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QUANTIFICATION OF RETINAL NERVE FIBER LAYER FOR EARLY DETECTION OF
ANTERIOR VISUAL PATHWAY LESIONS
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ABSTRACT

Objective: To assess the role of quantification of retinal nerve fiber layer for early detection of anterior visual
pathway lesions.

Study Design: Case-control study.

Place and Duration of Study: Armed Forces Institute of Ophthalmology, Rawalpindi, from Jan to Jul 2019.
Methodology: A total of 100 cases of anterior visual pathway lesions of varying clinical presentations were
included in the study. There were 100 matched controls who were selected from the community without any
ophthalmological abnormality using non-probability consecutive sampling technique. Retinal nerve fiber layer
(RNFL) thickness was measured with the help of optical coherence tomography in both the cases and controls.
Mean retinal nerve fiber layer values were compared in both the groups. Student’s t-test was applied to look for
any significant difference between the two groups.

Results: Mean age of the patients was 39.14 + 3.925 years while mean age of the controls was 39.23 + 2.415 years.
Mean retinal nerve fiber layer thickness in the case group was 72.21 £ 9.615 pm while on the control group was
101.34 £ 9.615 um. A statistically significant difference was observed between cases and controls in terms of mean
retinal nerve fiber layer thickness (p<0.001). Subjects with retinal nerve fiber layer thickness <85 um were more
likely to exhibit anterior visual pathway lesions (OR=15.915 [6.278-40.346]; 95% CI, p<0.001).

Conclusion: Decreased retinal nerve fiber layer thickness can serve as a predictor for anterior visual pathway
lesions. Optical coherence tomography should be incorporated for routine screening of high-risk cases in order to
identify anterior visual pathway lesions in time.
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INTRODUCTION ious structures and sub-structures of retina¢. It is
Health system of Pakistan is in the develo- al‘so useful in providing a nop-invasive togl to
ping phase and liaison between different special- diagnose a lot of neurological illnesses’. Patients

ties is still lacking. Ophthalmology needs collabo- With o.ptic. neuropafhies also get benefit from this
ration with a lot of specialities of medicine as well ~ nvestigation technique both in terms of diagno-
as technical fields to grow and work better for the SIS ar}d observin‘g the response (?f treatment®. T}.‘i.s
patients!. Neurology is one of those specialties multlpurp(.)se @agnoshc modahty has been utili-
which has a very close link with ophthalmology?2. zed both in clinical settings and research pur-
Retina has been considered as an extension of P0se’. OCT produces two-dimensional cross-sec-
brain or neural tissue in the domain of eye?. tions of the retina with very good spatial resolu-
Therefore, retinal parameters may be applied tion. The operation of the OCT is based on an
in detection of various neuro-ophthalmological optical measurement technique called “low cohe-
diseases*5. Optical coherence tomography (OCT) ~ Trence interference”. When light emitted by the
has revolutionized ophthalmology by giving the ~ source of the device is directed to the eye, it is
ophthalmologist the opportunity to analyze var- reflected by intraocular structures with different
optical properties. The OCT uses coherent laser
) light to sweep the retina and analyze the light
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of high-quality resolution about all its layers. The
OCT allows qualitative (localization, shape, struc-
ture) and quantitative analysis (retinal measure-
ments, especially of the retinal thickness and
retinal nerve fiber layer (RNFL)011,

RNFL thickness has been used to diagnose
various diseases associated with ophthalmology
and neurology'2. Its use in the diagnosis or early
prediction of anterior visual pathway lesions is
also documented in various studies in the west
during the last few years. A recently published
Swiss study concluded that RNFL has a clear role
in the diseases of visual pathway. They become
more accurate when combined with the papil-
lomacular bundle®®. A study conducted on the
patients of Non-Arteritic Anterior Ischemic Optic
Neuropathy revealed that OCT has a significant
role in determining the RNFL thickness and cha-
nges in RNFL thickness can be helpful in diagn-
osing and formulating the treatment plan for the
underlying diseases. Rolle et al, conducted a
study exclusively in patients of glaucoma and
concluded that retinal cell layer showed signi-
ficant changes and found RNFL reduced in these
patients as compared to normal population’s. A
case series from Australia revealed that the integ-
ration of adjunct imaging and retinal nerve fiber
layer thinning will assist clinicians to guide clini-
cal investigations toward a likely diagnosis in the
light of significant individual variations?e.

Facility of OCT is available at selected cen-
ters of Pakistan. Moreover, usually there is less or
no liaison between neurology and ophthalmology
teams, so most neurologists are unaware of the
utility of this non-invasive investigation in the
local setup. Neuro-ophthalmological lesions put
a significant burden on Pakistani health care sys-
tem?”. They also add a lot to the number of disabi-
lity days faced by the patient especially diseases
like tumors and glaucoma?s. If OCT can be used
to detect these lesions early or help in prevention
or early diagnosis, it would be a revolution in the
lives of patients. Therefore, the present study
was planned with the objective to assess the role
of quantification of retinal nerve fiber layer
thickness for early detection of anterior visual
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pathway lesions and relationship of thinning of
this layer with the presence of these lesions.

METHODOLOGY

A case-control study was designed and con-
ducted at the Armed Forces Institute of Ophtha-
Imology (AFIO), from January to July 2019. Kee-
ping level of significance a at 5%, power of the
test 1- at 80%, anticipated probability of expo-
sure given disease P1* at 0.485,4 anticipated pro-
bability of exposure given no disease p2* at 0.3,
a sample size of 99 was calculated, which was
rounded off to 100 for each group. Non-proba-
bility consecutive sampling technique was used
to collect the cases of anterior visual pathway
lesions who were diagnosed clinically by the con-
sultant ophthalmologist and neurologist at AFIO.
After enrolling 100 cases, age and gender matc-
hed controls were selected from the community
hospital attendants using nonprobability con-
secutive sampling technique. Healthy attendants
of the patients admitted at AFIO were chosen as
the controls for this study. Patients with lesions
extending to posterior pathway or comorbid ocu-
lar or neurological problems or with malignant
lesions were not included in the study. Controls
with uncontrolled physical illnesses or having
past history of ophthalmological or neurological
illnesses were also excluded.

After ethical approval from the institutional
review board and written informed consent from
the potential participants including cases and
controls, patients of anterior visual pathway
lesions diagnosed at AFIO and matched controls
fulfilling the above-mentioned selection criteria
were included in the study. Data was collected on
a structured proforma specially designed for this
study. Detailed ophthalmological examination
including slit lamp examination was performed
on all the study participants including the cont-
rols as per protocol of the study. For all cases and
controls, RNFL thickness was measured using
OCT by a trained professional and measurements
were added in the proforma for each individual.

Data was analyzed using SPSS version 23.
Categorical variables such as gender and types of



Retinal Nerve Fiber Layer

anterior visual pathway lesions were presented
as frequency and percentages. Independent sam-
ple t-test was used to compare mean RNFL thick-
ness between cases and controls. Binary logistic
regression was used to calculate the odds of
having anterior visual pathway lesion based on
RNFL thickness, p-value <0.05 was taken as
significant.

RESULTS

A total of 100 cases and 100 controls were
included in the study. Out of these, 109 (54.5%)
were male and 91 (45.5%) were female. Mean age
of the patients were 39.14 + 3.925 years while
mean age of the controls were 39.23 + 2.415 years.
The cases included 38 (38%) glaucoma patients, 7
(7%) pituitary tumors, 5 (5%) compressive optic
neuropathies, 4 (4%) optic neuritis, 8 (8%) Non-
Arteritic Anterior Ischemic Optic Neuropathy, 8
(8%) Anterior Ischemic Optic Neuropathy, 9 (9%)
toxic optic neuropathies, 8 (8%) traumatic optic
neuropathies, 4 (4%) benign intracranial hyper-
tension, 5 (5%) hereditary optic neuropathy and
4 (4%) disc drusens cases. Mean RNFL thickness
among the case group was 72.21 + 9.62 um while
among the control group was 101.34 + 9.61 um.
A significant difference was observed between
cases and controls in terms of mean RNFL thick-
ness (p<0.001) as shown in table-I.

Table-I: Comparison of mean RFNL thickness
between cases and controls.

Parameter Cases Controls p-
(n=100) (n=100) value
?ﬁfr?)n RENL 1 2004962 | 101.34+9.61 | <0.001

Table-II: Predictor variables for anterior visual
pathway lesions.

Predictor variables | p-value O((;g;s/oRgIt)i ©

Age (ref. <35 years) | 0361 (0.32'57-?472)
Gender (ref. male) 0.402 (0_3847_?_7453)
RNFL (ref. <85um) | <0.001 (6.2;2313)?346)

A logistic regression was performed to
ascertain the effect of RNFL thickness on the
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likelihood that participants have anterior visual
pathway lesions (table-II). While RNFL thickness
significantly correlated with presence of anterior
visual pathway lesions (p<0.001), age (p=0.361)
and gender (p=0.402) did not yield any significant
effect. Subjects with RNFL thickness <85um were
15.9 times more likely to exhibit anterior visual
pathway lesions.

DISCUSSION

Anterior visual pathway lesions can present
in number of ways and can exercise a huge effect
on quality of life of the patients suffering from
these lesions's. Treatment of anterior visual path-
way lesions involves a multi-disciplinary app-
roach involving an ophthalmologist and neuro-
logist. This liaison usually lacks in the local popu-
lation, causing a delay in diagnosis of such pati-
ents. Epidemiology of these lesions is uncertain
in the local population, but few studies accomp-
lished by neurologists and ophthalmologist in
this regard revealed that these are not uncommon
clinical conditions?”. Early diagnosis and treat-
ment have been the key in the management, so
researchers have continuously tried to find a met-
hod for this purpose. Measuring RNFL thickness
with the help of OCT is one such method which
can help in early detection of these lesions’.

In the present study, mean RNFL thickness
in controls was 101.34 + 9.61 um. These findings
were from any eye of the population with no
neurological or ophthalmological abnormalities.
On the other hand, mean RNFL thickness in eye
of affected side of patients with anterior visual
pathway lesions was 72.21 + 9.62 um. The diffe-
rence between the two was significant with p
<0.001. These results clearly depict that consider-
able thinning of retinal nerve fiber layer occurs
among the patients with visual pathway lesions.
Significant thinning of the retinal layer among
the patients with different types of lesions of
the visual pathway has been reported by other
studies as well. Han et al, reported a significantly
higher RNFL thickness in controls (114.82 + 10.96
um) as compared to cases (64.73 + 10.65 pm)4.
Similar results have also been reported by Rolle
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et al, who reported decreased RNFL thickness
in glaucoma patients (74.69 + 11.34 pm) than in
healthier adults (103.08 £ 8.02 pm)?5.

Glaucoma was the commonest diagnosis 38
(38%) for which OCT was performed in the pre-
sent study. Various studies in the past have dis-
cussed the fact that RNFL thickness has been
found reduced in the patients of glaucomals.
Question arises that people who have thin RNFL
at base line i.e, prior to the diagnosis of glaucoma
or any lesion are at an increased risk of develop-
ing the disease or not?. Decreased RNFL thick-
ness in patients was associated with an increased
likelihood of presenting with these lesions. Toxic
optic neuropathy was the second most common
condition which was encountered in this study.
Past studies have also revealed reduced thickness
of RNFL among the patients of toxic optic neu-
ropathy which was supported by the present
analysis as well8.

Increasing age or gender was not a consis-
tent correlation with the presence of anterior vis-
ual pathway lesions in the present study. Matc-
hed cases and controls on parameters of age and
gender were included. No correlation was found
of these parameters with presence of lesion. The-
se results were in accordance with those of Rolle
et al, who reported no significant effect of age
or gender on study parameters (p=0.24; 0.16)%>. It
could also be concluded that it was only thickness
of RNFL which affected the presence or absence
of anterior visual pathway lesion in the present
analysis and no other factor predicted this
association.

OCT emerged is a reliable technique in order
to early detect and manage the anterior visual
pathway lesions. Currently, it is used as a supp-
ortive investigation after clinical diagnosis of any
lesion?16, but if other studies also support the fin-
dings of this study, then this noninvasive inves-
tigation modality can be incorporated in diagno-
sis or screening of neurological as well as ophtha-
Imological lesions. RNFL thickness can be a reli-
able screening parameter and can be a good tool
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for primary prevention of anterior visual path-
way lesions.

It remains unclear that decrease in retinal
nerve fiber layer is the cause of anterior visual
pathway lesions or has been the result of these
lesions. Moreover, mean RNFL thickness of four
quadrants was taken as a parameter in this study.
It would have been better if length of all four
quadrants was measured separately and compa-
red. In future, a community-based cohort study
may be conducted by following up the subjects
with decreased RNFL thickness till they develop
any lesion to make this association clearer.

CONCLUSION

Decreased retinal nerve fiber layer thickness
can serve as a predictor for the anterior visual
pathway lesions. Optical coherence tomography
should be incorporated for routine screening of
high-risk cases in order to identify anterior visual
pathway lesions in time.
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