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Impact of Confidence Number on the Screening
Accuracy of the Retinomax Autorefractor

THE VISION IN PRESCHOOLERS STUDY GROUP

ABSTRACT

Purpose. To assess the impact of Retinomax reading confidence number on screening accuracy and 1o determine whether
repeated testing to achieve a higher confidence number improves screening accuracy in preschool children.

Methods. Lay and nurse screeners trained in the use of the Retinomax Autorefractor screened 1452 children enrolled in
the Vision in Preschoolers (VIP) Phase Il Study. All children also received a comprehensive eye examination. Using
statistical comparison of correlated proportions, we compared sensitivity and specificity for detecting any VIP-targeted
condition and conclitions grouped by severity and by type (amblyopia, strabismus, significant refractive error, and
unexpiained decreased visual acuity) among three groups of children who had confidence numbers below, at or abave
the manufacturer's suggested confidence number of 8. The reading with the highest confidence number for each eye was
used in the analysis. Each child’s confidence number group was defined based on the lower confidence number of the
pair of readings for the two eyes. Among the 771 (53.1%) children who had repeated testing either by lay or nurse
screeners because of a low confidence number (<8) for one or both eyes in the initial testing, the same analyses were
also conducted to compare results between the initial reading with confidence number <8 and repeated test reading with
the highest confidence number in the same child. These analyses were based on the failure criteria associated with 90%
specificity for detecting any VIP condition in VIP Phase iI. We also examined the association between ocular conditicns
and confidence number. Hochberg procedure was used to adjust the p value for multiple comparisons.

Results. A lower confidence number category was assoctated with higher sensitivity (0.78, 0.65, and 0.61 for <8, 8, >8,
respectively, p = 0.04) but much lower specificity {0.64, 0.89, and 0.93, p < 0.0001) of detecting any VIP-targeted
condition. Through repeated testing, 7% of readings that initially had a confidence number below 8 reached 8 or above,
and the increased confidence number that resulted from repeated testing was associated with significantly higher
specificity (0.81 vs. 0.86, p = 0.002) and a nonsignificant change (by —0.04 0 0.03) in sensitivities. Children with any
VIP-targeted condition, significant refractive error, hyperopia, astigmatism, or myopia were more likely to have a low
confidence number. |
Conclusions. A higher confidence number abtained durin
screening accuracy. Repeated testing to reach the man
preschool vision screening with the Retinomax. Failure to
repeated testing should be a factor considered in referrin
(Optom Vis Sci 2007;84:181-188)

g Retinomax Autorefractor screening is associated with better
ufacturer’s recommended minimum value is worthwhile in
achieve manufacturer’s recommended minimum value through
g children for a comprehensive eye examination.
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he Retinomax Autorefracior has been idencified as a useful
tool for screening refracrive error in preschool children.!=?
This handheld autorefractor can be used by individuals wich
minimal ophrhalmic experience® and the process of measurement
is quick and simple. During the measurement of an eye, the Red-
nomax provides up to eight measured values of refractive error
(inctuding sphere, cylinder, and axis) and then determines a single
best representative reading (based on the measived values) along
with a confidence number for the representative reading. The con-

fidence number ranges from E ta 10, with higher confidence aum-
ber indicaring bereer reliabilicy of the reading for the eye. When the
confidence number is below the manufacrurer's recommended mini-
mum value of 8, the manufaciurer stares thar care js required in the use
of the measurement resulzs and that the screening should be repeared ?
When the Retinomax is used with preschool-aged children, the con-
fidence number of the inirial reading is often below the manufacrurer's
recammerded minimum value of 8. For example, in the Vision in
Preschoolers (VIP) Phase IT study, about 21% (20.1% by lay screen-
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ers, and 22.3% by murse screeners) of eyes had a confidence number
below & in the first atrempr using Retinomax, and required repeared
testing.” In the screening sering, especially when screening preschool
children, repezted resting to achieve a higher confidence number may
be dme-consuming, Therefore, it is imporrant o know whether it s
worehwhile to perform repeated westing o achieve a higher confidence
number when the first reading is below the manufacrorer’s recom-
mended minimum value.

To date, chere are o reporrs concerning the impacr of confi-
dence number on the screening accuracy of the Rerinomax, nor
concerning whether repeated resting 1o achieve a higher confidence
number is worchwhile. The purpose of the present arddle is to address
the impaer of confidence number of a reading on rhe screening aceu-
racy (sensitivity and specificizy) of the Retinomax. Specifically, we
examine whether repeated testing can help achieve higher confidence
number and determine whether a higher confidence number achieved
dusing retesting improves screening accuracy. Addidionally, we exam-
ine whether eertain ocular conditions are associared with obraining a
low confidence number with the Rerinamax.

METHODS

Derails of the VIP Phase I Study design have been published
previously,® and are thus described only briefly here.

Participants

Three- and four-yearold children (as of Seprember 1, 2003) who
were participants in Head Starr were invited to enroll into the VIP

Phase IT Study through fve VIP clinical cencers (Berkeley, CA; Bos- -

on, MA; Columbugs, OH; Philadelphia, PA; Tahlequah, OKJ.
Among the 1452 children who complered the comprehensive eye
examinarion [Gold Standard Eye Examinartions (GSE)}, 1437 chil-
dren completed the screening of Rednomax by both lay and nurse
screeners and 1451 children completed the screening by either lay or

nurse screeners (seven children each complered screening by lay

screeners only and by nurse screeners only). The research was ap-
proved by the instirutional review board of each clinical center and

writren informed consent was obwined from parents before testing of

each child.

Comprehensive Eye Examination

The com

prehensive eye examination was conducred in the VIP
vans® by op

| rometrists and ophthalmologises who were experienced
In providing care 1o children. Screeners and GSE examiners were
masked 1o each others’ resules. As part of comprehensive examina-
tion, monocular distance visual acuicy (VA) assessment using the
Electronic Visual Acuity system,!

cover teseing at dismance and
near,

and cycloplegic retin oscopy was conducred to determine
whedher a child had any of the four VIP rargeted condirons (ambly-
0pia, strabismus, significant refractive error, and unexplained reduced

VA). Unilateral amblyopia is defined as three-line {presumed ambly-
opia) or two .

-line (suspected amblyopia) interocular acuity difference
accompanied by sorabisous or anisomerropia or beth, Reduced VA,
was defined as VA warse than 20/50 in 3-year olds and worse than
20/40 in 4-year olds. Bilareral amblyopia was defined as reduced VA,

and an amblyogenic facror in each eye (astigmarism >2.5 D, hyper-
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opia >5.0 D, or myopia >8.0 D). GSE resules were also used o

derermine the severity of the condidons, caregorized into chree hier-
archical groups (Group 1, 2, and 3).! Group 1 is considered to be most
severe, very imporeant o detece, and should be treared early. Group 1

includes bilateral amblyopia, presumed unilareral amblyopia with
warse gye VA of 20/64 or worse, constant strabismus, hyperopia 235.0
D, astigmarism =2.3 D, myopia 6.0 D, or severe anisomerropia
(inserocular difference >>2 D in hyperopia, >3 D in astigmarism, or
>6 D in myopia). Group 2 includes suspected unilareral amblyopia,
presumed unilareral amblyopia with worse eye VA berrer than 20/64,
intermictent strabismus, hyperopia of >3.25 and <<5.0 D and intera-
cular difference in spherical equivalenr (SE) 20.5D, astigmarism of

>1.5 and <2.3 D, myopia of 4.0 and <6.0 D. Group 3 includes

bilateral or unilateral reduced VA, hyperopia of >3.25 and <5.0D
and inrerocular difference in SE <0.5 D, or myopia of >2.0 and

<4.0D.

Retinomax Autorefractor Screening

The Retnomax Autorefracror (Nikon Rerinomax K+, Nikea
Inc, Tokyo, now manufactured by Righron Ophthalmic Instru-
ments, Tokyo) is a hand-heid instrument char measures refractive
error monocularly along two meridia. Measuremens can be made
in auro messurement mode, continuous measurement made, or
quick mode. In the auto measurement mode, used in the present
study, the screener places the instrument’s headresr on the child’s
forehead, encourages the child wo fixare the inrernal target, and
focuses the mire in the center of the right pupil while up to cight
measured values are taken automarically by the autorefracror. The
screener then repears the process for the left eye. Based on the eight
measured values, the inscrument calculates a single representartive
reading for each eye and 2 confidence number for the representa-
tive reading. The instrument’s printour shows the eighe individual
measured values of refractive ercor, the single representative reading
and the confidence numbez. The confidence number, which indicares
variability of measured values, ranges from 1 to 10, wich larger confi-
dence numbers indicating better reliabilicy. If there are less than three
valid measured values, the confidence number cannot be calculared
fora readingand “B” (Error) is shown instead of a confidence number.
The manufacrurer’s recommended minimum confidence number is
8. In the VI Study, up to three readings per eye were permirted when
an inirial confidence number below 8 was obrained; even if the canfi-
dence number from all three readings was <8, no furcher repeared

testng was pecformed. The reading was repeared only on the eye(s)
with confidence number <<8.

Data Analysis

We examined the impact of confidence number of Retinomax
readings on accuracy by two differenc approaches.

For the first (highest confidence number) approach, the reading asso-
ciated with the highese confidence number for each eye was determined.
Based on these owo readings (reading with the highest confidence
number for the right eye and reading wich the highest confidence
number for the left eve), each child was then dlassified into one of three
groups (confidence number <8, 8, >8) on the basis of the lower of
the confidence numbers of these mwo readings. The failure criceria
zssociated with 90% specificicy in VIP Phase 1 were used to classify
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each child as Rednomax screening passffailure® For each of dhree
groups of children, we calculared the overall sensitivity and specificicy
as well as the sensitivicy for dececding condirions grouped by severity
[Group 1 {most severe), 2, 3 (least severe)] and by type (amblyapia,
strabismus, significant refractive error, and unexplained decreased
VA). Statistical comparisons for sensitivity and specificity among the
three groups of children with increasing confidence number were
made using 2 test for linear trend in proportions.

To determine how the confidence number affecrs the screening
sensitivity and specificity, we examined the relation berween several
ocular condicions as derermined from GSE and confidence number
by comparing the proporticns of children widh each ocular condidon
among three confidence number groups. The ocular conditons ex-
amined were (i) any VIP-rargered condition (amblyopia, strabismus,
significant refractive error, or unexplained reduced VA), (i) the three
hierarchical groups of condirions based on severity (Groups 1, 2, and
3), (iii) each of the four individual VIP-targered conditions, (iv) hy-
peropia, (v) astigmarism, and (vi) myopia. i

Second, because 771 children had at least two repeared readings
by either the lay or che nurse screeners because of a low confidence
number for one or both eyes on the inirial reading, we were able to
conduct a within-subjects comparison berween resulcs wich low
confidence number from inidal reading vs. highest confidence
numbers from the repeated testing in the same individual. This
second (initial vs. highest) analysis allowed us o address the ques-
tion: “Does repeased testing to achieve a higher confidence number
improve sensitiviry or specificicy?”

To demonstrate how the above deseribed analyses were performed
exacily, we present an example of a child, whose confidence number
pair {OD, O8) from initial resting was (4, 5) and whose confidence
number pairs from two repeated testings were (6, 3) and (5, 8) (we
permitted a maximum of three readings per eye). The highest confi-
dence number for OD is 6, and for OS itis 8,and the lower confidence
number of this highest confidence number pair {6, 8) is &. Thus this
child is assigned 1o the group of confidence number of <8. The
readings associared with highest confidence number pair (6, 8) were
used in defining screening passffailure for this child in the firsc (highest
confidence number) analysis approach. In the second {initial vs. high-
est) analysis approach, the comparison was made berween the readings
associated with confidence number pair of (4, 5) of initial testing vs.
highest confidence number pair of (6, 8) from repeated testing. When
the confidence aumber from a repeated testing is the same as that of
inial westing or that of other repeared testing, the first reading associ-
ated with such confidence number is used in the ficst approach anal-
ysis. For example, consider the case in which the confidence number
pair (OD, OS) from initial testing was (G, 3) wich (4, 5) and (6, 5) in
two consecutive repeated tesdings. The reading associared with the
confidence number of 6 in OD from inidal testing, and the reading
associated with the confidence number of 5 in OS from the firse
reresting were used in first (highest confidence number) analysis ap-
pro-ach. In the second (inisial vs. highesr) analysis approach, the com-
parison was made berwsen the reading associared with confidence
number of {6, 3) fiom inital westing, and reading associared with
confidence number of 6 in OD from second retesting, and confidence
number of 3 in OS from the firsc reresting.

The above analyses were inidally performed separacely for mea-
surements made by lay screeners and measurements made by nurse
screeners. However, because no subscancial differences were found
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berween results for lay screeners vs. nurse screeners, we combined
the dara from lay and numse scieeners to increase staristical power
and to improve the clarity of presentation. In this combined sta-
tistical analysis, the correlarian beoween readings from lay =nd
nurse screeners in the same child was adjusted by using the Gen-
eralized Estimarting Equations (GEE).'®

Because mulsiple tests were performed for the comparison of sen-
sitivity of derecting hierarchically grouped conditions, and each of VIP
rargered condicions, we used the Hachberg procedure (a less conser-
vative and more poweriul procedure than Bonferroni method) to ad-
just the p values from multiple comparisons, and to control the evesall
gpe | emor (0.03, owo-sided).! This procedure was execured by
PROC MULTTEST in SAS/STAT 9.1 (SAS Instinue, Cary, NC).

RESULTS
Distribution of Confidence Number

Using the confidence number from inicdal resting on each eye of a
child, the lower confidence number ranged from E 1o 10, and inirial
testing did nort provide a reliable measure of refraction {(confidence
number <8) in 34% readings (Table 1). However, through retesting
on those eyes with confidence number <8 on initial testing, the Red-
nomax Autorefracror provided a reliable measure (confidence munber
=8) of refraction in 95.4% of readings either from the inidal resting ot
from recesting (Table 1, right coluran). Of note, even with retesting,
16 readings (eight from lay and eight from nurse’ screeners, respec-
tively) were marked as “Brror (E),” ver these readings did provide
values for sphere, eylinder and axis.

Comparisons of Scréening Accuracy among Three
Groups of Confidence Number

Using the failure criteria thac provided 90% specificicy,® the com-
parisons of sensitivity and specificicy for children with confidence
numbers grouped by the lower confidence number berween the two
highest confidence numbers obrained for the left and right eyes of 2
child are shown in Table 2. The sensitivicy for the derecrion of any
VIP-targered condition was higher with lower confidence number
(0.78 for confidence number <8, 0.65 for confidence aumber of 8,
and 0.61 for confidence number >8; adjusted p = 0.04, linear trend
test). However, the specificity was higher wich higher confidence
number (0.64 for confidence number <8, 0.89 for confidence num-
ber of 8, and 0.93 for confidence number >8; adjusted p < 0.0001,
linear trend rest). '

Sensiriviry for dereciing each hierarchically grouped condirion
and individual VIP targered conditions was also highest in children
with confidence number <8, and lowest in children with confi-
dence number >8. However, the difference was not significanc
afeer adjustment for multiple comparisans (Table 2).

Ocular Conditions Associated with
Confidence Number

The prevalence of one or more of the VIP-targered condirions was
higher among children with lawer confidence number (<8) as mea-
sured by eicher lay or nurse screeners (Table 3; p < 0.0001). The
prevalence of VIP-targered conditions, whether considered by each
severity level or each disorder type, was highest when the confidence
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TABLE 1.

Distribution of confidence numbers of Retinomax Autorefractor readings by lay and nurse screeners on 1451 children
(Number of readings = 2888, 1444 each based on testing by lay screeners and by nurse screeners)

Lower confidence number
between eyes of a child on

Lower confidence number
between eyes, based on highest
confidence number obtained for

each eye for all readings from

initial testing: a child

Confidence Number N % N %a
£ 113 3.97 16 0.5
1 16 0.55 ! <0.1
2 17 0.59 4 0.1
3 31 1.07 3 0.1
4 44 1.52 3 0.1
5 103 3.57 13 G.5
6 164 5.68 19 0.7
7 489 16.9 75 2.6
8 1053 36.5 1594 55.2
9 850 25.4 1152 39.9

10 8 0.28 8 0.3

Total 2888 2888

TABLE 2.

Comparisen of sensitivit

y and specificity for the Retinomax Autorefractor® amaong three confidence number groups based

on the lower confidence number between eyes for each child

Cenfidence number of reading®

Children (N} <8 (n = 134) 8 (n = 1594) >8 (n = 1160) p¢ Adjusted p®

Sensitivity
Any condition . 461 0.78. 0.65 0.61 0.005 0.04

Group 1 209 0.90 0.89 0.81 0.19 0.49

Group 2 144 0.79 0.52 0.51 0.01 0.07

Group 3 108 0.50 0.38 0.35 0.29 0.49
Amblyopia 100 0.88 0.85 0.81 0.49 0.49
Strabismus 47 0.83 0.59 0.58 0.19 0.49
Refractive error 379 0.83 0.74 G.72 0.047 0.28
Reducad VA 117 0.65 0.49 0.40 0.09 0.45
Specificity 990 0.64 0.89 0.93 <0.0001 <0.0001

*Using the faituce criteria at 90% specificity determined from Phase [ of VIP.

PLower confidence number of two readings from each child: (
right eve and (2)

“From linear trend test, with co
“Adjusted by the Hochberg pracedure.

number was <<8 in all cases; however, the differences berween groups
based on the lower confidence number were statistically significant
only for Group 1 and Group 2 conditions (adjusted p = 1.03) and
significant refractive emor (adjusted p < 0.0001).

Further evaluation of the associarion of confidence number
with the prevalence of refractive error was performed. The con-
fidence number of Retinomax Aucorefracror readings was pos-
icively associared with e presence of hyperopia and myopia
(Fig. 1A 2nd B). Children with confidence number <<8 a5 mea-
sured either by lay or nurse screeners were ‘more likely to be
myopic (p = 6.003) and hyperopic (p = 0.06) than were chil-
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1) the reading with the highest confidence number from the chiid’s
the reading with the highest confidence number from the child’s left aye.

rrelation of measures from same chiid adjusted by GEE.

dren wich confidence numbers of =8. As shown in Fig. 1C, the
percentage of children with astigmarism is much higher in chil-
dren with confidence number <8 than confidence number of

=8 (26.6% vs. 13.9%, p =-0.001).

Impact of Confidence Number on Screening
Accuracy: Results from Repeated Testing

Repeated testing was performed by lay screeners (475 cases) or
nurse screeners (490 cases) in 771 children because the confidence
number from the inidal reading did not reach the manufacturer's

ce, Vol, 84, No. 3, March 2007
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TABLE 3.

Comparison of prevalence of ocular conditions between two confidence number groups of children based on the lower

confidence number for a child

Confidence number of reading?

<8 measured by either
lay Qr nurse screeners

=8 measured by both
lay and nurse

Children (M) {n =124} screeners (n = 1327) pe Adjusted p©

gf;lggncgi?g‘;‘ons 467 63 (50.8) 398 (30.0) <0.0001 <o_ogm

Group 1 209 29 (23.4) 180 (13.8) 0.0047 0.0

Group 2 144 21 (16.9) 123 (9.27) 0.006 0.23

Group 3 108 13 (10.5) 95 (7.16) 0.21 o._g
Amblyopia 100 15 (12.1) 85 (6.41) 0.025 O'l
Strabismus 47 6 (4.92) 41 (3.09) 0.28 0.28
Refractive error 379 55 (44.4) 324 (24.4) <0.0001 <0.0001
Reduced VA 117 16 (12.9) 101 (7.61) 0.055 0.17

Values inside parentheses indicate percentages.

*Lower confidence number of two readings from each child: (1) the reading with the highest confidence number from the child’s
right eye and (2) the reading with the highest confidence number from the child’s left eye.

PFrom Fisher's exact tesi.
“Adjusted by the Hachberg procedure.

B Hyperopiz: 5.00

B O Myopia = 4.000 C a Asligma:i.sm 2250 -
O Hyperopia » 3.255.00 O Myopia > 2.0-4.00 O Astigmatism > 1,82.50
8 Na Hyperapia £ No Myapia B No Astigmaiism
100% + 400% - 100%
[
= =3
5 o 8
= 75% 2 75% % 75% |
=
- 3] S
S 5 5
o 50% A e 50% - g.‘ 50%
3 8 B
& £ £
1]
& 25% S 25% - £ 28%
0% - 0% 0%

<8 (n=124}
Confidence Number of a Reading
FIGURE 1.

=8 (n=1327)

Confidence number vs, child's refraction,

< B (n=124)
Confidence Number of a Reading

2 8 {n=1327) <8 (n=124} 2 8 {n=1327)

Confidence Number of a Reading

" Confidence number groups were defined based on the lower number of two readings from each child: (1)
the reading with the highest confidence ay

eye. Confidence number <8 group includes childre
graup includes children whose confidence numbe
Refraction was. determined based on the cy
marginally associated with hyperopi

recommenced value in one or both eyes of the child. OFf nore, because
of the violation of protocol, repeated testing was not performed in
seven children, although their inidal reading had a confidence number
<8. Among these 771 children, 194 (25.29%) children required reresc-
ing by boch lay and nurse screeners, 281 (36.5%) required reresting by
lay screeners only, and 296 (38.4%%) required retescng by nuse
screeners only. Testing could be repeared up to wo additional times
for a maximum toral of three readings per eye per child. The confi-
dence number of the repeated test was approximately 2 units berter
than initial testing, and 840 (87%) retesting readings reached the
manufacturer’s recommended minimum value of 8 (dara not shown).

o
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smber from the child's right eye and (2) the reading with the highest confidence number from the child's left

n whose confidence number was <8 for testing conducted by either lay or nurse screeners, and =8
r was =8 both fos testing conducted by lay screeners and testing conducted by nurse screeners.
cloplegic retinoscopy, conducted as part of a comprehensive eye examination. Confidence number is
a [p = 0.06) (A), significantly associate with myopia {p = 0.003) (B), and astigmatism {p < 0.0801) (C).

Childsen whose readings did not reach the minimum value of 8 by
either lay or aurse screeners were more likely than the remaining
children in the retested group o have 2 VIP-targered condirion
(50.4% vs. 34.9%, adjusted p = 0.007) and significanc refractive error
(46.29 vs. 28.4%, adjusred p = 0.001) (Table 4).

Using the 90% specificicy failure criteria, sensitivizies {(based on
repeated resting) for dececting any VIP-rargered condition, the hierar-
chically grouped conditions, and the four VIP-rargeted condidons did
not change substandally (by —0.04 o 0.03, p >0.05); however, the
specificity significantly improved by 0.05 (0.81 vs. 0.86, p = 0.002)
{Table 5).
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TABLE 4.

Comparison of prevalence of acular-canditions between two groups of children based on the lower confidence number

for a child in retesting

Canfidence number of reading?

<8 in retesting by
eilher lay or nurse

=8 in retesting by
both lay and nurse

Children (N) screener (n = 117) screeners (n = 654) pP Adjusted p©

Any condition . 287 59 (50.4) 228 (34.9) 0.001 0.007

Group 1 124 28 (23.9) 96 (14.7) 0.01 0.06

Group 2 95 21(18.0} 74 {11.3) 0.0.4 0.16

Group 3 68 10 (8.55) 58 (8.87) 0.91 0.91
Amblyopia 62 15 (12.8) 47 (7.19) 0.04 0.16
Strabismus 23 6(5.22) 17 (2.60) 0.13 0.39
Refractive error 240 54 (46.2) 186 (28.4) 0.0001 0.001
Reduced VA 79 13(11.1) 66 (10.1) 0.74 0.91

Values insicle parentheses indicate percentages.

*Lower confidence number of twa readings from each child: (1) the reading with the highest confidence number from the child's
right eye and (2) the reading with the highest confidence number from the chilcs left eye.

bFisher's Exact test.
“Adjusted by the Hochberg procedure.

TABLE 5.

number based on the lower of (
number from the left eye, based on rep
or both eyes by fay or nurse screeners

Comparison of sensitivity and specificity® between readings with confidence number <8 in initial testing vs. conf'!clence
' 1) the highest confidence number reading from the right eye and (2) the highest confidence
eated testing in 767 children in whom >1 Retinomax readings were taken in one

Reading with confidence number
<8 in initial testing

Reading with highest confidence
from repeated testing®

Chitdren (N} (N = 965 readings) (N = 965 readings) pe
Sensitivity
Any condition 287 0.71 0.70 0.32
Group 1 124 0.89 0.88 0.37
Croup 2 95 0.64 0.64 1.00
Group 3 68 0.45 0.41 0.41
Amblyopia 62 0.86 0.84 1.00
Strabismus 23 0.75 0.78 0.56
Refractive error 240 0.79 077 0.43
Recluced VA 79 0.57 0.54 .37
Specificity 484 0.81 0.86 0.002
*Using the failure criteria at 90% specificity determined from Phase [I of VIP.

®Reading is the lower confidence 1
the child’s right eye and 2) the reading with the highest confi
“Fram the chi-square test with correlation between measur

DISCUSSION

This is the first study to examine che impact of confidence
number on the screeningaccuracy of the Retinomax Autorefractor.
A measure of refraction with the recommended confidence num-
ber of 8 or greater was obrained in 95.4% of re
iniial testing or retesting of 1451 children. Methods used in the
VIP study to maximize the number of readings with the recom-
mended confiderce number werse encouragement of the child,
uaining of the screeners and strice adherence o the Rerinomax
opezztion instructions. The resules indicare that higher confidence

numbers are associated wich significantly higher specificicy, and
decreased sensitiviry.

adings from either

The increase in specificicy between confi-
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umber of two readings from each child:

1) the reading with the highest confidence number from

dence number fram the child’s left eye, based on the repeated testing.
es from same children adjusted by GEE.

dence aumbers <8 (0.64) and confidence numbers =8 (0.93) is
far more than the decrease in sensitiviry (e.g., 0.78 vs. 0.61 forany
VIP-targeied condicion). This facr, coupled wirth the much
higher proporiion of children wichour vision disorders than
wich vision disorders implies that higher confidence numbers
resulc in an increased accuracy in screening. The increase in
specificiry resulting from the use of readings wich higher confi-
dence numbers would substancially decrease over-referrals
withoutr much decrease in the identification of children with
any VIP-targered condition.

Repeated testing with che Rerinomax improved confidence
number to the manufacturer’s recommended value (=8} in 87% of
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cases. In addition, the higher confidence number achieved by re-
peated testing significanely increased the accuracy (specificity) of
screenings through a significant decrease in over-referrats. This
suggests thar repeated resring to reach the manufacturer’s recom-
mended minimum value is worthwhile in screening. Furthermore,
the results suggest thar children in whom a reading of the recom-
mended confidence level cannot be achieved after repeated cesting
should be referred for a comprehensive eye exam. In the group of
117 children in whom the manufacturer’s recommended confi-
dence value was not reached even in retesting in this study, 50.4%
had ar least one VIP-rargered condicion and 46.2% had a signifi-
canz refracrive error. The increased prevalence of ocular condirions
in children with readings of low confidence number may be due to
an inability of the instrument to obmain a sufficient number of valid
readings in these children or the inability of these children two
cooperare with the screener (perhaps leading to improper align-
ment or focus).

The Rerinomax Operation Manual stases char refracrive error
measuremenc by Retinomax may be impossible or inaccurare if a
child has pcular pathology, such as cataract, abnormal retina, ar
opaq ue condition of the cornea, crystalline lens or vitreous body,
or if pupil has a diamerer of 2.5 mm or less.® Our results indicare
thar several other ocular conditions including astigmatism, myopia,
high hyperopia, and significant refractive error in general, are associ-
ated with lower confidence numbers, Furthermore, over half of che
children with confidence numbers below the manufacrurer's recom-
mended value were found to have one or more of the VIP-targered
conditions. Therefore, this associarion suggests that a repeared low
confidence number irself should be a factor to be considered in refer-
ring children for a comprehensive eye examinarion.

Although these findings are drawn from the screening seiting,
they might aiso be applied to the clinical serting. The dlinician
reking a Retinomax reading should be aware of the imporrance of
the confidence number; when inicial reading is below manufactur-
er's recommended minimum value, the clinician should perform
repeated testing to make sure thar a reliable reading is obrained.
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