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Correlation between central corneal thickness and visual field
defects, cup to disc ratio and retinal nerve fiber layer
thickness in primary open angle glaucoma patients

Muhammad Haroon Sarfraz', Mohammad Asim Mehboob?,
Rana Intisar-ul-Hag’

ABSTRACT

Objective: To evaluate the correlation between Central Corneal Thickness (CCT) and Visual Field (VF) defect
parameters like Mean Deviation (MD) and Pattern Standard Deviation (PSD), Cup-to-Disc Ratio (CDR) and
Retinal Nerve Fibre Layer Thickness (RNFL-T) in Primary Open-Angle Glaucoma (POAG) patients.
Methods: This cross sectional study was conducted at Armed Forces Institute of Ophthalmology (AFI0),
Rawalpindi from September 2015 to September 2016. Sixty eyes of 30 patients with diagnosed POAG were
analysed. Correlation of CCT with other variables was studied.

Results: Mean age of study population was 43.13+7.54 years. Out of 30 patients, 19 (63.33%) were males and
11 (36.67%) were females. Mean CCT, MD, PSD, CDR and RNFL-T of study population was 528.57+25.47um,
-9.11+3.07, 6.93+2.73, 0.63+0.13 and 77.79+10.44pum respectively. There was significant correlation of CCT
with MD, PSD and CDR (r=-0.52,p<0.001; r=-0.59, p<0.001; r=-0.41, p=0.001 respectively). The correlation
of CCT with RNFL-T was not statistically significant (r=-0.14, p=0.284).

Conclusion: Central corneal thickness had significant correlation with visual field parameters like mean
deviation and pattern standard deviation, as well as with cup-to-disc ratio. However, central corneal
thickness had no significant relationship with retinal nerve fibre layer thickness.
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the condition is usually asymptomatic, with
diagnosis only in late stages when irreversible
glaucomatous damage has already ensued.

Doughty was the first one to describe
the correlation between Central Corneal
Thickness (CCT) and Intraocular Pressure (IOP)
measurement.* Ocular Hypertension Study (OHTS)
also significantly highlighted the importance of this
measurement in overall diagnosis of glaucoma.
Multiple studies have highlighted the correlation of
CCT with other diagnostic parameters of glaucoma.’
The glaucomatous damage is assessed by detection
of Visual Field (VF) defects, which shows the
glaucomatous damage in functional terms.
Humphrey Visual Field (HVF) is an automated
perimetry widely used to detect VF defects and
monitor glaucoma progression.® The indices
like mean deviation (MD) and Pattern Standard
Deviation (PSD) show the damage of glaucoma
in relation to normal population, and despite
their limitations, are widely used in grading and
staging of glaucoma.” Cup-to-disc ratio (CDR) is the
evaluation of optic disc using slit lamp microscope
and fundus viewing lens. It indicates the diameter
of the cup expressed as a fraction of the diameter
of the disc, and is an important clinical finding in
glaucoma suspects and patients.?

Several studies have shown its correlation with
POAG. With advent of Spectral Domain Optical
Coherence Tomography (SD OCT), the diagnosis
of glaucoma was revolutionized.® This non-
invasive diagnostic facility has been utilized to
detect structural glaucomatous damage, which
is thought to precede the functional damage. The
device measures peripapillary Retinal Nerve Fibre
Layer Thickness (RNFL-T), which is believed to be
thinned as a result of glaucoma.”” No study, has
been conducted in Pakistani population to evaluate
the correlation between CCT and these important
glaucoma indices. Since CCT varies significantly
with ethnicity, the results from international
literature cannot be ‘generalized” to our population.

This study has been conducted to evaluate the
correlation of CCT with VF parameters like MD and
PSD, as well as with CDR, and RNFL-T in Pakistani
POAG patients.

METHODS

After approval by the hospital ethical review
committee, informed written consent was taken
from the patients prior to inclusion in the study.
Keeping significance level of 5% and confidence
level of 95%, a sample size of 60 eyes was calculated.!

Primary open angle glaucoma

Patients from either gender, aged between 20-60
years, with Best Corrected Visual Acuity (BCVA)
of 6/6 on Snellen’s visual acuity chart, diagnosed
as POAG on basis of bilateral involvement, IOP >
2IlmmHg on diagnosis, open anterior chamber,
characteristics HVF defects, absence of signs of
secondary glaucoma or a non-glaucomatous cause
for the optic neuropathy were included. Patients
with known history of corneal diseases, trauma,
ocular surgery, history of laser surgery (Corneal,
Retinal), hereditary causes of RNFL thinning like
high myopia, cataract obscuring view of fundus,
retinal diseases like diabetes and hypertension,
optic disc anomalies like optic disc drusen,
papilledema and optic disc pit were excluded.
Subjects fulfilling the inclusion criteria underwent
ophthalmic examination including uncorrected
and BCVA measurement, slit lamp examination
for IOP measurement and exclusion of corneal
diseases. The patients underwent measurement of
CCT using Topcon SP 3000P Specular Microscope
(Topcon Corporation, Tokyo, Japan). Three reading
were taken and mean calculated for analysis. VF
was assessed using HVF Analyser (Haag Streit
international perimeter, Octopus 900, Switzerland)
with background luminance set at 31.5 asb,
Goldmann perimeter stimulus size III, using fast
Swedish Interactive Thresholding Algorithm
(SITA) without pupil dilation and after correction of
near vision. Printouts showing VF result with MD
and PSD were collected. After dilating pupils with
one drop of 1% Tropicamide, instilled three times,
ten minutes apart, CDR was assessed clinically
using slit lamp microscope, and fundus viewing
90D lens, and noted in terms of ratio. RNFL-T was
measured using SD OCT (3D OCT-1000 Markll,
Topcon Co, Tokyo, Japan) and average RNFL-T
was obtained by taking average of four quadrants.
All investigations/ examinations were taken by
single researcher to eliminate observer bias. The
pre-devised proforma was completed endorsing
subject’'s demography, ocular examination and
investigations findings.

Statistical Analysis: Data was evaluated and
analyzed using Statistical Program for Social
Sciences (SPSS) version 17. Mean and Standard
deviation was reported for continuous variables
(Age, CCT, MD, PSD, CDR, RNFL-T) while
frequency and percentage for nominal/ordinal
data (gender, laterality of eyes). Shapiro Wilk’s
test was used to check normality of data. Post
normality testing, Pearson correlation coefficient
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was calculated to evaluate relationship between
CCT and VF parameters (MD, PSD), CDR and
peripapillary RNFL-T. A p-value of <0.001 was
considered statistically significant.

RESULTS

A total of 60 eyes of 30 patients were analysed.
Mean age of study population was 43.13t7.54
years (Range 27-56 years). Out of 30 patients, 19
(63.33%) were males and 11 (36.67%) were females.
Demographic and clinical data of study population
is given in Table-I. Correlation of CCT with MD,
PSD, CDR and RNFL-T is given in Table-1I. There
was significant correlation of CCT with MD, PSD
and CDR (r=-0.52, p<0.001; r=-0.59, p<0.001; r=-
0.41, p=0.001 respectively). The correlation of CCT
with RNFL-T was not significant (r=-0.14, p=0.284).

DISCUSSION

CCT is considered an important variable in
glaucoma. Despite its effect on IOP measurement,
literature has highlighted its impact on glaucoma
related factors with controversies. Literature search
shows that thin cornea is not associated with POAG
or primary angle closure glaucoma (PACG).?? Other
studies revealed population with thin CCT to be
at increased risk of glaucoma development, and
thicker corneas havingless glaucoma.” Some studies
found out that patients with ocular hypertension
had thicker corneas, and those with normal tension
glaucoma had thin corneas." The widely acceptable

Table-I: Demography and Clinical Data
of study population (n=30).

Characteristic Value
Age (Years)

Mean = SD 43.13+7.54
Gender 19 /11
(Male/Female) (63.33%)/(36.67 %)
Laterality 30/ 30
Right/Left (50%)/(50%)
Glaucoma Duration (Years)

Mean + SD 6.86+5.43
Topical Anti-glaucoma Treatment

Monotherapy 4 (13.3%)
Duo-therapy 20 (66.7%)
Tripple Therapy 6 (20%)
CCT (um) Mean = SD 28.57+25.47
MD Mean +SD -9.11£3.07
PSD Mean * SD 6.93+2.73
CDR Mean +SD 0.63+0.13
RNFL-T (um) Mean * SD 77.79+10.44

results are from multicentre OHTS which revealed
that the risk for development of glaucoma is greater
in eyes with low CCT and lower in eyes with higher
CCT."® This is probably attributed to under- and
over-estimation of IOP due to variations in CCT.

MD and PSD give the estimation of VF defects,
and are widely used to interpret, classify and
document progression in glaucoma patients. We
found negative and significant correlation between
CCT and VF parameters like MD and PSD. Studies
utilizing multivariate regression models have
found negative and significant relation between
CCT and VF parameters like MD and PSD.* In
another study to find correlation between CCT and
severity of glaucoma using Advanced Glaucoma
Intervention Study visual field scoring criteria, it
was found that score was significantly higher in the
thinner CCT eyes, as compared to the thicker CCT
eyes. This confirmed CCT as an independent risk
factor for glaucomatous VF defects.” Other studies
also highlighted significant negative correlation
between CCT and VF parameters.>* Same was found
in patients with chronic PACG by Hong S et al.,
who found thin corneas showing more progression
in VF defects.’® There are studies showing positive
correlation between MD and CCT, and negative
correlation between CCT and PSD.™ One study
showed higher level of glaucomatous damage to
be associated with 4-pm thinner CCT, without
statistical significance. This show CCT to be having
no association with VF defects.” Whether CCT is
an independent factor for glaucomatous damage or
progression remains controversial.

CDR estimation remains an important clinical
finding in glaucoma patients. OHTS shows
increased risk of glaucomatous damage in patients
having high CDR.® We found negative and
statistically significant correlation between CCT
and CDR, demonstrating thicker corneas to be
having less CDR. This is consistent with findings by
Kim JM et al who found negative and significant
correlation between CCT and CDR, though
after multiple regression analysis the correlation
appeared to be not statistically significant.®

Table-1I: Correlation of CCT with
various parameters (n=30).

Parameter Pearson Correlation p-value
Co-efficient (r)

MD -0.515 <0.001

PSD -0.599 <0.001

CDR -0.413 0.001

RNFL-T -0.141 0.284
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Wangsupadilok and associates also found negative
and significant relation between CCT and CDR."
In one study, a significant negative correlation was
detected between CDR and CCT(r = 0.102, P <
0.001).* However, there are studies showing no
correlation between CCT and vertical CDR." One
study found significant correlation between CCT
and CDR in one eye, and not significant relation
in other eye.” Wu and co-workers found negative
correlation between these two variable, which was
not statistically significant.” Thus, it is implied from
our study and literature that thinner corneas have
high CDR, and vice-versa.

RNFL-T assessment has superseded VF
assessment for early diagnosis of glaucoma. It
is believed that RNFL-T assessment gives direct
evidence of structural damage, before VF defects
are elicited.” We did not find statistically significant
correlation between CCT and RNFL-T as measured
by SD OCT. This is in contrast to findings by
Wangsupadilok and Orapiriyakul, who found
significant correlation between these two variables.
Instudy by Mansouriand associates, the CCT had no
significant correlation with RNFL-T when measured
by OCT. However, when RNFL-T is measured
by enhanced corneal compensation algorithms of
scanning laser polarimetry, CCT has significant
relation with RNFL-T."* However, the relationship
between these two variables was also not found
significant in another study implying OCT.*
In a study on patients with pseudoexfoliation
syndrome, CCT was found to have significant
relation with RNFL-T.” We thus deduce that better
and accurate evaluation of RNFL-T with modern
diagnostic modalities like enhanced corneal
compensation algorithms of scanning laser
polarimetry shows more thinning of RNFL in thin
corneas, highlighting more glaucomatous damage.
These findings though need further verification by
clinical trials.

Limitations of the study: In our study, ample size
was small, measurement of RNFL-T was done by
relatively old machine, and patients with ocular
hypertension, normal tension glaucoma and PACG
were not included. Comparison between sub-types
of glaucoma can provide more meaningful analysis
in this regard.

CONCLUSION

The correlation of CCT with different parameters
signifying glaucomatous damage shows the
importance of this measurement in glaucoma

Primary open angle glaucoma

patients. It not only helps in accurate estimation of
IOP, but can further give insight into type and stage
of glaucomatous damage.

Declaration of interest: None.
Grant Support & Financial Disclosures: None.

REFERENCES

1. Kyari F, Abdull MM, Bastawrous A, Gilbert CE, Faal
H. Epidemiology of glaucoma in sub-saharan Africa:
prevalence, incidence and risk factors. Middle East
Afr ] Ophthalmol. 2013;20:111-125. doi: 10.4103/0974-
9233.110605.

2. Bettin P, Di Matteo F. Glaucoma: present challenges and
future trends. Ophthalmic Res. 2013;50:197-208. doi:
10.1159/000348736.

3. Quigley HA, Broman AT. The number of people with
glaucoma worldwide in 2010 and 2020. Br ] Ophthalmol.
2006;90:262-267.

4. Doughty MJ, Zaman ML. Human corneal thickness and
its impact on intraocularpressure measures: a review and
meta-analysis approach. Surv Ophthalmol. 2000;44:367-408.

5. Moghimi S, Torabi H, Hashemian H, Amini H, Lin S.
Central corneal thickness in primary angle closure and
open angle glaucoma. ] Ophthalmic Vis Res. 2014;9:439-443.
doi: 10.4103/2008-322X.150812.

6. Fernandez-Bahamonde JL, Roman-Rodriguez C, Fernandez-
Ruiz MC. Central corneal thickness as a predictor of visual
field loss in primary open angle glaucoma for a Hispanic
population. Semin Ophthalmol. 2011;26:28-32.  doi:
10.3109/08820538.2010.541317.

7. Bogunovi¢ H, Kwon YH, Rashid A, Lee K, Critser DB,
Garvin MKet al. Relationships of retinal structure and
humphrey 24-2 visual field thresholds in patients with
glaucoma. Invest Ophthalmol Vis Sci. 2014;56:259-271. doi:
10.1167/iovs.14-15885.

8. Kim JM, Park KH, Kim SH, Kang JH, Cho SW. The
relationship between the cornea and the optic disc. Eye
(Lond). 2010;24:1653-1657. doi: 10.1038/ eye.2010.98.

9. Bussel II, Wollstein G, Schuman ]S. OCT for glaucoma
diagnosis, screening and detection of glaucoma progression.
Br ] Ophthalmol. 2014;98(Suppl-2):ii15-19. doi: 10.1136/
bjophthalmol-2013-304326.

10. Zaky AG, Yassin AT, El Sayid SH. Short wave-automated
perimetry (SWAP) versus optical coherence tomography
in early detection of glaucoma. Clin Ophthalmol.
2016;10:1819-1824.

11. Wangsupadilok B, Orapiriyakul L. Correlation between
central corneal thicknessand visual field defect, cup to disc
ratio and retinal nerve fiber layerthickness in primary open-
angle glaucoma patients. ] Med Assoc Thai. 2014;97:751-757.

12. Day AC, Machin D, Aung T, Gazzard G, Husain R, Chew
PT, et al. Central corneal thickness and glaucoma in East
Asian people. Invest Ophthalmol Vis Sci. 2011;52(11):8407-
8412. doi: 10.1167/i0vs.11-7927.

13. Hoffmann EM, Lamparter ], Mirshahi A, Elflein H, Hoehn
R, Wolfram C, et al. Distribution ofcentral corneal thickness
and its association with ocular parameters in a largecentral
European cohort: the Gutenberg health study. PLoS One.
2013;8(8):e66158. doi: 10.1371/journal.pone.0066158.

14. Singh RP, Goldberg I, Graham SL, Sharma A, Mohsin
M. Central corneal thickness, tonometry, and ocular
dimensions in glaucoma and ocular hypertension. ]
Glaucoma. 2001;10:206-210.

Pak J Med Sci 2017 Vol.33 No.1  www.pjms.com.pk 135



Muhammad Haroon Sarfraz et al.

15.

16.

17.

18.

19.

20.

21.

136 Pak J Med Sci

Lee BL, Wilson MR. Ocular Hypertension Treatment Study
(OHTS). Ocular Hypertension Treatment Study (OHTS)
commentary. Curr Opin Ophthalmol. 2003;14:74-77.
MansouriK, Leite MT, Weinreb RN, Tafreshi A, Zangwill LM,
Medeiros FA. Association between corneal biomechanical
properties and glaucoma severity. Am ] Ophthalmol.
2012;153:419-427. doi: 10.1016/j.ajo.2011.08.022.
Sullivan-Mee M, Gentry JM, Qualls C. Relationship between
asymmetric centralcorneal thickness and glaucomatous
visual field loss within the same patient. Optom Vis Sci.
2006;83:516-519.

Hong S, Kim CY, Seong GJ, Hong Y]. Central corneal
thickness and visual field progression in patients
with  chronic primary angle-closure glaucoma
with lowintraocular pressure. Am ] Ophthalmol.
2007;143:362-363.

Yazdani S, Doozandeh A, Haghighat M, Akbarian S,
Pakravan M, Yaseri M. Intrasubject Difference in CCT
among POAG versus Normal Individuals. Optom Vis Sci.
2015;92:879-883. doi: 10.1097/ OPX.0000000000000646.
Kniestedt C, Lin S, Choe ], Nee M, Bostrom A, Stiirmer J, et
al. Correlation between intraocular pressure, central corneal
thickness, stage of glaucoma, and demographic patient data:
prospective analysis of biophysical parameters in tertiary
glaucoma practice populations. ] Glaucoma. 2006;15:91-97.
Ntim-Amponsah CT, Seidu AY, Essuman VA, Fordjour
G, Tagoe NN, Coker A, et al. A study of central corneal
thickness in glaucoma and non-glaucoma patients in a
West African population. Cornea. 2012;31:1093-1096. doi:
10.1097/1CO.0b013e31823c5117.

2017 Vol.33 No.1  www.pjms.com.pk

22.

23.

24.

25.

Wu RY, Zheng YF, Wong TY, Cheung CY, Loon SC,
Chauhan BC, et al. Relationship of central corneal thickness
with optic disc parameters: the Singapore Malay Eye Study.
Invest Ophthalmol Vis Sci. 2011;52:1320-1324. doi: 10.1167/
i0vs.10-6038.

Wollstein G, Schuman ]S, Price LL, Aydin A,
Stark PC, Hertzmark E, et al. Optical coherence
tomographylongitudinal evaluation of retinal nerve
fiber layer thickness in glaucoma. Arch Ophthalmol.
2005;123:464-470.

Thatsnarong D. Correlation between Retinal Nerve Fiber
Layer Thickness and Central Corneal Thickness in Healthy
Subjects. ] Med Assoc Thai. 2015;98:693-697.

Vergados A, Papaconstantinou D, Diagourtas A,
Theodossiadis PG, Vergados I, Georgalas I. Correlation
between optic nerve head parameters, RNFL, and
CCT in patients with bilateral pseudoexfoliation
using HRT-III. Semin Ophthalmol.  2015;30:44-52.
doi: 10.3109/08820538.2013.821509.

Authors’ Contribution:

MHS conceived, designed manuscript and did data
collection.

MAM did statistical analysis, manuscript writing.
RIUH did editing and finally approved manuscript.



	OLE_LINK8
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK1
	OLE_LINK2
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK10
	OLE_LINK9
	OLE_LINK1
	OLE_LINK2
	OLE_LINK11
	OLE_LINK12
	_GoBack
	OLE_LINK19
	OLE_LINK20
	OLE_LINK15
	OLE_LINK16
	OLE_LINK17
	OLE_LINK18
	OLE_LINK5
	OLE_LINK39
	OLE_LINK40
	OLE_LINK29
	OLE_LINK30
	OLE_LINK3
	OLE_LINK4
	_GoBack
	OLE_LINK1
	page3
	page4
	page5
	page6
	page7
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16
	_GoBack
	_GoBack
	OLE_LINK1
	OLE_LINK2
	OLE_LINK226
	OLE_LINK227
	OLE_LINK22
	OLE_LINK21
	OLE_LINK121
	OLE_LINK120
	OLE_LINK52
	OLE_LINK53
	OLE_LINK9
	OLE_LINK10
	OLE_LINK54
	OLE_LINK55
	OLE_LINK110
	OLE_LINK111
	OLE_LINK47
	OLE_LINK48
	OLE_LINK119
	OLE_LINK128
	OLE_LINK176
	OLE_LINK177
	OLE_LINK136
	OLE_LINK137
	OLE_LINK141
	OLE_LINK140
	OLE_LINK235
	OLE_LINK236
	_GoBack
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	OLE_LINK11
	OLE_LINK10
	OLE_LINK14
	OLE_LINK15
	OLE_LINK16
	OLE_LINK17
	OLE_LINK24
	OLE_LINK25
	OLE_LINK20
	OLE_LINK21
	OLE_LINK33
	OLE_LINK32
	OLE_LINK35
	OLE_LINK34
	_GoBack
	OLE_LINK58
	OLE_LINK57
	_ENREF_2
	_ENREF_3
	_ENREF_5
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_GoBack
	_GoBack
	OLE_LINK1
	OLE_LINK2
	OLE_LINK6
	OLE_LINK5
	OLE_LINK3
	OLE_LINK4
	OLE_LINK7
	OLE_LINK10
	OLE_LINK8
	OLE_LINK9
	OLE_LINK11

