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Abstract

A patient presented with acute onset of double vision during the start of the COVID-19 pandemic when elective medical
care was restricted. Initially declining an in-person evaluation, she was examined using a telehealth video visit, incor-
porating multiple technological modalities to ascertain ophthalmic examination elements. Her findings prompted emer-
gent neuroimaging, revealing a giant internal carotid artery aneurysm, which was successfully embolized to prevent
debilitating and possibly fatal intracranial haemorrhage. This case report illustrates the successful use of telemedicine and
remote patient data acquisition to make a life-saving diagnosis.
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Introduction

Double vision, or diplopia, can arise from a host of
diseases ranging from benign to life-threatening.'
Broadly speaking, monocular diplopia (when there is
double vision when only opening one eye) generally
arises from benign conditions limited to the eye itself,
such as refractive errors, cataracts, retinal disease, or
even ocular surface issues such as dry eye. Binocular
diplopia, when double vision occurs only with both
eyes open (i.e. it disappears when one eye is covered),
arises from eye misalignment. This can result from
benign causes such as decompensated phorias, conver-
gence insufficiency, or divergence insufficiency.
However, binocular diplopia can also result from a
more concerning range of causes, including neurogenic
causes (i.e. cranial nerve palsies or myasthenia gravis)
and orbital processes (such as thyroid eye diseases or
tumours).”

Acute diplopia is a relatively common complaint in
emergency settings, and prior retrospective studies have
demonstrated a substantial proportion of patients
(from 35% to over 80%) had diplopia secondary to
an identifiable underlying cause.” The initial diagnos-
tic approach for diplopia generally consists of history-
taking and a  detailed neurological and

ophthalmological examination, focusing especially on
ocular motility and alignment.'

With widespread restrictions on in-person interac-
tions in response to the COVID-19 pandemic in
spring 2020, telemedicine and virtual care have wit-
nessed an explosive increase in adoption.”® Massive
reductions in face-to-face evaluations across all fields
of medicine were seen due to local, state, and federal
regulations and recommendations, medical society rec-
ommendations, and physician and patient preferences.

While many elements of an ophthalmological exam-
ination can be obtained via telemedicine,’ certain data
points are difficult or impossible to obtain via video or
phone interaction alone. A multitude of mobile apps
have been used to fill this need, measuring exam ele-
ments such as visual acuity testing, colour testing, peri-
metry (visual field) testing, ocular motility recording,
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and fundus imaging.'®'" In this case report, we

describe the evaluation of a patient presenting with
acute diplopia during the COVID-19 pandemic using
a combination of phone interactions, video visits, and
at-home app-based testing, ultimately resulting in life-
saving diagnosis and treatment.

Case report

A 59-year-old woman called the University of
California San Diego Shiley Eye Institute triage line
complaining of diplopia. At the time, spring 2020,
governor-mandated  restrictions related to the
COVID-19 pandemic had temporarily suspended elec-
tive medical care. Over the phone, the patient described
a history of sudden onset of horizontal binocular
double vision, which she noticed one day prior while
driving. During the preceding two weeks, she also felt
intermittent episodes of the “room spinning,” although
she endorsed prior similar vertiginous episodes in the
past that had self-resolved. Additionally, she reported a
new frontal headache on the day of presentation. She
was advised to present to the ophthalmology clinic
emergently for an in-person, face-to-face evaluation.
However, she declined due to concerns regarding
COVID-19 but agreed to a same-day telemedicine
video visit.

Before the video visit, she was provided with resour-
ces and links for tools to help obtain relevant ophthal-
mic data. For visual acuity assessment, she was sent a
link to a Snellen visual acuity chart that could be
printed for use at home (Safe Eyes America,
Washington, DC, USA). For extraocular movements,
she was asked to use a mobile application (9 Gaze app,
See Vision LLC, Richmond, VA, USA) to document
eye motility and alignment in the nine cardinal posi-
tions of gaze. The app provides a guide to users to
facilitate correct eye positioning and image consistency
and produces a composite image of the photographs
for easy exporting.

The video visit was conducted with a strabismus
specialist using a telemedicine platform (Doxy.me
LLC, Rochester, NY, USA) compliant with the
Health Insurance Portability and Accountability Act.
The patient wore bifocals for distance and near-vision
correction, but no other ocular history. Her medical
history was notable for hypertension, which was well-
controlled on losartan. She had no known medication
allergies. She had undergone a prior Caesarean section
but had no other surgical history. Her social history
and family medical history was unremarkable.

Her visual acuity measured by the at-home Snellen
chart was 20/20 in both eyes. Images from her motility
examination obtained from the mobile app (Figure 1)
were reviewed, and she was also asked to repeat the

extraocular movements during the video visit. She
was noted to have a subtle, small abduction deficit in
the right eye, best seen when she turned her face to the
left. In primary gaze, she had a small angle esotropia
noted when she was verbally prompted to perform a
cover—uncover test, with her own hand serving as an
occluder. When prompted, the patient noted that the
double vision was worse in right gaze. She could gen-
erate a normal saccade to abduction in the right eye.
Taken together, these findings were consistent with an
acute onset subtle sixth cranial nerve palsy. The
remainder of her video examination, including pupil
anatomy, confrontation visual fields, and gross exam-
ination of the ocular adnexa and anterior segment,
appeared unremarkable.

A wide differential was considered, including
tumour, ischemia/cerebrovascular accident, increased
intracranial pressure, trauma, infection, inflammation,
and migraine. Other possibilities included orbital mass,
myasthenia gravis, and thyroid eye disecase. Initial lab-
oratory work-up included a complete blood count,
basic metabolic panel, anti-acetylcholine receptor anti-
bodies, and thyroid-related testing. Emergent neuroim-
aging was ordered, including computed tomography
(CT) of the head and magnetic resonance imaging
(MRI) of the brain and orbits with and without con-
trast. Findings on the MRI were concerning for an
aneurysm, which prompted further investigation with
CT angiography of the head and neck. Taken together,
the neuroimaging revealed a partially thrombosed and
partially calcified giant right cavernous internal carotid
artery (ICA) aneurysm, measuring 3.4 x 3.1 x 2.6 cm,
which was unruptured (Figure 2). There was decreased
enhancement of the right ophthalmic artery compared
to the left, and indication of erosion of the sphenoid
bone. There were also other small aneurysms visual-
ized, including a 2 mm aneurysm projecting from the
left ICA terminus, and a 1-2 mm aneurysm at the
origin of the right superior cerebellar artery.

Given these findings, the patient was emergently
referred to neurosurgery for consultation. Due to the
large size of the aneurysm and its dysmorphic features
making it high risk for rupture, the patient was not
considered a candidate for open surgical management.
She was immediately referred to the interventional neu-
roradiology/endovascular neurosurgery service and
subsequently underwent pipeline flow-diverting embo-
lization and coil embolization of the right ICA anecu-
rysm. Of note, besides the neuroimaging acquisition
and the embolization procedure itself, all neurosurgical
consultations and follow-up visits were also conducted
via telemedicine video visits. During her most recent
visit to ophthalmology, about two months after initial
presentation, she was doing well and endorsed
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Figure |. Photographic montage of eye positions for a patient presenting with acute binocular diplopia. The patient had acquired
these images at home using a smartphone application (9 Gaze app, See Vision LLC, Richmond, VA, USA). She had a subtle abduction
deficit in the right eye (middle image in the left-most column, highlighted in red), which was more noticeable during dynamic

examination at the time of the telemedicine video visit.

(b)

Figure 2. Giant internal carotid artery (ICA) aneurysm visualized on neuroimaging. The white arrows highlight various views of the
partially thrombosed giant aneurysm arising from the right cavernous ICA, which measured 3.4 x 3.1 x 2.6 cm, on both magnetic
resonance images (a) and computed tomography angiography (b). There was also a 2 mm aneurysm projecting posteriorly from the

left ICA terminus (blue arrow in (b)).

improved diplopia, and her vertigo had resolved. She
did not have any neurological or cognitive deficits.

This patient provided written consent for her histo-
ry, exam, photographs, and imaging studies to be
included in this report.

Discussion

This report describes a middle-aged woman presenting
with acute horizontal binocular diplopia due to a subtle
sixth nerve palsy, which was identified via telemedicine
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evaluation. Her imaging revealed a giant ICA aneu-
rysm, for which she underwent successful embolization.
Her timely diagnosis avoided intracranial haemorrhage
that could have been life-threatening or resulted in
severe neurological deficits. Compressive intracranial
aneurysms are a well-documented cause of ocular
motor nerve palsies (which include the third, fourth,
and sixth cranial nerves).! These entities should be con-
sidered in the differential for acute binocular diplopia.

A dynamic physical exam offers immense value in
the diagnosis of cranial nerve palsies and in the evalu-
ation of diplopia more generally. In the office, the
examiner and the patient’s head can be moved, facili-
tating assessment of ocular alignment in various gaze
positions, head tilt positions, and at distance and at
near. In contrast, in a telemedicine video visit, the
patient defaults to looking straight ahead, and the
view is two-dimensional. This patient’s cranial nerve
palsy would not have been identified without a dynam-
ic exam involving her turning her face and performing
a cover—uncover test on herself. Despite having a giant
aneurysm, her clinical presentation was subtle. In a
telemedicine assessment of diplopia, verbally instruct-
ing patients to move their heads is critical to
assess the full range of eye movements. More generally,
physicians and other care providers should be cogni-
zant of how to adapt their typical physical exam
manoeuvres in the office for virtual formats, with delib-
erate consideration of verbal and/or visual instructions
for patients.

This patient’s story illustrates some of the opportu-
nities presented by telemedicine and its growing prev-
alence. Thanks to the availability of telemedicine tools
and infrastructure to conduct the initial evaluation vir-
tually, this patient was quickly identified as requiring
emergent diagnostic work-up and treatment even with-
out a face-to-face evaluation, which she initially
declined due to concerns about COVID-19. Without
the telemedicine evaluation leading to the diagnosis
and treatment of her aneurysm, she likely would have
suffered serious adverse consequences. Similarly, other
studies have also demonstrated that telemedicine visits
during COVID-19 have facilitated identification of
emergent conditions and specifically neurological
emergencies.'>"?

However, telemedicine also presents many chal-
lenges. First, despite the widespread adoption of tele-
medicine, the US Centers for Disease Control and
Prevention estimates that as of June 2020, 41% of
US adults delayed or avoided medical care during the
pandemic, including 12% who avoided urgent or emer-
gency care.'* These delays in care may increase mor-
bidity or mortality. In addition, while telemedicine is
effective for history-taking and some elements of the
physical exam, there are still significant limitations to

the virtual physical exam. One strategy has been to
develop technologies for remote patient data collection,
such as wearables and monitors that can measure vital
signs at home. Other approaches include smartphone
apps and patient portals connected to electronic health
records (EHRs). However, increasing dependence on
these tools may serve to widen the “digital divide,” as
patients have wide variations in health literacy, tech-
nology literacy, and access to these tools.'> While some
have posited that telemedicine will improve access to
care, in some respects the differential access to digital
health technologies may serve to exacerbate existing
disparities in healthcare. Finally, the expansion of tele-
medicine has blurred the lines between work and home
for many providers, potentially worsening burnout.
The burden of EHR “in basket” messages was already
high prior to the pandemic,'® and the transition to tele-
medicine has only increased the burden of clinicians
being available 24/7 for patient needs.!” As physician
burnout was already reaching epidemic levels prior to
the COVID-19 crisis,'® understanding how to manage
the additional burdens imposed by telemedicine will be
critically important.

Despite the challenges, telemedicine is here to stay,
and will transition from an emergency response strate-
gy to becoming a routine component of healthcare
delivery."”® This transition will require ongoing
investments in training personnel on best practices for
telemedicine encounters, developing long-term technol-
ogy infrastructure for telemedicine, supporting sustain-
able funding mechanisms, and integrating telemedicine
into clinical workflows.?® This is especially important
for specialties and sub-specialties where use of telemed-
icine has been historically less robust than for primary
care. For example, for specialty areas such as ophthal-
mology and neurology, telemedicine offers additional
opportunities for expanding access to care in under-
served and rural areas where specialists may not be
easily accessible in person. Particularly for emergent
consultations highlighted by this patient, telemedicine
could end up being a life-saving intervention.

Declaration of conflicting interests

The authors declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The authors disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: SLR and SLB are funded in part by an unrestricted
grant by the Research to Prevent Blindness (New York, NY).
SLB is also supported by the National Institutes of Health
Grant 1DP50D029610 (Bethesda, MD).



300

Journal of Telemedicine and Telecare 28(4)

ORCID iD
Sally L Baxter (® https://orcid.org/0000-0002-5271-7690

References

1.

10.

. Hollander

Margolin E and Lam CTY. Approach to a patient with

diplopia in the emergency department. The Journal of

Emergency Medicine 2018; 54: 799-806.

. Glisson CC. Approach to diplopia. Continuum ( Minneap

Minn) 2019; 25: 1362-1375.

. Kremmyda O, Frenzel C, Hiifner K, et al. Acute binoc-

ular diplopia: peripheral or central? J Neurol. Epub
ahead of print 14 August 2020. DOI: 10.1007/s00415-
020-10088-y.

. Nazerian P, Vanni S, Tarocchi C, et al. Causes of diplo-

pia in the emergency department: diagnostic accuracy of
clinical assessment and of head computed tomography.
Eur J Emerg Med 2014; 21: 118-124.

. Comer RM, Dawson E, Plant G, et al. Causes and out-

comes for patients presenting with diplopia to an eye
casualty department. Eye 2007; 21: 413-418.

. Rucker JC and Tomsak RL. Binocular diplopia: a prac-

tical approach. The Neurologist 2005; 11: 98-110.

JE and Carr BG. Virtually perfect?
Telemedicine for Covid-19. N Engl J Med 2020; 382:
1679-1681.

. Wosik J, Fudim M, Cameron B, et al. Telehealth trans-

formation: COVID-19 and the rise of Virtual Care. J Am
Med Inform Assoc. Epub ahead of print 20 April 2020.
DOI: 10.1093/jamia/ocaa067.

. Saleem SM, Pasquale LR, Sidoti PA, et al. Virtual oph-

thalmology: telemedicine in a COVID-19 era. Am J
Ophthalmol 2020; 216: 237-242.

Lai KE, Ko MW, Rucker JC, et al. Tele-
neuro-ophthalmology during the age of
COVID-19. J Neuroophthalmol. Epub ahead of print 26
June 2020.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Wintergerst MWM, Jansen LG, Holz FG, et al

Smartphone-based fundus imaging-where are we now?
Asia Pac J Ophthalmol ( Phila) 2020; 9: 308-314.
Matias-Guiu J, Porta-Etessam J, Lopez-Valdes E, et al.
Management of neurological care during the COVID-19
pandemic. Neurologia 2020; 35: 233-237.

Roy B, Nowak RJ, Roda R, et al. Teleneurology during
the COVID-19 pandemic: a step forward in modernizing
medical care. J Neurol Sci 2020; 414: 116930.

Czeisler ME. Delay or avoidance of medical care because
of COVID-19-related concerns — United States, June
2020. MMWR Morb Mortal Wkly Rep 69. Epub ahead
of print 2020. DOI: 10.15585/mmwr.mm6936a4.
Mackert M, Mabry-Flynn A, Champlin S, et al. Health
literacy and health information technology adoption: the
potential for a new digital divide. J Med Internet Res
2016; 18: e264.

Tai-Seale M, Dillon EC, Yang Y, et al. Physicians’ well-
being linked to in-basket messages generated by algo-
rithms in electronic health records. Health Affairs 2019;
38: 1073-1078.

Moazzami B, Razavi-Khorasani N, Dooghaie
Moghadam A, et al. COVID-19 and telemedicine: imme-
diate action required for maintaining healthcare pro-
viders well-being. J Clin Virol 2020; 126: 104345.

Jha A, Iliff A, Chaoui A, et al. A crisis in health care: a call
to action on physician burnout. AHRQ Patient Safety
Network, https://psnet.ahrq.gov/resources/resource/
32662/A-Crisis-in-Health-Care-A-Call-to-Action-on-Physi
cian-Burnout (2019, accessed 19 July 2019).

Smith AC, Thomas E, Snoswell CL, et al. Telehealth for
global emergencies: implications for coronavirus disease
2019 (COVID-19). J Telemed Telecare 2020; 26: 309-313.
Thomas EE, Haydon HM, Mehrotra A, et al. Building
on the momentum: sustaining telehealth beyond COVID-
19. J Telemed Telecare. Epub ahead of print 26
September 2020. DOT: 10.1177/1357633X20960638.


https://orcid.org/0000-0002-5271-7690
https://orcid.org/0000-0002-5271-7690
https://psnet.ahrq.gov/resources/resource/32662/A-Crisis-in-Health-Care-A-Call-to-Action-on-Physician-Burnout
https://psnet.ahrq.gov/resources/resource/32662/A-Crisis-in-Health-Care-A-Call-to-Action-on-Physician-Burnout
https://psnet.ahrq.gov/resources/resource/32662/A-Crisis-in-Health-Care-A-Call-to-Action-on-Physician-Burnout

