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ABSTRACT

This study characterizes the clinical, structural, and genetic profile of Colombian patients with
Leber’s Hereditary Optic Neuropathy (LHON) through a multicenter retrospective cohort with
longitudinal follow-up. Medical records from five neuro-ophthalmology centers (2019-2024)
were reviewed. Inclusion criteria were genetically confirmed LHON, age > 10 years, and complete
ophthalmologic evaluation (best corrected visual acuity (BCVA), visual fields, and optical coherence
tomography (OCT)). Twenty-one patients (42 eyes) were included. Median follow-up was 14.2
months (IQR 11.0-17.8). The predominant mutations were m.11778G>A (61.9%), m.14484T>C
(28.6%) and m.3460G>A (9.5%). Median age at diagnosis was 37 years. BCVA showed no significant
change during follow-up (p = .62). However, OCT revealed significant thinning in both retinal nerve
fiber layer (median decrease: 11.0 um, p =.0005) and ganglion cell complex (median decrease:
2.6 um, p =.0040). Post-hoc power was high for RNFL (0.957) and moderate for GCC (0.534), but
insufficient for visual acuity (0.095). This is the largest LHON cohort reported in Colombia to date.
Despite stable visual acuity, progressive retinal thinning was observed. These findings highlight the
importance of structural imaging for disease monitoring and the need to optimize diagnostic
timelines through referral pathways, genetic testing access, and national registries.
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Introduction

Leber hereditary optic neuropathy (LHON) is
a maternally inherited mitochondrial disease that
leads to bilateral, painless, central vision loss. It
primarily affects young adult males and results
from pathogenic point mutations in mitochondrial
DNA (mtDNA) that impair Complex I function
in the respiratory chain." The three most prevalent
mutations, m.11778G>A in MT-ND4, m.3460G>A
in MT-ND1, and m.14484T>C in MT-ND6,
account for over 90% of genetically confirmed
cases worldwide.>> Among these, the m.11778G>A
mutation is most frequently encountered and is
consistently associated with more severe visual out-
comes and lower rates of spontaneous recovery.*
Despite the relatively high carrier frequency of
LHON-associated variants, estimated at approxi-
mately 1 in 1000 individuals, clinical penetrance

remains low and sex-dependent. Current data
suggest that the lifetime risk of vision loss in male
carriers is approximately 17.5%, compared to 5.4%
in females, underscoring the importance of
sex-specific expression in the disease’s natural
history.” While regional studies from Chile,
Brazil, and Cuba have provided initial genotype
data,® Colombia lacks systematic cohort-level
reports.

In Colombia, LHON is designated as an orphan
disease, with an estimated prevalence of 0.18 per
5,000 inhabitants, according to national surveillance
data.” However, the absence of population-based
registries and standardized diagnostic pathways
hinders early recognition and comprehensive char-
acterization of affected individuals. International
consensus guidelines emphasize the importance of
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early recognition and standardized diagnostic
approaches'® but these protocols have not been
adapted to resource-limited settings. There is
a critical gap in understanding the regional muta-
tion spectrum, clinical presentation, and trajectory
of LHON, which limits the development of diagnos-
tic algorithms and genetic counseling strategies sui-
ted to local needs. Additionally, there are currently
no evidence-based clinical diagnostic criteria
tailored to the Colombian healthcare context.

This study aims to characterize the clinical,
demographic, and genetic features of patients with
genetically confirmed LHON in a multicenter
Colombian cohort. Based on prior international evi-
dence, we hypothesized that the MT-ND4 mutation
would be the predominant genotype and that
affected individuals would display clinical patterns
consistent with previously described LHON popula-
tions. We also describe clinical features that may
help ophthalmologists and neurologists recognize
suspected LHON and refer patients for genetic con-
firmation in settings where molecular testing may be
delayed or unavailable.

Materials and methods

This was a retrospective, multicenter cohort study
conducted at five neuro-ophthalmology referral
centers serving the Colombian Caribbean region.
The study period spanned from January 2019
through December 2024. Neuro-ophthalmology
consultation in this region is available mainly in
Barranquilla, Cartagena, Valledupar, and Santa
Marta; patients from peripheral departments
often require referral to these cities for subspecialty
assessment. Participating centers had access to the
main diagnostic and supportive resources required
for LHON evaluation and follow-up, including
optic nerve and macular optical coherence tomo-
graphy (OCT), automated visual field testing,
visual evoked potentials, electrophysiology, and
low-vision rehabilitation services. A retrospective
design was chosen to enable the evaluation of real-
world clinical, structural, and genetic data in
patients with confirmed Leber hereditary optic
neuropathy (LHON), a rare mitochondrial disor-
der for which prospective registries are not yet
established in the country.

Due to the retrospective nature of the study and
the ultra-low prevalence of LHON in the
Colombian population, no formal sample size cal-
culation was performed. Instead, we included all
genetically confirmed cases identified across the
study sites during the five-year period. This com-
prehensive inclusion strategy aimed to maximize
cohort representativeness and descriptive power.

Patient identification and inclusion criteria

Patients were identified through a systematic search
of both paper-based and electronic medical records
using ICD-10 codes associated with optic neuropa-
thies. These included H47.2 (optic atrophy), H48.8
(other disorders of the optic nerve and visual path-
ways), H46.X (optic neuritis), and H47.0 (unspeci-
fied optic nerve disorder). From this initial pool,
cases were included if they met the following
criteria: confirmed diagnosis of LHON by mtDNA
testing (via targeted mutation analysis or full mito-
chondrial sequencing), age > 10 years at diagnosis,
and availability of comprehensive ophthalmologic
evaluation including best corrected visual acuity
(BCVA), visual field testing, and optic nerve optical
coherence tomography (OCT). Genetic testing
was processed through a centralized reference
laboratory in Bogota (Gencell Pharma / Genética
Avanzada), using targeted mutation analysis or
mitochondrial sequencing according to the test
requested in routine care. In clinically suspected
cases screened during record review, laboratory
reports included assessment of primary and second-
ary/less common LHON-associated mitochondrial
DNA variants; cases without pathogenic
variants were excluded from the final cohort. The
median longitudinal follow-up was 14.2 months
(IQR 11.0-17.8), allowing the identification of pro-
gressive anatomical changes despite functional

stability.

Exclusion criteria

Exclusion criteria were incomplete or inconclusive
genetic results, absence of key visual or structural
data, or documentation of a known alternative
etiology for optic neuropathy (e.g., ischemic,
inflammatory, toxic, or compressive causes).



Data collection procedures

Data were extracted using a standardized proto-
col to ensure consistency and reduce information
bias. Sociodemographic variables included sex,
age at diagnosis, municipality of residence, and
socioeconomic  classification  based  on
Colombia’s six-level stratification system.'' In
this system, socioeconomic stratum is assigned
to residential properties; stratum 1 represents the
lowest socioeconomic category and is commonly
used in Colombian health research as a proxy for
socioeconomic vulnerability rather than as
a direct measure of individual income. Clinical
history was assessed for relevant comorbidities
and family history of LHON or unexplained
vision loss, particularly among maternal rela-
tives. Ophthalmologic parameters included
BCVA (converted to LogMAR units), type of
visual field defect, and funduscopic findings at
baseline. Structural retinal data, specifically,
RNFL and GCC thickness, were recorded from
OCT reports when available. Standard auto-
mated perimetry was performed using the
Humphrey Visual Field Analyzer 30-2 program.
Visual field defect categories, including “absolute
scotoma,” were recorded as documented in the
clinical perimetry report. Alcohol consumption
history was systematically assessed from the
medical record at the time of neuro-
ophthalmology evaluation and recorded based
on clinician documentation. Biochemical para-
meters such as serum vitamin B12 and folate
were also documented. Management data
included idebenone use, treatment-initiation
dates when documented, and referral to low
vision services. In cases of bilateral involvement,
each eye was analyzed separately for structural
and functional findings, though demographic
and systemic data were linked to the individual
as the unit of analysis.

Outcome measures

The primary outcome of interest was the clinical
characterization of patients with genetically con-
tirmed LHON, including visual acuity, visual field
changes, optic nerve morphology, and OCT para-
meters at baseline and follow-up. Secondary
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outcomes included the relative frequency of specific
mtDNA mutations and descriptive data on manage-
ment strategies, such as idebenone use and low vision
rehabilitation.

Bias control and missing data

Selection bias was minimized by systematically
screening all potentially relevant ICD-10 entries,
regardless of final diagnosis. Information bias
was mitigated by applying uniform data collec-
tion criteria and excluding incomplete records.
Missing data were present for ancillary labora-
tory variables (vitamin B12, folate, and vitamin
B6), which were available for 18 of 21 partici-
pants. Analyses were performed using available
data without imputation, and paired longitudi-
nal tests used complete baseline — follow-up
observations for each outcome.

Statistical analysis

Statistical analyses were conducted using
R software version 4.5.2 (R Foundation for
Statistical Computing, Vienna, Austria)."?
Categorical variables were summarized as abso-
lute counts and percentages. Continuous vari-
ables were assessed for normality using the
Shapiro-Wilk test and reported as medians
with interquartile ranges (IQR) due to non-
parametric distribution.

Paired comparisons between baseline and
follow-up values were performed using the
Wilcoxon signed-rank test. A two-tailed p-
value < .05 was considered statistically significant.
A post-hoc power analysis was conducted to assess
sensitivity for detecting changes in key outcomes.
All analyses were exploratory and intended to
inform future prospective studies.

Ethical considerations

This study was classified as minimal-risk
according to Colombian Ministry of Health
Resolution 8430 of 1993. Ethical approval was
obtained from the Bioethics Committee of
Universidad del Sinu, Cartagena Campus
(approval code OFT2023II3E). All data were
anonymized prior to analysis. Given the
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retrospective nature of the study, individual
informed consent was waived in accordance
with national ethical guidelines.

Results
Patient identification and genetic confirmation

Between 2019 and 2024, a total of 1,100 medical
records were reviewed from neuro-ophthalmology
services in five departments of the Colombian
Caribbean region. Thirty-seven patients were initi-
ally identified with suspected Leber Hereditary
Optic Neuropathy (LHON) based on clinical pre-
sentation and diagnostic coding. Among them, 21
individuals (56.8%) had genetic confirmation of
pathogenic mitochondrial DNA (mtDNA) var-
iants, constituting the final study cohort. A total

of 42 eyes were analyzed. All included patients had
complete demographic and core ophthalmologic
data, and none were lost to follow-up after genetic
confirmation (Figure 1). Among the 16 clinically
suspected cases excluded from the final cohort,
genetic testing assessed both primary and second-
ary/less common LHON-associated mitochondrial
DNA variants, and all were negative.

Demographic and geographic characteristics

The median age at diagnosis was 37 years (inter-
quartile range [IQR] 27-42). Male patients repre-
sented the majority (n =17, 81.0%), with a median
age of 34 years (IQR 22-42), while female patients
(n=4, 19.0%) were diagnosed at a median age of
39 years (IQR 34-58). Most participants belonged

Medical Records Screened
Across 5 Neuro-ophthalmology Centers

(n =1,100)
Clinical suspicion not met
"""""" (n =1,063)
( )
Patients Meeting Clinical
Suspicion Criteria for LHON
\ e a0 J

v

Genetic Testing Performed
(n=37)

Y

Genetic testing negative
(n =16, 43.2%)

Confirmed LHON Cases
(n =21, 56.8%)

b

Final Analysis Cohort
21 Patients, 42 Eyes

Genetic Mutations Identified:
* MT-ND4. 13 patients (61.9%)
* MT-ND6: 6 patients (28.6%)
* MT-ND1: 2 patients (9.5%)

Legend:
= Included participants
Excuded particpants

[T] Analysis cohort

Study Period:
January 2019 - December 2024
Median follow-up. 18 months

Figure 1. Patient flow diagram - screening, inclusion, and genetic confirmation. Medical records from five neuro-ophthalmology
centers were screened (n = 1,100). Patients meeting clinical suspicion criteria for Leber hereditary optic neuropathy (LHON) underwent
genetic testing (n = 37); 21 patients had genetically confirmed LHON and were included in the final analysis (42 eyes). Sixteen clinically
suspected cases were excluded due to negative genetic testing for LHON-associated mitochondrial DNA variants (primary and

secondary/less common variants).



to socioeconomic strata 1 (71.4%), with the
remaining 28.6% classified as stratum 2.
The primary municipalities of origin were
Cartagena (52.4%) and Barranquilla (23.8%), with
smaller numbers from Sucre, Magdalena, Cesar,
and La Guajira.

Clinical features and comorbidities

Initial diagnoses included “optic nerve disorder”
in 66.7% of patients and “optic neuritis” in
23.8% (bilateral in four cases, unilateral in
one). A family history suggestive of LHON was
reported in seven patients (33.3%), primarily
involving siblings, nephews, uncles, or fathers.
Alcohol consumption history was assessed in all
patients; no participant had documentation
compatible with problematic alcohol use,
although occasional alcohol consumption was
reported in some cases. Two patients had con-
current neurologic diagnoses (Parkinson’s dis-
ease and a demyelinating disorder consistent
with multiple sclerosis) and underwent addi-
tional evaluation (brain magnetic resonance
imaging and cerebrospinal fluid analysis) to
assess alternative etiologies and LHON-plus
phenotypes; one case was considered consistent
with an LHON-plus phenotype (Table 1).

Genetic analysis

All 21 patients had a single confirmed pathogenic
mtDNA variant. The most frequent mutation
was m.11778G>A in the MT-ND4 gene, observed
in 13 patients (61.9%, 95% CI: 40.9-79.2%).
The second most common was m.14484T>C in
MT-ND6 (6 patients, 28.6%, 95% CI: 13.8-50.0%),
followed by m.3460G>A in MT-ND1 (2 patients,
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9.5%, 95% CI: 2.7-28.9%). No dual or multiple
mutations were detected.

All patients with the m.11778G>A mutation
were male, with a median age at diagnosis of 39
years (IQR 27-43). This subgroup exhibited the
highest mutation-specific prevalence in the
cohort (Figure 2).

Ophthalmological evaluation

Visual function

Baseline best-corrected visual acuity (BCVA)
showed a median LogMAR of 1.0 (IQR 0.8-1.2),
equivalent to 20/200 Snellen. At follow-up, visual
acuity remained stable (LogMAR 1.0; IQR 0.7-1.3;
p =.62). The effect size for this change was small
(r=0.326), and post-hoc power was insufficient
(power = 0.095).

Visual field defects

Visual field testing identified central scotomas in
38.1% of eyes, absolute scotomas in 31.0%, and
paracentral defects in 19.0%. In this study, “abso-
lute scotoma” refers to a dense visual field defect
documented in the clinical Humphrey 30-2
report as not perceived at the maximum stimulus
intensity in the affected test locations.
Centrocecal and nasal losses were each noted in
11.9% of cases. No statistically significant long-
itudinal changes were observed in the distribu-
tion of these defects (McNemar p>.5 for all
categories).

Fundus examination

At baseline, 47.6% of eyes exhibited temporal
optic disc pallor, while 45.2% showed general-
ized pallor. Optic disc edema (11.9%) and

Table 1. Baseline characteristics of Colombian patients with geneti-

cally confirmed LHON (n = 21).

Characteristic Value 95% Cl
Age at diagnosis, y 37 (27-42)* 29.6-42.7
Male sex 17 (81.0%) 60.0-92.3
m.11778G>A (MT-ND4) 13 (61.9%) 40.9-79.2
m.14484T>C (MT-ND6) 6 (28.6%) 13.8-50.0
m.3460G>A (MT-ND1) 2 (9.5%) 2.7-28.9
Family history of LHON 7 (33.3%) 17.2-54.6%
Low-vision services at baseline 0 (0%) 0-15.5

*Median (IQR); otherwise n (%). 95% confidence intervals calculated using Wilson's

method.
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n=13

60

e
o

Percentage of Patients (%)

n
o

m.11778G>A (MT-ND4)

m.14484T>C (MT-ND6)
Mitochondrial Mutation

m.3460G>A (MT-ND1)

Figure 2. Distribution of pathogenic mtDNA mutations among Colombian LHON patients.

telangiectasias (7.1%) were uncommon and co-
occurred in some patients.

Optical coherence tomography

Initial retinal nerve fiber layer (RNFL) thickness
had a median of 73.5 um (IQR 61.2-106.2), and
ganglion cell complex (GCC) thickness was
60.5um (IQR 52.2-67.0). Follow-up revealed
a statistically significant reduction in both para-
meters: 1) RNFL decreased by a median of
11.0 um (p =.0005; r=10.721). 2) GCC decreased
by a median of 2.6 um (p=.0040; r=0.582).
These changes suggest progressive structural ret-

inal degeneration despite stable visual acuity
(Table 2).

Post-hoc power analysis

A post-hoc power analysis was conducted to
assess the adequacy of the sample size to detect
significant longitudinal changes. The power to
detect change in RNFL thickness was high
(power =0.957), reflecting a large effect size
(Cohen’s d=0.581). For GCC, the statistical
power was moderate (power=0.534). Visual
acuity changes were underpowered for detection
(power = 0.095).

Treatment and supportive care

Fourteen patients (66.7%) received idebenone ther-
apy at some point during the study. The majority
(71.4%) were enrolled in low-vision rehabilitation

Table 2. Longitudinal changes in visual and structural parameters (per eye).

Parameter n Baseline Follow-up Change (95% Cl) p-value
Visual acuity (LogMAR) 21 1.0 (0.8-1.2) 1.0 (0.7-1.3) —0.04 (—0.19 to 0.10) .62

RNFL (um) 42 73.5 (61.2-106.2) 65.0 (58.2-78.8) —11.0 (-17.0 to -5.1) p <.001
GCC (um) 42 60.5 (52.2-67.0) 56.0 (51.0-60.8) —2.6 (-5.1 to —0.1) p <.001

p-values from Wilcoxon signed-rank test. *p <.01.



services. The time from symptom onset or genetic
confirmation to idebenone initiation was not con-
sistently documented in the medical records and
therefore could not be analyzed. Serum levels of
vitamin B12, folic acid, and vitamin B6 were avail-
able for 18 participants (85.7%) and remained
within normal ranges for all.

Discussion

To our knowledge, this study presents the largest
known cohort of genetically confirmed Leber her-
editary optic neuropathy (LHON) in Colombia.
The predominant molecular finding was
the m.11778G>A mutation in the MT-ND4 gene,
aligning with global data reporting this variant in
approximately 60-70% of cases.”> Our cohort
demographics align with international registries
in Europe and North America, where similar age
and sex distributions have been documented.'*"

Regional data from Latin America remain lim-
ited, but available cohorts from Chile, Cuba, Brazil,
and Argentina support a similar male predomi-
nance and a mutation spectrum in
which m.11778G>A is frequently reported.®®'®
Differences in referral pathways and access to
genetic testing can influence case ascertainment
and the apparent timing of diagnosis across coun-
tries. In this context, our findings place the
Colombian cohort within regional patterns while
reinforcing the need for standardized diagnostic
pathways and multicenter registries to improve
comparability across Latin America.

Structurally, the longitudinal analysis revealed
a statistically significant reduction in both retinal
nerve fiber layer (RNFL) and ganglion cell complex
(GCC) thickness during follow-up. These findings
suggest that LHON progression is detectable
through optical coherence tomography (OCT),
even in the absence of changes in visual acuity.
The lack of significant BCVA variation is compa-
tible with previous reports showing that most
patients with m.11778G>A do not experience
spontaneous visual recovery.'’ " Post-hoc power
analysis confirmed that the sample was sufficient to
detect changes in RNFL but underpowered for
GCC and visual acuity, underscoring the value of
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structural biomarkers over functional ones in
short-term follow-up.

Visual field analysis showed persistent central
and centrocecal scotomas, with no meaningful
variation between initial and follow-up assess-
ments. The fundoscopic findings of optic disc pal-
lor, either temporal or generalized, were present in
most cases and are in line with the classic neuro-
ophthalmic presentation of LHON.?>?' These
structural changes further validate the pathogenic
role of mitochondrial dysfunction in retinal gang-
lion cell apoptosis and axonal loss.*>**

Our data do not support clinical improvement
over time, but they do demonstrate measurable
anatomic progression in retinal degeneration.
This highlights the utility of OCT in both diagnosis
and follow-up, particularly in regions where access
to molecular testing may be delayed. However, the
diagnostic process remains protracted. The median
interval between symptom onset and definitive
diagnosis was approximately one year, suggesting
that LHON continues to be misrecognized or
underdetected at first contact, even in tertiary
care settings.

The regional care context is relevant to this
diagnostic delay. In the Colombian Caribbean,
neuro-ophthalmology care is concentrated in
selected referral cities rather than uniformly dis-
tributed across all departments. Local specialist
experience indicates that other frequent causes of
optic atrophy evaluated in this setting include neu-
romyelitis optica spectrum disorder/Devic disease,
inflammatory optic neuritis, tumor-related or com-
pressive optic neuropathies, and toxic-metabolic
optic neuropathies. These conditions are part of
the clinical differential diagnosis at presentation,
but the present cohort cannot estimate their rela-
tive frequency because the analytic dataset was
restricted to genetically confirmed LHON cases.

Several limitations must be acknowledged. First,
the retrospective design limits the uniformity of
follow-up intervals and introduces potential infor-
mation bias, particularly in subjective outcomes
such as symptom duration. Second, although the
study includes the largest confirmed LHON cohort
in Colombia, the sample remains limited for muta-
tion-specific or sex-stratified analyses. Third, the
study was not designed to estimate the relative
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frequency of LHON compared with other causes of
optic atrophy in the Colombian Caribbean. The
screening pool of 1,100 records was used to identify
suspected LHON cases for genetic confirmation,
but it was not systematically classified by final
optic atrophy etiology. Fourth, quadrant-level
RNFL measurements were not consistently avail-
able in the study database or OCT exports, and
RNFL was recorded as a global average only, pre-
cluding sectoral RNFL analyses. Structural mea-
surements were obtained across different OCT
platforms, which can introduce inter-device varia-
bility despite routine clinical quality control at each
center. Fifth, idebenone access in Colombia was
limited because the drug was not routinely avail-
able through ordinary commercial channels.
During the study period, it could be obtained
only case by case through the Colombian
Medicamento Vital No Disponible pathway,
a regulatory mechanism that allows exceptional
patient-specific access to medicines without rou-
tine local market availability when clinically
justified.”**> Because treatment-initiation timing
was not consistently documented, this cohort can-
not support treatment-effect analyses. Finally, the
power to detect changes in visual acuity was insuf-
ficient, suggesting that larger samples or longer
follow-up periods may be necessary to assess
potential functional outcomes.

Despite these constraints, this study provides the
tirst detailed description of the clinical and struc-
tural trajectory of LHON in a Colombian popula-
tion. It reinforces the predominance of
the m.11778G>A variant and offers evidence of
measurable disease progression through OCT-
based metrics. These results should inform future
research on diagnostic accuracy, early intervention
strategies, and long-term outcomes.

The prolonged diagnostic interval observed in this
cohort reflects the lack of structured care pathways
for mitochondrial optic neuropathies in Colombia.
Although this study did not evaluate diagnostic algo-
rithms, the consistency of clinical findings, particu-
larly bilateral, painless central vision loss in young
males with OCT evidence of optic atrophy, supports
earlier clinical suspicion and referral for genetic con-
firmation. Future research should prioritize prospec-
tive validation of diagnostic pathways in real-world

settings. National registries and longitudinal follow-
up cohorts will also be needed to characterize phe-
notypic variability, diagnostic timing, treatment
access, and long-term outcomes in Latin American
LHON populations.

Conclusion

This study confirms that Colombian patients with
LHON share core clinical and molecular features
with global populations, notably the predominance
of the m.11778G>A mutation and limited visual
recovery during follow-up. The consistent presenta-
tion of bilateral, painless central vision loss and
progressive retinal thinning underscores the need
for earlier recognition and referral for genetic
confirmation. These findings should be interpreted
within the regional care context, where neuro-
ophthalmology services are concentrated in selected
referral cities and access to idebenone depends on
patient-specific regulatory pathways. Future efforts
should focus on validating diagnostic algorithms,
strengthening referral networks for genetic testing
and follow-up, and integrating LHON into rare
disease care strategies in Colombia.
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