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ABSTRACT

Purpose: Neuro-ophthalmology is a highly specialized subspecialty at the interface of neurology and
ophthalmology. Globally, workforce shortages and geographic maldistribution limit access to neuro-
-ophthalmic care. Although Brazil has a large ophthalmology workforce, regional disparities may restrict
access to subspecialty services. The national distribution of neuro-ophthalmologists has not previously
been quantified. This study aimed to characterize the geographic distribution of neuro-ophthalmologists
in Brazil and identify potential gaps in access to neuro-ophthalmic care. Methods: This cross-sectional,
population-based study used data from the registry of the Brazilian Neuro-Ophthalmology Association
(Associacdo Brasileira de Neuro-Oftalmologia [ABNO]) to identify practicing neuro-ophthalmologists
(data extracted on January 1, 2026). Municipal- and state-level population estimates were obtained
from the Brazilian Institute of Geography and Statistics. Specialist density was calculated as the number
of neuro-ophthalmologists per million inhabitants. States were classified according to the presence
or absence of at least one specialist and were further grouped into Brazil’s five macroregions for
comparative analyses. Descriptive statistical analyses were performed. Results: A total of 66 neuro-
-ophthalmologists were identified across 14 of Brazil’s 27 states. Thirteen states had no registered neuro-
-ophthalmologists, representing approximately 49.4 million people (23.2% of the national population).
Five states—S&o Paulo (n=31), Rio de Janeiro (n=6), Minas Gerais (n=6), Pernambuco (n=4), and Parana
(n=4)—accounted for more than two-thirds of all specialists. Specialist density ranged from o to more
than 0.7 per million inhabitants, with higher concentrations in the Southeast and no specialists in
several states in the North and Northeast. The distribution was highly clustered in metropolitan areas.
Conclusion: Brazil exhibits marked geographic maldistribution of neuro-ophthalmologists, with nearly
one-quarter of the population lacking local access to specialized care. The concentration of specialists
in urban and economically developed regions mirrors international trends and may exacerbate inequities
within the public health system. Expanding the workforce and integrating teleophthalmology into

neuro-ophthalmic services may help reduce regional disparities and improve access to specialized care.
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INTRODUCTION

Neuro-ophthalmology is a subspecialty dedicated to the
diagnosisand management of visual disorders of neurological
origin and requires advanced training at the interface
of neurology and ophthalmology®. Despite its clinical
importance, neuro-ophthalmology remains one of the
smallest ophthalmic subspecialties worldwide, creating
a structural imbalance between population needs and
specialist availability™. Limited access to specialized neuro-
ophthalmic care has been associated with delayed diagnosis
and poorer visual outcomes in population-based studies®.

Inthe United States, the neuro-ophthalmology workforce
is insufficient to meet current demand, with an estimated
density of approximately one specialist per 1-2 million
inhabitants®. This shortage is reflected in prolonged waiting
times for consultations and limited access for patients
with urgent neuro-ophthalmic conditions®. In addition,
the aging workforce poses a growing challenge, as a
substantial proportion of practicing neuro-ophthalmologists
are approaching retirement age®.

Geographic maldistribution further compounds work-
force shortages. Recent cross-sectional studies have shown
that most counties in the United States lack resident
neuro-ophthalmologists, requiring patients to travel
considerable distances to obtain specialized care®. A
substantial proportion of the population lives more than
two hours from the nearest neuro-ophthalmologist, with
underserved areas frequently overlapping regions of greater
socioeconomic disadvantage®. These geographic inequities
have been associated with a higher prevalence of visual
impairment in population-based analyses®. Brazil presents
a similar pattern of pronounced regional inequality in the
distribution of medical specialists. Although the country has
a large number of ophthalmologists, their concentration
in metropolitan and economically developed regions limits
access to advanced ophthalmic care in many parts of the
country?. National data demonstrate considerable variation
in ophthalmologist-to-population ratios across states and
municipalities, with several regions exhibiting critically
low specialist availability®. However, the geographic
distribution of neuro-ophthalmologists in Brazil has not
previously been evaluated.

This cross-sectional, population-based study aimed
to characterize the geographic distribution of neuro-
ophthalmologists in Brazil and identify areas with potential
gaps in access to neuro-ophthalmic care. By integrating
national provider data with population estimates from
the Brazilian Institute of Geography and Statistics, we
sought to estimate specialist availability across states
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and municipalities®. Our findings are intended to inform
health policy, workforce planning, and strategies to reduce
inequities in access to neuro-ophthalmic services.

METHODS

Study design

This cross-sectional, population-based study was conduc-
ted to evaluate the geographic distribution of neuro-
ophthalmologists in Brazil and identify areas with potential
gaps in access to neuro-ophthalmic care. The methodological
framework was adapted from previous workforce and
geospatial analyses of neuro-ophthalmology services
conducted in the United States (3). The study was reported
in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines
for cross-sectional studies.

Data sources and neuro-ophthalmologist identification

Data on practicing neuro-ophthalmologists were
obtained from the official registry of the Brazilian Neuro-
Ophthalmology Association (Associa¢do Brasileira de Neuro-
Oftalmologia [ABNO]). For the purposes of this study, a
neuro-ophthalmologist was operationally defined as an
ophthalmologist or neurologist who had completed at
least 1 yr of formal training in neuro-ophthalmology at an
ABNO-accredited center.

According to the ABNO bylaws, membership is classified
into five categories: Founding Members, who are signatories
of the association’s founding charter; Full Members, who
hold board certification in ophthalmology or neurology, are
licensed by their respective Regional Medical Council, have
completed at least 1yr of training in neuro-ophthalmology at
an ABNO-accredited center, and are supported by two letters
ofrecommendationfromfounding orfullmembers; Associate
Members, who include physicians practicing ophthalmology
or neurology, physicians from other specialties, foreign
ophthalmologists and neurologists, and residents or trainees
in ophthalmology programs whose applications have been
approved by the association; Honorary Members, who are
physicians or other professionals recognized for outstanding
contributions to neuro-ophthalmology; and Beneficent
Members, consisting of individuals or institutions that have
supported the association through donations.

Membership in ABNO is voluntary. The registry includes
physicians formally affiliated with the association who were
actively practicing neuro-ophthalmology in Brazil at the
time of data extraction. Data were extracted on January
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1, 2026. Each record included the municipality in which
the physician practiced. Duplicate records and entries
lacking valid geographic information were excluded before
analysis. Only physicians with an identifiable practice
location within Brazil were included.

Population data

Population estimates were obtained from publicly avai-
lable demographic data provided by the Brazilian Institute
of Geography and Statistics®. Municipal population esti-
mates were used as the primary denominator for all
analyses. When appropriate, municipal populations were
aggregated to higher geographic units to facilitate regional
comparisons. Population figures were based on the most
recent census or official intercensal estimates available at
the time of the analysis. These data have been widely used
in Brazilian studies evaluating the health workforce and
access to healthcare services®.

Geographic units and measures of access

Analyses were performed at the municipal, state, and
macroregional levels. Neuro-ophthalmologist availability
was expressed as the number of specialists per million
inhabitants. Municipalities were classified according to the
presence or absence of at least one neuro-ophthalmologist.
States were further grouped into Brazil’s five geographic
macroregions (North, Northeast, Central-West, Southeast,
and South) to enable regional comparisons. Regions
without resident neuro-ophthalmologists were considered
potentially underserved. This approach is consistent with
previous geospatial workforce studies that evaluated
specialist coverage based on provider location relative
to population distribution®. No assumptions were made
regarding referral patterns or interregional patient flow.

Statistical analysis

Descriptive statistics were used to summarize the geo-
graphic distribution of neuro-ophthalmologists and po-
pulation characteristics across geographic units. Specialist-
to-population ratios were calculated for each geographic
unit and reported as counts, proportions, and rates per
million inhabitants. Inferential statistical analyses were not
performed because the study was designed as a descriptive
workforce mapping analysis®. Data management and
statistical analyses were performed using standard statistical
software. All analyses were conducted using aggregate data,
and no individual-level patient information was included.

Ethical Considerations

This study used publicly available aggregate demographic
data and de-identified physician registry information. No
patient-level data were collected or analyzed. Therefore, in
accordance with Brazilian national regulations, institutional
review board approval was not required.

RESULTS

A total of 66 neuro-ophthalmologists were identified
in the national registry. These specialists were distributed
across 14 of Brazil’s 27 federative units, whereas 13 states
had no registered neuro-ophthalmologists. Collectively,
these states had an estimated population of approximately
49.4 million inhabitants, representing 23.2% of the Brazilian
population according to national population estimates.

The distribution of neuro-ophthalmologists was
markedly uneven across the country. Five states accounted
for the majority of specialists. Sao Paulo had the highest
number of neuro-ophthalmologists (n=31), followed
by Rio de Janeiro (n=6), Minas Gerais (n=6), Pernambuco
(n=4), and Parand (n=4). Together, these five states
accounted for more than three-quarters of all identified
specialists nationwide. Sdo Paulo alone represented
approximately 47.0% (31/66) of the national workforce,
while the five states combined accounted for 77.3% (51/66),
highlighting the marked concentration of specialists in a
limited number of federative units.

When adjusted for population size, the density of neuro-
ophthalmologists varied substantially among states, ranging
from o0 to more than 0.7 specialists per million inhabitants.
States in the Southeast had the highest specialist-to-
population ratios, whereas several states in the North
and Northeast had no registered neuro-ophthalmologists
(Table 1).

At the macroregional level, the Southeast had the
highest specialist density, with 44 neuro-ophthalmologists
serving a population of 88,825,643 (0.50 specialists per
million inhabitants). This was followed by the Central-West
(7 specialists; 17,238,818 inhabitants; 0.41 per million), the
Northeast (9 specialists; 57,244,485 inhabitants; 0.16 per
million), the South (5 specialists; 31,310,809 inhabitants;
0.16 per million), and the North (1 specialist; 18,801,282
inhabitants; 0.05 per million). Specialist density in the
Southeast was approximately nine times higher than that in
the North (Table 2).

Heatmap analysis demonstrated higher neuro-ophthal-
mologist density in states containing major urban centers
and large population concentrations. In contrast, several
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Neuro-ophthalmologist density per state in Brazil.

UF State Population Neuro-ophthalmologists, n Per million

Ms Mato Grosso do Sul 2,924,631 2 0.68

SP S&o Paulo 46,081,801 31 0.67

DF Distrito Federal 2,996,899 2 0.67

AL Alagoas 3,220,848 2 0.62

RO Rondonia 1,751,950 1 0.57

PE Pernambuco 9,562,007 4 0.41

GO Goids 7,423,629 3 0.40

RJ Rio de Janeiro 17,223,547 6 0.34

PR Parana 11,890,517 4 0.33

MG Minas Gerais 21,393,441 6 0.28

ES Espirito Santo 4,126,854 1 0.24

BA Bahia 14,870,907 2 0.13

CE Ceara 9,268,836 1 0.11

RS Rio Grande do Sul 11,233,263 1 0.09

AC Acre 884,372 [} 0.0

AM Amazonas 4,321,616 [} 0.0

AP Amapa 806,517 0 0.0

MA Maranhao 7,018,211 o] 0.0

MT Mato Grosso 3,893,659 [ 0.0

PA Para 8,711,196 o] 0.0

PB Paraiba 4,164,468 o} 0.0

Pl Piauf 3,384,547 o] 0.0

RN Rio Grande do Norte 3,455,236 o 0.0

RR Roraima 738,772 [} 0.0

SC Santa Catarina 8,187,029 o} 0.0

SE Sergipe 2,299,425 o] 0.0

TO Tocantins 1,586,859 [} 0.0
Neuro-ophthalmologist density by Brazilian microregion. DISCUSSIUN

Macroregion Population States,n  Specialists, n Per million

Southeast 88,825,643 4 44 0.50 This cross-sectional, population-based study demons-

Center-West 17,238,818 4 7 041 trates a marked geographic maldistribution of neuro-

Northeast 57,244,485 ’ ’ o1 ophthalmologists in Brazil, with specialists concentrated in

South 31,310,809 3 5 0.16 L. X

North 18,801,282 , , 0.05 a limited number of states and metropolitan areas. Nearly

Brazil (total) 213,421,037 - 66 031 one-quarter of the Brazilian population resides in states

contiguous states exhibited low or zero specialist density,
reflecting the absence of resident neuro-ophthalmologists
across extensive geographic areas (Figure 1).

The dot map illustrated the municipal distribution
of neuro-ophthalmologists. Individual markers were con-
centrated in a relatively small number of municipalities,
predominantly within metropolitan areas. Sdo Paulo alone
accounted for nearly half of all identified specialists, whereas
most states contained few or no markers, underscoring the
limited geographic distribution of neuro-ophthalmologists
across much of the country (Figure 2).
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without an identified neuro-ophthalmologist, highlighting
a substantial gap in access to subspecialty eye care. These
findings are consistent with previous national studies
demonstrating pronounced regional inequalities in the
distribution of ophthalmologists and ophthalmic services,
with a concentration in economically developed regions and
large urban centers®3,

Our findings also corroborate previous descriptive
assessments of neuro-ophthalmology practice in Brazil. In a
national overview of the subspecialty, Monteiro reported a
limited number of formally trained neuro-ophthalmologists,
few dedicated training centers, and a concentration of
expertise within major academic institutions, predominantly
located in the Southeast and South regions®. The author
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Brazil: neuro-ophthalmologist density by state (ABNO list; cross-sectional)

06

Neuro-ophthalmologists per 1,000,000 residents (IBGE 2025 denominator)

Neuro-ophthalmologist density by state in Brazilian territory.

Distribution of Neuro-Ophthalmologists in Brazil (ABNO registry)

Distribution of neuro-ophthalmologists in Brazil (ABNO registry).

also noted that most neuro-ophthalmic care in Brazil was
provided by general ophthalmologists and that access
to subspecialty services was largely restricted to referral
centers. The present study extends these observations by
providing quantitative evidence that this concentration
translates into substantial geographic barriers to access,
particularly in the North and Northeast.

The geographic maldistribution observed for neuro-
ophthalmologists mirrors broader inequalities in the
distribution of the ophthalmology workforce in Brazil.
Scheffer and colleagues documented marked regional
disparities in ophthalmologist availability, with a substantial
concentration of specialists in the Southeast and limited
availability in the North and Northeast®. Our findings
suggest that these disparities are even more pronounced in
neuro-ophthalmology, as 13 states, representing 23.2% of the
Brazilian population, had no registered specialist.

Comparable patterns have been reported in the United
States, where shortages and geographic disparities in
neuro-ophthalmic care persist despite a substantially
larger workforce. National surveys have demonstrated an
imbalance between specialist supply and patient demand,
resulting in prolonged waiting times and inadequate
specialist availability®». More recent geospatial analyses
have shown that most U.S. counties lack resident neuro-
ophthalmologists, leaving extensive geographic areas
withoutlocal subspecialty coverage®. In addition, workforce
demographic studies suggest that the relatively small and
aging neuro-ophthalmology workforce may further limit
future access to care®.

International evidence indicates that the geographic
maldistribution of ophthalmic specialists is a widespread
challenge. InCanada, workforce analyses have demonstrated
considerable provincial variation in ophthalmologist-
to-population ratios, with persistently limited specialist
availability in some regions despite a well-resourced
healthcare system®. Similarly, studies from India have
documented marked urban-rural disparities, with most
ophthalmologists concentrated in urban centers while rural
populations remain underserved and often require long-
distance travel to obtain specialized care®. Comparable
challenges have also been reported in Australia, where
remote and rural communities continue to experience
chronic shortages of ophthalmic specialists, contributing to
delays in diagnosis and treatment(.

The consequences of limited geographic access extend
beyond inconvenience and may adversely affect visual
outcomes at the population level. A large cross-sectional
study conducted in California found that greater availability
of eye care clinicians was associated with a lower prevalence
of visual impairment, supporting a relationship between
workforce availability and visual health outcomes®. In neuro-
ophthalmology, delayed diagnosis may result in irreversible
vision loss caused by optic neuropathies, compressive
lesions, or neuroinflammatory disorders. Consequently, the
absence of locally available specialists may have particularly
serious clinical implications.

Arq Bras Oftalmol. 2026;89(5):e2026-0067
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The organization of eye care within the Brazilian Unified
Health System (Sistema Unico de Sadde [SUS]) may further
amplify the effects of the geographic disparities identified
in this study(™. As a universal healthcare system, SUS
relies on hierarchical referral networks and the availability
of tertiary care services, which are unevenly distributed
across the country®=), As a universal healthcare system, SUS
relies on hierarchical referral networks and the availability
of tertiary care services, which are unevenly distributed
across the country(™?. Previous national studies have
shown that disparities in specialist availability within
SUS are closely associated with regional socioeconomic
development and the geographic distribution of training
centers(™). Consequently, the absence of locally available
neuro-ophthalmologists across large areas of Brazil
is likely to disproportionately affect populations that
depend exclusively on SUS, thereby reinforcing existing
inequities in access to specialized eye care(™?),

Teleophthalmology represents a promising strategy
to reduce the geographic disparities identified in this
study. In Brazil, the TeleOftalmo program demonstrated
that a substantial proportion of ophthalmic conditions
presenting in primary care could be managed through
structured teleconsultations, thereby reducing the need
for in-person specialist referrals(3'%. Additional Brazilian
studies have shown that telemedicine-supported eye care
can improve access while maintaining diagnostic reliability
and reducing healthcare costs, particularly in underserved
regions(), Additional Brazilian studies have shown that
telemedicine-supported eye care can improve access while
maintaining diagnostic reliability and reducing healthcare
costs, particularly in underserved regions(®. Systematic
reviews further support teleophthalmology as a reliable
and cost-effective approach for delivering ophthalmic
services to underserved populations, although successful
implementation depends on adequate infrastructure,
workforce training, and integration into existing healthcare
systems(e8),

Several limitations should be considered when inter-
preting these findings. First, the operational definition
of a neuro-ophthalmologist was based exclusively on
the ABNO registry. Because membership in ABNO is
voluntary, the registry may not include all practicing
neuro-ophthalmologists, particularly ophthalmologists
or neurologists with substantial neuro-ophthalmology
practices who are not formally affiliated with the association.
Consequently, the size of the national workforce may have
been underestimated. Second, physician location was
treated as a fixed geographic point and may not accurately
reflect outreach activities or practice across multiple clinical

Arq Bras Oftalmol. 2026;89(5):e2026-0067

sites. Third, the analysis did not account for cross-state
patient referral patterns or private referral networks, both
of which may partially mitigate local workforce shortages.
Fourth, the ABNO registry does not distinguish between
public- and private-sector practice. Some of the identified
specialists may practice predominantly or exclusively in the
private sector, thereby reducing the effective availability of
neuro-ophthalmology services for patients dependent on
SUS. Because most Brazilians rely on the public healthcare
system and many underserved regions have limited private
healthcare infrastructure, actual public-sector access to
neuro-ophthalmologists may be substantially lower than
suggested by the overall workforce density. These limitations
are inherent to geospatial workforce studies and have been
acknowledged in similar investigations conducted in other
countries®),

Despite these limitations, our findings provide important
evidence to inform health policy and workforce planning
in Brazil. Monteiro previously reported approximately 37
formally trained neuro-ophthalmologists in Brazil in 20157
The 66 specialists identified in the present study represent
an approximate 78% increase over that estimate. However,
this comparison should be interpreted cautiously. During
the same period, the Brazilian population increased by
approximately 5%, and the overall physician workforce
expanded substantially, partly as a result of national
policies promoting increased medical school enrollment®.
Therefore, the observed increase in the number of neuro-
ophthalmologists may largely reflect the overall expansion
of the medical workforce rather than a proportional
improvement in population access to subspecialty care.
Nevertheless, the marked state-level disparities and the
concentration of specialists within relatively few municipalities
underscore the need for targeted strategies to improve
access in underserved regions. Potential approaches include
incentives for subspecialty practice outside major urban
centers, expansion of fellowship training opportunities,
and integration of neuro-ophthalmology into structured
teleophthalmology networks. Evidence from Brazil and
other countries suggests that these strategies may help
reduce geographic inequities and improve timely access to
specialized neuro-ophthalmic care®37),

In conclusion, neuro-ophthalmologists in Brazil are une-
venly distributed, with a substantial proportion of the
population residing in regions without local access to this
subspecialty. Specialist availability is concentrated in a
small number of urban and economically developed states,
resulting in extensive geographic gaps in neuro-ophthalmic
care. These findings highlight a structuralimbalance between
population needs and the distribution of the specialist
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workforce. Targeted workforce policies, expansion of
specialist training, and integration of teleophthalmology
into regional referral networks may help improve access to
care and reduce geographic inequities in neuro-ophthalmic
services.
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