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  1.1 Several tests are widely used 
because of tradition and not 
evidence

  Evidence-based optometry means integrating individ-
ual clinical expertise with the best currently available 
evidence from the research literature.  1   For the major-
ity of primary eye care procedures described, the evi-
dence base for when and how they should be measured 
is provided. This may be from clinical experience (i.e., 
clinical pearls), which could be the authors’ own experi-
ence or supported by citations to clinical textbooks and 
articles or from research evidence. What should always 
be avoided is the use of examination procedures based 

on tradition, anecdotal evidence, or habit. Three pro-
cedures that are widely used in several countries but 
seem principally used because of tradition are discussed 
below.

   1.1.1 Visual acuity should not be 
measured with Snellen charts
  The principal reason for using a Snellen chart nowadays 
would appear to be tradition or habit. Visual acuity (VA) 
charts using the logMAR system are now widely avail-
able and are much superior to Snellen charts, providing 
VA measurements that are twice as repeatable and over 
three times more sensitive to interocular differences in VA 
(see section 3.1.1).  2   ,   3   VA can still be recorded and reported 
to others in the more familiar Snellen format of 6/6, 
20/20, or 1.0.

    1.1.2 The von Graefe prism 
dissociation test does not deserve 
its widespread use
  The faith in this test has been such that a publication in 
a leading international optometry journal pronounced it 
as the gold standard test of heterophoria assessment  4   and 
used it to assess the usefulness of the cover test. The gold 
standard in this area should be the cover test and not the 
von Graefe  5–8   as it is objective and not reliant on subject 
responses or subject to prism adaptation and subsequent 
studies have shown it to be far more repeatable than 
the von Graefe prism dissociation test, which has been 
shown to be unreliable.  5–8   The study should have used 
the cover test as the gold standard and they would then 
have reported the limitations of the von Graefe prism dis-
sociation test. Several studies have now reported that the 
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although there are clear diffi culties to overcome. Medi-
cine has been using evidence-based practice for many 
more years than optometry, yet numerous primary care 
doctors still seldom practice it because of lack of time, 
diffi culties in searching for, appraising, and applying 
evidence and preference for using guidelines provided 
by professional bodies.  12  

   1.2.1 PubMed, Google Scholar, and 
international optometry research 
journals
  If you wish to review the literature,  11   two very useful free 
access databases are PubMed (www.pubmed.com; pro-
vided by the US National Library of Medicine) and Google 
Scholar. They both include the abstracts or summaries of 
papers from all the main optometry and ophthalmology 
research journals. Questions from clinicians on optomet-
ric internet/e-mail discussion groups can often be fully 
answered by a quick PubMed or Google Scholar search 
that can provide a much stronger level of evidence than 
anecdotal suggestions from colleagues based on one or 
two patient encounters.

  Full access to one or more of the international optom-
etry research journals is provided by membership of vari-
ous professional bodies:  Ophthalmic & Physiological Optics  
(College of Optometrists, UK),  Optometry & Vision Science  
(American Academy of Optometry),  Clinical & Experimen-
tal Optometry  (Optometry Australia, New Zealand Associa-
tion of Optometrists, Hong Kong Society of Professional 
Optometrists and the Singapore Optometric Association), 
 Journal of Optometry  (Spanish General Council of Optom-
etrists) , Contact Lens & Anterior Eye  (British Contact Lens 
Association) , African Vision & Eye Health ( South African 
Optometric Association), the  Chinese Journal of Optometry 
& Ophthalmology , and the  Canadian Journal of Optometry . 
Some professional bodies also have their own library and 
provide full access to a wide range of online optometry 
and ophthalmology journals.

    1.2.2 How do you assess the 
usefulness of optometric tests?
  The usefulness of optometric tests is typically assessed 
by either comparing the test against an appropriate 
gold standard  13   and/or assessing its repeatability  14   
and/or its discriminative ability. For example, a test 
that is being used as an objective measure of subjec-
tive refraction should be assessed by how closely the 
results match subjective refraction results  13   and new 
tonometers are assessed by their agreement with the 
results of Goldmann Applanation Tonometry (GAT, 
although this is not ideal when GAT has fl aws, see 
section 7.7.1).

modifi ed Thorington test is much simpler, faster, and more 
reliable than the von Graefe prism dissociation test,  5–8   and if 
an additional test to the cover test is required, it should be 
the modifi ed Thorington.

    1.1.3 Lengthy tentative reading 
addition tests are not necessary
  A fi nal example of tests used because of tradition in 
phoropter-based refractions is the use of tentative 
reading addition tests of binocular cross-cylinder fol-
lowed by negative and positive relative accommodation 
(NRA-PRA). These are lengthy tests given that the only 
study to have properly investigated the various tenta-
tive addition tests indicated that asking patients their age 
provided more accurate information than either of those 
two tests.  9   Using an ingenious study design, Hanlon et al.  9   
examined patients who returned to an optometry practice 
because they were dissatisfi ed with the near vision in their 
new glasses. Each patient’s reading addition was deter-
mined using four methods (age, binocular cross-cylinder, 
NRA-PRA balance, 1 / 2  amplitude of accommodation). The 
review (recheck) examination also determined whether 
the near addition in the glasses the patient disliked was 
too low or too high. The percentage of adds for each ten-
tative add test that gave the same result as the incorrect 
add or worse (higher than an improper add determined 
too high or lower than an improper add determined as 
too low) was calculated. They reported that the simplest 
and quickest test, asking the patient their age, accounted 
for the fewest errors (14%). The other techniques gave 
errors in 61% (binocular cross-cylinder), 46% (NRA-PRA), 
and 30% ( 1 / 2  amplitude) of cases.  9   This suggests that the 
tentative addition should simply be based on patient age. 
Subsequent research suggests that the tentative addition 
estimate can be further improved by considering both 
the patient’s age and working distance and/or symptoms 
with their current near correction (see 4.13.1). There is lit-
tle need for the lengthy binocular cross-cylinder followed 
by NRA-PRA.

     1.2 Tips on reviewing the evidence 
base for clinical tests

  Currently professional bodies provide clinical guide-
lines that are based on research evidence, and expert cli-
nicians and researchers write review articles and books 
and give lectures, and this has been reported to be the 
preferred source of information for many optome-
trists.  10   Reviewing the research literature yourself should 
become more common in future years,  10   ,   11   particularly 
for the literature pertaining to clinical procedures, 



| 1 |ChapterEvidence-based eye examinations

3

    1.2.3 How to assess tests that are 
part of the subjective refraction
  The use of subjective refraction as a gold standard assess-
ment of refractive error has meant that there has been little 
or no comparison of the various methods used in subjec-
tive refraction. Previous studies have tended to compare 
the various tests against each other. For example, West and 
Somers  15   compared the various binocular balancing tests 
and found that they all gave similar results and concluded 
that they were therefore all equally useful. Johnson et al.  16   
reported a similar fi nding when comparing subjective tests 
for astigmatism. However, the size of the differences found 
with the different balancing and astigmatic tests in these 
studies would likely have led to symptoms and patient 
dissatisfaction with some of the refractive prescriptions if 
they had been worn, so that the conclusions seem incor-
rect and the study design poor.  13   An inventive but under-
utilised approach is to use some measure of patient 
satisfaction  17   or dissatisfaction  9   as the gold standard. For 
example, Strang et al.  17   compared the refractive correc-
tions provided by subjective refraction and autorefraction 
by randomly allocating glasses in a double-blind protocol. 
Subjects wore each prescription for 2 weeks and completed 
a questionnaire that assessed visual performance and 
ocular comfort following each period of wear.

    1.2.4 Bland-Altman plots vs. 
correlation coeffi cients
  In the past, test comparison studies tended to quantify the 
relationship between the test and gold standard using cor-
relation coeffi cients. This is not appropriate for a variety of 
reasons,  14   ,   18   including that correlation coeffi cients are very 
much affected by the range of values used in the analy-
sis.  19   If a small range of values is used in calculations, the 
correlation coeffi cient is likely to be much smaller than if 
a larger range is used ( Fig. 1.1   ).  19   A much better analysis, 
commonly known as a Bland-Altman plot, shows the 95% 
confi dence limits of the difference between the test and 
gold standard ( Fig. 1.2   ).  14   ,   18   Bland-Altman assessments 
are limited in that values are in the units of measurement 
rather than a unitless 0 to 1 scale like correlation coeffi -
cients, so it may not be obvious what is a good result. For 
this reason, the extent to which the 95% Bland-Altman 
agreement fi gures are clinically acceptable should be dis-
cussed by the authors of a paper and acceptable limits 
should be determined prior to any assessment.  14  

    1.2.5 How best to assess test-retest 
repeatability
  Repeatability assesses the ability of a measurement to be 
produced consistently. It is best to assess repeatability in 

 Fig. 1.1     Correlation coeffi cients from the literature between 
high-contrast visual acuity and other spatial vision measures 
are plotted as a function of the range of high-contrast acuities 
in those studies.     (Redrawn with permission from Haegerstrom-
Portnoy G, Schneck ME, Lott LA, Brabyn JA. The relation 
between visual acuity and other spatial vision measures. 
 Optometry and Vision Science.  2000;77:653–62. ©The 
American Academy of Optometry, 2000.)
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Optometrists, 2018).
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terms of the coeffi cient of repeatability, which represents 
the 95% confi dence limits of the difference between the test 
and retest scores and can be displayed using Bland-Altman 
plots (see  Fig. 1.2 ).  14   ,   18   Intraclass correlation coeffi cients 
can be used when comparing tests that do not use the same 
units, but their limitations need to be realised.  14   In particu-
lar, a large range of values should be used, so that correla-
tion coeffi cients are not artifi cially low ( Fig. 1.1 ).

  Concordance values (the percentage of patients getting 
exactly the same score on test and retest) have also been 
used to indicate that a test is repeatable. However, a high 
proportion of patients often obtaining exactly the same 
score on follow-up visits indicates that the step sizes on 
the test are too big rather than that the test is repeatable.  20   
For example, a VA chart containing only 20/20 (6/6), 
20/60 (6/18), and 20/200 (6/60) lines would provide very 
high concordance, but would be of very little value. Many 
4- to 5-point grading scales have similar problems and 
scores are best interpolated between grades, if possible, 
with a 0.1 scale being used.  21  

  Repeatability appears to be a very important quality 
of a test, because an unreliable test is likely to correlate 
poorly with a gold standard and has poor discriminative 
ability.  22   Because these studies are also relatively quick and 
simple, the results of repeatability studies should be avail-
able for all clinical tests.

     1.3 “Screen everybody, don’t miss 
disease” vs. “what about false 
positives?”

  Optometrists detect glaucoma and other eye diseases by 
‘opportunistic case fi nding’ in that patients are self-selecting 
and they are detected as part of an eye examination that 
includes some assessment of ocular health and visual func-
tion.  23   Professional bodies within different countries gener-
ally provide evidence-based guidelines that tend to suggest 
which tests are appropriate for different patient demograph-
ics and perhaps for certain signs and symptoms. There has 
been a tendency, however, particularly with the increased 
use of clinical assistants within optometric practice, to 
increasingly screen patients with tests such as visual fi elds 
and non-contact tonometry to attempt to ‘not to miss any-
thing.’  24   This approach is examined below and highlights 
the importance of understanding diagnostic indices of 
optometric tests.

   1.3.1 Do you really understand 
a test’s diagnostic ability?
  New diagnostic tests must have their diagnostic ability 
compared with a gold standard reference. The research 

study will therefore determine how well a test can cor-
rectly identify ‘abnormal’ or ‘normal’ eyes as classifi ed 
independently by a gold standard test or battery of tests. 
For example, new instruments or techniques that attempt 
to identify patients with primary open-angle glaucoma 
(POAG) are typically assessed against classifi cations of 
patients into glaucomatous and control groups by clinical 
evaluation of optic nerve head assessment, anterior cham-
ber angle, and visual fi elds.  25  

  Please note that the following fi gures of sensitivity, spe-
cifi city, and prevalence have been simplifi ed to help the 
explanation. Imagine a POAG test that correctly detects 
patients with POAG 95% of the time (the sensitivity of the 
test is 95%); if the test indicates that a patient has POAG, 
what are the chances that they actually have the disease? 
Is it 95%? If lower, how much lower? When considering 
this question, you must not only consider how good the 
test is at identifying POAG, but you must also consider 
how good the test is at correctly identifying someone as 
normal. Unfortunately all tests provide false–positive fi nd-
ings: patients who have normal, healthy eyes for whom the 
test results suggest are abnormal. There are four possible 
outcomes from the results of a diagnostic test ( Table 1.1   ), 
and this information is used to quantify how well the test 
discriminates between ‘normal’ and ‘abnormal’ eyes, by 
providing sensitivity and specifi city values.

   •   Sensitivity is the ability of the test to identify the 
disease in those who have it.

    •   Sensitivity � TP / (TP � FN).
    •   Specifi city is the ability of the test to correctly identify 

those who do not have the disease.
    •   Specifi city � TN / (TN � FP).
    •   The false–positive rate is simply 1 minus the 

specifi city.
    •   Another important term to understand is the 

predictive value (PV), which has positive (PPV) and 
negative (NPV) forms.

    •   PPV or �PV is the proportion of people with a 
positive test result who have the disease. PPV � TP / 
(TP � FP).

    •   NPV or �PV is the proportion of people with a 
negative test result who do not have the disease. NPV 
� TN / (TN � TP).

 Table 1.1     Possible outcomes of a screening test

 Diseased eye  Normal eye 

 Test says 
diseased 

 True positive, 
TP (hit) 

 False positive, FP 
(false alarm) 

 Test says 
normal 

 False negative, 
FN (miss) 

 True negative, TN 
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 Table 1.2    Results for a ‘glaucoma test’ with different values of prevalence of primary open-angle glaucoma (POAG)

 SENSITIVITY 95% AND SPECIFICITY 95% 

 POAG 
prevalence, 1% 

 POAG 
prevalence, 10% 

 Repeated testing 
(POAG, 1%) 

 A. Patients with POAG  10  100  10 

 B. Patients without POAG  990  900  990 

 C. True positive (95% of A)  9.5 (i.e., 9 or 10)  95  9 

 D. False positive (5% of B)  50  45  2.5 

 E. True negative (95% of B)  940  855  47.5 

 F. False negative (5% of A)  0.5 (i.e., 0 or 1)  5  0.5 

 G. Number with positive result (C�D)  60  140  11.5 

 H. Number with negative result (E�F)  941  860  48 

 Positive predictive value: C/G  9.5/60 (16%)  95/140 (68%)  9/11.5 (78%) 

 Negative predictive value: E/H  940/941 (�100%)  855/860 (99.4%)  47.5/48.5 (99%) 

 

     The reported sensitivity and specifi city of a test will dif-
fer depending on the pool of patients examined, the gold 
standard used to determine the presence or absence of 
disease, and the cut-off criteria used. Sensitivity and specif-
icity values and plots of one against the other for a range 
of cut-off values in receiver operating characteristic (ROC) 
curves ( Fig. 1.3   ) are usually presented and are often quan-
tifi ed using the area under the ROC curve.

  The ability of a diagnostic test to identify correctly those 
patients with disease is highly dependent on how prevalent 
the condition is (known as Bayes Theorem). For example, 
let us consider POAG and assume a prevalence in the over 
age 40 population of 1%, and a diagnostic test for glaucoma 
with 95% sensitivity and 95% specifi city. The fi rst column 
in  Table 1.2    shows the likely outcomes from 1000 patients. 
Nine or all 10 patients with POAG have a positive test result, 
but so have 50 patients with normal, healthy eyes. Returning 
to the question at the beginning of this section, if a POAG 
test that correctly detects patients with POAG 95% of the 
time (95% sensitivity) indicates that a patient has POAG, 
the chances that they actually have the condition (given a 
test specifi city of 95%) is 16%! Detecting disease that has 
a low prevalence is very diffi cult no matter how good your 
diagnostic tests are because there are so few patients with the 
disease and so many people who do not have that disease. 
This also highlights that with diseases with low prevalence, 
you are better off using tests (or cut-off scores for a test) that 
have the highest specifi city (limiting false–positive results) 
even if this lowers sensitivity and a small number with 
POAG (in its early stages) are missed.

    1.3.2 The number of false–positive 
referrals
  The number of false–positive referrals varies depend-
ing on the disease and its prevalence, the structure and 
funding eye care system; the level of clinical experience, 

 Fig. 1.3     Receiver operating characteristic (ROC) curves 
for prediction of high myopia in myopic children at age 
11 years. ( n  � 910) Age myopia onset ( red line ); Age of 
myopia onset, gender, race, and school ( dashed green line ); 
Age of myopia onset, gender, race, school, books per week, 
and parental myopia ( blue line ).     (Redrawn with permission 
from Chua et al. Age of onset of myopia predicts risk of 
high myopia in later childhood in myopic Singapore children. 
 Ophthalmic & Physiological Optics.  2016;36:388–94. 
©The College of Optometrists, 2016.)
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expertise, and equipment; the introduction of locally 
agreed guidelines; and so forth.  26–30   False–positive 
rates for diseases such as POAG with a low prevalence 
will tend to be high, as discussed earlier. For example, 
Bowling et al.  31   reported a 46% false–positive rate for 
suspected glaucoma from 2505 optometric referrals to 
the Oxford Eye Hospital in the United Kingdom over a 
10-year period (1994–2004).

    1.3.3 False–positive eye referrals 
cause worry and stress
  Elmore et al.  32   reported the false–positive rate of the 
two main breast cancer screening tests to be 6.5% and 
3.7%. These translate to very good specifi city values of 
93.5% and 96.3%. Despite this good specifi city, over a 
10-year period, nearly one-third of the women screened 
had at least one false–positive mammogram or clini-
cal breast examination. This highlights that if you test 
healthy people often enough, they will sooner or later 
obtain a false–positive test result. It has been shown 
that these false–positive results have negative psycho-
logical effects on these women and their families.  33   
Similarly, considerable worry and stress are caused by a false–
positive result leading to referral to a secondary eye care 
system.  34   Patients should not be referred to secondary eye 
care on the basis of a slightly high intraocular pressure 
using a non-contact tonometer or a single positive visual 
fi eld screening result. In addition to the psychological 
effects on patients and their families, the costs in terms 
of secondary eye care staff and patient time (including 
the delay that other patients will suffer because of busy 
clinics) prompted by a positive screening result must be 
considered.

    1.3.4 Reducing false positives 1: 
only screen ‘at risk’ patients
  Owing to the high number of false–positive results 
when screening patients for a disease with low preva-
lence (Bayes Theorem), it may be better to screen only 
those patients who are ‘at risk.’ In these patients, the 
prevalence of the disease is higher than in the general 
population. The middle column in  Table 1.2  considers 
the likely outcomes using the same test discussed ear-
lier, on patients with a family history of POAG where 
the prevalence of the disease is higher and for simplic-
ity we will assume a fi gure of 10%. In total, 140 patients 
have positive results, of which 95 have the disease (PPV 
� 68%). Note how much better the test performs when 
it is used in patients with a higher prevalence of the dis-
ease. The positive predictive value is also signifi cantly 
improved if you just perform screening on all patients 
over 75 years of age or patients over 40 years of age who 

are African American or African Caribbean or those with 
suspicious optic discs or high intraocular pressure. Burr 
et al.,  23   in their systematic review, suggested that screening 
of patients with ‘minor’ risk factors, including myopia and 
diabetes, did not improve the PPV suffi ciently and was not 
cost-effective.  23  

    1.3.5 Reducing false positives 2: 
repeat testing
  Another way of keeping false–positive referrals to a mini-
mum, and imperative if you are intending to screen more 
than ‘at risk’ patients, is to repeat positive results. For 
example, as part of the ocular hypertension treatment 
study, Keltner et al.  35   found 703 Humphrey visual fi eld 
test results that showed abnormal (positive glaucoma 
hemifi eld test and/or corrected pattern standard deviation, 
 P  � 0.05) and reliable visual fi elds.  35   On retesting, abnor-
malities  were not  confi rmed for 604 (86%)! The vast 
majority of visual fi eld abnormalities were not verifi ed on 
retest, and confi rmation of visual fi eld abnormalities is 
essential for distinguishing reproducible visual fi eld loss 
from long-term variability.

  If the same glaucoma diagnostic test from  Table 1.2 , 
which suggested that 60 patients had POAG (only 10 did), 
was repeated on these 60 patients, 9 of the 10 patients 
with glaucoma would be identifi ed, but 95% of those 50 
with false–positive results (47.5) would now give a nor-
mal result, with only 2.5 (i.e., 2 or 3) false positives on 
retest. On retesting, positive results are found for 11.5 
patients, of whom 9 have the disease (PPV � 78%). Of 
course, you could also combine both approaches by only 
screening patients at risk and repeating positive tests.

    1.3.6 Reducing false positives 3: 
mentoring inexperienced clinicians
  Studies have shown that a majority of false–positive refer-
rals are from inexperienced clinicians, typically in the fi rst 
few years as a qualifi ed optometrist.  28   ,   30   An obvious strat-
egy would be for newly qualifi ed clinicians to continue to 
be mentored, particularly for referrals. Targeted continu-
ing education and training for these clinicians would also 
likely be of benefi t.  30  

    1.3.7 Reducing false positives 4: 
intermediate/enhanced/collaborative 
care schemes
  Given the high cost of referrals to secondary eye care, plus 
the burgeoning elderly population leading to ever-increasing 
referrals, a variety of schemes have been developed to decrease 
false–positive referrals. These are typically clinics intermedi-
ate between primary and secondary eye care that provide 
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 Table 1.3     Classifi cation of tests/procedures into one of four clinical oculovisual systems

 Visual a   Binocular  a    Refractive  Ocular Health 

 Case history  Case history  Case history  Case history 

 Visual acuity  Visual acuity  Visual acuity  Visual acuity 

 Disability glare   Cover test   Retinoscopy  Biomicroscopy 

 Photostress recovery   Convergence tests  Autorefraction  Ophthalmoscopy 

 Contrast sensitivity  Accommodation tests  Subjective refraction  Tonometry 

 Colour vision   Suppression tests  Reading add   Gonioscopy 

 Visual fi elds  Stereopsis  Keratometry  Pupil responses 

 Motility   Imaging 

   a  Other classifi cations discuss the sensory and motor systems rather than the visual and binocular systems and place suppression and stereopsis 
within the sensory system.  

enhanced optometric services often in collaboration with 
ophthalmology.  27   ,   29  

     1.4 Should I perform a database, 
system, and/or problem-oriented 
eye examination?

  The primary eye care examination must fi rst and fore-
most adhere to the legal requirements where you are 
working, although these tend to be provided in very 
broad terms. Some professional organisations to which 
you may belong may also provide clinical guidelines of 
what your eye examination should include. These may 
be prescriptive or for guidance only. Three main styles 
for a primary eye care examination could be used singu-
larly or in combination: (1) the database format, which 
uses a predetermined series of tests; (2) the systems 
approach, which ensures an assessment of several sys-
tems; and/or (3) the problem-oriented approach, which 
focuses mainly on the patient’s problems.  36   In addition, 
some parts of the eye examination could be performed 
by clinical assistants.

   1.4.1 The database examination
  The database examination style means using essentially 
the same set of clinical procedures in every examination. 
A large ‘complete’ database of information is collected 
to ensure that most patients’ problems can be addressed 
using the information provided. This is the style of 
examination that will be used by students, because they 
need to practice the various clinical techniques to gain 
technical competence. Technical competence should be 

the aim for students in the early years of clinical learn-
ing. A much greater task is gaining clinical competence 
and understanding the tests and their results, how they 
interact and how they can be used in differential diag-
nosis, and to solve the patient’s problems. Only once a 
student/practitioner has gained a high level of clinical 
competence should the database style of examination be 
abandoned and another approach used.

  Although the database examination style is ideal for 
students, it is not for experienced practitioners. Often, 
if a large database is used, some data collected provide 
no useful information regarding the clinical diagnosis 
or treatment options. If patients require additional test-
ing, because of the inflexibility of the database exami-
nation approach, practitioners either perform the tests 
at the end of the examination, which can lead to them 
being late for subsequent examinations, or another 
appointment is made at a later date. At its worst, this 
style of examination could be said to provide some test 
data which are not used and of little value and provide 
a bias against performing additional procedures which 
may be of real benefit.

    1.4.2 Systems examination
  A systems examination style includes an assessment of vis-
ual function, and of the refractive and binocular systems 
and an ocular health assessment. The optometric exami-
nation is defi ned not by tests used, but by the systems that 
are assessed ( Table 1.3   ). This approach is much more fl ex-
ible as it does not demand that a certain collection of tests 
be used. In such an examination style, a minimal database 
has been gathered when each system has been tested. In 
summary, think in terms of assessing systems and not of 
using individual tests.
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    1.4.3 Problem-oriented examinations
  The problem-oriented examination aligns the examina-
tion around the problems reported by the patient. How-
ever, it does not only use tests that help solve the patient’s 
problems because it is built on a systems examination 
approach.  36   In addition, an array of tests are typically used 
as screening or ‘entrance’ tests,  37   which provide an initial 
assessment of each system. Some of the entrance tests 
may be part of pretesting conducted by clinical assistants, 
so that a period of time is required prior to meeting the 
patient for this information and any previous record cards 
to be reviewed. Clinical assistants can provide data from 
automated procedures including focimetry, autorefrac-
tion, fundus photography, ocular coherence tomography 
(OCT), ultra-widefi eld imaging (e.g., Optos), automated 
visual fi elds, non-contact tonometry, and pachymetry plus 
simple tests such as colour vision, stereopsis, and inter-
pupillary distance (PD) measurement; the tests used may 
differ depending on the age of the patient.

  From information from previous records (if available), 
the preliminary entrance tests, and the initial case history 
information, you will develop a mental list(s) of tentative 
diagnoses. These will likely lead to further questioning 
as part of differential diagnosis (e.g., particularly for 
symptoms such as red eye) and the subsequent tests used 
in the remainder of the problem-oriented examination 
will be determined by which tests best help the differential 
diagnosis process.

     1.5 The evidence to support routine 
dilated fundus examinations is 
limited

  Two main arguments are proposed in favour of the routine 
dilated fundus examination (DFE). The fi rst is that a DFE 
increases the number of anomalies detected within the 
central retina.  38   ,   39   In two studies, a non-dilated fundus 
examination with direct ophthalmoscopy was compared 
with a DFE using headband binocular indirect ophthal-
moscopy and direct ophthalmoscopy.  38   ,   39   Siegel et al.  38   also 
used a monocular indirect ophthalmoscope examination 
as part of a non-dilated examination. The poor fi eld of 
view of the direct ophthalmoscope was particularly blamed 
for missing anomalies in the posterior pole because it is 
too small to examine the area quickly and easily. However, 
fundus biomicroscopy is now the standard of care for cen-
tral fundus examination and provides a much better fi eld of 
view than direct ophthalmoscopy as well as a stereoscopic 
view and can be conducted non-dilated (section 7.10.1).

  The second argument for routine DFEs is that signifi cant 
anomalies would otherwise be missed in the peripheral 

retina. Two studies have retrospectively reviewed record 
charts to determine the extent that signifi cant fundus 
lesions were detected in DFEs.  40   ,   41   Pollack and Brodie 
reviewed 1094 ophthalmologic records of DFEs of asymp-
tomatic patients without risk factors and found three 
(0.3%) with clinically signifi cant fundus lesions outside 
the vascular arcades and unlikely to have been detected 
using direct ophthalmoscopy.  40   Varner identifi ed one 
case (0.2%) of an asymptomatic patient with a clinically 
signifi cant peripheral lesion after 10 years of follow-up 
of 592 older (mean age approximately 70 years) patients 
and also concluded that the value of routine DFEs is 
very low.  41  

  Disadvantages of routine DFEs include their inconven-
ience to the patient (e.g., glare and blur problems, they 
may not be able to drive home or return to work)  42   and 
the increased possibility of false–positive referrals,  43   par-
ticularly given the high prevalence of benign peripheral 
retina conditions in asymptomatic patients.  41   The cost of 
false–positive referrals must be recognised as it is not just 
the cost of the unnecessary secondary care appointment 
but the anxiety and inconvenience caused to the patient 
(section 1.3.3).

  In summary, minimal evidence exists to support rou-
tine DFEs when compared against a routine non-dilated 
fundus examination with fundus biomicroscopy and DFEs 
in patients with pertinent signs and/or symptoms includ-
ing symptoms of fl ashes and fl oaters, high myopia, recent 
cataract surgery, a family history of retinal detachment, 
and a small non-dilated pupil that would restrict the stere-
oscopic view of the central retina.  42  

    1.6 Lessons to learn from the Honey 
Rose case

  The potential for mistakes with overreliance on ocular 
imaging, particularly when taken by clinical assistants, 
was tragically illustrated in the United Kingdom in 2012. 
Details were provided in the 2016 trial of Honey Rose, 
a locum optometrist who was charged with gross negli-
gence manslaughter (subsequently quashed on appeal)  44   ,   45   
owing to missing bilateral papilloedema in 8-year-old 
Vincent Barker who subsequently died of hydrocephalus 
5 months after the eye examination. Experts agreed that 
his life could have been saved if the papilloedema had 
been spotted at the eye examination and the patient 
referred.  44   Although the patient had no symptoms to sug-
gest a problem at the time of the eye examination, symp-
toms of a bout of unexplained headaches from a few weeks 
previously were reported to the optometrist.  44   Honey 
Rose claimed that she did not perform ophthalmoscopy 
because the patient closed his eyes and looked away from 
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the bright light.  45   However, she did not make any record 
of this diffi culty. It would also appear that the optometrist 
included a note on the patient’s records to indicate she 
had viewed his inner eye.  45   Fundus images were taken at 
the time of the eye examination by a clinical assistant, and 
an expert witness indicated that they clearly showed bilat-
eral papilloedema.  44   ,   45   Honey Rose claimed that she had 
received insuffi cient training in the information technol-
ogy (IT) systems and that she could not work the screen 
on the camera and asked a colleague to display it. She 
also claimed at different points of the trial that she viewed 
(1) the photograph of Vincent Barker from a previous 
appointment or (2) the photograph of a different patient.  44  

  There are many lessons that optometry must learn from 
this tragic case, and these include:
   •   Patients can have life-threatening conditions and be 

asymptomatic.
    •   Optometrists must not rely solely on images to view 

the fundus.
    •   It is the responsibility of the optometrist to learn how 

to work imaging equipment and other tests usually 
performed by clinical assistants.

    •   It is the responsibility of eyecare practices to ensure 
that optometrists, including locum optometrists, fully 
understand the imaging (and other) processes used in 
their practice.

    •   It must be understood that mistakes linking images 
to patients (and specifi c examinations) can occur and 
great care must be taken to avoid them.
     Although the evidence from this case suggests that the 

errors were those of the optometrist, they also highlighted 
other potential errors in the system, including:
   •   Technical problems, including a malfunctioning shutter, 

faulty display, and power cut on the day in question 
that were not dealt with in an appropriate manner.  45   
Appropriate processes need to be put in place and 
regularly audited to ensure equipment works properly.

    •   Anecdotal evidence indicates that clinical assistants 
can fail to add patient details to images during busy 
clinics, thus connecting the previous patient’s details 
to the following patient’s image. This highlights 
the requirement for high-quality training of clinical 
assistants and the need for the clinician to be aware 
that such errors can occur and to look out for them.
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