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Background: The COVID-19 public health emergency (PHE) has significantly changed medical
practice in the U.S., including an increase in the utilization of telemedicine. Here, we
characterize change in neuro-ophthalmic care delivery during the early COVID-19 PHE,

including a comparison of care delivered via telemedicine and in office.

Methods: Neuro-ophthalmology outpatient encounters from three practices in the United States
(four providers) were studied during the early COVID-19 PHE (March 15, 2020-June 15, 2020)
and during the same dates one year prior. For unique patient visits, patient.demographics, visit
types, visit format, and diagnosis were compared between years and betweensynchronous

telehealth and in-office formats for 2020.

Results: There were 1276 encounters for 1167 patients. There were 30% fewer unique patient
visits in 2020 vs. 2019 (477 vs. 670) and 55%.fewer in office visits (299 vs. 670). Compared to
2019, encounters in 2020 were more likely to be establishedto occur via telemedicine and
relate to an efferent diagnosis. In.2020; synchronous telehealth visits were more likely to be

established compared with in-office encounters.

Conclusions: In the practices studied, a lower volume of neuro-ophthalmic care was delivered
during the early,COVID-19 public health emergency than in the same period in 2019. The type
of care shifted toward established patients with efferent diagnoses and the modality of care

shifted toward telemedicine.
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Introduction

The COVID-19 pandemic indelibly altered medical practice worldwide. In order to maintain
access to care for high-risk patients and decrease the risk of exposure to the SARS-CoV-2
virus, telemedicine, previously reserved for limited populations, was broadly adepted to meet
these demands.(1-3) Neuro-ophthalmologists, like many specialties, had to rapidly develop new
protocols and consider what conditions may be appropriate for telemedicine, and which'cases

warranted an in-person visit due to increased risks in order to continug.delivery of.care.(4, 5)

In a survey of neuro-ophthalmologists in active independent practice, the COVID-19 public
health emergency (PHE) was associated with a significant,globalincrease of adoption of video
and other telemedicine services for neuro-ophthalmic care despite barriers of data quality and
infrastructure. A majority of users indicated video visits were most helpful for efferent problems
and afferent problems with prior ancillary testing.(6) @ther reviews have noted an important role
of synchronous telemedicine for patient triage.(7) However, data on patient volumes in neuro-
ophthalmology has not been reported in these and other studies, so the impact on patient care

has not been assessed:

The primary purpose of this'study was to evaluate the impact of COVID-19 on outpatient neuro-
ophthalmic careddy comparing clinical visits in three practices (four practitioners) during the
early PHE with a control period from the same time in 2019. A secondary purpose was to

compare telemedicine and in-person visits during the PHE.

Methods



COVID 19 Impact on practice 4

A multicenter retrospective chart review was performed on all neuro-ophthalmology outpatient
encounters by four providers at three institutions, one private-practice (Circle City Neuro-
Ophthalmology at Midwest Eye Institute) and two academic centers (Indiana University and
Stanford University), between March 15, 2020 and June 15, 2020. This date range was selected
to capture the first 3 months of the COVID-19 PHE in the U.S. Outpatient encounters for three
of the providers between March 15, 2019 and June 15, 2019 were used as a compatrison.
Inclusion criteria for encounters were completed visits with a participating neuro-ophthalmelogist
for a neuro-ophthalmic appointment during one of the two time periodssExclusioncriteria were
general ophthalmology, general neurology or surgical (pre-operative or past-opérative) visits.
The study was deemed exempt by the Indiana University Institutional ReviewBoard and was

approved with waiver of informed consent by the Stanferdyresearch,compliance office.

Data was extracted at the encounter level. Eneountervariables included site, year (2019, 2020)
visit type (new, return, study), visit format (in-office, synchroneus video and audio, synchronous
audio only, interprofessional consult);wisit number for a given patient in a given year, primary
diagnosis ICD-10 code which was classified as afferent, efferent or other. Patient variables
either extracted from or‘calculated basedn the medical record included age at time of visit
(difference between encounter date and birth date), gender, type of insurance (Medicare,
Medicaid/OthenGovernmentpCommercial, Self-Pay), and distance from the patient’'s address to
the examining provider's clinic address calculated using the shortest driving distance on Google

maps. Eachsite collected data separately. De-identified data was merged for analysis.

Statistical Analysis
Data analysis considered first encounters for each patient during each time period studied.
Subsequent encounters were excluded from analysis. The primary comparison was between

2019 and 2020 encounters. Encounter and patient variables were compared between years
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using a chi-squared test for categorical variables, t-test for independent samples for continuous
normally distributed variables and Mann-Whitney U test for continuous variables with skewed

distribution.

The secondary comparison was between 2020 synchronous telemedicine encaunters (video +
audio, audio only) and in-office visits. Similar to the primary analysis only first visits for each
patient were included. Statistical comparisons were performed as for the primary comparison.

Statistical analysis was performed using SPSS V26 (IBM Inc.).

Results

1276 encounters for 1167 patients were extractedaThey were approximately evenly divided
between Indiana-private practice, Indiana-academic and,California-academic (n=357, 457, 462
respectively). Among first visits during the study periads, 741ywere new patient encounters, 422
were established patient encountersiand 4 were study visits. 969 (83%) of visits were in-office,
179 (15.3%) were synchronous video + addio, 15 (1.3%) were synchronous audio only and 4
(0.3%) were asynchronous interprofessional consults. Visit diagnoses were afferent for 722
(62%) of first encounters, efferent for 267 (22.9%) and other for 176 (15.1%). The most common
diagnoses seen,were papilledema/pseudotumor cerebri (174, 13.6%), diplopia (122, 9.56%),

and visual field defect(121; 9.48%). Diagnosis was missing for 2 encounters.

Unique patients ranged in age from 2-95 years old, were 64.5% female and lived 1 to 2968
miles from the outpatient clinic. The majority of patients had commercial insurance (50.9%),
while 28.2% had Medicare, 18.6% had other government insurance (Medicaid or Veterans'
Affairs) and 2.2% were self-pay. Residential address could not be obtained for 53 patients.

Insurance status was missing for 5 patients.
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2019 vs. 2020

682 encounters occurred for 670 patients between 3/15/19 and 6/15/19 and 594 encounters
occurred for 497 patients between 3/15/20 and 6/15/20. The proportion of unique patient visits
did not differ across sites, with all sites seeing fewer visits in 2020 vs. 2019 (p=0.12, chi-
square). Although 2020 saw a shift in encounter distributions, the majority of visits remained in-
office and for afferent diagnoses. Compared with those in 2019, unique patient encounters,in
2020 were more likely to be established, to occur via telemedicine, and:tosrelate te,an efferent
diagnosis (Table 1). A 2019 to 2020 comparison stratified by site is provided indhe

supplemental data (Tables E1-E3).

In 2019, the most common diagnoses seen in new,patients were visual field defects, other,
diplopia, papilledema, optic atrophy, and subjeetive visual disturbances; in 2020, the most
common diagnoses seen in new patients werediplopia, visual field defect, subjective visual
disturbances, papilledema, and sudden vision loss(Figure 1). In both 2019 and 2020

papilledema/pseudotumor cerebri was the most commonly seen diagnosis (Table 2).

2020 Office vs. 2020 Telehealth

Between 3/15/20.and 6/15/20«(early COVID-19 PHE), unique patients had 299 in-office visits
and 194 synchronous telehealth visits in the practices studied. Synchronous telehealth visits
were less likely to be new patient encounters (Table 3). A 2020 in-office vs. telehealth

comparison stratified by site is provided in supplemental data (Tables E4-EG6).

Conclusions
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This study builds on a survey of telemedicine adoption by neuro-ophthalmologists during the
COVID-19 PHE(6) and multiple expert commentaries of application of telemedicine to deliver
neuro-ophthalmic care(4, 5, 7-10) by quantifying the amount and type of care provided by a
convenience sample of neuro-ophthalmologists during this unprecedented time. This study also
contributes to the broader literature on medical care during the COVID-19 PHE® Strengths of the
study are the inclusion of all patients seen by the included providers, inclusion of academic and

non-academic practices in multiple states, and comparison with a control period one yearprior.

Approximately 30% fewer unique patients were seen in the early COVID time périod studied in
2020 than 2019 with 55% fewer in-office visits. This is despite one of the providers only
contributing patients to the 2020 sample and less work-and, personal travel by all the providers
in 2020 compared to 2019. This aligns with what has been reported in the U.S. across medical
specialties with the drop-off in all visits and in-personvisits dufing the early COVID-19 PHE.(11)
Many factors may have contributed to this decréaseincluding changes to supply factors (offices
closed, decreased staff, social distancing, policy limiting scheduling to urgent visits, efforts to
preserve personal protective eguipment, increased home commitments of providers) and

demand factors (decreased referrals; patient voluntary deferral, office-recommended deferral).

Differences in'early COVID 2020 patient visits when compared with 2019 included an increase
in the proportionf established patient visits, increase in the proportion of efferent diagnoses,
and decrease in the proportion of other (non-afferent and non-efferent) diagnoses. The most-
commonly seen diagnoses also changed for new consults between 2019 and 2020, suggesting
a shift away from less urgent conditions (visual field defect, other, optic atrophy) towards more
urgently-perceived conditions (diplopia, papilledema, sudden vision loss) during the PHE. The
increase in utilization of telehealth modalities was particularly striking as telemedicine modalities

were not utilized by any of the three sites in 2019. This adoption was enabled by a combination
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of institutional technological support at the two academic institutions, changes in regulation and
reimbursement, and increased interest by providers and patients to accommodate lockdown
measures during the COVID-19 PHE. Similar changes in the modality and volume of care were
observed in primary care. A comparison from the second calendar quarters of 2018 and 2019 to
the second calendar quarter of 2020 in primary care showed a 21.4% decreaseiin the total
number of primary care healthcare encounters. Office-based visits decreased by 50.2% in
quarter 2 of 2020 compared with the same quarter in 2018 and 2019. 1.1% of visits were

telemedicine-based in 2018 and 2019, compared with 35.3% in the secend, quarter of 2020.(12)

Pre-pandemic, telemedicine adoption within neurology was well established for some
neurological subspecialties including stroke,(13) but in.ephthalmelogy was limited to remote
review of images.(14) The COVID-19 pandemic led'to rapid, near universal adoption in many
medical disciplines with neurology being a leader and @phthalmology having low uptake.(15)
Neuro-ophthalmology straddles the two fields, sharing telemedicine benefits with neurology
including thorough history, external@xamination, and record review, but also suffering the
drawbacks of the inability to perform an ophthalmoscopic exam that has limited uptake of
telemedicine in ophthalmology beyond neuro-ophthalmology, oculoplastics and pediatric

ophthalmology.(16)

Although the majority of unique patient encounters were delivered via in-office care during early
COVID-19 PHE in 2020, almost 40% were delivered via telemedicine. Consistent with opinion
surveys of the'suitability of telehealth visits for neuro-ophthalmic disorders, efferent conditions
were more likely to be seen via telemedicine while afferent conditions were less likely to be
seen via telemedicine, although this difference did not reach statistical significance. However,
the majority of telemedicine patient encounters were for afferent diagnoses reinforcing the role

of telemedicine for check-in and triage during the pandemic.(7) New visit encounters, which
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formed the majority of neuro-ophthalmic encounters in 2019 and 2020, were less likely to occur
via telemedicine. This may reflect new referrals during the PHE being for urgent matters and
triaged to in person and both patient and provider discomfort with telemedicine as a format for

the initial encounter.

Anecdotally, the authors feel that telemedicine formats enabled them to increase aceess to care
beyond what would have been possible in 2020 due to governmental and institutional
restrictions. The benefit of increasing patient access to care offered by.the,telemedicineformat
suggests a potential role for addressing the demand:supply mismatch forsmeure*ophthalmology
outside of a pandemic.(17-21) This is particularly relevant as the negative outcomes to delayed

neuro-ophthalmic care are becoming quantified.(22)

There are some limitations to this study. Though, the sample size of visits is large, the number of
practices studied (4 practitioners in 3 settings).iS small with.only 2 geographic regions
considered. The use of primary diagnesis‘as the reason for visit does not capture subtleties of
each patient’s presentation and the type of care provided. One provider did not see patients at

any of the study sites in"2019 and therefere only contributed patients in 2020.

In conclusion, medical carelissjust one of many services that changed dramatically during the
COVID-19 PHEn this'study we demonstrate the overall reduction in neuro-ophthalmic care
delivered during the early COVID-19 PHE, with a shift from new consults to established visits
compared to the'same time period one year prior. Adoption of telemedicine modalities shifted
some care away from in-office settings in 2019, though the majority of neuro-ophthalmology

care was still provided in office.
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Figure Legend

Figure 1: Number of patients with common neuro-ophthalmic diagnoses seen pre-COVID

(March 15, 2019-June 15, 2019) and early-COVID (March 15, 2020-June 15, 2020) according to

visit type (new, established).
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Table 1: Comparison between unique patient encounters between 2019 and 2020 (March 15-

June 15)
2019 2020 p-value
(n=670) (n=467)
Age in years (mean +/- SD) |[51.3 +/- 18.9 50.2 +/- 18.9 p=0.32 (t-test)
Female gender (n (%)) 443 (66.1%) 310 (62.4%) p=0.19 (CS)
Distance in miles 35 (1.2-2968) 28.5 (1-461) p=0.06 (MW)
(median, range)
Insurance p=0.40 (CS)
Medicare 193 (29.0%) 135 (27.2%)
Commercial 330 (49.6%) 262 (52.7%)
Other government 130 (18.5%) 86 (17.3%)
Self-Pay 12 (1.8%) 14 (2.8%)
Visit type p=0.009 (CS)
New 445 (60.1%) 201 (47:6%)
Established 221 (33.0%) 296 (59.6%)
Study 4 (0.6%) 0(0%)
Visit format P<0.0005 (CS)
In-office 670 (100%) 299 (60.2%)
Video + audio 0 1797(36.0%)
Audio only 0 15 (8.0%)
Interprofessional 0 4 (0:8%)
Diagnosis p=0.01 (CS)
Afferent 417 (62.3%) 305 (61.5%)
Efferent 137 (20.5%) 130 (26.2%)
Other 115 (17.2%) 61 (12.3%)

CS = Chi-Squared test; MW = Mann-Whitney U test
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Table 2: Most common diagnoses in pre-COVID (March 15-June 15, 2019) and early-COVID
(March 15-June 15, 2020) periods according to visit type

Visual field defect

Subijective visual disturbances
Papilledema/pseudotumor cerebri
Sudden vision loss

New Established
2019 | Visual field defect Papilledema/pseudotumor cerebri
Other Optic atrophy
Diplopia Optic neuropathy not otherwise specified
Papilledema/pseudotumor cerebri
Optic atrophy
2020 | Diplopia Papilledema/pseudotumor cerebri

Optic neuritis/papillitis
Optic atrophy
Diplopia
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Table 3: Comparison between unique patient encounters 3/15/20-6/15/20 according to visit

format.

In-Office visit

Synchronous

p-value

(median (range))

(n=299) telehealth visit
(n=194)

Age in years (mean +/- SD) | 49.7+/-18.9 51.0 +/-18.3 0.46 (t-test)
Gender (female) 189 (63.2%) 119 (61.3%) 0468 (CS)
Insurance 0.57.(CS)

Medicare 78 (26.1%) 56 (28.9%)

Commercial 164 (54.8%) 95 (49.0%)

Other government 50 (16.7%) 36 (18.6%)

Self pay 7 (2.3%) 7 (3.6%)
Distance in miles 29.6 (1.1-234) 26.2 (1.0-461) 0.84 (MW)

Visit type (New)

197 (65.9%)

95449.0%)

<0.0005 (CS)

Diagnosis
Afferent
Efferent
Other

191 (64.1%)
71 (23.8%)
36 (12.1%)

110 (56.7%)
59 (3014%)
25 (12.9%)

0.219 (CS)

CS = Chi-Squared test; MW = Mann-Whijtney U test
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Table E1: Comparison between unique patient encounters at Circle City Ophthalmology
(provider KEL) between 2019 and 2020 (March 15-June 15)

(median, range)

2019 2020 p-value
(n=174) (n=140)
Age in years (mean +/- SD) |52.8 +/-19.1 52.5 +/- 18.6 p=0.88 (T-test)
Female gender (n (%)) 110 (63.2%) 81 (57.9%) p=0.33 (CS)
Distance in miles 39 (2.1-183) 34 (3.2-180) p=0.73 (MW)

Insurance p<0.0005 (CS)
Medicare 57 (32.8%) 35 (25.0%)
Commercial 85 (48.9%) 101 (72.1%)
Other government 28 (16.1%) 3 (2.1%)
Self-Pay 4 (2.3%) 1 (0.7%)
Visit type p=0.75 (CS)
New 110 (63.2%) 86(61.4%)
Established 64 (36.8%) 54 (38.6%)
Study 0 0(0%)
Visit format P<0.0005 (CS)
In-office 174 (100%) 112 (80.0%)
Video + audio 0 22/(15.7%)
Audio only 0 2(1:4%)
Interprofessional 0 4 (2:9%)
Diagnosis p=0.02 (CS)
Afferent 123 (70.7%) 84 (60.0%)
Efferent 37 (21.3%) 49 (35.0%)
Other 14 (8.0%) 7 (5.0%)

CS: Chi-Squared test; MW: Mann, Whitney U test
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Table E2: Comparison between unique patient encounters at Indiana University (provider DDM
(2019, 2020), MWK (2020)) between 2019 and 2020 (March 15-June 15)

2019 2020 p-value
(n=270) (n=171)
Age in years (mean +/- SD) [47.8 +/-17.8 45.3 +/-18.1 p=0.15 (T-test)
Female gender (n (%)) 182 (67.4%) 118 (69.0%) p=0.73 (CS)
Distance in miles 36 (1.4-994) 27 (1.4-229) p=0.22 (MW)
(median, range)
Insurance p=0.03 (CS)
Medicare 79 (29.3%) 37 (21.6%)
Commercial 132 (48.9%) 82 (48.0%)
Other government 54 (20.0%) 41 (24.0%)
Self-Pay 5 (1.9%) 11 (6.4%)
Visit type p=0.02 (CS)
New 215 (79.6%) 120 (70:2%)
Established 55 (20.4%) 51 (29.8%)
Study 0 0(0%)
Visit format P<0.0005 (CS)
In-office 270 (100%) 115 (67.3%)
Video + audio 0 474(27.5%)
Audio only 0 9(5:3%)
Interprofessional 0 0
Diagnosis p=0.002 (CS)
Afferent 155 (57.4%) 107 (62.6%)
Efferent 39 (14.4%) 39 (22.8%)
Other 76, (28.1%) 25 (14.6%)

CS: Chi-Squared test; MW: Mann, Whitney U test
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Table E3: Comparison between unique patient encounters at Stanford Department of

Ophthalmology (provider HEM) between 2019 and 2020 (March 15-June 15)

19

2019 2020 p-value
(n=226) (n=186)
Age in years (mean +/- SD) [54.2 +/-19.4 52.9 +/-18.9 p=0.48 (T-test)
Female gender (n (%)) 151 (66.8%) 111 (59.7%) p=0.13 (CS)
Distance in miles 29 (1.2-2968) 24 (1-461) p=0.08 (MW)
(median, range)
Insurance p=0.27 (CS)
Medicare 57 (25.8%) 63 (33.9%)
Commercial 113 (51.1%) 79 (42.5%)
Other government 48 (21.7%) 42 (22.6%)
Self-Pay 3 (1.4%) 2 (1.1%)
Visit type p=0.10 (CS)
New 120 (57.1%) 90(48.4%)
Established 102 (45.1%) 96 (51.6%)
Study 4 (1.8%) 0(0%)
Visit format P<0.0005 (CS)
In-office 226 (100%) 72 (38.7%)
Video + audio 0 1107(59.1%)
Audio only 0 49(2:2%)
Interprofessional 0 0
Diagnosis p=0.30 (CS)
Afferent 139 (61.8%) 114 (61.6%)
Efferent 61 (27.1%) 42 (22.7%)
Other 25 (11.1%) 29 (15.7%)

CS: Chi-Squared test; MW: Mann, Whitney U test
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Table E4: Comparison between unique patient encounters at Circle City Ophthalmology
(provider KEL) 3/15/20-6/15/20 according to visit format.

In-Office visit

Synchronous

p-value

(n=112) telehealth visit
(n=24)

Age in years (mean +/- SD) | 52.7+/-18.6 53.4 +/-15.1 0.83 (t-test)
Gender (female) 65 (58.0%) 14 (58.3%) 098 (CS)
Insurance 0.15.(CS)

Medicare 28 (25.0%) 6 (25.0%)

Commercial 81 (72.3%) 17 (70.8%)

Other government 3 (2.7%) 0

Self pay 0 1(4.2%)
Distance in miles 35 (3.8-180) 29 (3.2-145) 0,59 (MW)
(median (range))
Visit type (New) 70 (62.5%) 12%50.0%) 0.26 (CS)
Diagnosis 0.12 (CS)

Afferent 70 (62.5%) 10 (41.7%)

Efferent 36 (32.1%) 13 (54.2%)

Other 6 (5.4%) 1 (4.2%)

CS: Chi-Squared test; MW: Mann Whitney U test
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Table E5: Comparison between unique patient encounters at Indiana University (providers
DDM, MWK) 3/15/20-6/15/20 according to visit format.

In-Office visit Synchronous p-value
(n=115) telehealth visit
(n=56)
Age in years (mean +/- SD) | 45.2+/-18.2 45.3 +/- 18.1 0.97 (t-test)
Gender (female) 83 (72.2%) 35 (62.5%) 0420 (CS)
Insurance 0.76,(CS)
Medicare 24 (20.9%) 13 (23.2%)
Commercial 56 (48.7%) 26 (46.4%)
Other government 29 (25.2%) 12 (29.3%)
Self pay 6 (5.2%) 5 (45.5%)
Distance in miles 24 (2.4-185) 40 (1.4-229) 0.38 (MW)
(median (range))
Visit type (New) 88 (76.5%) 32°57.2%) 0.009 (CS)
Diagnosis 0.02 (CS)
Afferent 77 (67.0%) 30 (53.6%)
Efferent 19 (16.5%) 20 (35.7%)
Other 19 (16.5%) 6 (10.7%)

CS: Chi-Squared test; MW: Mann Whitney U test
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Table E6: Comparison between unique patient encounters at Stanford University (provider
HEM) 3/15/20-6/15/20 according to visit format.

In-Office visit
(n=72)

Synchronous
telehealth visit
(n=114)

p-value

Age in years (mean +/- SD) | 52.4+/-19.4 53.3 +/- 18.6 0.76 (t-test)
Gender (female) 41 (46.9%) 70 (63.1%) 045 (CS)
Insurance 0.74 (CS)
Medicare 26 (36.1%) 37 (32.5%)
Commercial 27 (37.5%) 52 (45.6%)
Other government 18 (25.0%) 24 (21.1%)
Self pay 1 (1.4%) 1 (0.9%)
Distance in miles 26 (1.1-234) 24 (1-461) 0.60 (MW)
(median (range))
Visit type (New) 33 (54.2%) 5144.7%) 0.21 (CS)
Diagnosis 0.99 (CS)
Afferent 44 (62.0%) 70 (61.4%)
Efferent 16 (22.5%) 26 (22.8%)
Other 11 (15.5%) 18 (15.8%)

CS: Chi-Squared test; MW: Mann Whitney U test
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