
similar to the value used in binocular-vision experiments with
the modified-stimulus method.13 Although the eye under nor-
mal conditions can be stimulated with much shorter time val-
ues~;0.001 s!, the value selected is closer to the real situa-
tion, such as night vision, when the subject must discriminate
or distinguish lights that are close to others that last for a
longer time~not being quick flashes of light!. On the other
hand, a higher exposure value would excessively lengthen th
experiment. For five normal observers, we also tested differ
ent exposure times of 0.75, 1, 1.25, and 1.5 s, without finding
significant differences for the disturbance index.

In such experiments, it might be useful for the stimulus to
be presented more than once in the same session. Although
should be borne in mind that this option nevertheless has th
limitation of lengthening the experiment, it is controllable by
software, and a weight can be assigned to the stimulus, de
pending on the objective of the experiment.
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Time between stimuli. After the exposure of a stimulus, a tim
of 2 s was used without exposure to peripheral stimuli un
the following stimulus appeared. During this time, only th
central spot was presented.

Learning effects. For five normal subjects and four surgic
patients, we determined whether two prior sessions were
ficient to minimize the effects of learning and found that fro
the third session on, the disturbance index stabilized.

Calculation of the disturbance index.This index is determined
as the quotient of the area of the spots not detected by
subject, divided by the total area presented to the subject.
expressed as a percentage. The higher the disturbance i
the lower the discrimination capacity, indicating a greater
fluence of halos.

Selection of the area of the test presentation. The program
permits selection of the area of stimuli to be presented to
subject. There are two options: to present the total stimu
are~twenty stimuli per diametrical line; see Fig. 2! which the
device can present, or to restrict it to a smaller area~twelve
stimuli! around the central stimulus. Presenting a smaller a
offers the advantage of shortening the time of the sessi
and if the subject shows no additional anomaly, the stim
with greater discrimination difficulty will be those surround
ing the central stimulus. The choice of the larger area may
advisable for subjects who, owing to some abnormality
pathology, wish to know their peripheral-discrimination c
pacity or determine whether they have islands of vision.
addition, the program allows manual selection, enabling
subject to manipulate the program and device to present
stimuli along a particular line or within a given region.

Sessions. A session is conducted as follows: After the adap
tion period, the subject is presented with the stimuli co
pletely at random, to avoid learning effects. On detecting
ripheral spots the subject, presses a small remote con
button, storing this information for subsequent treatment a
for the calculation of the disturbance index. It bears point
out that once an experimental session ends and before dat
analyzed, the possible false alarms generated by the su
are checked to validate the experimental session or invalid
it and call for repetition.

3 Checking the Device: Experiments
for Control Subjects and Surgical Patients
A key issue in corroborating the validity of the device is
test whether the parameter used to evaluate the halos~distur-
bance index! can discriminate between subjects who are
fected by halos and those who are not. For this, we de
mined the disturbance index with emmetropic and ametro
subjects who were corrected but not subjected to surgery
who presented no visual pathology that might deteriorate t
vision ~control group!, and we also calculated the disturban
index for surgical patients. The control group was made up
40 subjects~23 males, 17 females; 22 ametropic corrected a
18 emmetropic!.

A total of 34 patients~19 females, 15 males! had under-
gone refractive surgery by LASIK~optical zone, 6 mm; up to
7.5 mm transition zones! in a clinic specializing in refractive
surgery using the Esiris scanning spot excimer la
~Schwind!. The age of the surgical patients ranged from 22
Journal of Biomedical Optics d October 2003 d Vol. 8 No. 4 665
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Table 1 Average values of the disturbance index for the two groups of observers tested. The values are
presented for four luminance combinations.

Central stimulus: 33103 cd/m2 Central stimulus: 13104 cd/m2

Control group
n540

LASIK patients
n534

Control group
n540

LASIK patients
n534

Peripheral
stimulus
luminance:
0.75 cd/m2

24.662.5% 54.962.5% 24.862.4% 56.162.8%

Peripheral
stimulus
luminance:
4 cd/m2

22.762.3% 52.462.5% 22.362.0% 52.962.4%
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47 years. Their mean preoperative spherical refractive erro
was 24.662.2 D ~standard deviation!, ranging from22 to
27.5 D. No subject had any previous astigmatism exceedin
60.5 D. Given the interest of our study, we selected surgica
patients for whom we could consider the operation satisfac
tory ~emmetropic!, because if it was not, our objective would
be defeated by having begun with a sample of patients whos
surgery was unsatisfactory. Therefore the patients fulfilled the
following conditions: after three months, they were satisfied
with the outcome of the surgery, no longer used any form o
optical correction, and their mean postoperative spherical re
fractive error did not exceed 0.5 D. Despite these conditions
after surgery, 28 patients reported certain difficulties~to a
greater or lesser degree! in night vision, including halos, as
described in the literature. Six surgical patients did not claim
any difficulties but performed the experiment because, al
though they were not conscious of it, their discrimination ca-
pacity could have been diminished. For 22 of the 34 patients
we were also able to conduct the presurgery experiment wit
their best correction. The best correction of these patients in
volved glasses~12 patients! or monocular contact lens~10
patients!. None of them used bifocal contact lenses, which,
being a multifocal system, could generate unfocused image
that would invalidate the experiment.15 Of these 22 patients, 4
did not complain of halos.

As indicated earlier, all the subjects who participated in the
study underwent two prior tests to minimize learning effects.
The test was administered in a dark room with only the illu-
mination of the computer screen where the experiments wer
presented. The luminance of this screen was very dim and th
screen was separated from the zone of the experiments by
black cardboard partition so that the light did not reach the
observer directly. The experimental conditions under which
the tests were made were 3 min of dark adaptation and 1 mi
of adaptation to the central stimulus.

In additional tests for 5 control subjects and 4 surgical
patients, it was confirmed that it was not necessary to use th
total area of the device since they easily discriminated the
peripheral stimuli. Thus, for all the subjects, we selected the
near area~twelve stimuli per line!, where discrimination dif-
ficulties that are due to halos as well as significant difference
between normal subjects and surgical patients arise. We mad
three measurements of the disturbance index for each subje
medical Optics d October 2003 d Vol. 8 No. 4
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~patients and control group! and each luminance combinatio
tested.

We took four luminance combinations, two values for t
central stimulus(33103 cd/m2 and 104 cd/m2) and two for
the lateral spots~0.75 and 4 cd/m2!. The reasons for selectin
these combinations were as follows: The luminance val
used for the central spot guaranteed a value~of the same
magnitude as and greater than that given by the full mo!
that could simulate intense or brilliant lights, for example, in
nighttime task such as driving. In all subjects~patients and
control group!, we found that this value did not cause glare
impede observer performance. For the lateral spots, the va
chosen corresponded to much lower luminance values~on the
limit between mesopic and photopic conditions!, the discrimi-
nation of which was more difficult owing to the possible ha
generated by the intense light, but with a luminance va
perceptible under normal conditions and one that enabled
quantification of the effect of halos.

Table 1 shows the average results for the control subje
and the surgical patients, using two luminance levels for
central stimulus and two levels for the peripheral spots. T
main result was that significant differences were found(P
,0.05 according to Student’st-test! among the averages o
the control group and LASIK patients in all the experimen
cases studied. The average values for the two groups did
depend on the intensity of the central source for the two v
ues tested, and no significant differences(P.0.05) were
found for the luminance values33103 cd/m2 or 104 cd/m2.
Minor differences were found when the intensity of the p
ripheral stimuli was varied, but in no case reached statist
significance(P.0.05). The results, according to our exper
mental device and proposed disturbance index, indicate
the discrimination capacity under dark adaptation diminish
for surgical patients with respect to the normal subjects,
reported in the literature.1,3,5,6 In addition, studying the varia-
tion range of each group, we found that the higher disturba
index for a nonsurgical subject(33.260.8%) was signifi-
cantly lower (P,0.0001) than the best index for a LASIK
patient(39.260.9%).

We found no significant difference(P.0.05) for the dis-
turbance index between ammetropic corrected and em
tropic subjects in the control group for all the combinations
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Simple device for quantifying . . .
luminance tested. The average of the disturbance index fo
these luminance combinations is shown in Table 2. No sig
nificant presurgery differences were found in the disturbanc
index according to the type of correction~contact or spectacle
lenses! for the surgical patients~see Table 2!. Nor was any
significant difference found that was due to gender.

An important issue was to ascertain whether the 22 surgi
cal patients for whom we were able to take data prior to
surgery underwent diminished discrimination capacity after
surgery. For each of the 22 patients~including 4 who did not
mention halos!, with the four luminance combinations tested,
the average for the disturbance index after surgery was sig
nificantly higher(P,0.05). The average values~see Table 2!
for these 22 subjects were26.162.1% and 52.863.3% be-
fore and after surgery, respectively, these values differing sig
nificantly (P,0.0001). These results agree with the subjec-
tive evaluation provided by the patients concerning the halo
and even showed the high sensitivity of the test in detecting
poorer discrimination in night vision among patients who did
not even note the halo phenomenon. Nevertheless, it shou
be indicated that these results are limited by the fact that w
had presurgery data for only 4 patients, who furthermore did
not complain about problems of halos.

In summary, this experimental device~halometer! can ac-
curately evaluate the influence of halos, these being freque
symptoms in subjective descriptions given by patients afte
refractive surgery or cataract operations. Given the quantita
tive index provided, the device enables a comparison of pre
as well as postsurgical discrimination capacity under low il-

Table 2 Average values of the disturbance index for the four lumi-
nance combinations.

Control group, n540 Emmetropic, n518 24.462.6%

Ammetropic corrected,
n522

22.862.4%

Lasik patients with pre-
surgery data, n522

Contact lenses, n512 25.862.1%

Spectacle lenses, n510 26.462.2%

Lasik patients with pre-
and postsurgery data,
n522

Presurgery, n522 26.162.1%

Postsurgery, n522 52.863.3%
r
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lumination. This makes it possible to study the temporal e
lution of the phenomenon of halos and also enables halo
be numerically correlated with different variables~age, type
of eye operation, possible pathologies! that are usually rel-
evant in different surgical contexts.
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