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Abstract

Purpose of Review The ocular fundus reveals a wealth of pathophysiological findings which should change patient manage-
ment in the emergency room (ER). Traditional fundoscopy has been technically challenging and diagnostically inaccurate,
but technological advances in non-mydriatic fundus photography (NMFP) have facilitated clinically meaningful fundoscopy.
This review presents an update on the literature regarding NMFP and its application to the ER, illustrating pivotal publica-
tions and recent advances within this field.

Recent Findings NMFP’s application in the ER is demonstrably feasible and seamlessly integrates into emergency physicians’
(EP) diagnostic workflows in a clinically meaningful and time efficient manner. The images of the ocular fundus (OF) gener-
ated by NMFP are consistently high quality, allowing a greater diagnostic accuracy to EP and ophthalmology interpreters
alike. Digital NMFP images facilitate effective ophthalmology input via telemedicine to review the images in the ER. NMFP
has been shown to change management decisions in the ER, improving patient and departmental outcomes. Interpretation of
fundus images remains a medical education challenge, and early research highlights the potential for artificial intelligence
(AI) image systems of NMFP to augment image interpretation in the ER.

Summary NMFP can change the ER approach to OF assessment, however the factors limiting its routine implementation
need further consideration. There is potential for Al to contribute to NMFP image screening systems to augment EPs diag-
nostic accuracy.

Keywords Non-mydriatic fundus photography (NMFP) - Emergency physician (EP) - Emergency room (ER) - Direct
ophthalmoscopy (DO) - Diabetic retinopathy (DR) - Ocular fundus (OF)

Introduction view of the OF since its first iterations [1]. Within the field
of ophthalmology the OF assessment has evolved to incorpo-

Since the 1800s, examination of the ocular fundus (OF) has rate a range of modern investigational modalities [2], how-

largely been conducted with the aid of the direct ophthalmo-
scope. This technology has remained relatively unchanged
since its inception, offering minimal improvement to the
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ever in the non-ophthalmic setting direct ophthalmoscopy
(DO) is still the most prevalent examination tool available
[3]. DO presents many barriers to use for non-experts, such
as the restricted 5-degree view of the retina [4] that is both
technically and practically challenging to conduct, interpret,
teach, and assess inter-rater reliability [5]. Non-ophthalmic
physicians have low-levels of confidence in interpreting fun-
doscopic signs [6-8], ultimately limiting DO’s diagnostic
value [9-11]. For these reasons, the examination of the OF
has been effectively removed from the non-ophthalmic phy-
sicians repertoire of patient assessment skills [12].

The OF is a critical assessment to complete a comprehen-
sive physical examination across many disciplines where a
range of systemic inflammatory [13], medical, and neuro-
logical [5, 14] pathology can be manifest, often heralding
more serious disease or progression of illness [15]. This
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is particularly relevant in the emergency room (ER) set-
ting, where early and accurate detection of disease entities
guides ER work up, improves quality of care, and facilitates
timely management [16]. Fortunately, recent technological
advances with the development of non-mydriatic fundus
photography (NMFP) in the last decade have been shown to
offer a superior alternative to DO in many non-ophthalmic
settings [9] addressing many of these hurdles. The use of
NMEFP in the ER has the potential to shift the paradigm of
OF examination and return fundoscopy to a valuable com-
ponent of clinical assessment, simultaneously improving
patient outcomes and departmental flow.

This review provides an update on the use of fundus pho-
tography in the ER setting, emphasising recently published
literature whilst acknowledging the important context pro-
vided by landmark publications and highlighting the poten-
tial for improved patient outcomes.

Foundational Studies: Establishing NMFP
inthe ER

Landmark studies which first showed that NMFP was an
optimal technique for OF examination in the ER continue to
serve as guiding principles for evaluating the data, analys-
ing use, and shaping current understanding of NMFP in this
setting. These pivotal studies provide an ongoing valuable
framework for assessing the feasibility, effectiveness, and
potential impact of this relatively new field in the world of
Emergency Medicine.

The FOTO-ED studies in particular have been instrumen-
tal in demonstrating the practicality and benefits of NMFP
in ERs. These landmark studies were conducted in Atlanta,
Georgia (USA). ‘FOTO-ED Phase I’ was the first of a three-
phase series of studies directed at determining the feasibility
of NMFP use in the ER [12]. This phase enrolled patients
presenting to an adult ER with inclusion criteria of head-
ache, acute visual change, neurological deficit, or diastolic
blood pressure > 120 mmHg. NMFP images were taken in
350 eligible patients by a nurse practitioner trained in use
of the camera, with 83% of enrolled patients having at least
one diagnostic image, and only 3% had no images of any
diagnostic value. Despite emergency physicians (EP) being
aware of the audit, just 14% of these patients had ocular
assessment with DO performed as routine clinical care, dem-
onstrating just how underutilised OF assessment is in the
ER. This study highlighted several critical features of NMFP
which contribute to its feasibility in the ER setting. Notably,
NMFP provides a 45-degree wide view of the retina without
needing to dilate the pupils pharmacologically, and is a rela-
tively low-cost piece of equipment [17]. NMFP can be per-
formed by non-physician staff members with minimal train-
ing [12], reducing the burden on constrained physician/ER
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doctor resources. The median image capture time per patient
was 1.9 min, and was highly acceptable for patients. Of the
enrolled patients 44/350 (13%) had relevant OF pathology,
only 6 (2%) had been detected by clinical DO.

The FOTO-ED studies came in the setting of several
law-suits where serious OF pathology was missed because
the physicians had not done fundoscopy [18]. Therefore,
the second phase of the FOTO-ED studies was directed at
determining the diagnostic accuracy and use of NMFP by
ER physicians. This study [9] enrolled patients with the
same inclusion criteria, and captured images according
to the same protocol as FOTO ED I. NMFP images were
then immediately placed in the patient’s electronic medical
record, and EPs were alerted to completed case report forms
for their patients. 354 patients were enrolled, of which 35
(10%) had relevant pathology. Compared to the reference
standard of ophthalmologist review of NMFP images, EPs
had a 46% sensitivity and 96% specificity. By comparison
EPs use/non-use of direct ophthalmoscopy had 0% sensi-
tivity for fundus pathology. Whilst demonstrating quite
marked deficits in EP detection and interpretation of OF
pathology, the use of NMFP was shown to significantly aid
EPs diagnostic acumen without any further training. More
than one-third of the images were deemed useful by EPs,
either in identifying abnormalities or excluding other rel-
evant pathology.

The third phase of the FOTO-ED study [19] aimed to
address limitations identified in the earlier phases, par-
ticularly the need for improved interpretation skills among
EPs. Implementing web-based training programs, the study
involved 587 patients but yielded disappointing results.
There was no significant change in NMFP review rates,
with EPs reviewing 45% of patients' images before training
and 43% after. Surprisingly, the ability to correctly iden-
tify abnormalities slightly decreased from 67 to 57% post-
training, and while identification of normal cases marginally
improved from 80 to 84%, this was not statistically signifi-
cant. The study's outcomes uncovered that there was not an
easy fix to improving non-expert’s ability to interpret NMFP
which posed a challenge to the effective implementation of
NMFP in ER settings. This unresolved challenge points to
the need for innovative training methods or systemic changes
to bridge the gap between the potential of NMFP and its
practical application in emergency medicine.

NMFP Technologies: A Comparative Review

The range and number of NMFP technologies has signifi-
cantly expanded in recent years with tabletop devices con-
sidered the gold-standard of NMFP [11]. The limitations of
table-top devices include the requirement for unwell patients
to mobilise to the assessment area as well as the significant



Current Neurology and Neuroscience Reports (2025) 25:30

Page3of12 30

expense in comparison to alternative handheld devices (see
Fig. 1A) which allow for patients to be examined at the bed-
side (See Fig. 1B). Das et al [20] compared four different
handheld NMFP devices with a tabletop NMFP device in
both non-mydriatic and mydriatic conditions. They noted
that the handheld device had excellent rates of image acqui-
sition, the same as the table-top device (100%). Image qual-
ity, optic disc gradability, and vascular morphology grada-
bility were comparable with, and in some cases superior to
the tabletop device. Handheld NMFP has consistently cap-
tured high-quality images of diagnostic utility in a simple
to operate, non-invasive and versatile manner when used in
an ER setting.

Alternate NMFP technologies including smartphone fun-
doscopy and smartphone-integrated handheld devices, along
with aforementioned handheld NMFP devices, provide simi-
lar advantages over table-top devices. A growing body of lit-
erature reviews the use of integrated smartphone-attachment
NMFP technologies and their clinical applications. Lord
et al [21] were the first to demonstrate how fundus images
could be captured using smartphone attachments. This pro-
vided the basis for the majority of portable phone-attached
NMFP technologies now in existence [22, 23].

While smartphone fundoscopy currently has a smaller
field of view to NMFP, it shows promise as a valuable tool
in overcoming the technical challenges of DO and reducing
the barriers to learning and integrating fundoscopy in clini-
cal practice. A randomised crossover trial of 146 medical
students compared various fundoscopy modalities, including
a tabletop non-mydriatic fundus camera; two types of direct
fundoscopy; and three types of smartphone fundoscopy and
found smartphone fundoscopy was perceived as more useful
and easier to use than other modalities [24].

The FUNDUS study (Fundoscopy Use in Neurology
Departments and the Utility of Smartphone Photography)
was a prospective, randomised crossover study comparing
the effectiveness of a handheld NMFP device and smart-
phone fundoscopy (SF) with standard care using tradi-
tional direct ophthalmoscopy (DO) for detecting fundus

Fig.1 A Conventional fundus
photography in clinical practice,
and; B Portable non-mydriatic
fundus photography at the
patient bedside in an emergency
department

pathology in neurology inpatients [14]. Both devices
showed superior performance compared to DO, which
was rarely performed and missed all abnormalities. NMFP
images generated slightly better diagnostic accuracy, with
neuro-ophthalmologist review achieving 45% sensitivity
for OF pathology. Comparatively, neuro-ophthalmologist
grading of smartphone fundoscopy images achieved a sen-
sitivity of 40%. These results suggest that both NMFP and
SF outperformed DO, with NMFP having superior diag-
nostic performance over SF.

Hafiz et al [25] recently published their study of a new
portable, handheld NMFP device designed for use in con-
junction with smartphone technologies, allowing for wide-
view OF images to be taken using a smartphone camera.
Comparable smartphone based NMFP technology with
video-based image capture capabilities, and inexpensive
smartphone camera attachments have also been described
[26]. A number of newer devices, namely the Remidio
NM-10, are designed as handheld devices for bedside
NMFP, but have smartphone connectivity for image cap-
ture [27]. There are also bench/desktop NMFP devices
leveraging smartphone attachment technology to harness
what is currently regarded as the gold standard in image
capture capabilities [20]. These smartphone-integrated
NMFP technologies have implications for use in telemed-
icine and applications in resource-limited situations and
models of care, however further research validating this
for real-world use is necessary [28].

It is important to note that the use of smartphone-based
fundoscopy and other mobile health applications raises
significant privacy concerns, as these devices can poten-
tially collect and transmit sensitive patient data. In some
health systems these devices are not approved for use for
these reasons and at the very least their use necessitates
robust security measures and transparent privacy policies
to protect users' personal health information.

The advantages of the handheld devices have meant they
are frequently the preferred devices utilised in published ER
studies, and therefore predominate this review.
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NMFP in the ER: Assessing Feasibility &
Clinical Value

ER workflow prioritises speed and efficacy [29], where patients
are ideally triaged, assessed, and appropriately referred within
a narrow time-frame [30]. EPs have to effectively manage
their time across a diverse range of patient presentations, and
apply rapid decision-making processes. It is in this context that
NMEP offers advantages for improved ER fundus assessment.

A key investigation using cross-sectional analysis con-
ducted in two Australian metropolitan ERs, implementing both
desk-top and hand-held NMFP technologies [11]. This study
prospectively enrolled 345 patients with presenting complaints
warranting fundoscopic assessment. NMFP image quality was
graded as ‘high’ in 89% of patients. Although there was no dif-
ference in the rate of image quality detected between tabletop
and handheld NMFP devices, the handheld device was better
utilised. The reported median image acquisition of just 2 min
illustrating the efficiency of NMFP in the busy ER environ-
ment. These findings, along with further research undertaken
in regional Australia [10-12, 31, 32] validated and extended
the findings of the FOTO ED phase II [31] by clearly demon-
strating how NMFP optimises ER decision-making processes,
and facilitates a better use of healthcare resources. These
results established NMFP as not simply a feasible and easily
integrated, diagnostically superior alternative to DO in the ER,
but as a screening tool capable of driving improved patient and
departmental outcomes in this setting.

These findings align with other studies that have shown
the feasibility and efficiency of NMFP. Teismann et al [32]
enrolled 123 eligible ER patients, of which 93 (75.6%) had
one or more diagnostically useful images with the application
of handheld NMFP. Patients ranked their comfort to a mean
score of 4.6/5 with the NMFP examination process, and mean
elapsed time to complete photography was 109.6 s (~1 min
50 s). Despite its limited sample size, these findings were
congruent with FOTO-ED phase I [12] and other studies [9,
10, 33, 34]. The ease-of-use in non-ideal settings, for instance
in high ambient light and bedside examination of immobile or
uncooperative patients, positions handheld NMFP for success
in the chaotic ER environment (see Fig. 1). NMFP operation
can be rapidly taught to non-physicians without a compromise
on image quality [12, 35], making it more feasible to generate
capacity within an ER department for implementation.

NMPF and the Emergency Physician:
Performance, Accuracy, & Interpretation
Despite fundoscopy potentially providing a useful diagnos-

tic tool, without the confidence in their skills to examine
the OF, EPs often resort to other more time-consuming
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investigations to exclude serious pathology. Teismann et al.
observed EPs conducted DO of their own accord for 19
(15.4%) of the eligible patients enrolled in the study. Anec-
dotally, from the study by Dunn et al., EPs were found to be
using the NMFP whilst on ER night-shift for 17/264 eligible
patients, and never using DO [10]. It has been shown that
ophthalmic skillsets decline without regular practice [7, 36],
and the difficulties associated with DO are a clear impedi-
ment to maintaining OF interpretation skills. Indeed, when
using DO, EPs have been shown to demonstrate sensitivity
of 0% and specificity of 47% for OF pathology [10]. NMFP
offers an easier way to examine the OF, and EPs are thus
more likely to incorporate it in their patient work-up.

When using NMFP images, EPs had a sensitivity of
42% and specificity of 82% for detecting urgent pathology
[11]. Other key studies document sensitivities ranging from
29-46%, and specificities between 82-96% [9, 10]. Of note,
EPs were more prone to missing OF pathology (false nega-
tive rate of 71%) compared to over-diagnosing normal retina’s
(16.5%), highlighting a particular deficit in detection of clini-
cally relevant findings [10]. These studies establish both the
diagnostic advantages of NMFP when utilised in the ER set-
ting, yet the ongoing shortfalls in EPs’ OF interpretation skills.

Bruce et al. conducted a web-based in-service educational
training program delivered to 14 EP care providers[19]. This
brief 30-min educational tool did not show significant benefits
in increasing EPs diagnostic acumen for either normal and
abnormal ocular fundi (65% pre vs 71% post-training, p=0.06),
and there was no difference in diagnostic accuracy between
trained and untrained EPs. However, it was shown that EPs
trained in OF pathology detection reviewed a greater number
of NMFP images in the clinical setting (45% vs 35%, p=0.03).
This suggests that increased exposure to NMFP images may
naturally increase its clinical uptake, further research is required
to better understand how to improve OF interpretation skills.
Other studies have shown promise in using e-learning to
improve fundus interpretation [37, 38] including an e-learn-
ing program which improved medical students' accuracy in
interpreting patients’ optic discs in a randomised trial (mean
improvement 4.5%: 95%CI 3.7-5.2%, p<0.001) [39].

In the absence of further education, the direct crossover
of DO to NMFP respectively showed that EPs’ detection of
acute fundus pathology improved from 0 to 29% sensitivity,
and 59% to 84%, validating the findings of the FOTO-ED
studies [10-12, 31, 32].

NMFP in the ER: Moving From Research
to Routine Use

Despite the clear ER benefits of NMFP screening proto-
cols, integration of NMFP screening protocols in ERs world-
wide remains limited. Ensuring the uptake of NMFP by ER
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doctors and clinical care providers is important for improv-
ing patient outcomes, however there are limited studies
investigating how NMFP can be better utilised and imple-
mented by EPs. While supporting EPs diagnostic interpreta-
tion of NMFP images through teaching and education may
itself drive technological uptake, there remains a significant
gap between the demonstrable benefits of NMFP use within
the ER, and its actual implementation and utilisation across
ERs [8]. Qualitative research into fundoscopy, including in
the ER, found that there were medical cultures of accepted
incompetence in fundoscopy, misperceptions of senior clini-
cian disapproval, and that education should focus at critical
stages of training and practice to shift clinicians’ perceptions
of the clinical utility or futility of fundoscopy [8].

Current and recent implementation studies have built
upon the foundational work of landmark and key studies,
exploring the challenges and strategies for integrating NMFP
into ER workflows. Berman et al. recently published a qual-
ity improvement project utilising Kotter’s 8-Step Change
Model to successfully implement a non-mydriatic fundus
camera combined with optical coherence tomography
(OCT). This approach resulted in sustained use, with 1,274
patients imaged over the course of a year, substantiating its
viability as a diagnostic tool in a non-ophthalmic setting.
This project was led by highly influential figures in this field,
a level of leadership and expertise that is not universally
available, thus representing a limitation to the generalisabil-
ity of this implementation process. Additionally they used an
embellished and expensive tabletop device, the drawbacks
of which have been previously discussed. These limitations
underscore the need for further exploration and in depth
examination of implementation processes for NMFP [40].

The authors of this review have conducted unpublished
mixed-methods investigations into the implementation of
NMFP in the ER [41]. Preliminary analysis suggests key
barriers to the uptake of NMFP include limited integration
of NMFP images with electronic patient management sys-
tems, ER workflow habits and culture which bypass fundos-
copy in patient work-up, low EP awareness of the utility of
NMEFP, and constantly evolving ER workforces with high
staff-turnover. It was also apparent that EP’s confidence
in interpreting normal and abnormal OF would naturally
improve with more regular, high-quality exposure to the OF
itself, which a fully-implemented NMFP screening proto-
col provides. Further research is required to identify ways
to facilitate large-scale implementation of NMFP into ERs.

Despite the seminal work in the first phase of FOTO_ED
illustrating the effectiveness of nurse practitioners in obtain-
ing high-quality NMFP, much of the literature on education
and implementation relating to this in ER remains focused
on medical/physician led imaging and training [12]. Even
implementation projects that claim to use multidisciplinary
approaches appear to have a doctor-centric perspective [40],

overlooking the potential for broader nursing involvement in
assessment and care delivery as is seen in the use of NMFP
in the diabetes space [42].

Improving Patient outcomes: The Role
of NMFP in Identifying Pathology & Impact
on Patient Management

Excluding ‘red-flag’ or life-threatening pathology is imper-
ative in ER patient assessment and management. This
depends on the ability to rapidly detect critical illness, whilst
also excluding important differential diagnoses to appropri-
ately guide investigations and management. In validation
of the FOTO-ED studies multiple studies mentioned in this
review reinforce the clinically significant proportion of fun-
dus pathology found in 10-16% of relevant ER presentations
[9-12, 32], underlining the relevance of improved ocular
assessment and screening protocols. Manifestations of oph-
thalmic and systemic conditions found are listed in Table 1.

In a prospective, crossover management impact study,
Dunn et al [10] were the first to demonstrate a clear impact
on EP decision-making processes with the inclusion of
NMFP images in patient assessment. They determined that
implementing NMFP resulted in a meaningful change to
management for 39% of 133 ER patients. Of these patients
with a change in management after NMFP was shown to
EPs, 34 changes (65%) involved escalation of management
with additional investigations, referrals, or hospital admis-
sions due to abnormal fundus findings; while 18 (35%) were
de-escalations of management with less investigation or
intervention made on the basis of normal fundus findings
(see case vignette).

Biousse et al. published interim findings of an ongoing
study evaluating the short-term impact of NMFP imple-
mented in a busy metropolitan quaternary ED setting [43].
This is a prospective investigation, accumulating NMFP
images from patients presenting to the ER with visual com-
plaints, headaches, neurologic symptoms, “papilledema”, or
hypertensive crisis. In its first four months, 385 patients had
NMFP images taken. The photographs were interpreted via
a telemedicine model, with remote ophthalmology review
of images. NMFP images were found to accelerate the man-
agement and disposition of patients with acute pathology
in 56.3% of enrolled patients, including 13 cases of acute
central retinal arterial occlusions, 5 of giant cell arteritis, and
44 of papilledema. This ongoing study emphasises the ER
workflow benefits offered by NMFP screening protocols—
reducing length of stay, increasing the speed of diagnosis,
and expediting relevant management for vision or life-threat-
ening pathology. This study is continuing, with data to be
collected for a total of 9 months.
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The prevalence of fundoscopic pathology amongst rel-
evant ER presentations seems similar across studies in the
US, as well as in Australian metropolitan and rural ERs
(see Fig. 2). This fundal pathology has clinical prognos-
tic importance, as Bruce et al. found that abnormal fundus
photographs on ER presentation were associated with a two-
fold increase in subsequent hospital admission and four-fold
increased rate of all-cause mortality [44].

Telemedicine and NMFP: Enhancing ER
Consultations

Telemedicine is the use of a structured clinical interaction,
conducted whilst physically separated from the patient using
various technological platforms in order to provide inter-
view or examination information to a consulting provider
as well as diagnostic or treatment information to a patient.
The potential benefits of integrating telemedicine into ER
settings include improved access to specialist care. This can
lead to faster diagnosis and more appropriate treatment plans
for patients. Additionally, telemedicine may reduce length
of stay by facilitating quicker decision-making processes
and improving resource allocation within the ER. There are
also limitations associated with implementing telemedicine.
Adequate infrastructure is essential for successful integra-
tion; this includes reliable internet connections and suitable
hardware, software, and IT support. Data security concerns

must also be addressed to protect sensitive medical data
transmitted during consultations. Furthermore, legal and
ethical considerations such as practitioner licensing require-
ments across jurisdictions need careful consideration and
management.

The demonstrated feasibility of NMFP in emergency
room settings, with its ease of use, time efficiency, and
high-quality image capture, combined with the issue of EP
interpretation shortfalls, lends itself to integration with tel-
emedicine applications, offering potential for remote expert
consultation and improved patient care.

There are multiple models of ophthalmic care that can
be provided, which fall into two major categories pertinent
to the ER setting: synchronous, asynchronous, and hybrid
of these two categories [45]. Synchronous telemedicine
consists of real-time video/telephone clinical interactions,
whereas asynchronous telemedicine uses store and forward
review to specialty ophthalmology of images, video, or
other clinical information without a real-time in-person
interaction [46]. Telemedicine has found many applica-
tions within the ER, particularly in the field of stroke [47],
and there is significant scope to expand this in the field of
ophthalmology.

To the authors knowledge, no formal assessment of syn-
chronous telemedicine using NMFP has been conducted in
the ER. The static images captured during NMFP examina-
tion lends itself to an asynchronous model of telemedicine
review and these asynchronous models of care may be a
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more feasible approach for NMFP implementation in the
ER. Asynchronous telemedicine opens the possibility of
remote review to a larger pool of ophthalmologists who
would otherwise be too busy for synchronous telemedi-
cine. One study used a telemedicine NMFP image review,
in which images taken from a rural Australian ER were
reviewed within 48 h by the on-call ophthalmology reg-
istrar, and subsequently the consultant ophthalmologist
unless deemed urgent by the EP [10]. In this process, there
were several patients with ocular pathology identified who
then had a streamlined outpatient ophthalmology follow-
up. Whilst not a primary outcome of this study, this asyn-
chronous telemedical care model was safe, and improved
patient outcomes. The majority of studies included in this
review used similar processes, with formal review via off-
site consultant ophthalmology, validating this asynchro-
nous approach as feasible, appropriate, and safe [10-12,
31, 34]. Regardless of the mode used, synchronous or
asynchronous,, patients will require pathways for in-per-
son evaluation when necessary; thus any implementation
requires forward planning to ensure adequate referral net-
works are established beforehand [10-12, 31, 34].

Expert Eyes

When comparing the diagnostic accuracy of NMFP use by
EPs to that of experts such as ophthalmologists, and neuro-
ophthalmologists, the literature reveals some notable differ-
ences. Whilst many articles look at NMFP in ER and com-
pare EPs interpreting ability to experts, they do not explicitly
compare expert consultant review of NMFP imaging to
other standards [9, 11, 12, 32]. Bursztyn et al. demonstrated
that consultant ophthalmologist review of handheld NMFP
images can achieve sensitivities for papilloedema between
72-92% when compared to clinical examination [35]. In
a systematic review, the sensitivity and specificity of the
variety of handheld NMFP devices was analysed [48], it
found across all ocular pathology, handheld NMFP devices
with expert image review facilitated a sensitivity of 85% and
specificity of 91% when compared to expert examination
using a non-NMFP gold standard. The disparity in diagnos-
tic accuracy between EPs and experts, the latter achieving
consistently higher performance due to their expertise have
led to the general consensus in the literature that NMFP offer
acceptable levels of diagnostic accuracy when reviewed by
ophthalmologists who are supporting the EPs interpretation
[11, 31, 46].

A gap in the research exists in evaluating the efficacy of
NMFP implementation in ER settings where expert review
is unavailable, even via telemedicine. This could include
situations such as rural and remote location, or environments
where ophthalmology specialists are reluctant to participate

@ Springer

in the process. Further investigation is needed to determine
whether NMFP remains a valuable tool in these more ambigu-
ous contexts.

NMFP Beyond the ER

The advantages of NMFP extend beyond its applications in
the ER, it is already a valuable tool used in various clinical
settings. It's utility has been established in DR screening
[49], neurology and outpatient medicine [14, 50, 51], and
general practice [52].

In neurology, the FUNDUS study discussed earlier
relating to its comparison of devices, is a prospective
cross-sectional surveillance and diagnostic accuracy study
of adult neurology inpatients [14]. It highlighted NMFP's
potential finding that 14% (95%

CI 7.3-23.8%) of the 79 enrolled patients had neuro-
logically significant fundus.

pathology. Notably, DO was performed by the neurology
team in only 6.6% of cases, and all abnormalities were missed.

NMFP is increasingly used in DR screening programs,
mirroring the feasibility and efficiency seen in ER applica-
tions [53, 54]. The integration of NMFP into these screen-
ing programs has shown great promise, particularly in
nurse-led initiatives. Fernandez-Gutiérrez et al. [42] found
that primary care nurses performing fundus photography
for DR screening had adequate knowledge of the condi-
tion, and good agreement with ophthalmologists regarding
screening decisions, reinforcing the viability of nurse-led
screening programs. In their study, the agreement rate for
screening results between nurses and ophthalmologists
was 90%. These efforts have improved access to screen-
ing and early detection of DR.

The Diabetic Retinopathy Screening at the Point of
Care (DR SPOC) initiative [55] exemplifies non phy-
sician led approach by integrating portable technolo-
gies within existing services in high-risk tertiary clin-
ics. A high prevalence of previously undiagnosed DR
and vision-threatening DR was found among patients
attending foot ulcer and integrated care diabetes clin-
ics in Western Sydney. In the 273 patients, 39.6% had
some DR, while 15.8% had vision threatening DR, of
whom 59.3% and 62.8% were previously undiagnosed,
respectively [55]. While NMFP alone had limited sensi-
tivity in their study, the DR SPOC initiative highlights
the potential of point-of-care DR screening to enhance
detection, particularly when combined with mydriasis.
It was emphasised that portable, mydriatic photography
demonstrates potential as an easily accessible model of
care targeted for high-risk populations.

While NMFP has proven to change outcomes in a mul-
titude of clinical settings, further research is needed to
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explore its potential in primary care settings such as gen-
eral practice. Additionally, investigating the collaborative
implications of its widespread use in optometry could pro-
vide insights into how NMFP has expanded access to eye
care for patients with diabetes and other conditions.

An Eye to the Future: Transforming
Emergency Care

New frontiers with artificial intelligence (AI) systems
designed to review and report medical images are now
being applied to NMFP image databases to aid rapid NMFP
image assessment. These Al systems often utilise deep
learning algorithms, particularly convolutional neural net-
works which have shown remarkable performance in image
recognition [56]. They are especially effective in medical
image analysis, as they can automatically learn and extract
necessary features for efficient image interpretation [57].
Acknowledging the limitations of Al based systems is cru-
cial. Bias in training data can lead to skewed results, particu-
larly if the data lacks diversity or is not a true representation
of a patient population. Additionally the lack of transparency
in Al decision making processes, often referred to as the
‘black box’ problem, can make it difficult for clinicians to
understand and trust Al outputs [58].

Biousse et al. [59] recently published early data from their
brain and optic nerve study artificial intelligence (BONSAI)
deep learning system, applied to 1608 NMFP images taken
from 828 patients obtained during the FOTO-ED studies.
The preliminary data shows that the BONSAI deep learn-
ing system reliably identified papilloedema from normal
and others with sensitivity of 84% (specificity 98.9%), and
abnormal optic discs from normal with sensitivity 75.6%
(specificity 89.6%) when compared to reference.

This highlights the potential for deep learning systems to
augment NMFP image interpretation within a screening sys-
tem, and potentially help in the decision-making processes
which further benefit patient and departmental outcomes.
The United States Food and Drug Administration recom-
mended a threshold of 85% sensitivity, and 82.5% specificity
for the approval of Al screening tools for DR [60]. Applied
to ER-captured NMFP images, it is clear such diagnostic
aids are becoming increasingly feasible for implementation.

Al diagnostic support should reduce human diagnostic
error, and overcome some barriers to broader implementa-
tion of NMFP in the ER, however the need remains for cli-
nicians to upskill in fundus interpretation to crosscheck Al
outputs, and to integrate fundus findings into patient-specific
clinical management. The ideal mix of clinician education,
telemedicine and Al required to optimise clinical integration
of NMFP in the ER will be an evolving research and policy
question as these technologies mature. Optical coherence

tomography (OCT) is another OF assessment tool, which has
potential to be combined with NMFP screening in the ER to
offer improved diagnostic acumen for retinal pathology [61].
However this is an early field and health-economic research
is needed to clarify its potential.

Conclusions

Non mydriatic fundus photography is a superior alterna-
tive to direct ophthalmoscopy for ocular fundus examina-
tion by the non-ophthalmic clinician, offering consistent
and improved detection of pathology. There is now a wide
array of non-mydriatic technologies available, all offering
advantages to direct ophthalmoscopy in the emergency room.
Limited emergency physician diagnostic accuracy for fundus
pathology means ophthalmological oversight is still optimal
in the diagnostic process, however handheld non-mydriatic
cameras also lend themselves to integrated, asynchronous
telemedicine models of care. Non mydriatic fundus photogra-
phy screening protocols have been shown to impact manage-
ment decision-making, improving patient outcomes. Ongoing
research and implementation efforts are required to improve
the uptake of non-mydriatic fundus photography screening
protocols in the emergency room, help educate emergency
physicians in fundus interpretation, and integrate emerging
possibilities from artificial intelligence-driven diagnostic
tools for non mydriatic fundus photography screening pro-
tocols in the emergency room.

Clinical Vignette

During the data-collection phase of Dunn et al. [10] study
on the impact of NMFP screening on ER-management of
patients, a 6 year old patient (ultimately excluded from ana-
lysed data due to age-related exclusion criteria) presented
having had several months of intermittent headaches, and
occasional vomiting. She had presented to local ER services
one month into these symptoms, and was sent home with-
out a fundoscopic examination, with symptoms ascribed
to a recent viral illness. On subsequent presentation to ER
with now new blurred vision in her left eye, fundus images
were taken using the handheld non-mydriatic fundus camera,
revealing bilateral moderate to severe papilloedema (See fig-
ure). This led to an urgent paediatrics consult and MRI brain,
showing a large brainstem mass with midline shift, for which
the patient was urgently transferred for neurosurgical resec-
tion of the mass. This case epitomizes the important pathol-
ogy that can be missed in the absence of appropriate ocular
fundus screening/examination protocols in the ER setting and
highlights the important gap in ocular assessment that NMFP
screening can fill (Fig. 3).
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Fig. 3 Macula-centred non mydriatic fundus images taken from the paediatric patient on presentation to the emergency room, A right eye; B left
eye
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