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ABSTRACT

Introduction: Ocular tuberculosis has diverse presentations.
As microbiological confirmation is difficult, a high index of
suspicion is required. The present study replenishes the gap
of existing knowledge regarding ocular tuberculosis and facts
related to antitubercular drug related toxicity.

Aim: To evaluate the magnitude and outcome of ocular
tuberculosis along with antitubercular drug related ocular
toxicity, with special reference to ethambutol toxicity.

Materials and Methods: This cohort study was conducted
from May 2018 to April 2019 at Outpatient Department of
Ophthalmology, Burdwan Medical College and Hospital, West
Bengal, India. Total 170 newly diagnosed tuberculosis patients
underwent comprehensive ophthalmic examination for any
signs of ocular tuberculosis or development of antitubercular
drug related ocular toxicity. They were treated and followed
up to the completion of Anti-Tubercular Therapy (ATT). The
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statistical software Statistical Package for the Social Sciences
(SPSS) version 20.0 was used for the analysis.

Results: Out of total 170 study participants, 110 (64.7%) were
male, mean age was 35.65+15.49 years. Ocular tuberculosis
was found in 12 (7.05%) patients. Four patients had choroidal
tuberculoma, two had Eales disease, four had choroiditis, two
had anterior and intermediate uveitis. All the ocular tubercular
lesions responded to ATT. Total 7 (4.1%) patients developed
ethambutol-induced ocular toxicity. Following stoppage of
ethambutol and treatment with corticosteroids there was
significant improvement in colour vision, perimetry and
Visual Evoked Potential (VEP) findings in 3 (42.9%) patients.
Unfortunately, 4 (57.1%) patients developed optic atrophy.

Conclusion: Comprehensive ophthalmic examination should to
be done in all tuberculosis patients to detect and treat co-existing
ocular tuberculosis as well as early detection of antitubercular drug
toxicity. Withholding of the offender can result in visual recovery.
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INTRODUCTION

In primary ocular tuberculosis, the eye is the initial portal of entry
into the body, while the secondary one is defined as an infection
resulting from contagious spread from an adjacent structure or
haematogenous dissemination.

Primary infection of the eye is rare. Secondary ocular tuberculosis is
the ocular involvement as a result of haematogenous spread from a
distant site or a direct invasion from adjacent areas like the sinus or
the cranial cavity. Almost every tissue of the eye and its adnexa can
get affected. Ocular tuberculosis may be acute but usually it runs a
chronic course with exacerbations and remissions [1]. Involvement
of ocular tissue in tuberculosis can also be due to hypersensitivity
reactions [2].

Ethambutol is the most commonly implicated antitubercular drug
known to cause optic neuropathy more specifically retrobulbar
neuritis causing blurred vision, decreased visual acuity, central
scotoma and loss of red-green colour vision through its possible
zinc chelating effect and toxic damage in retinal ganglion cells [3].
Though it is reversible on prompt discontinuation, still permanent
visual impairment reported in literature [4].

To diagnose the ocular side effects of antitubercular drugs careful
recording of visual acuity is essential. Drop in visual acuity varies
greatly from nil to minimally reduced to no light perception [5]. The
colour vision abnormality and contrast sensitivity is the earliest
changes that appear in ethambutol toxicity. Among visual field
changes mostly central scotoma although bitemporal field defects
and peripheral field constriction can occur [6].

The P-100 latency value is used as an early indicator of Visual
Evoked Potential (VEP) abnormality for ethambutol induced
ocular toxicity [7]. Immediate discontinuation of ethambutol is
only effective management as it can halt the progressive vision
loss and allow effective recovery in due course of time. High-dose
methylprednisolone accelerates recovery of the visual function.
These recommendations are valid only for demyelinating retrobulbar-
neuritis [8].

The study was conducted with the objective to estimate the
proportion of ocular tuberculosis along-with its response to Anti-
Tubercular Therapy (ATT) and also to estimate the occurrence of
ethambutol toxicity with special reference to its reversibility following
treatment.

MATERIALS AND METHODS

This cohort study was conducted from May 2018 to April 2019 at
Outpatient Department of Ophthalmology, Burdwan Medical College
and Hospital, West Bengal, India. Approval from Institutional Ethics
Committee (bearing Memo no. BMC-2972, dated- 28.12.2017) and
informed consent from all participants were obtained.

Inclusion criteria: All newly diagnosed tuberculosis patients
registered (irrespective of organ of involvement) within the time
frame of six months (May 2018 to October 2018) were included in
the study. Rest six months of study period was reserved for follow-
up visits and data analysis. In the above mentioned time frame 170
newly diagnosed tuberculosis patients were registered at Revised
National TB Control Programme (RNTCP) of Burdwan Medical
College and Hospital (irrespective of organ of involvement).
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Exclusion criteria: Non ambulatory patients, with co-existing other
infectious diseases like Human Immunodeficiency Virus (HIV) and
leprosy or patients with previously treated for retina and choroidal
disorders (like photocoagulation, vitrectomy, intravitreal steroids)
were excluded from the study.

Case definition of ocular TB: As per the standard guideline laid by
Central TB Division and Indian Council of Medical Research (ICMR)
[9] ocular tuberculosis can be of three types:

A) Possible ocular TB: Patients with the following (1, 2 and 3 together
or 1 and 4) are diagnosed as having possible ocular TB:

1. At least one clinical sign suggestive of ocular TB (see
presumptive ocular TB), and other aetiology excluded

2. X-ray/Computed Tomography (CT) chest not consistent with
TB infection and no clinical evidence of extraocular TB.

3. Atleast one of the following: Documented exposure to TB and/
or immunological evidence of TB infection.

4. Molecular evidence of Mycobacterial tuberculosis infection.

B) Clinically diagnosed ocular TB: Patients with all the following (1, 2
and 3 together) are diagnosed as having probable ocular TB:

1. Atleastone clinical sign suggestive of ocular TB (as presumptive
ocular TB stated below), and other aetiologies excluded

2. Evidence of chest X-ray consistent with TB infection or clinical
evidence of extraocular TB or microbiological confirmation
from sputum or extraocular sites

3.  Documented exposure to TB and/or immunological evidence
of TB infection.

C) Bacteriologically confirmed ocular TB: A patient with at least one
clinical sign of ocular TB, along with microbiological (smear/culture)
or histopathological confirmation of mycobacterium tuberculosis
from ocular fluids/tissues.

Presumptive ocular TB signs: A patient with one of the following clinical
presentations- Granulomatous anterior uveitis/non granulomatous
anterior uveitis, not associated with any other known clinical entity,
e.g., HLA-B27/intermediate uveitis, with/without healed/active focal
lesions/posterior uveitis, including subretinal abscess, choroidal/disc
granuloma, multifocal choroiditis, retinal periphlebitis and muiltifocal
serpiginous choroiditis/pan-uveitis rarely, scleritis (anterior and posterior),
interstitial and disciform keratitis.

All tuberculosis patients received ATT as per guidelines of RNTCP
i.e., Isoniazid (450 mg), Rifampicin (600 mg), Ethambutol (1600 mg)
(both in the intensive phase and continuation phase) and Isoniazid
(450 mg), Rifampicin (600 mg), Ethambutol (1600 mg) and
Pyrazinamide (2000 mg) (only in the intensive phase) [10].

Procedure

All tuberculosis patients (irrespective of organ involvement) underwent
visual acuity test with Snellen’s opto type self-illuminated drum, slit lamp
examination and fundus examination by indirect ophthalmoscopy. If the
ocular manifestations corroborate with the findings of presumed ocular
tuberculosis, then the researchers excluded the other possibilities like
blood investigation for Toxoplasma, Rubella, Cytomegalovirus, Herpes
(TORCH), Human Leukocyte Antigen- B27 (HLA-B27), Venereal
Disease Research Laboratory (VDRL) test for syphilis and test for
Human Immunodeficiency Virus (HIV) antibody. Finally, the magnitude
of ocular TB was worked out. Mantoux test was performed in all
the suspected ocular tuberculosis patients in whom no extra-ocular
tuberculosis was found. According to severity of ocular signs and
symptoms patients were undergone Fundus Fluorescein Angiography
(FFA) to determine the activity of ocular lesion in the posterior segment.
Ocular tuberculosis patients were followed-up at six months and till
completion of ATT for the treatment response.

In the follow-up visits, patients were subjected to similar examination
as done in the first visit. Patients of ocular tuberculosis were also
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checked for response to the ATT by comparing with baseline
investigation data and performing FFA.

All study participants were also checked for ocular toxicity of
antitubercular drugs. If ocular toxicity was suspected by deterioration
of visual acuity, colour vision or contrast sensitivity score then
automated perimetry and VEP were performed. And the patients were
treated as per recommended guidelines. Ethambutol was stopped
immediately and regimen modification was done. If retrobulbar
neuritis is suspected then patients were admitted and intravenous
(i.v.) methyl prednisolone given as per dosage regimen [11].

STATISTICAL ANALYSIS

The statistical software Statistical Package for the Social Sciences
(SPSS) version 20.0 was used for the analysis. Here, categorical
variables are expressed as Number of patients and percentage of
patients and compared across the groups using Pearson’s Chi-
square test for Independence of Attributes/Fisher’'s-Exact Test as
appropriate. Continuous variables are expressed as mean, median
and standard deviation and compared over time using Wilcoxon
Signed-Rank Test. An alpha level of 5% has been taken, i.e., if any
p-value <0.05 it has been considered as significant.

RESULTS
Out of total 170 study participants 110 (64.7%) were males, mean

age was 35.65+15.49 years [Table/Fig-1].

e Sex Types of tuberculosis
groups Frequency Extra-
(years) (%) Males Females | Pulmonary | pulmonary
<10 3 (1.8%) 2 1 0 3
11-20 31 (18.2%) 20 ih 23 8
21-30 44 (25.9%) 26 18 26 18
31-40 28 (16.5%) 21 7 22 6
41-50 33 (19.4%) 22 ihl 21 12
51-60 21 (12.4%) 13 8 10 11
61-70 7 (4.1%) 4 3 4 3
71-80 3 (1.8%) 2 1 2 1

110 (64.7%) | 60 (35.3%) | 108 (63.5%) | 62 (36.5%)
Total 170 (100.0%)

170 170

[Table/Fig-1]: Demographic details of all study participants (N=170).

Total 12 (7.05%) patients were found to have ocular tuberculosis.
Nearly half of ocular tuberculosis patients belonged to age group of
21-30 years. There was no sex predilection for ocular tuberculosis.
It was found that ocular tuberculosis is significantly associated
with extra-pulmonary tuberculosis [Table/Fig-2] and half of ocular
tuberculosis patients had no concurrent extra-ocular tuberculosis
[Table/Fig-3]. Various types of ocular tubercular lesions have been

Association with ue
Age Sex types of tuberculosis | P-Va&lue for
association
Age Extra- with extra-
group | Frequency Pulmo- pulmo- | pulmonary
(years) (%) Males | Females | nary TB | nary TB B
11-20 1(8.33%) 1 0 0 1
21-30 6 (50.0%) 3 3 1 5
31-40 | 2(16.67%) 1 1 0 2
41-50 1(8.33%) 1 0 0 1
51-60 | 1(8.33%) 1 0 0 1 <0.001
61-70 1(8.33%) 0 1 1 0
7 5 2 10
Total 12 (68.33%) | (41.67%) | (16.67%) | (83.33%)
(100.0%)
12 (100.0%) 12 (100.0%)

[Table/Fig-2]: Distribution of ocular tuberculosis patients in relation to its age, sex

and associations with types of tuberculosis (N=12).
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presented in [Table/Fig-3]. All ocular tuberculosis patients without
any extra-ocular tubercular lesions were Mantoux test positive.

Sl. No. of Extra-ocular
patients Right eye Left eye tuberculosis
1 Tubercular vasculitis Serp|g|n9u§ like Pulmonary TB
choroiditis
2 - Vasculitis- Eales disease Pulmonary TB
Choroidal

Choroidal tuberculoma .
3 tuberculoma ) . Nil

; - Intermediate uveitis
Intermediate uveitis

o [oomame | oo [ ey
5 Vasculitis Multifocal choroiditis Nil

6 - Choroidal tuberculoma Spine TB
7 Multifocal choroiditis Multifocal choroiditis Nil

. ) . TB meningitis with
Anterior and Anterior and Intermediate . 9 -
8 . - o bilateral occipital
Intermediate uveitis uveitis ) !
lobe infarction

9 Choroidal Choroidal tuberculoma TB Meningitis
tuberculoma

10 Vgscuhus— (Eales Vasculitis (Eales disease) Nil
disease)
Serpiginous like . .

1 choroiditis Ni
Multifocal choroidits

12 Anterior and Multifocal choroiditis Nil

Intermediate uveitis

[Table/Fig-3]: Distribution of tuberculosis patients according to their presence of

ocular lesions (n=12).
BL: Bilateral; RE: Right eye; LE: Left eye

Following treatment with ATT there was resolution of various tubercular
lesions. [Table/Fig-4] shows the response of various tubercular
lesions with ATT. There has been statistically significant resolution of
intermediate uveitis (p-value=0.042), vasculitis (p-value=0.042) in right
eye lesions. But tuberculoma and choroiditis in both the eyes did not
resolve completely.

At the time | At 6 months At completion
Eye lesions of diagnosis of ATT of ATT
Right eye
Tuberculoma 2 2 2
Vasculitis 3 3 1
Intermediate uveitis 3 2 0
Choroiditis multifocal 2 2 2
Choroiditis serpiginous 1 1 1
Left eye
Tuberculoma 4 4 4
Vasculitis 2 2 2
Intermediate uveitis 2 1 0
Choroiditis multifocal 3 3 3
Choroiditis serpiginous 1 1 1

[Table/Fig-4]: Distribution of right and left eye lesions with their response to Anti-

Tubercular Therapy (ATT).
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Seven out of 170 patients (4.1%) were suspected to be suffering
from ethambutol induced ocular toxicity. The mean duration of
ethambutol taken after which toxicity was first detected was
2.86+1.57 months. There was statistically significant fall in visual
acuity at the time of detection of ethambutol toxicity. But after
ethambutol withdrawal several patients recovered from their poor
vision. Following withdrawal of ethambutol and regimen modification
statistically significant number ofimprovementsin colour vision, mean
contrast sensitivity score (improves from 0.73 to 0.77) [Table/Fig-5],
visual fields and in VEP findings, P-100 latency were statistically
significant [Table/Fig-5]. But optic atrophy occurred in 4 patients
(57.1%) whereas 3 patients (42.9%) revert back to normal.

DISCUSSION

This observational, descriptive, longitudinal study to screen ocular
findings among newly diagnosed tuberculosis patients at the time
of starting of ATT and compare its findings with subsequent two
visits is unique in nature. There is genuine lack of evidence regarding
ocular manifestations among tuberculosis patients, be it ocular
tuberculosis itself or due to ethambutol induced ocular toxicity.

The male preponderance in the present study was due to the fact
that men are the working population and their healthcare seeking
behaviour is more than females [12]. Genome-wide linkage study
suggested a linkage between regions of the chromosome X and
TB which could contribute to the excess of TB in males in many
populations [12]. The role of education has long been recognised in
literature for health awareness as well as health seeking behaviour
more so for tuberculosis like communicable diseases [13]. This higher
level of illiteracy and low level of education becomes hindrance to
any public health awareness program.

The largest study reported in Indian literature was conducted in
1996 on 2010 eyes of 1005 patients, with any form of tuberculosis.
Overall, 1.39% patients showed ocular morbidity in this study. On
the contrary the present study showed a higher proportion (7.1%)
of ocular tuberculosis [14]. This higher prevalence corroborates
with a study from Philippines, conducted recently among 103
pulmonary TB patients, where the prevalence was 6.8% [15]. It also
corroborates with another prospective study on adult TB patients
of Nigeria which reported 9.8% prevalence of ocular lesions [16].
In the present study, all the study participants having tuberculosis
of any organ involvement were actively screened for ocular lesions.
So, number of patients with ocular tuberculosis seems to be higher.
Latest report by Government of India supports authors observations,
as there has been a 12% increase in annual case notification rate of
tuberculosis through RNTCP [17].

Uveal tissue involvement in tuberculosis is recognised as one of the
most important sign of ocular tuberculosis. In this study, 10 out of 12
ocular TB patients had some form of uveal involvement. The exact
mechanism of choroiditis in tuberculosis remains unknown. The
choroiditis may be due to immune-mediated hypersensitivity reaction
[3]. In this study one case had choroiditis with co-existing pulmonary
tuberculosis. So, it can be assumed that this patient can have direct
ocular hypersensitivity reaction to tubercular antigens leading to
development of choroiditis. Significant high association of serpiginous

Contrast
Colour vision sensitivity Perimetry Visual evoked potential report
Demyelinating and | Gross axonal
Red Could axonal type retino- | type of retino-
green not be Mean Central | Haemianopic optic pathway optic pathway
Subjects Normal | defect | performed | scorexSD | Normal | scotoma | field defect | Normal dysfunction dysfunction Total
At the time of 4 5 7
It 1 0, (v 0 0
diagnosis of su;pected 0 (57.1%) 3 (42.9%) 0.73+0.96 0 (71.4%) 2 (28.6%) 0 6 (85.7%) 1(14.3%) (100.0%)
ethambutol toxicity
At the completion of 3 o 3 o 3 o o 7
therapy (42.9%) 0 4(571%) | 0.77+0.97 (42.9%) 0 4(57.1%) (42.9%) 3 (42.9%) 1 (14.3%) (100.0%)

[Table/Fig-5]: Colour vision and contrast sensitivity, perimetry and VEP results among subjects with suspected ethambutol toxicity (n=7).
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like choroiditis with tuberculosis is well documented in the literature
supports this observation [18]. In this study, one patient had anterior
and intermediate uveitis without any extraocular involvement clearly
indicating tubercular hypersensitivity reactions, whereas, another
patient had bilateral anterior and intermediate uveitis with tubercular
meningitis along with occipital lobe infarction. This natural history
suggests secondary dissemination of bacilli in brain and meninges
subsequently to choroid giving rise to anterior and intermediate uveitis
as a part of hypersensitivity reaction. It was evident from this study
that chronic uveitis responds well with ATT and steroids. This finding
also supports the observations of Gupta V et al., [19].

Tubercular retinal vasculitis can be result of delayed type of
hypersensitivity. Two patients had Eales disease as they presented
with active uniocular vitreous haemorrhage, which later on resolved
with ATT and steroids. Vitreous haemorrhage can be a presenting
feature of tubercular vasculitis and it resolves following treatment
with ATT and steroids [20]. Recently, tubercular DNA has been
detected by PCR in a vitreous fluid specimen shows the association
of M. tuberculosis with Eales disease [21].

Choroidal tuberculoma develops from a haematogenous spread
of the tubercular bacilli. So, tuberculoma is an active tubercular
infection. Choroidal tubercles can be associated with tubercular
meningitis or military tuberculosis. In this study one of the patients
of tubercular meningitis developed multiple bilateral choroidal
tubercles. Association of choroidal tubercles with meningitis is well
documented in literature [22]. In this study, one patient of miliary
tuberculosis also developed multiple choroidal tubercles. The
association of choroidal tubercles in military tuberculosis has been
documented long back by Dolfus MA and Albaugh GH [23]. They
found that out of 37 cases of military tuberculosis 18 had tubercles
(48.7%) and out of 29 military tuberculosis with meningitis 20 had
tubercles (68.9%) [23]. Association of choroidal tuberculoma with
systemic dissemination of tuberculosis further supported by a
recently conducted study showing the association with disseminated
TB at the rate of 2.8% in African TB patients [24].

The incidence of ethambutol-induced ocular toxicity varies widely,
as reported in various literature. Among the Indian studies incidence
was reported to be in the range from 0.6% to 3% [25-27]. Incidence
of suspected ethambutol-induced ocular toxicity in the index study
is 4.11%, where seven patients out of 170 study participants
suffered from ethambutol induced ocular toxicity. In the present
study, ethambutol toxicity cases have been detected early due to
active screening.

Ethambutol-induced toxicity usually develops late. Though mean
duration of development of toxicity is 3 to 5 months it can develop
as early as 1.5 months [5]. This study findings show mean duration
of detection of toxicity is 2.86 months. As active screening for
antitubercular drug toxicity was carried out in this study estimated
mean duration of diagnosis of suspected ethambutol toxicity seems
to be shorter. This finding is consistent with the observation of Chan
RY and Kwok AK [5].

The type of colour-vision abnormality induced by ethambutol has
not been clearly established [28]. At the end of six months follow-up
period normalisation in colour vision was noted in three out of seven
patients suffering from ethambutol-induced ocular toxicity. Colour
vision improvement following withdraw of ethambutol has long been
recognised in literature [29].

Although all the patients had improvement in contrast sensitivity
score from their score at the time of detection of ethambutol toxicity
but this improvement is not statistically significant (p-value=0.854).
The present study findings on Pelli-Robson contrast sensitivity does
not corroborate with Kandel H et al., though Pelli-Robson test has
high test-retest reliability [30]. Due to the small number of subjects
that suffered from suspected ethambutol-induced ocular toxicity it
is difficult to comment on contrast sensitivity test [31].
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Visual field defect is one of the commonest findings of antitubercular
drug induced ocular toxicity. This study supports the observations
regrading reversal of visual field defects following withdraw of
ethambutol [32]. Upto 80% normalisation of visual field after
stoppage of ethambutol is reported in literature [29,33].

Kim LK and Park PS clearly depicted the role of VEP, especially
P-100 latency, in early diagnosis of ethambutol toxicity as well as
significant reduction of prolonged P-100 latency after ethambutol
stoppage [34]. The present study supports this observation
regarding the improvement in P-100 latency of VEP reports.

The reversibility of ethambutol toxicity has been always a debatable
question as reported in literature time to time [33]. Although classically
described as reversible on discontinuation of ethambutol, permanent
visual impairment without recovery has also been reported [5]. In this
study out of seven patients, three recovered to normalcy completely,
while four developed optic atrophy. This finding of optic atrophy
only signifies unpredictability of ethambutol toxicity even when
recommended doses are used [35].

Antitubercular drug induced optic neuropathy can be caused by both
ethambutol and isoniazid [36]. Only ethambutol was withdrawn and
retrobulbar neuritis was treated as per recommended guidelines.
The incomplete reversal of anti-tubercular toxicity may be due to
ethambutol itself or may be due to combined effect of ethambutol
and isoniazid or isoniazid alone.

Limitation(s)

Optic neuropathy is caused by both ethambutol and isoniazid.
However, isoniazid-induced isolated optic neuropathy was not
taken into consideration in the present study.

CONCLUSION(S)

The study observation strongly recommends conducting a baseline
visual assessment to rule out existing ocular morbidity and co-
existing ocular tuberculosis at the same time. Patients should be
advised to contact health facility if any alteration of vision. In that
case prior baseline ocular data can be compared with the new
findings and ethambutol toxicity can easily be detected. Early
detection of toxicity and withholding of offender can cause visual
recovery. It is also necessary to do translational research to detect
pathophysiology of ethambutol-induced ocular toxicity.
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