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ABSTRACT:

Background: This study compared two direct ophthalmoscopes, the Keeler Pocket
ophthalmoscope with the Opty&elens free ophthalmoscope, within two main parameters, their
ease of use and medical students’ ability to correctly estimate patiertttsal/cup disk ratio
(VCDR). The OptysE" was marketed in 2005 by Ophthalmos Ltd. and its design makes it
relatively inexpensive compared to other direct ophthalmoscopes on the hfaptehalmos
claims that “The Optyse™ Lens Free Ophthalmoscope is set to transfousetbéretinal
screening...whilst providing comparable performance to standard ophthalmost@péesstudy
aimed to investigate these claims and therefore assess the idea thaysef'@puld be an
instrument all medical students could effectively use.

Methods: In this randomised comparative study we recruited 10 observers from a population of
second year medical students. 10 volunteer students from the same medical sehobtaused

to act as ‘patients’. All observers were given an introductory lecture andjithen 15 minutes to
practice using each ophthalmoscope. Each observer was asked to measureRha Wab eyes

of each patient using both ophthalmoscopes sequentially and also rate the ‘ease of ssaleon a
of 1 (couldn’t use this scope) to 8 (determined a ratio with a low level of difficulggh

observer made 20 observations with each ophthalmoscope (10 dilated eyes and 10 undilated eyes)
Additionally, each observer, at the end of completing their 20 observations with each
ophthalmosocpe gave an overall ease of use score (OEOU), on a scale of 1 (ealytdifise)

to 10 (very easy to use). VCDRs were measured against a benchmark VCDRyragefbssor

of ophthalmology with the same opthalmoscope. At the end of the study all patiensskeste

to assess the overall ‘comfort’ of the examinations for each ophthalmoscope anaf 4cal
(uncomfortable) to 5 (very comfortable)

Results: Of 400 eye examinations a total of 220 VCDR measurements were made. 113 were
made by the Keeler (60 dilated, 53 undilated) and 107 were made with the'®6zdilated,

45 undilated). In 400 examinations the overall median ‘ease of use score’ weraldethithe
Optysé™ and the Keeler. (6, IQR 3-8 versus 6, IQR 3-8; P=0.648). The median OEOU (20
scores) was greater with the Opt)4¢hen with the Keeler, 6.5 (IQR 2-9) compared to 5.5 (IQR
3-8), (p =0.21). In terms of accuracy of VCDR estimations, the Optymatperformed the Keeler
by 0.05 to a statistically significant level (P=0.002).

Conclusions: Medical students found that the Opt{{$evas just as easy to use as the Keeler
Pocket, and in terms of accuracy of estimating the VCDR the Offtgseperformed the Keeler,
which was a statistically significant result. This study seems to suppbthalmos’ suggestion

that the lens free Opty5& ophthalmoscope would make an ideal replacement for more expensive
and larger standard direct ophthalmoscopes for use during clinical attachmentdyayebes of
foundation training.
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INTRODUCTION AND LITERATURE REVIEW

It is generally accepted that binocular indirect ophthalmoscopy is therpoefeethod for
examination of the retina. However, indirect ophthalmoscopes are expensive and thfficul
master, and consequenthost medical clinicians, with the exception of ophthalmologists, use
direct ophthalmoscopes to detect some of the major eye pathologies, such asreiastiathy,
cataract, glaucoma and hypertensive retinal changes. Direct opthalnmsokaupeseveral
advantages over binocular indirect ophthalmoscopes; they are easier to usemaarckgortable,
and despite their small size, offer impressive magnification power.

Keeler ophthalmoscopes are some of the most commonly used direct opthalmbgcopes
clinicians in hospitals and in primary care and to an extent in the training afahstidents.

Medical students commonly find that learning to use a Keeler is challérgidgt £163

excluding VAT, most find that it is too expensive to purchase for themse®@pkthalmology
teaching has been criticised in Britain for not providing medical studentemgtigh training in

how to use an ophthalmoscope and so does not give them the opportunity to develop this
important diagnostic clinical skill Marketed at £38 the Optys&” would be affordable to most
medical students. If it were to become standard for medical students to own am Ofitgy

would have the opportunity to practise using ophthalmoscopes regularly throughout ithiag.tra

In this study we compared the ease of use of these two ophthalmoscopes, using asgoumdof
year medical students who had no prior use of an ophthalmoscope. Only one study that we are
aware of has compared the Optydens free ophthalmoscope performance with a standard direct
ophthalmoscope, but in a rather different context to our stilithis study involved optometrists
instead of medical students and found that the Optysay not be effective in areas of the world
where use of a inexpensive direct ophthalmoscope would have the most clinical impact. The
intention of our study was to assess whether the Optgseld be an acceptable alternative to the
direct Keeler ophthalmoscope for medical students in Britain.

The strengths of the direct Keeler ophthalmoscope (fig§rimdlude its portability and high
magnification, making it a practical and powerful tool to examine the fundus of [sm&gas. A
direct ophthalmoscope works by using lenses to focus light from a bulb onto a mirror which
reflects the emitted light in a diverging beam, illuminating all strestwithin the patient’s eye.
The lenses are designed to correct for any eye abnormalities that theepbs@atient may have,
including myopia, hypermetropia and astigmatism.

Figure 1: Keeler Pocket Ophthalmoscope
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The Optyse is a lens free, fixed-focus direct ophthalmoscope (see Bigt Bas a simple design
that makes it relatively inexpensive and requires little maintenance. Twobafteries power the
internal 2.5V lamp which emits light that passes through a small prism and isréeedli
through a patient’s pupil to image their retiiBhe Optyse is designed to be simple to use. Its
light intensity and focus are not variable, and the clinician does not have to askspatiremove
their spectacles as there is no need to adjust for the patient’s refraciivd be Optyse’s simple
design makes it lightweight and includes a protective fold-away cover, makiothieasy to
carry and robust.

Figure 2: Optyse free lense ophthalmoscope

To compare the Keeler with the Opt}4ave compared the accuracy of VCDR estimations and
ease of use. VCDR was the most ideal optic disc parameter to test mediaat stlulkty to
accurately estimate for this stulifhe VCDR is the ratio between the cup, which is the head of
the optic nerve, to the disc, which is where the vessels leave the eye.

METHOD:

This study was approved by the South Birmingham Student Sub-committee and conidiheted a
University of Birmingham Medical School. Verbal consent was obtained frigpasicipants. To
form the “observer” group a sample of 10 Birmingham medical students was obtainale,(4 m
female). This was done by emailing a sample group‘fear medical students and the first 10
responders that met the selection criteria were selected to participate

We aimed to obtain a sample of medical students that had a common baseline of ophthalmic
skills. To achieve this, we targeted gear medical students because the medical course at
Birmingham does not commence training in the use of an ophthalmoscope urifilyter 3All
participants were aged between 19 and 25. We excluded any students who had prior training in
ophthalmology, any left handed students and anyone with ocular pathology. Left handed student
were excluded because the dominant hand may affect how easy or accurate @ thé¢o us
ophthalmoscopes. It was also required that all ‘patient’ participants kniwefin@ctive error.

Five Optyse lens free ophthalmoscopes and five Keeler Pocket ophthalmoscopes were obtained.
The group of 10 “patients” was obtained from volunteer medical students from yeaostioreet
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Tropicamide eye drops were applied to dilate one pupil of each patient, determenéasbyof a

coin. All students were then given a 30 minute introductory lecture by a professor of
ophthalmology on how to use the ophthalmoscopes and how to estimate the VCDR. The 10
observers had 15 minutes to practice using each ophthalmoscope. Whilst the obseevers we
practising on each other, the patients were positioned 1-10 and then the ophthalmobtigyst ma
VCDR estimate using both ophthalmoscopes, providing a gold standard benchmark valcke for ea
patient. The 10 observers were further split using random number allocation inttyss gf 5,

one group to use an Optys@phthalmoscope first, the other to use the Keeler ophthalmoscope
first. It was decided the 5 Optyseobservers would estimate the patient's VCDRs first starting at
positions 1,3, 5, 7, and 9 and then immediately after the 5 Keeler observers would do likewise at
positions 2,4,6,8 and 10. The observers were given 1 minute to examine each eye. For the Keeler
observers the refractive error of any patients wearing glassegivem so as to know what lens
adjustment should be made commencing examination. An evaluation form was compdeigd at
patient that was collected immediately after each examinationigsee 8). A gap of 1 patient

was left between each observer to maintain examiners blinding to each otiun'gsf and also

to give the patient a brief rest between each examination. In total each opseimened 20
examinations (10 right eye, 10 left eye) to determine the VCDR and provide a sulgeotivdor

ease of use ranging from 1 (couldn’t use this scope) to 8 (determined a thtmolow level of
difficulty). An overall ease of use score was obtained for each ophthalmoscobeatigaminer

had observed all 10 eyes, (see figure 3).

Your number Patient number __ Optyse / Keeler (please circle)
RIGHT EYE

VCDR Measuremern(please circle)

0 01 0.2 0.3 0.4 05 60. 0.7 0.8 0.9 1.0

Ease of uséplease circle one option)

1. Couldn't use this scope
2. Couldn't see the red reflex to even begin
3. Couldn’t focus the fundus
4. Could see the vessels but not the disc
5. Could see the disc but could not get the ratio
6. Determined a ratio with a high level of difficulty
7. Determined a ratio with a medium level of diffigult
8. Determined a ratio with a low level of difficulty
LEFT EYE
VCDR Measuremen(please circle)
0 01 0.2 0.3 0.4 05 60. 0.7 0.8 0.9 1.0
Ease of use (scale as above)
1 2 3 4 5 6 7 8

Overall Ease of use of Ophthalmoscopledse circle)
(1= very difficult, 10 = very easy)
1 2 3 4 5 6 7 8 9 10

Fig 3: Example of the evaluation form on observer’s final observation. Observer’s filled in
identical evaluation forms at the end of examining each patient, except there was no ‘Overall
Ease of use of Ophthalmoscope’ section except on the last patient they observed with each
ophthalmoscope.
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At the end of the experiment the patients rated how comfortable they found both
ophthalmoscopes, 1 being ‘very uncomfortable’ to 5 being ‘very comfortable.'@ee #)

Very uncomfortable
Quite uncomfortable
No opinion
Comfortable

ok wbd R

Very comfortable

Figure 4: Patient comfort evaluation form

The second session involved a swap of the ophthalmoscopes and a repeat of the procedure. By
this design, we prevented a situation where the first session would be exdimgyomised of
observations made by one ophthalmoscope and thus the next session composed of observations
entirely from the second. Had this not been implemented there would have been a risk of a
significant learning effeét Therefore, by combining Keeler and Optysebservations in each
session, an attempt was made to keep the practice effect to a minimum.

Statistical Analysis:

In the analysis it was possible to explore different variables that #ffeciutcome of a
measurement for example examiner, instrument, dilated, undilated eyes.olinaitwvariables

were the instrument used and whether the eye measured was dilated or undiktsd.ering the
main objective of this study the analysis was focused on the difference beteeradsurements
made with the Keeler and Opty¥e and then we assessed the effect of the dilated and undilated
eye on the results.

For all observations an ease of use score was obtained (400 results) whereaéGarRhanly

220 results were obtained. Therefore the analysis was focused on the easeakssdse
distribution of the EOU scores was non- parametric and the sample size was ldwgscres
were compared using chi squared and Wilcoxon's test. The results for thewanafCDR

about the benchmark were normally distributed and therefore a comparison bésviven t
ophthalmoscopes was made using a T-test. If the results had been non-pathenetriation
from the bench mark in VCDR could have been compared using a Kappa statistic but tiog was
appropriate in this casé® These results of the difference in VCDR were displayed on a Bland
Altman plot. This decision was made on the basis that a correlation coefficient nadude
sufficient to observe the variation. Bland and Altman suggested that when plottechoesaion
line most plots will tend to cluster around the line masking any between metteremiifis!

OEOU measurements and patient comfort data was also distributed non-pasdisnahd
therefore were compared using the Wilcoxon's and chi squared tests.
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RESULTS:

Ease of use
Ease of use (EOU) was obtained for every observation and an overall ease &Q&H g0ore

was recorded at the end of all observations for both the Keeler and Optyse

EOU was scored in all 400 eyes. The EOU was analysed on the basis thatod scaneant that

the ophthalmoscope was easy to use, and a scofernoéant that the ophthalmoscope was

difficult to use. Overalmore observations were scored as ‘easy’ using the Optyse

ophthalmoscope than the Keeler ophthalmoscope, 37.5% in the Optyse group compared with 33%
in the Keeler group (p = 0.40).(See Fig. 5) The overall median EOU scores weieaidgith

both ophthalmoscopes, Optysémedian 6, IQR 2-8) compared with the Keeler (median 6, IQR

2-8) (p = 0.65).

Histogram of frequency of ease of use scores

50

45 4

40

Frequency
N
[$)]

SJ
0
1 2 3 4 5 6 7 8

Ease of use

@ Optyse

| Keeler Ophthalmoscope

Figure 5: Histogram of the frequency of ease of use scores for the Optyse™ and Keeler
Ophthalmoscopes.

More observations were rated as easy in the Optyselilated eyes compared with the Keeler
undilated eyes; 30% verses 22% respectively (p = 0.26). Marginally more olmeswatire rated

as easy in the Optyse dilated eyes compared with the Keeler dilated eyesrdb%14%

respectively (p = 1.00). In observations of dilated eyes the median EOU scorgnesmthe

Optyse compared to Keeler, 6.25 compared to 5.75 ( p = 0.47). In observations of undilated eyes it
was found that the median scores were similar, 5.5 with the Keeler compared to b.@tewit

Optyse (p =0.73).

Overall, it was easier to assess VCDR in eyes that were dilated thagy Were undilated; 44.5%
were marked as easy in the dilated eyes compared with 26% of observations inl#teduages

6



University of Birmingham, School of Medicine, Edgbaston, UK
The Optyse™ Lens Free Ophthalmoscope:

A suitable companion for medical students?
Project number 56

(p = 0.02). In 44% of observations with the Keeler in dilated eyes the observer scored the
observation as easy, compared to 22% in the undilated eyes (p = 0.0016). The median ease of use
score with the Keeler was greater for dilated eyes then undilate®.&dQR 2-8) versus 5.5

(IQR 2-8)( p=0.044). 45% of observations made with the Optymedilated eyes were scored as

easy compared with 30% in undilated eyes (p = 0.41). The median EOU score with the Optyse

on dilated eyes was 6.25 compared with 5.25 on undilated eyes (p = 0.038).

VCDR was not determined in 180 of the 400 eyes, corresponding to a VCDR of <6. On twenty
three occasions (14 Keeler, 9 Opty3@bservers paradoxically rated EOU scores higher in
undilated eyes then dilated eyes. The median OEOU was greater with the Ogbigs with the
Keeler, 6.5 (IQR 2-9) compared to 5.5 (IQR 3-8) (p =0.21).

The subjective score that was gathered from all patients to determuhegttee of comfort of the
examination itself showed that the median patient comfort score was afi@atstal for both
ophthalmoscopes. The Keeler received a median score of 4 (IQR 2-5) compared @jplydee
median score of 3.5 (IQR 2-4) (p = 0.16). Factors that were taken into consideration included
brightness of the light and swiftness of the examination.

Accuracy:

Of the 400 observations, a total of 220 VCDR measurements were successfullydolitkine
observations were obtained using the Keeler (60 dilated, 53 undilated) and 107 wegslobtain
using the Optyse (62 dilated, 45 undilated) (see Fig. 6).

Vertical Cup Disc Ratio Estimated using Keeler Ophthalmoscope

30%

Figure 6a 43% @ Dilated pupils

B Undilated pupils

0O Unable to estimate

27%

Vertical Cup Disc Ratio estimated using Optyse

31%

46% o Dilated pupils

@ Undilated pupils

Figure 6b

0O Unable to estimate

Figure 6a and b: VCDR estimated using (a) Keeler Ophthalmoscope and (b) Optyse™.
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On average there was greater variation about the benchmark VCDR when usieglére
(0.055) than with the Optys€0.00) (p=0.002) (See Fig.7)

Figure 7 a and b — Bland Altman plot of the difference in VCDR between the examiners and the
benchmark using the Keeler Ophthalmoscope (figure 7a) and Optyse™ Ophthalmoscope (figure
7b). The red line represents the mean and the blue lines represent the proportion of all
observations lying within 95% of the normal distribution. Some blue dots represent more than

one observation.

VCDR difference

Bland Altman plot of the difference in VCDR between the ten examiners and the benchmark using the
Keeler Ophthalmoscope

0 1 2 3 4 5 6 7 8 9 10

Examiner

Figure 7a

VCDR difference

Bland Altman plot of the difference in VCDR between the ten examiners and the
benchmark using Optyse

1 2 3 4 5 6 7 8 9 10

Examiner

Figure 7b
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DISCUSSION:

Within the parameters of this study both ophthalmoscopes performed similarimajarity of
statistics comparing the Keeler with the Optys#ten yielded values that were non-significant,
suggesting that the two ophthalmoscopes are similar in their EOU. Simildersiof VCDR
values were obtained using each ophthalmoscope, and with both more VCDR values were
obtained when the pupil was dilated. The most significant difference between the two
ophthalmoscopes was in accuracy of estimation of the VCDR, where the Opiyg®rformed
the Keeler. However, the difference between the two means was a 0.05 varatidhd bench
mark observation which is unlikely to be a big enough difference to have an effect on
observations in a clinical setting.

As one would expect, statistics showed it was easier for students to examatedceaiie
compared to an undilated eye, both using the Keeler and the Opi&#hin the sub-
comparisons of dilated and undilated eyes there were no statistically signditferences
between the median EOU scores obtained for the Keeler and the Optysetwo
ophthalmoscopes rated almost identically for EOU when examining dilatedéy%sverses
44%) but when eyes were undilated, Optys$% was rated as easy to use verses 22% for the
Keeler. However, this was a statistically insignificant result (p = 0.730)

It is well noted that a learning effect can occur in these kind of sttidlieis. was not considered

in this study for two reasons. The design of the study meant that each ophthalmosasgedwas

in the same routine and therefore the learning effect would have occurred in thefusathe
ophthalmoscopes and may have countered each other. The second was that there was not a big
enough variation in EOU scores and VCDR to observe a difference caused byray letiait.

In a similar study carried out by McComiskie €t #here was a substantially higher number of
VCDR measurements obtained proportional to the number of students. The fact thatehts st
in our study had a lower success rate implies that perhaps they should have hadhentore ti
practice with the instruments. Bradley suggested that a more objective asgesking accuracy
would be to use a model of an eye with-non-guessable-features, such as wordeeint diffe
locations on the fundus.

This study only investigated the use of a Keeler verses an Opoyghalmoscope within the
context of a healthy eye. It does not take into consideration that one ophthalmosdape mig
outperform the other when ocular pathology is present. The claims of this studglastvexto a
population of medical students. Claims pertaining to other populations such as foundation yea
doctors would require further studies to compile a weighted argument to validate
Opthalmos’claims.

The findings of this study tend to support Ophthalmos’ suggestion that the lens fyse Opt
ophthalmoscope would make an ideal replacement for a much more expensive and tatget sta

direct ophthalmoscope for use during clinical attachments. The Optyas marginally easier to
use and its use resulted in significantly more accurate estimations oCiR.V

May 2008
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