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Non-mydriatic ocular fundus photography in the emergency
department: how it can benefit neurologists
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Abstract

Examination of the ocular fundus is a critical aspect of the neurological examination. For example,
in patients with headache the ocular fundus examination is needed to uncover “red flags”
suggestive of secondary etiologies. However, ocular fundus examination is infrequently and poorly
performed in clinical practice. Non-mydriatic ocular fundus photography provides an alternative to
direct ophthalmoscopy that has been studied as part of the Fundus photography vs.
Ophthalmoscopy Trial Outcomes in the Emergency Department (FOTO-ED) study. Herein, we
review the results of the FOTO-ED study with a particular focus on the study's implications for the
acute care of patients presenting with headache and focal neurologic deficits. In headache patients,
we not only observed optic disc edema and optic disc pallor as would be expected, but also a large
number of abnormalities associated with hypertension. Based upon subjects with focal
neurological deficits, the FOTO-ED study suggests that the ocular fundus examination may assist
with the triage of patients presenting with suspected transient ischemic attack. Continued advances
in the ease and portability of non-mydriatic fundus photography will hopefully help to restore
ocular fundus examination as a routinely performed component of all neurological examinations.
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Introduction

The retinal microvasculature shows important changes that are associated with stroke and
dementia, and the continued study of retinal microvascular changes may provide deeper
insights into the pathophysiology of stroke, dementia, and other neurological conditions, as
Cheung et al. have discussed in this issue.[1] Their article highlights the value of fundus
photography in the observation and study of retinal microvascular changes and discusses the
need to translate the findings from large epidemiological studies to the frontlines of clinical
practice. Indeed, the ocular fundus examination is a critical part of the diagnostic toolkit for
neurologists because it offers the only window for direct noninvasive visualization of a part
of the brain (the optic nerve and retina) and its accompanying microvasculature. In many
cases, the ocular fundus may hold the only clue that a patient has a more serious underlying
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diagnosis (e.g., papilledema is a headache patient). However, ophthalmoscopy, instead of
fundus photography, is the primary means used for visualization of the ocular fundus in
current clinical practice, and it is underutilized and poorly performed. For example, in two
hospitals in Birmingham, United Kingdom, only 25 of 56 inpatients (45%; 95%CI: 32-58%)
referred to neurology could recall being examined with an ophthalmoscope whereas 54
(96%; 95%CI: 87-99%) recalled being examined with a stethoscope.[2]

In this article, we review the findings of the Fundus photography vs. Ophthalmoscopy Trial
Outcomes in the Emergency Department (FOTO-ED) study,[3-5] which compared direct
ophthalmoscopy to fundus photography in an emergency department (ED) setting, with a
particular focus on the study's implications for acute care neurology.[6,7]

Direct ophthalmoscopy vs. non-mydriatic ocular fundus photography

Direct ophthalmoscopes, while portable and commonly mounted on the walls of
examination rooms in outpatient clinics and EDs, are very difficult to use and provide an
extremely limited view of the ocular fundus (~5°) (Figure). The limitations of the direct
ophthalmoscope have an impact not only on non-ophthalmologists, but also on eye care
specialists themselves. For example, in dilated patients examined by ophthalmologists with a
direct ophthalmoscope the sensitivity for common conditions, such as diabetic and
hypertensive retinopathy, falls by about a half.[8] When used without dilation, as is typical
in many outpatient and emergency department settings, the field of view and sensitivity fall
even further.[9]

Non-mydriatic ocular fundus photography offers a promising alterative to direct
ophthalmoscopy by allowing wide-field (45°) photographs of the ocular fundus to be taken
without pharmacologic dilation of the pupils with relative ease, even after only limited
training (Figure).[3] In contrast to direct ophthalmoscopy, non-mydriatic fundus
photography increases sensitivity (as well as specificity and inter-examination agreement)
for diabetic retinopathy even among ophthalmologists using indirect ophthalmoscopy.
[10,11]

Non-mydriatic ocular fundus photography in the emergency department

Failure to correctly examine the ocular fundus can have life-threatening consequences,
particularly in the ED, and the FOTO-ED study hypothesized that non-mydriatic ocular
fundus photography would be feasible and improve diagnosis in the ED. The main goal of
the FOTO-ED study was to compare non-mydriatic fundus photography to direct
ophthalmoscopy.[3-5]

The first phase of the FOTO-ED evaluated the routine clinical use of direct ophthalmoscopy
by ED physicians, whereas the second phase evaluated the routine use of non-mydriatic
ocular fundus photography as interpreted by the ED physicians. In both phases, all patients
had non-mydriatic ocular fundus photographs obtained. The FOTO-ED study included adult
patients presenting to a university ED with headaches, focal neurologic deficits, diastolic
blood pressure (DBP) =120 mmHg, and/or acute visual changes. Photographs of the
posterior pole of the ocular fundus (optic disc, macula, and major retinal vessels) were
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obtained from both eyes of enrolled patients at presentation by trained nurse practitioners or
a medical student using a commercially available, Food and Drug Administration—approved,
non-mydriatic ocular fundus camera (Kowa nonmyd-D series cameras; Kowa Optimed, Inc.,
Torrance, CA). Throughout the FOTO-ED study, relevant ocular fundus abnormalities were
defined as optic disc edema, isolated intraocular hemorrhage, grade 111/IV hypertensive
retinopathy retinal vascular occlusion, and optic disc pallor.

FOTO-ED: Phase | — Only Direct Ophthalmoscopy Available to Emergency Physicians

In the first phase of the FOTO-ED study,[3,4] 350 patients were enrolled. The median age of
patients was 44.5 years (interquartile range [IQR] 31-59 years), and 220 (63%) were
women. Two hundred twenty-eight (65%) had headache, 100 (29%) had focal neurologic
symptoms, 92 (26%) had acute visual changes, and 21 (6%) had DBP =120 mmHg (note
that patients were allowed to have more than one presenting complaint). The performance of
ED physicians and their findings on direct ophthalmoscopy were prospectively recorded,
with the physicians unaware of the photography results.

Forty-four of the 350 patients had relevant ocular findings (13%; 95% CI: 9-17%) identified
on non-mydriatic fundus photographs by the neuro-ophthalmologist reviewing the images.
These included 13 cases of optic nerve edema, 13 cases of intraocular hemorrhages, 10 cases
of hypertensive retinopathy (grade 11 or 1V), 4 cases of arterial vascular occlusion, and 4
cases of optic nerve pallor. The ED physicians only examined 48/350 (14%) of the enrolled
patients and personally identified none of the relevant findings. Eleven of the 44 relevant
abnormalities were known before the patients’ presentation to the ED. Of the remaining 33
findings, 6 were found during ophthalmology consultations obtained by the ED. However,
the remaining 27 patients’ abnormalities were not identified, which means that 82% (95%
Cl: 65-93%) of the findings unknown at the time of ED presentation were missed by routine
ED care.

For each photography session, the nurse practitioner rated the ease and speed and patients
rated the ease, speed, and comfort of non-mydriatic ocular funds photography on a 10-point
Likert scale (10 best). Mean scores for each scale were 8.7 or better suggesting the technique
was well liked by both staff and patients. The quality of the photographs was of some
diagnostic value for 97% of enrolled patients. Median photography time was 1.9 minutes
(IQR: 1.3-2.9), a very tiny sliver of the many hours these patients spent in the ED on
average.

The results of the first phase of the FOTO-ED study confirmed that direct ophthalmoscopy
was infrequently and poorly performed in the ED and showed that non-mydriatic fundus
photography was a feasible alternative to direct ophthalmoscopy.

FOTO-ED: Phase Il - Fundus Photography Provided to Emergency Physicians

Three hundred fifty-four patients were enrolled in phase 11 of the FOTO-ED study.[5] The
second cohort of patients was similar to that enrolled in the first phase in terms of age, sex,
and complaint distribution: median age 45.9 years (IQR: 33-57), 251 (71%) were women,
206 patients (58%) had headache, 123 (35%) had focal neurologic symptoms, 56 (16%) had
acute visual changes, and 21 (6%) had DBP =120 mm Hg (again note that patients were
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allowed to have more than 1 presenting complaint). Thirty-five patients (10%; 95% CI: 7%-—
13%) had relevant findings identified by neuro-ophthalmologist review of the photographs,
including 6 patients with disc edema, 6 with grade 111/IV hypertensive retinopathy, 7 with
isolated intraocular hemorrhages, 15 with optic disc pallor, and 1 with a retinal vascular
occlusion.

Compared to the first phase where the ED physicians only examined 14% of the patients by
direct ophthalmoscopy, the ED physicians in the second phase reviewed the photographs of
239/354 patients (68%) and reported that the photographs were helpful in their evaluation of
125 patients (35%; 95%CI: 30%—41%). Whereas they had not personally identified any of
the relevant findings in the first phase, the ED physicians identified 16 of the 35 relevant
findings (46%) during their review of the fundus photographs in the second phase (absolute
difference: 46%; 95% CI: 29% to 62%; p<0.001). These results were particularly remarkable
given that the ED physicians had not received any additional training. The results also
emphasized that ocular fundus photography often assisted with ED care even when the
photographs were normal (e.g., the absence of papilledema in a patient with possible
cerebrospinal fluid shunt malfunction).

Implications of the FOTO-ED study for neurological emergencies

Two subgroups of patients enrolled in the FOTO-ED study offer notable insights into the
clinical care of two important neurological emergencies: headache and cerebrovascular
disease.

Headache

Headache is the fourth most common chief complaint overall in the ED and the most
common neurological complaint.[12] We evaluated the ocular fundus findings in 497
patients presenting to the ED with headache (inclusive of the 434 patients with headache in
the FOTO-ED studies).[6] A remarkable number of these patients presenting with headache,
42 (8.5%; 95%CI: 6%-11%) had relevant abnormalities of their ocular fundus: 12 had disc
edema, 9 had optic nerve pallor, 6 had grade 111/1V hypertensive retinopathy, and 15 had
isolated retinal hemorrhages. Thirty (71%) of these abnormalities were among patients with
an isolated complaint of headache, and among the 34 patients with abnormal ocular fundi
who had brain imaging, 14 (41%) had normal imaging studies. These findings emphasize
that examination of the ocular fundus remains relevant regardless of whether there are other
“red flags” in the patients’ presentation and even in in the current era of neuroimaging.

Several patient features were independently associated with an increased likelihood of
abnormalities: body mass index =35 kg/m? (odds ratio [OR]: 2.3, p=0.02), younger age (OR:
0.7 per 10 year increase, p=0.02), and higher mean arterial blood pressure (OR: 1.3 per 10
mmHg increase, p=0.003). Furthermore, each of these risk factors were associated with one
or more of the specific ocular fundus findings: younger age (OR 3.2 per 10 year age
decrease, p=0.002) and BMI =35 kg/m? (OR 1.3, p=0.045) with optic disc edema; higher
mean arterial pressure (OR 1.5 per 10 mmHg increase, p=0.0002) with intraocular
hemorrhage or grade I11/1V hypertensive retinopathy; and BMI =35 kg/m2 (OR 1.5, p=0.03)
with optic disc pallor.
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The finding of more fundus abnormalities in younger headache patients suggests that the
presence of ocular fundus abnormalities are important in identifying a key subset of younger
patients with secondary headaches since secondary headaches are generally more common
in older individuals. A finding of optic disc edema or optic disc pallor in a patient with
headache is most concerning for disorders of intracranial pressure or compression of the
anterior visual pathways, and either should prompt an urgent evaluation for the underlying
etiology in a patient without a known cause.

However, remarkably, the largest group of ocular fundus abnormalities detected in patients
with headache was isolated retinal hemorrhages (36%), which based upon other evidence are
most likely attributable to systemic hypertension.[13,14] When these hemorrhages are
combined with the 14% of patients with grade I11/1V hypertensive retinopathy, it appears
that about half of the relevant ocular fundus abnormalities occurring in headache patients
presenting to the ED are attributable to elevated blood pressure. This suggestion initially
appears to be in conflict with large, well-conducted, population-based studies and the
consensus of the International Headache Society that no association exists between mild to
moderate hypertension and headache.[15,16] However, headache is a common presenting
symptom of hypertensive urgency and other studies have associated more severe
hypertension with headache suggesting that this is not a coincidence in the ED setting.[17]
Neurologists who evaluate headache patients should be mindful of the potential that
hypertension may be a relevant factor, particularly in the ED or other acute setting, since
hypertension is treatable and may not only result in a improvement for the patients’
presenting problem but address an important cause of morbidity and mortality.

Cerebrovascular disease

Another area where non-mydriatic ocular fundus photography may be valuable for
neurological care in the ED is to assist with the risk stratification of patients presenting with
suspected transient ischemic attack (TI1A) or stroke. As discussed by Cheung et a/. in this
issue, it is known that retinal microvascular abnormalities are strongly associated with the
long-term risk of stroke, but the value of ocular fundus examination remains less clear in the
prediction of short-term events (e.g., stroke within the first few weeks or months after a TIA
presentation).[18] However, ocular fundus abnormalities may represent underlying
cerebrovascular injury in patients presenting with neurological symptoms. If so, acute
microvascular fundus abnormalities would have a role analogous to that of diffusion
weighted magnetic resonance imaging (DWI) abnormalities in determining the presence of
acute cerebral ischemia.[19]

In the FOTO-ED study, 257 patients had the presenting complaint of focal neurologic
deficits,[7] of whom 81 (32%) had cerebrovascular disease (CVD) and 144 (56%; 95%Cl:
50-62%) had retinal microvascular abnormalities. Controlling for the commonly used
ABCD?2 score and diffusion weighted imaging (DWI) abnormalities, a certain severity of
focal and general retinal arteriolar narrowing increased the odds of clinically diagnosed
CVD vs. an alternative cause of the focal neurologic symptom by 5.5 and 2.6 times,
respectively.
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Notably, when examining the patients with TIA vs. non-CVD diagnoses based on masked
neurologist review (i.e., excluding the patients with stroke), the presence of retinal
microvascular findings significantly improved the discrimination of TIA vs. non-CVD after
controlling for the ABCD? score. If these findings bear out in larger studies, fundus
photography could provide valuable assistance in the difficult task of separating TIAs from
their mimics in the acute setting. Indeed, based on these early results, we have initiated a
federally-funded, multi-hospital prospective cohort study designed to further evaluate these
findings and to determine whether ocular fundus abnormalities are valuable for acute risk
assessment in patients presenting with suspected TIA and minor stroke.

Conclusions

There are significant challenges to the adequate, consistent examination of the ocular fundus
with direct ophthalmoscopy that non-myadriatic ocular fundus photography helps to
overcome. However, one particular concern with fundus photography is the price of the
camera (about $20,000 to $25,000) compared to a direct ophthalmoscope ($100-$500).
However, the high risk of poor patient outcomes with associated medico-legal actions,[2,20]
the ease with which digital images can be shared with experts via telemedicine when
diagnostic uncertainty exists,[21] and the difficulty of improving direct ophthalmoscopy
education (another topic addressed in this issue[22]) to a level where ophthalmoscopy would
be sensitive enough in frontline clinical care[23,24] suggest the benefits already outweigh
the monetary costs, particularly in settings, such as an ED or a large outpatient clinic, where
the camera can be shared among multiple providers. Furthermore, more portable and less
expensive devices are already in development, and as adoption increases, it is likely that
prices will continue to go down.

These increasingly portable devices will also allow us to evaluate patients who are too ill or
too young to sit at the camera, and many of these devices can also capture video for the
assessment of dynamic phenomena (e.g., spontaneous venous pulsations). Ongoing scientific
and technological progress in imaging science and engineering will ultimately lead us to an
ideal “digital ophthalmoscope” that will hopefully be in the little black bag of every
neurologist.
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Figure.
Normal non-mydriatic ocular fundus photograph with inset showing typical field of view of

a direct ophthalmoscope.
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