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CHANGES IN RETINAL NERVE FIBER LAYER
ON OPTICAL COHERENCE TOMOGRAPHY
AFTER PANRETINAL PHOTOCOAGULATION

IN PATIENTS WITH PROLIFERATIVE
DIABETIC RETINOPATHY
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ABSTRACT

OBJECTIVE: To study changes in retinal nerve fiber layer (RNFL) measured on
optical coherence tomography (OCT) after panretinal photocoagulation (PRP)
in patients with proliferative diabetic retinopathy (PDR).

METHODS: This quasi experimental study was conducted at Department of
Ophthalmology, Lahore General Hospital, Lahore from 1-4-2017 to 30-3-2018.
All patients (n=238) diagnosed with PDR requiring PRP were included. Patients
having any coexisting ocular pathology hindering the OCT measurement were
excluded. Pre-operatively, RNFL thickness in four quadrants and signal strength
was measured on OCT and visual acuity (VA) on Snellen's chart. Post-
operatively, patients were followed-up after one-month and three-months and
VA was measured and OCT performed.

RESULTS: The mean age of patients was 60.66+5.5|years with 23(60.5%)
males. PRP was performed in right-eye of 22 patients. Pre-laser VA in 28
patients was 6/60. Pre-laser total RNFL was 84.32+4.78um reduced to
83.74+4.6lum one-month and 81.89+4.40um three-months post-laser
(p<0.001). Pre-laser, superior RNFL thickness was 84.97 +4.13um, reduced to
84.39+3.95um one-month and to 82.2 | +3.84uum at three-months post-laser
(p 0.024). Pre-laser inferior RNFL thickness was 84.89+4.68um, reduced to
84.00+4.44um one-month and to 81.71*=4.50um three months post-laser
(p=0.032). Pre-laser temporal RNFL thickness was 83.26 +3.47um, reduced
to 82.34+3.44um one-month and to 80.2 | 3.49um three-months post-laser
(p<<0.001). Pre-laser nasal RNFL thickness was 85.16+3.78um, reduced to
84.26+3.88um one-month post-laser and to 82.08=+3.74uum at three-months
post-laser (p=0.043). Pre-laser, signal strength on OCT was 8.26+0.69 and
8.66+0.48 after one-month post-laser and 8.55+0.50 at three-months laser
(p=0.009).

CONCLUSION: PRP leads to a decrease in thickness of RNFL after one month
and three months as compared to pre-laser RNFL thickness.
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INTRODUCTION

D iabetes mellitus is one of the leading
metabolic diseases around the
globe. Like other systems, it also affects

the eye. The most common ocular
involvement of diabetes mellitus is
involvement of the retinal blood vessels
called diabetic retinopathy. Diabetic
retinopathy is thought to be one of the
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leading causes of visual impairment
around the world.” Proliferative diabetic
retinopathy is an advanced stage of
diabetic retinopathy which occurs due to
poor long term glycemic control and is
more prevalent in type | diabetics as
compared to type 2 diabetics.”
Proliferative diabetic retinopathy
involves the development of neovessels
which can bleed and lead exudative
materials leading to macular edema and
vitreous hemorrhage or tractional retinal
detachment in advanced cases.’ Diabetic
retinapathy is affected by many systemic
factors such as hypertension,
nephropathy, glycemic control and
history of cigarette smoking.*’

Panretinal photocoagulation is the
standard treatment for the treatment of
proliferative diabetic retinopathy. In
panretinal photocoagulation, peripheral
retina is ablated with Argon laser in order
to convert the ischemic retina into dead
retina.” Thus the resulting dead retina
does not produce vascular endothelial
growth factor which is mainly responsible
for the formation of neovessels in
proliferative diabetic retinopathy. Various
modalities are available for the panretinal
photocoagulation i.e. conventional Pan
Retinal Photocoagulation (PRP), Pattern
Scanning Laser (PASCAL) and Non-
Microscopic Imaging Laser (NAVILAS).”"

Retinal nerve fiber layer is a vital layer of
retina which is affected by many ocular
diseases as well as ocular intervention."
Optical coherence tomography is a non-
invasive retinal imaging tool which
acquires three dimensional images of
retina and helps in the layer by layer
analysis of retina.” Various models of
optical coherence tomography are
available which measure retinal nerve
fiber layer thickness and helps in
understanding the ultra-structural
changes in this vital layer.” Lack of local
literature on this issue was the rationale
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TABLE I: CHANGES IN VISUAL ACUITY OF THE STUDY SUBJECTS
BEFORE AND AFTER PANRETINAL PHOTOCOAGULATION

Visual Acuity Pre-PRP 3 Months Post-PRP P value
6/36 10 (26.3%) 12 (31.6%)
6/60 28 (73.7%) 26 (68.4%) 0.804
PRP=panretinal photocoagulation; P-value was calculated by McNemer's Test.
to conduct this study. patients before performing laser. Pre-
laser age, gender and laterality was
METHODS recorded on proforma. Retinal nerve

Ethical approval for this quasi
experimental study was obtained from
the ethical review committee of Lahore
General Hospital, Lahore. Patients who
were known diabetics and having poor
long term glycemic control presenting
to Ophthalmology Out Patient
Department, Lahore General Hospital
from |* April, 2017 to 30" March, 2018
were assessed for inclusion and
exclusion criteria. Patients (n=38)"
diagnosed with proliferative diabetic
retinopathy on slit lamp fundus
examination, requiring panretinal
photocoagulation were selected by
non-probability consecutive sampling
and were included in study. Patients
diagnosed with any co-existing ocular
disease such as retinal detachment,
vitreous hemorrhage, visually significant
cataract hindering optical coherence
tomography (OCT) measurement and
corneal or any other media opacity
were excluded from study.

Patients were counselled about the
stage of diabetic retinopathy and
negative impact on vision if not treated.
Informed consent was obtained from all

fiber layer thickness was measured
along with signal strength (quantification
of the OCT waves to penetrate certain
tissue) on OCT and documented on the
proforma. After aseptic measure, pupils
were pharmacologically dilated in the
eyetobe lased.

Patients were then seated on the slit
lamp laser delivery system and laser was
applied. Post-laser patients were
prescribed antibiotic eye drops four
times daily for one week and non-
steroidal anti-inflammatory drug
(NSAID) tablet three times daily for one
week. Patients were called for followup
after one and three months at which
time OCT was again performed to
measure and document the thickness of
retinal nerve fiber layer and signal
strength.

Data was entered and analyzed using
statistical package for social sciences
(SPSS) software version 22.
Frequencies and percentages were
calculated for categorical variables
while mean and standard deviation
were calculated for numerical variables.
Visual acuity between pre-PRP and

post-PRP was assessed by McNemer's
test. The difference between pre-laser
and post-laser treatment (pre-laser, |
month post-laser and 3 month post-
laser) was determined by repeated
measures ANOVA test and further
assessment was checked by Bonferroni
Test. Statistical significance was defined
as p-value of =0.05 with 95%
confidence interval.

RESULTS

The mean age of patients was
60.66+5.51 years. There were 23
(60.5%) males and |5 females (39.5%)
included in the study. Panretinal
photocoagulation was performed in
right eye of 22 (57.9%) patients and 16
(42.19%) left eyes of patients. Visual
acuity in 28 (73.7%) patients was 6/60
pre-laser while the other 10 (26.3%)
had a pre-laser visual acuity of 6/36.
After three months post-laser, 26
(68.4%) patients had a visual acuity of
6/60 while the remaining 12 (31.6%)
patients had a visual acuity of 6/36 as
measured on Snellen's chart (Tablel).

Mean pre-laser, total retinal nerve fiber
layer thickness was 84.32+4.78um
which reduced to 83.74+4.6 | um after
one month and 81.89+4.40um at three
months after laser (p<0.001). Mean
post-laser retinal nerve fiber layer
thickness decreased significantly in all
the four quadrants after one and three
months of panretinal photocoagulation
as compared to pre-laser retinal nerve
fiber layer thickness (Table Il).

TABLE 1l: CHANGES IN RETINAL NERVE FIBER LAYER THICKNESS BEFORE AND AFTER
PANRETINAL PHOTOCOAGULAYION (n=38)

Parameter Pre-PRP | Month Post- | 3 Month Post- p** pr## Pprrxs
PRP PRP value value value value
Total Retinal Nerve | o/ 37,478 | 8374461 81.89+440 | <0001 | 0034 | 0023 0.043
Fiber (um)
Superior Retinal Nerve | g/ o7, 413 | 84.39+3.95 8221+384 | 0024 | 0008 | 0.00! 0.023
Fiber (um)
Inferior Retinal Nerve | g4 00 468 | 8400+444 | 81712450 | 0032 | 0033 | <000 | 0022
Fiber (um)
Temporal Retinal 8326+3.47 | 82.34+3.44 8021+349 | <0001 | 0012 | 0032 | <0.00l
Nerve Fiber (Um)
Nasal Retinal Nerve | o0\ 370 | 84264388 | 8208+374 | 0043 | <0001 | 0021 0.013
Fiber (um)
Signal Strength 826 + 069 | 866+ 048 8.55+0.50 0009 | 0003 | 0.163 0.999

PRP=panretinal photocoagulation; Continuous variables were presented as Mean+Standard Deviation; P*=Repeated measures ANOVA was applied; Bonferroni Post Hoc Test: P** (Pre-PRP versus
Post-PRP | month), P*** (Pre-PRP versus Post-PRP 3 month), P**** (Post-PRP | month versus Post-PRP 3 month).
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DISCUSSION

The authors present the changes in
retinal nerve fiber layer thickness after
panretinal photocoagulation for the
treatment for proliferative diabetic
retinopathy. In this study, retinal nerve
fiber layer thickness decreased
significantly in all the four quadrants as
well as in global thickness after one and
three months of panretinal
photocoagulation. The signal strength
also changed on OCT after one and
three months of panretinal photo-
coagulation but it was not statistically
significant.

Kim and Cho have studied the changes
in parapapillary retinal nerve fiber layer
thickness after panretinal photocoagu-
lation for diabetic retinopathy. They
documented a decrease of 2.1 2microns
after six months of panretinal photo-
coagulation which was not statistically
significant.”” Lim MC and associates
compared the retinal nerve fiber layer
thickness between normal eyes,
diabetic eyes which undergo panretinal
photocoagulation and diabetic eyes that
did not underwent panretinal photo-
coagulation. They found a statistically
significant differences in retinal nerve
fiber layer thickness in inferior and nasal
quadrants between the three groups.
The temporal retinal nerve fiber layer
thickness was comparable among
groups. "

Lee SB, et al. have studied the
longitudinal changes in retinal nerve
fiber layer thickness after pan retinal
photocoagulation. Their study showed
an increase in the mean and all
quadrants retinal nerve fiber layer
thickness at six months, after six months
of panretinal photocoagulation only to
be decreased later on at twenty four
months post panretinal photocoagu-
lation. Both the increase and then
decrease in the thickness of retinal
nerve fiber layer was statistically
significant. '

Kim ] and colleagues have studied the
temporal changes in parapapillary
retinal nerve fiber layer thickness
before and after panretinal photo-
coagulation. Their study depicted an
increase in average retinal nerve fiber
layer thickness at three months after

panretinal photocoagulation which later
on decreased 108.4microns to
103.5microns at twenty four months.
Based on these findings they concluded
that the retinal nerve fiber layer
undergoes thickening after panretinal
photocoagulation for three months
which subsequently if followed by
significant thinning at two years."”

Mugqit MM and associates have studied
the effects of argon panretinal laser
photocoagulation on retinal nerve fiber
layer. This study showed an increase in
mean retinal nerve fiber layer thickness
by 8 microns at ten weeks as compared
to baseline and then it decreased by
3.99 microns at six months as compared
to baseline. "

Mugit MM, et al. conducted a
randomized trial on the effects of single
session panretinal photocoagulation
versus multiple session (over 4 weeks)
panretinal photocoagulation delivered
by PASCAL system. The single session
group showed non-significant increase
of total retinal nerve fiber layer
thickness by 7.2 microns at four weeks
which then decreased by 1.2 microns
from baseline at twelve weeks.
However, the multisession group
showed a statistically significantincrease
of total retinal nerve fiber layer
thickness by 3.1+5.4 microns at four
weeks which later on decreased by
3.5+6.3 microns from baseline at
twelve weeks."”

Park YR and associates have compared
the changes in retinal nerve fiber layer
after conventional versus PASCAL pan
retinal photocoagulation. The conven-
tional laser group showed a significant
decrease in retinal nerve fiber layer
thickness (3.70*4.24 microns,
p<0.001) while the PASCAL laser
group did not show significant changes
in retinal nerve fiber layer thickness
from baseline at six months after
panretinal photocoagulation. After one
year of laser, the PASCAL group did not
show any significant change in retinal
nerve fiber layer thickness while the
conventional group again showed
significant reduction in thickness of
retinal nerve fiber layer (5.42+3.69
microns, p<0.001).”

Lee DE, et al. have studied the effects of

Pattern Scan laser photocoagulation on
parapapillary retinal nerve fiber layer
thickness. The average retinal nerve
fiber layer thickness increased by
0.84microns (99.1 1 £18.91 microns) at
two months post-laser and decreased
by 0.4microns (97.87*18.79 microns)
at six months as compared to baseline
(98.27+18.97 microns). All the changes
were statistically insignificant.”

Shin HJ and colleagues have studied the
effects of multiple intravitreal injections
for various retinal diseases on retinal
nerve fiber layer. They enrolled the
patients with diabetic macular edema
(DME), age related macular
degeneration (AMD) and retinal vein
occlusion (RVO) who had received at
least three intravitreal anti-VEGF
injections. The retinal nerve fiber layer
thickness did not change in the AMD
group while it decreased from 100
microns to 97.1 microns in DME group
and from 101.8 microns to 98.0 microns
in RVO group. However, the number of
injections had no correlation with the
changes in retinal nerve fiber layer ™

Hwang D), et al. have compared the
retinal nerve fiber layer profiles
between eyes with and without diabetic
macular edema (DME). They found an
increased global retinal nerve fiber layer
thickness in patients with diabetic
macular edema as compared to those
without it. The retinal nerve fiber layer
thickness correlated with the central
macular thickness and decreased in
response to anti-VEGF injections
treatment as the central macular
thickness was reduced subsequently.”

CONCLUSION

Retinal nerve fiber layer thickness
decreases after one and three months of
panretinal photocoagulation.

LIMITATION AND
RECOMMENDATION

The followup period in this study was
three months. The authors recommend
large randomized controlled trials with
longer followup period to better under-
stand the effects of panretinal
photocoagu-lation on the anatomy of
retina.

KMUJ 2018, Vol. 10 No.4

185



CHANGES IN RETINAL NERVE FIBER LAYER ON OPTICAL COHERENCE TOMOGRAPHY AFTER PANRETINAL PHOTOCOAGULATION IN PATIENTS WITH PROLIFERATIVE DIABETIC RETINOPATHY

REFERENCES Retina 2015 Feb;35(2):280-7. DOI: panretinal photocoagulation on
10.1097/IAE.0000000000000363. retinal nerve fiber layer and optic
I. Ajlan RS, Silva PS, Sun JK. Vascular ) ) ) nerve appearance. Arch
endothelial growth factor and 9. Chhablani ], Mathai A, Rani F Gupta Ophthalmol 2009 Jul;127(7):857-
diabetic retinal disease. Semin V, Arevalo J,F' Kozak I. Comparison 62. DOIl: 10.1001/
Ophthalmol 2016;31(1-2):40-8. of C°'?Ve”tt'°"a(‘j' pattern a”‘i .”°Ve: archophthalmol.2009. 1 35.
. navigate panretina
50?5“ I |I4g'3;| 09/08820538. photocoagulation in proliferative 16. Lee SB, Kwag JY, Lee HJ, Jo Y], Kim
diabetic retinopathy. Invest JY. The longitudinal changes of
2. Lee R, Wong TY, Sabanayagam C. Ophthalmol Vis Sci 2014 May retinal nerve fiber layer thickness
Epidemiology of diabetic 1;55(6):3432-8. DOI: 10.1167/iovs. after panretinal photocoagulation in
retinopathy, diabetic macular 14-13936. diabetic retinopathy patients. Retina
edema and related vision loss. Eye 2013 Jan;33(1):188-93. DOI:
Vis (Lond) 2015 Sep 30;2:17. DOI: '°~z”” ISH, Atd“j'”;a” ':\A-tReC:"; 10.1097/ IAE.0b013e318261a710.
015 ) evelopments in laser treatment o
10.1186/s40662-015-0026-2. diabetic retinopathy. Middle East I7.Kim J, Woo, §J, Ahn |, Park KH,
3. Nentwich MM, Ulbig MW. Diabetic Afr | Ophthalmol 2015 Apr- Chung H, Park KH. Long-term
retinopathy-ocular complications of Jun;22(2):157-63. DOI: temporal changes of peripapillary
diabetes mellitus. World ] Diabetes 10.4103/0974-9233.150633. retinal nerve fiber layer thickness
2015;6(3):489-99. DOI: 10.4239/ before and after panretinal
wid. v6.i3.489. I I.Osldone' F, L'ucenteforte' E, photocoagulation in severe diabetic
Michelessi M, Rizzo S, Donati S, retinopathy. Retina 2012 Nov-
4. Klein BE, Myers CE, Howard KP, Parravano M, et al. Macular versus Dec;32(10):2052-60. DOI:
Klein R. Serum Lipids and retinal nerve fiber layer parameters 10.1097/IAE.ObO 1 3e3182562000.
Proliferative Diabetic Retinopathy for diagnosing manifest glaucoma: A
and Macular Edema in Persons With systematic review of diagnostic 18. Mugit MM, Wakely L, Stanga PE,
Long-term Type | Diabetes accuracy studies. Ophthalmology Henson DB, Ghanchi FD. Effects of
Mellitus: The Wisconsin Epidemio- 2016 May;123(5):939-49. DOI: conventional argon laser photo-
logic Study of Diabetic Retinopathy. 10.1016/j.ophtha.2015.12.041. coagulation on retinal nerve fiber
JAMA Ophthalmol 2015 ) ) layer and driving visual fields in
May; 133(5):502-10. DOI: 10.1001/ |2 Garcia-MartinE, Polo'y, LarrosaJM, diabetic retinopathy. Eye (Lond)
jamaophthalmol. 2014.5108. Marques ML, Herrero R, Martin J, 2010 Jul;24(7):1136-42. DOI:
Ara JR, et al. Retinal Iayer I0.I038/eye.2009.308.
5. Sayin N, Kara N, Pekel G. Ocular segmentation in patients with
complications of diabetes mellitus. multiple sclerosis using spectral 19. Mugit MM, Marcellino GR, Henson
World | Diabetes 2015 Feb 15;6(1): domain optical coherence DB, Fenerty CH, Stanga PE.
92-108.DOI: 10.4239/wijd.v6.il.92. tomography. Ophthalmology 2014 Randomized clinical trial to evaluate
Feb:;121(2):573-9. DOI: 10.1016/ the effects of pascal panretinal
6. Emdin CA, Rahimi K, Neal B, j.ophtha.(2())l3.09.035. photocoagulation on macular nerve
Callender T, Perkovic V, Patel A. fiber layer. Retina 201 I
Blood pressure lowering in type 2 13.Yang Z, Tatham AJ, Zangwill LM, Sep;31(8):1699-707. DOI: 10.1097/
diabetes: a systematic review and Weinreb RN, Zhang C, Medeiros IAE.ObO|3e318207d188.
meta-analysis. JAMA 2015 Feb FA. Diagnostic ability of retinal
10;313(6):603-15. DOI: nerve fiber layer imaging by swept- 20.Park YR, Jee D. Changes in
10.1001/jama.2014.18574. source optical coherence peripapillary retinal nerve fiber layer
. tomography in glaucoma. Am thickness after pattern scanning
7. Lipska K], Krumholz H.’ Soones.T, Ophtﬁalrzo)ll 2()|5g Jan;l59(l):|93{ laser photocoagulation in patients
Lee §J. Polypharmacy in the aging 201. DOI: 10.1016/ with diabetic retinopathy. Korean |
patient: a review of glycemic control .2j0.2014.10.019. Ophthalmol 2014 Jun;28(3):220-5.
in older adults with type 2 diabetes. DOI: 10.334 I/k]020|4283220
JAMA 2016 Mar 8;315(10):1034-45. 14.Kim HY, Cho HK. Peripapillary
DOI: 10.1001/jama.2016.0299. retinal nerve fiber layer thickness 21. Lee DE, Lee JH, Lim HW, Kang MH,
. change after panretinal Cho HY, Seong M. The effect of
8. Ferraz DA, Vasquez LM, Preti RC, photocgoagulation in ppat:iem:s with pattern scan laser photocoagulation
Motta A, Sophle. R, Bittencourt MG’ diabetic retinopathy. Korean | on peripapillary retinal nerve fiber
etal. A rz'mdomlzed contro!led tr'lal Ophthalmol. 2009 Mar;23(1):23-6. layer thickness and optic nerve
of panretinal photocoagulation with DOI: 10.3341/kjo. 2009.23.1.23. morphology in diabetic retinopathy.
and without intravitreal Korean | Ophthalmol
ranibizumab in treatment-naive 15. Lim MC, Tanimoto SA, Furlani BA, 2014;28(5):408-16. DOI:
eyes with non-high-risk Lum B, Pinto LM, Eliason D, et al. 10.3341/kjo.2014.28.5.408.
proliferative diabetic retinopathy. Effect of diabetic retinopathy and

186 KMUJ 2018, Vol. 10 No.4



CHANGES IN RETINAL NERVE FIBER LAYER ON OPTICAL COHERENCE TOMOGRAPHY AFTER PANRETINAL PHOTOCOAGULATION IN PATIENTS WITH PROLIFERATIVE DIABETIC RETINOPATHY

22. Shin HJ, Shin KC, Chung H, Kim HC. factor. Invest Ophthalmol Vis Sci edema on peripapillary retinal nerve
Change of retinal nerve fiber layer 2014 Apr 15;55(4):2403-11. DOI: fiber layer thickness profiles. Invest
thickness in various retinal diseases 10.1167/iovs. 13-13769. Ophthalmol Vis Sci 2014 May
Zﬁ?ﬁi‘:aﬁh er:;:f::n:tm:::f;l 23 Hwang D), Lee EJ, Lee SY, Park KH, :(f |; |563/fo7vi :I‘;.Z | ;737-69 oo

g Woo §|. Effect of diabetic macular : : :

AUTHORS' CONTRIBUTIONS

Following authors have made substantial contributions to the manuscript as under:

MS: Concept & study design, acquisition of data, drafting the manuscript, critical review, final approval of the version to be
published.

AA: Acquisition of data, drafting the manuscript, final approval of the version to be published.

AR: Acquisition, analysis & interpretation of data, drafting the manuscript, final approval of the version to be published.

Authors agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved.

CONFLICT OF INTEREST
Authors declared no conflict of interest
GRANT SUPPORT AND FINANCIAL DISCLOSURE
NIL

@ @ This is an Open Access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 2.0 Generic License.

KMUJ web address: www.kmuj.kmu.edu.pk
Email address: kmuj@kmu.edu.pk

KMUJ 2018, Vol. 10 No.4 187



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

