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Purpose: To inform national health policy, we quantified the pattern of neuro-ophthalmological disorders (NODs) presenting to the
national vitreoretinal clinics in Bhutan.

Study Design: Retrospective cross-sectional study.

Methods: We reviewed all new NODs patients over three years. Demographic data, presenting complaints, treatment history, systemic
diseases, diagnostic procedures, and diagnoses were quantified. Logistic regression examined the odds of factors linked to more
common NODs.

Results: Of 226 patients, the majority were males (54.0%), farmers (60.2%), and urbanites (55.8%). Loss of vision was the most
common presenting complaint (57.9%), followed by head or orbital trauma (19.5%). The best corrected visual acuity (BCVA) of 216
eyes (47.8%) was <6/60. Hypertension was the most common systemic disease (16.4%), followed by diabetes (3.5%), and intracranial
space-occupying lesions (3.5%). Neuroimaging (37.6%) was the most common diagnostic test performed, followed by visual field
testings (VFTs) (22.9%). With a NOD incidence of 7.8% p.a. (226/2913), optic atrophy (OA) was diagnosed in 134 patients (59.3%).
Other common NODs were optic neuritis (15.5%), papilloedema (9.3%), and traumatic optic neuropathy (8.4%). Female gender
increased the odds for glaucomatous OA by 2.65% (p = 0.044), and age by 1.09x per year (p < 0.001). Being female increased the odds
of optic neuritis by 2.57% (p = 0.03).

Conclusion: Over half of the NODs were OA, which could be curable with timely treatment. Improved treatment of glaucoma and
non-communicable diseases would reduce the risk of NODs-induced visual loss in Bhutan. The need for improved neuro-
ophthalmological assessment and a coordinated multidisciplinary approach to NODs are the highest priorities.
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Introduction

Neuro-ophthalmological disorders (NODs) are the diseases of the central nervous system (CNS) that manifest in the
visual system.! NODs may cause visual disturbances due to the involvement of the optic nerve, CNS, ocular motility, and
pupillary responses.” There is lack of precise epidemiological data and structured management protocols for NODs, and
many NODs fall in the grey area between neuro-ophthalmologists, neuro-surgeons, and neurologists.> Hospital-based
studies reported that the annual incidence of NODs was 9.81 per 100,000 per year in Singapore, with incidence
increasing with age,’ and in Thailand it was 1.2%."

The 2009 Rapid Assessment of Avoidable Blindness (RAAB) survey in Bhutan reported that 22.1% of the blindness/
visual impairment were due to posterior segment disorders.* A hospital-based study reported that NODs involving the
optic nerve were the fifth most common disorder among vitreoretinal (VR) disorders.® Despite this, Bhutan does not
possess a neuro-ophthalmologist and therefore NODs are mostly managed by VR specialist who had set up a national
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referral system. The cases of neuropathies affecting third, fourth and sixth cranial nerves resulting strabismus are
managed by a paediatric ophthalmologist, and orbital disorders are managed by an oculoplastic surgeon. The current
study is the first to report on NODs presenting to the VR services in Bhutan and is designed to inform national and

regional health policies.

Materials and Methods
Study Design and Ethics

This retrospective cross-sectional study was approved by the Research Ethics Board of Health (REBH), Royal
Government of Bhutan, Thimphu, and adhered to the principles in the Declaration of Helsinki. Informed consent was
waived by the REBH because this retrospective study collected only de-identified data.

Setting and Participants

The study sites included all VR Sub-speciality clinics (VRSCs) in Bhutan. The Jigme Dorji Wangchuck National Referral
Hospital (JDWNRH) in Thimphu in western region was the main site, other sites included the eastern regional referral
hospital (ERRH) and central regional referral hospital (CRRH). All patients with NODs presenting to the VRSCs for the
first time over 3 years (01 May 2013 until 30 April 2016) were included. We did not set any inclusion or exclusion
criteria, except 6 cases which were excluded due to incomplete data.

Clinical Examination and Data Collection

The data collected included demography, presenting complaints and duration, treatments received before presenting to
the VRSC, and associated systemic diseases, diagnostic tests and the diagnoses. Best corrected visual acuities (BCVA) at
presentation were measured using a Snellen chart, Tumbling E for illiterate patients, and the Sheridan Gardners
3 m vision chart for children. Intraocular pressure (IOP) was measured by Goldmann applanation tonometry or iCare
tonometry. Anterior and posterior segments were examined under slit-lamp biomicroscopy (BM 900, Haag-Streit,
Switzerland), 90D bio-microscopy and indirect ophthalmoscope (Model 125, Welch Allyn, USA). Optical coherence
tomography (OCT) scans were performed to confirm retinal and optic disk lesions using a Spectral Domain OCT (Cirrus-
HD 4000, Carl Zeiss Germany). Fundus photographs were taken by a VISUCAM-524 (Carl Zeiss, Germany). When
indicated, imaging diagnostics such as magnetic resonance imaging (MRI) and computerised tomography (CT) scans
were performed to diagnose or rule out intracranial and orbital pathologies. The results of these imaging diagnostics were
provided by the qualified radiologists. Lumbar puncture (LP) was also performed when indicated and interpreted by the
departments of internal medicine, neuro-surgery, or pathology. Visual field tests (VFTs) were performed with Humphrey
Field Analyzer (HFA 3, Carl Zeiss, Germany), and Frequency Doubling Technology (FDT) perimetry (Carl Zeiss
Meditec, Dublin, California USA). In paediatric patients, the diagnoses were confirmed by examination under anaes-
thesia (EUA). Intracranial pathologies such as causes of papilloedema and other intracranial space occupying lesions
(ISOL) were confirmed by working collaboratively with the medical internists, neuro-physician and neuro-surgeon.
When necessary, imaging technology such as MRI and CT scanning, and LP were sought with results interpreted by
qualified radiologists and pathologists respectively. There was overlapping optic neuritis (papillitis) and retrobulbar
neuritis. Therefore, for clarity optic neuritis cases include papillitis with or without retrobulbar neuritis, while retrobulbar
neuritis has only retrobulbar involvement but no papillitis.

Statistical Analysis

The data were analysed using MATLAB (2020b, The MathWorks, Natick, MA). Comparisons of the expected and
observed frequencies employed Chi-squared tests, other factors were examined with ¢-tests. Logistic regression was used
to examine the odds of independent factors linked to the more commonly encountered diseases. A value of p < 0.05 was
considered statistically significant.
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Results

Demography

A total of 226 new NOD cases attended the VRSC in 3 years. The majority of patients were males (122 patients, 54.0%),
and 152 patients (67.3%) were of working age (18—65 years). The mean age of presentation was 44.6 + 21.7 years,
ranging from 7 months to 85 years. Females presented earlier than males: 40.9 = 22.0 vs 47.8 + 20.9 years (p = 0.014,
Wilcoxon/Rank sum test). Farmers/housewives constituted the biggest group (136 patients, 60.2%), followed by the
working-class population (48 patients, 21.3%) namely employees in the private (22 patients, 9.7%), government (21
patients, 9.3%) and corporate (5 patients, 2.2%) sectors. Majority of patients lived in an urban setting (126, 55.8%). Half
of the study cohort did not attend modern schooling (Table 1).

Presenting Complaints

Eighty-one patients (35.8%) presented with gradually impaired vision, and 50 patients (22.1%) presented with a sudden
loss of vision. Forty-four patients (19.5%) presented with trauma such as road traffic accidents (RTAs), fist fights, falls
from height, wooden implements, and iron nails or rods. Nineteen patients (8.5%) had received unsatisfactory cataract
surgery, so they sought further consultation to find OA in 12 patients (10 unilateral and 2 bilateral); glaucomatous OA
(GOA) in 6 patients (4 unilateral and 2 bilateral), and traumatic optic neuropathy (TON) in one patient (Table 2).

Table | Demographic Characteristics of Patients

Occupation n, % Education n, %
Patients Patients
Farmers 136 60.2 Nil 113 50
Employees 48 21.3 Primary 42 18.6
Students 29 12.8 | High School 35 15.5
Retirees 5 22 Graduate 32 14.1
Clerics 5 2.2 | Postgraduate 2 0.9
Children 3 1.3 Class 12 2 0.9
Total 226 100 Total 226 100

Table 2 Presenting Complaints

Symptoms Males | Females | Total %

Gradual impaired vision 36 45 8l 358
Sudden loss of vision 31 19 50 22.1
Trauma 28 16 44 19.5
Unsatisfactory cataract Surgery 11 8 19 85
Headache 6 9 15 6.6
Inferred/Referred 5 4 9 4

Painful eye 2 | 3 1.3
Others’ 3 2 5 22
Total 122 104 226 100

Notes: TOthers symptom category includes Discomfort eye, Floaters, Premature
infant, Routine check-up, Squint.
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The mean duration of symptoms at which the patients sought consultation was 23 months, ranging from a day to 38
years. The median was 3 months, and the interquartile range 0.5 to 24 months.

Systemic Diseases

Hypertension was the most common systemic disorder (37 patients, 16.4%), followed by diabetes mellitus (8 patients,
3.5%), and brain tumour (8 patients, 3.5%). Other systemic co-morbidities were pituitary tumours (3 patients, 1.3%), and
pheochromocytoma, chronic kidney disease, and systemic lupus erythematosus in one patient each (0.4%).

Prior Interventions

Cataract operations were the most common intervention (17 patients, 7.5%), followed by ISOL surgery (6 patients,
2.7%), retinal detachment surgery (4 patients, 1.8%), trabeculectomy (2 patients, 0.9%), and peripheral laser iridotomy,
intravenous methylprednisolone and parotid tumour operation in one patient each (0.4%).

Visual Acuities

In terms of decimal visual acuity, the mean + SD across the eyes was 0.32 £ 0.36. The standard conversion to decimal
acuities was used for 6/6 to 1/60, while CF was converted to 0.01, HM to 0.005, and NA, NPL, and PL to 0. The BCVA
of 216 eyes (47.8%) was <6/60 (Figure 1A), 105 patients (46.5%) had binocular vision <6/12, while 56 (24.8%) patients
had binocular vision <6/60 (Figure 1B). Only 26 subjects had BCVA > 6/12 bilaterally.

Diagnostic Procedures

Diagnoses were made using an inter-disciplinary approach seeking cross-consultation with radiologists, medical inter-
nists, and a neuro-surgeon. MRI of the brain and orbit was the most common diagnostic procedure performed (135
patients, 35.5%) to confirm or rule out intracranial and orbital pathologies, followed by OCT (79 patients, 20.5%), VFT
(88 patients, 22.9%) including the HFA (64, 16.6%) and FDT tests (24, 6.3%), haematological tests (23 patients, 6.0%),
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Figure | Visual acuities. (A) The distribution of visual acuities across the 452 eyes. (B) The distribution of decimal acuities in the two eyes.
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B-scan ultrasound (10 patients, 2.6%), CT-scan (8 patients, 2.1%), chest X-ray (2 patients, 0.5%), and EUA (1
patient, 0.3%).

Neuro-Ophthalmological Disorders

A total of 226 NOD patients were seen among 2913 VR patients over three years, providing an incidence rate of 7.8%
per annum. The most common NOD was OA (134 patients, 59.3%). Among them, 31 patients (13.7%) had GOA. In
other cases, the causes included previously diagnosed ON, trauma, and papilloedema. ON was the second most common
disease, seen in 35 patients (15.5%). Of them, 31 patients (13.7%) had papillitis and 4 patients (1.8%) had retrobulbar
neuritis. Papilloedema was diagnosed in 21 patients (9.3%), TON was seen in 19 patients (8.4%). Malignant hypertensive
retinopathy was diagnosed in 9 patients (4.0%). Other details are shown in Table 3.

Unfortunately, a total of 95 patients (42.0%) had bilateral NODs at initial presentation. To break down by disease, 17
of 31 GOA patients (54.8%), 32 of 103 patients (31.1%) of OA with other causes, 21 of 21 patients (100%) with
papilloedema, 12 of 31 patients with ON (38.7%), and 2 of 4 patients (50.0%) with retrobulbar neuritis were bilateral.
A total of 49 patients (36.6%) had bilateral OA, combined GOA and OA with other causes, and were deemed blind.

Logistic Regression
We used logistic regression to quantify any factors determining the odds of having some of the more common diseases.
Possible contributing factors included age, sex, education, urban vs rural setting, and unilateral disease.

In these models, we examined age relative to mean age so as to minimise the effect on the intercept. Table 4 presents
the outcomes for GOA against other diseases. Female gender and age increased the odds of GOA significantly by 2.65x
(p <0.0001), and 1.09x (p = 0.044) per year respectively, while unilateral disease decreased the odds by 0.24x (lower and
upper SE 0.15x and 0.39x) (p = 0.003). Not shown are the outcomes for ON, for which being female increased the odds
by 2.57x (p = 0.03, SE 1.63x and 4.29x), and age decreased them by 0.97x per year (p = 0.014, SE 0.96x and 0.98x). For
OA, only unilateral disease was a significant factor with increased odds by 2.53x (p < 0.002, lower and upper SE 1.90x
and 3.36x).

Table 3 Neuro-Ophthalmological Disorders/Findings
Presenting to the Vitreoretinal Clinics in Bhutan

Diseases n, Patients %

Optic atrophy (other than GOA) 103 45.6
Glaucomatous optic atrophy (GOA) 31 13.7
Optic neuritis (papillitis) 31 13.7
Papilloedema 21 9.3
Traumatic optic neuropathy 19 8.4
Malignant hypertensive retinopathy 9 4.1

Optic disc swelling 5 2.2
Retrobulbar neuritis (no papillitis) 4 1.8
Hemianopia | 0.4
Hyperaemic disc | 0.4
Optic disc gliosis | 0.4
Total 226 100

Notes: Optic neuritis cases include papillitis with or without retrobulbar
neuritis, while retrobulbar neuritis has only retrobulbar involvement but
no papillitis.
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Table 4 Logistic Regression Analysis for Diagnosis of GOA

Variables Log (Odds) SE p-value | Odds | Low SE | High SE
(Intercept) —2.08 0.543

Female 0.97 0.483 0.044 2.65% 1.63 429
Urban resident -0.77 0.478 0.108 0.46x 0.29 0.75
Unilateral —1.44 0.49 0.003 0.24x 0.15 0.39
Age 0.08 0.015 | 0.0001< | 1.09% 1.07 I.1

Notes: x: number of times or multiplied by. The overall model Chi? value was 58.6, providing
p=5.8x10-12, degrees of freedom = 221.
Abbreviations: GOA, glaucomatous optic atrophy; SE, standard error.

Discussion

NODs should be of high concern with the rising incidence of inflammatory diseases such as multiple sclerosis, neuro-syphilis, and
ISOL.® In the present study, 67.3% of patients were of working age. At least 19 NODs patients were diagnosed incidentally
following unsatisfactory cataract surgery, which hinted that NODs might be more prevalent in the community. OA was the most
common NOD (59.3%), 36.6% of which was bilateral, followed by ON (15.5%), papilloedema (9.3%), TON (8.4%), and
malignant hypertensive retinopathy (4.1%). Female gender and age increased the odds for GOA by 2.65 times. Being female
increased the odds of ON by 2.57 times. The BCVAs were rather poor, with just 32.5% of eyes better than or equal to 6/12, while
47.8% were <6/60. In terms of bilateral outcomes, 46.5% of subjects were <6/12 in both eyes, and 24.8% <6/60. The persons with
bilateral BCVAs of <6/60 were not significantly older than other subjects.

The occupational breakdown of patients also showed that the farmers were the most affected group, followed by
employees of the government, private and corporate sectors. This will affect the already strained Bhutanese human
resources immensely. Although modern schooling was introduced in Bhutan in 1961, the monastic system of education is
still embraced by Bhutanese people.” As a result, majority of the elderly patients had not attended modern schooling.
This finding agreed with similar studies in Bhutan.>*

The majority of patients had symptoms for a mean duration of 23 months when they presented for the first time, while only
22.1% presented with sudden loss of vision. This might be a reflection of lower level of education and poor knowledge about the
diseases and treatment options, which is typical behaviour of low- to middle-income countries. Alternatively, they might have
sought traditional or indigenous healing methods, which are practised commonly in Bhutan. TON was also a common reason for
consultation. The details of the modes of injuries were described elsewhere.’ Incidental diagnosis of TON or OA from other
causes was common among the patients who received unsatisfactory cataract surgery. The prior interventions some patients had
received were for diseases other than the NODs such as cataract, ISOL, retinal detachment and glaucoma. Only one patient had
received intravenous methylprednisolone for ON (in India). The main reason for such poor management of NODs was the lack of
any neuro-ophthalmologist in the country. Prior to the establishment of VR services in Bhutan NOD cases were either managed by
general ophthalmologists or referred to India. However, these patients were very reluctant to travel out of country for treatment,
and many of them sought traditional or local healers. ISOL was the second most common systemic disease, which was only fourth
in the previous study on the VR diseases.” This disparity is likely because ISOL causes further diseases within the nervous system.

Neuroimaging, mostly MRI rather than CT-scans of brain and orbit, was required to confirm or rule out ON, TON,
and ISOL which directly or indirectly caused NODs. Therefore, it was the most common diagnostic procedure
performed. Comparatively, the diagnostic yield of neuroimaging in neuro-ophthalmology is high and cost-effective.’
OCT has revolutionised diagnostic possibilities in ophthalmology including neuro-ophthalmology with its relatively high
resolution.'® Similarly, in our study the OCT was used frequently to diagnose NODs. The assessment of VFTs is
fundamental to neuro-ophthalmological functional diagnosis including topodiagnostic considerations in case of unex-
plained visual loss and suspected lesions of the visual pathway non-invasively.'' Likewise, the VFT was performed
frequently to diagnose glaucomatous visual field loss or disorders the brain.

OA topped the list of NODs, and unfortunately 49 of these patients had bilateral disease, with consequent poor outcomes
(Figure 1). This finding perhaps is a tell-tale sign of the many limitations of the health services and social and developmental
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milestones in Bhutan: poor availability and accessibility of health facilities, poor referral systems, peoples’ reliance on local
healers, and poor health knowledge of the public. There is significant room for improvement. The common causes of OA were
glaucoma, trauma, ON and secondary to ISOL, either directly or as part of management complications. Trauma was mainly
due to RTA, activities related to agriculture, falls from height and domestic violence.> Over 57% of Bhutan’s livelihood
depends on agriculture, livestock and the forestry sector.'? Bhutan therefore needs to introduce stricter RTA laws to prevent
RTA-related injuries, safer agricultural and construction practices, and more stringent laws against the domestic violence.

Malignant hypertensive retinopathy was a significant cause of NOD, which was expected because the hypertensive retino-
pathy is the most common VR disease.” Another study reported that 54.1% of hypertensives also had co-existent diabetes with
overall prevalence of hypertension and diabetes at 26.0% and 8.2%, respectively.'> Retinal vein occlusion, for which both the
hypertensive retinopathy and diabetes are risk factors, was the second most common reason for retinal laser therapy, only next to
diabetic retinopathy in Bhutan.® WHO has reported that 28% of total mortality in Bhutan was due to cardiovascular disease, and
another 17% due to other non-communicable diseases.'* The risk factors include harmful use of alcohol, high salt intake,
unhealthy diet, physical inactivity, and tobacco use.'” So Bhutan would benefit by controlling non-communicable diseases
including dietary modifications, increasing physical activity and intensifying complications screening programs.

We have found that the female gender increased the odds of GOA and ON. Increased level of interleukin-8 (IL-8) is secreted in
response to female hormone estradiol, is a significant risk for glaucoma including failure of filtering glaucoma surgery.'® The
collagen vascular disease is more common in women is a risk factor for many systemic and ocular diseases, including ON."”

To reduce GOA and glaucoma-related blindness, screening for glaucoma at the community level is critical.
Transporting conventional perimeters to remote Bhutanese communities is challenged both geographically and econom-
ically. A portable perimeter would aid in this task. The multifocal pupillographic objective perimeter (mfPOP) has been
found effective in diagnosing not only glaucoma, but also early diabetic retinopathy prior to the onset of classical signs,'®
and AMD."” Newer mfPOP tests assess both eyes in 82-seconds.”® A rapid objective and portable version of mfPOP
would be convenient for screening program in remote areas.”'

The study is limited by the small number of participants and by its retrospectivity. Potential neuro-ophthalmological
cases such as cranial nerve palsies, and orbital disorders managed by the paediatric ophthalmologists and oculoplastic
surgeons were not included. We also lack data on ischaemic optic neuropathy, giant cell arteritis, migraine, transient
ischaemic attack and stroke, which will be included in future studies. Critical diagnostic data on serology is missing as
this test was noted only with the umbrella term of haematological tests in the registers that we referred for data collection.
In some NOD cases, we did not have definitive diagnoses, so we have mentioned only the NOD findings such as
papilloedema, hyperaemic disc, or optic disc gliosis. This was due to the loss of patients to follow up after being referred
to other departments such as internal medicine and neuro-surgery.

Conclusions

The current study reported only on the NODs presenting to the VR services in Bhutan to inform national and regional
health policies. Other cases of neuropathies affecting third, fourth and sixth cranial nerves resulting strabismus managed
by a paediatric ophthalmologist, and orbital disorders managed by an oculoplastic surgeon are not reported here. We
found 59.3% of all NOD patients already had OA that was beyond being treatable Due to lack of Neuro-
ophthalmologists, NODs were managed by a VR specialist who was already overworked with VR diseases. Proper
coordination among treating physicians and their eye-care team with a multidisciplinary approach was missing. There is
an urgent need for addressing limited human resources, particularly a neuro-ophthalmologist, and developing
a multidisciplinary approach to manage NODs to reduce NOD-related blindness and visual impairment.
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