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INTRODUCTION
Glaucoma is the disease of optic nerve, in which there 

is accelerated death of retinal ganglion cells (RGCs)1. 
The diagnosis of this blinding condition is based on 
measurement of IOP, appearance of optic disc, visual 
fields and retinal nerve fiber layer (RNFL) thickness. The 
former examinations except RNFL thickness measure-
ment are not able to detect early damage to the op-
tic nerve. Visual field examination can detect damage 
when there is substantial loss to RNFL2,3.

Optical coherence tomography (OCT) is an objec-
tive method of RNFL thickness measurement. OCT is a 
noncontact, noninvasive and painless method of RNFL 
measurement by using low coherence interferometry 
principle. OCT has well established role in the diagnosis 
and monitoring of glaucoma in adult patient but with 
the advent of new spectral domain (SD) OCT, the role of 

OCT in the diagnosis and monitoring of pediatric glau-
coma has also increased. Unfortunately, the normative 
data for comparison with age matched population is 
currently for individuals of 18 years or older4,5.

There are published studies in different regions re-
garding normal RNFL thickness in children by using SD-
OCT1,2,6,7. Until recently there is no published data in Pa-
kistani population regarding RNFL thickness in normal 
children. Our study was aimed to find out the normal 
retinal nerve fiber layer thickness in Pakistani children 
and create a normative data, so that it will help in the 
diagnosis as well as monitoring of pediatric glaucoma.

METHODOLOGY
This observational cross-sectional study was con-

ducted at the Department of Pediatric Ophthalmology 
and Strabismus, Al-Shifa Trust Eye Hospital, Rawalpindi. 

This article may be cited as: Ullah I, Noorani S, Mahsood YJ, Altaf S. Retinal nerve fiber layer thickness in 
non-glaucomatous Pakistani children. J Postgrad Med Inst 2019; 33(3): 251-5.

ABSTRACT
Objective: To find out the normal retinal nerve fiber layer thickness in Pakistani 
children and create a normative data.

Methodology: This descriptive cross sectional study was carried out at the De-
partment of Pediatric Ophthalmology and Strabismus, Al-Shifa Trust Eye Hospi-
tal, Rawalpindi. The subjects were thoroughly examined by consultant pediatric 
ophthalmologist including slit-lamp examination, intraocular pressure (IOP) 
measurement, central corneal thickness (CCT) by handheld pachymeter and cy-
cloplegic refraction. Those subjects who fulfilled the inclusion criteria were then 
sent for peripapillary retinal nerve fiber layer (RNFL) analysis by using spectral 
domain optical coherence tomography. RNFL thickness of 4 sectors were re-
corded and used for analysis which were temporal (T), nasal (N), superior (S) 
and inferior (I). Global (G), temporal superior (TS), temporal inferior (TI), nasal 
superior (NS) and nasal inferior (NI) were also included.

Results: A total of 106 eyes of 53 subjects were included in the study. Male were 
28 (52.8%); mean age, IOP and CCT were 10.78± 2.61 years, 13.11 ±2.3 mm Hg 
and 542.31 ±43.9 microns respectively. Mean RNFL-Global was 101.25 microns 
with male having more thickness as compared to females (103.7 ±10.15 versus 
99.87 ±8.47), p =0.17.

Conclusion: Mean RNFL-Global was 101.25 microns with male having more 
thickness as compared to females but not significant. These results can be used 
as reference when evaluating the normal values of RNFL in our pediatric pop-
ulation.
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The study was approved from institute’s ethical review 
committee. Total 53 children were included in the study, 
who visit the hospital from school screening service or 
routine checkup. Consent was taken for their inclusion 
in the study after their parents or guardians were fully 
informed about the purpose of this research. Inclusion 
criteria were children with age 6 to 17 years, IOP ≤21 
mmHg, cup-disc ratio ≤0.5 and any refractive error but 
best corrected visual acuity (BCVA) of 6/6 on Snellen’s 
chart. Children having glaucoma, congenital ocular ab-
normalities, amblyopia, past history of ocular surgery/
trauma and family history of congenital/juvenile glau-
coma were excluded from the study.

All subjects underwent vision testing (Snellen’s chart), 
subjective/cycloplegic refraction (by an experienced 
optometrist). IOP measurement (Goldmann applana-
tion Tonometer), pachymetery (Handy pachymeter SP-
100, Tomey Corporation, Japan), slit lamp examination 
and fundus examination with 78D lens were taken by 
the primary author.

Optical coherence tomography (OCT) of peripapil-
lary RNFL (3.4 diameter) was done by an experienced 
technician using internal fixation method while directly 
observing the fundus through screen (Spectralis, Hei-
delberg GmbH, Heidelberg Germany) using software 
version 6.0.9. Satisfactory quality of scan was defined 
with good centration and signal strength of 20 or more. 

The peripapillary RNFL measurement were taken auto-
matically by SD-OCT and recorded as global (G); also its 
6 sectors i.e. nasal (N), nasal superior (NS), nasal inferior 
(NI), temporal (T), temporal superior (TS) and temporal 
inferior (TI) were measured for average thickness.

RESULTS
There were 106 eyes from 53 subjects in our study. 

Figure 1 shows normal distribution curve of G-RNFL 
thickness in our study population. 

Mean age in our study was 10.78± 2.61 years with 
male representation as 28 (52.8%) and females were 25 
(47.2%). Mean IOP, CCT & CDR were 13.11 ±2.3 mm Hg, 
542.31 ±43.9 microns and 0.17 ±0.09 respectively, as 
shown in Table 1. 

When analyzed for RNFL thickness in different quad-
rants; inferior was thickest 128.19 ±19.32 followed by 
superior 125.92 ±16.05, nasal 75.81 ±15.24 and tempo-
ral 70.08 ±11.39 microns respectively, as shown in Table 
2. 

The mean Global thickness including both genders 
was 101.25 ±9.59 microns with males having thicker 
G-RNFL as compared to females; 103.7 ±10.15 versus 
99.87 ±8.47; however, when it was compared gen-
der-wise, it was statistically non-significant (p = 0.17). 

Figure 1: Distribution curve of RNFL Global thickness
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 Table 1: Baseline characteristics 

Characteristics Minimum Maximum Mean Std. 
Deviation

Age in Years 6 16 10.78 2.6

Intraocular Pressure in mm of Hg 9 21 13.11 2.3

Central Corneal Thickness (CCT) microns 459 654 542.31 43.9

Cup to Disc Ratio (CDR) 0.1 0.5 0.18 0.09

 
Table 2: Retinal nerve fiber layer (RNFL) thickness analyses

RNFL Minimum Maximum Mean Std. Deviation

RNFL-Inferior 77 191 128.19 19.3

RNFL-Inferotemporal 93 199 143.43 22.2

RNFL-Inferonasal 70 189 114.63 25.9

RNFL-Superior 82 163 125.92 16.1

RNFL-Superotemporal 91 193 136.52 20.6

RNFL-Superonasal 64 183 116.74 20.6

RNFL-Nasal 49 116 75.81 15.2

RNFL-Temporal 44 111 70.08 11.4

RNFL-Global 86 124 101.25 9.6

 
Table 3: Retinal nerve fiber layer (RNFL) thickness in healthy children in different populations

Study Machine Population Mean Age 
Years (SD)

Average RNFL 
Microns (SD)

Zhu et al7 iVue-100 Chinese 12.34 (0.58) 103.08 (9.0)

Ahn et al2 Stratus OCT Korean 12.60 (2.13) 105.53 (10.33)

Samarawickrama et al13 Stratus OCT White 6.7 (0.4) 102.99

El-Dairi et al9 Stratus OCT Black 8.6 (3.1) 110.7 (8.84)

Salchow et al3 Stratus OCT Hispanic 9.7 (2.7) 107.0 (11.1)

Leung et al10 Stratus OCT Hong Kong Chinese 9.7 113.5 (9.8)

Qian et al14 Stratus OCT Chinese 10.4 (2.7) 112.36 (9.21)

Kee et al15 Stratus OCT Korean 8.5 108.8 (11.3)

Gire et al16 Stratus OCT French 9.68 (3.02) 104.33 (10.22)

Parikh et al17 Stratus OCT Asian Indian 11.1 (3.9) 100.15 (10.8)
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DISCUSSION
There is widespread knowledge about the norma-

tive database for adults who are suspected of glauco-
ma used by different OCT machines for RNFL thickness. 
However, there is little evidence in the literature about 
the same for population less than 18 years of age. There 
are few reports which have tried to provide normative 
database of peripapillary RNFL in healthy children but 
most of them have used time domain OCT (TD-OCT)8-10. 
With the advancement in OCT technology, spectral do-
main (SD-OCT) has proven itself to be superior to TD-
OCT. With the development of SD-OCT and automated 
real time (ART) gaze trackers, frequency of motion arti-
facts has decreased which is helpful in acquiring good 
quality images in children. To the best of our knowledge, 
our study is the first one to publish normative data on 
RNFL thickness using SD-OCT in Pakistani children.

We followed ISNT rule during RNFL analysis and 
found difference in G-RNFL between males and fe-
males; however, it was statistically not significant. When 
comparing to different studies the mean G-RNFL thick-
ness of our children is less as compared to Turkish chil-
dren which may be because of difference in ethnicity6. 
A recent study by Bansal et al11 reported comparison 
of RNFL thickness in Indian children with cataracts and 
controls. Their average RNFL of control group was less 
as compared to our population. Same was reported by 
Al-Haddad et al12 from Beirut, Lebanon with average 
RNFL in their Pediatric population less as compared to 
our results. Our results were close to a report by Chi-
nese investigators in their pediatric population with 
their average RNFL thickness as 103.08 microns7. Table 
4 shows different reports of RNFL thickness in differ-
ent populations using different machines2,3,7,9,10,13-17. This 
shows how much variation of single parameter can 
occur in different populations. So, it will be wise that 
every population should have their own normative da-
tabase which should be incorporated in the machine. 
The only common finding of all these studies was that 
RNFL thickness in different genders was not statistically 
significant and our study also found the same.

LIMITATIONS
Smaller sample size and correlation with other fac-

tors like axial length and refractive status should be ad-
dressed in future.

CONCLUSION
This study concludes that mean RNFL-Global was 

101.25 microns with male having more thickness as 
compared to females but not significant. These results 
can be used as reference when evaluating the normal 
values of RNFL in our pediatric population.
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