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Abstract

AIM: To assess changes in peripapillary retinal nerve
fiber layer (RNFL) thickness and visual field (VF) in
patients with glaucoma after reduction of intraocular
pressure (IOP).

METHODS: Thirty-five consecutive patients with bilat-
eral high tension glaucoma were included in the study.
Thirty-five eyes underwent monocular deep sclerec-
tomy (surgery group) and the medically treated fellow
eyes served as controls (control group). Quantitative
analyses of the peripapillary RNFL thickness by optical
coherence tomography (OCT) and global VF indices by
automated perimetry were performed before surgery
and six months after surgery in both eyes. The changes
in RNFL thickness overall and by quadrant were evalu-
ated and studied with respect to age, best-corrected
visual acuity (BCVA), preoperative global VF indices,
postoperative IOP changes, and postoperative changes
in global VF indices. Changes observed in RNFL thick-
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ness and VF indices were compared between eyes after
surgery and fellow eyes.

RESULTS: Six months after surgery, the overall IOP
decreased from a baseline mean of 24.5 £ 3.2 mmHg
to 11.5 £ 2.7 mmHg (P < 0.001) at the time of OCT
testing. A significant increase in the overall mean RNFL
thickness was observed after surgery (P < 0.001). The
preoperative VF mean deviation was significantly cor-
related with a postoperative increase in the RNFL thick-
ness (P < 0.075). No correlation was found between
RNFL thickness changes and age, BCVA, or changes in
the global VF indices. There was no significant differ-
ence between eyes with an IOP reduction of more than
50% and those with a reduction in IOP less than 30% (P
=0.312).

CONCLUSION: A significant increase in the peripapil-
lary RNFL thickness was associated with IOP reduction
by glaucoma filtration surgery as measured by OCT.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Glaucoma is characterized by clinically detectable tis-
sue loss in the nerve fiber head and retinal nerve fiber
layer (RNFL). Defects in the peripapillary RNFL may
even precede changes in optic nerve head appearance
and visual field (VF) loss". The optic disc sometimes is
seen to be less excavated when the intraocular pressure
(IOP) falls. This anatomic change has been documented
previously after trabeculectomy by stereoscopic disc pho-
tography, computer-assisted planimetry, optic nerve head
analysis, and confocal scanning laser ophthalmoscopy
(CSLOY.

There is controversy about the effect of IOP reduc-
tion on the peripapillary RNFL, which also is considered
a marker of structural optic nerve damage. However, the
effect of IOP reduction on peripapillary RNFL is still
unclear. Some studies have found no significant changes

in the retinal cross-sectional area using CSLO and an
optic nerve analyzer[[t’ﬂ, whereas others have shown a sig-
nificant increase in mean retinal height at the optic disc
margin by CSLO™.

Optical coherence tomography (OCT) evaluates and
quantifies the peripapillary RNFL thickness in vivo. Ay-
din e a/” reported a significant increase in the mean peri-
papillary RNFL thickness assessed by OCT scans pet-
formed with a noncommercial, prototype device in eyes
undergoing filtering surgery, while Leung e/ al” reported
structural and functional recovery in a patient with juve-
nile open-angle glaucoma, which was documented quan-
titatively by OCT after trabeculectomy.

Deep sclerectomy is a non-penetrating filtering proce-
dure that facilitates IOP control with fewer complications
than trabeculectomy”'", The purpose of the present
study was to assess changes in the peripapillary RNFL
thickness and global VF indices in a prospective manner
using a third generation OCT device in patients with pri-
mary open-angle glaucoma (POAG) after IOP lowering
by surgical or medical treatment.

MATERIALS AND METHODS

This prospective controlled study was performed in
Mansoura Ophthalmic Center, Mansoura, Egypt, and
was approved by Mansoura University Trust Ethics in
accordance with the Declaration of Helsinki (1989) of
the World Medical Association. Consecutive patients with
bilateral high tension glaucoma scheduled for unilateral

deep sclerectomy were enrolled. Informed consent was
obtained from cach patient. Eyes were scheduled for
deep sclerectomy when the IOP exceeded the target pres-
sure and/or VF defect and glaucomatous optic nerve
damage showed progression despite maximum tolerated
medical therapy.

Full ophthalmic examination was done, including as-
sessing visual acuity, slit-lamp anterior and postetior seg-
ment biomicroscopy, IOP measurement by Goldmann
applanation tonometry, gonioscopy using Goldmann
three mirror contact lens, OCT, automated perimetry
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(Humphrey visual field analyzer, program 24-2), and cup/
disc ratio estimation. A detailed medical history including
age, gender, glaucoma medications, systemic hyperten-
sion, systemic medications, and previous ocular surgery
was recorded

The TOP measurements were taken at least 5 times
throughout the day from 8 am to 5 pm. Highest and low-
est measured IOP values were used to determine IOP
diurnal range. The VF categories were: (1) normal; (2)
mild, an arcuate defect; (3) moderate, abnormal in one
hemifield and not within 5 degrees of fixation; and (4)
severe, abnormal in both hemifields or within 5 degrees
of fixation. VF grading was done on the basis of the last
reliable Humphrey VI test before surgery.

Changes in the RNFL thickness and VF indices in
eyes undergoing deep sclerectomy (surgery group) were
compared with those in the contralateral eyes in which
the IOP was controlled medically (control group). The
postoperative change in RNFL thickness was analyzed
for several potential related factors (age, preoperative
overall RNFL thickness, postoperative IOP change, and
VF global indices).

Patients were selected based on their ability to per-
form reliable perimetry and on the clarity of the ocular
media. Only patients with high tension glaucoma were
included in this study. Patients wete excluded if they had
ocular pathologic features other than glaucoma such as
diabetic retinopathy, age-related macular degeneration,
parapapillary atrophy extending beyond 1.7 mm from the
disc center, and inability to obtain adequate OCT images.
Both Humphrey VF testing and OCT scanning were
done preoperatively and six month postoperatively for all
patients.

VF testing

All patients underwent Humphrey VF testing using stan-
dard Humphrey 24-2 full threshold perimetry (Humphrey
Instruments, Carl Zeiss Meditec, San Leandro, Dublin).
A reliable VF test was defined as one with less than 30%
fixation loss and false-positive or false-negative responses.
The preoperative and postoperative mean deviation (MD)
and pattern standard deviation (PSD) were used for the
analysis.

OCT scanning
Cross-sectional imaging of peripapillary RNL was per-
formed with the Stratus OCT (model 3000, softwate ver-
sion 4.4; Carl Zeiss Meditec, Dublin, CA) after pupillary
dilation with 1% tropicamide to a minimum diameter of
5 mm. Circular 360° OCT scans wete obtained using the
fast RNFL thickness scan, with a diametetr of 3.46 mm
on the peripapillary RNFL. The scans include the single
mean RNFL thickness, the average thickness within each
of four quadrants (temporal, superior, nasal, and infe-
rior), and average thickness within each of 12 sectors
corresponding to clock hours.

Good scans were defined as focused images from
the ocular fundus, with an adequate signal-to-noise ratio
and a centered, circular ring around the optic disc. Im-
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ages with less than 90% satisfactory A scan or a signal-
to-noise ratio of less than 25 dB were excluded. If the
amount of peripapillary atrophy exceeded the scan circle,
which was visible and controlled by the operator, the pa-
tient was excluded. The average of the three qualified cit-
cular scans was used to calculate the mean and quadrantic
RNFL thickness'"”.

Surgical technique

Local anesthesia was achieved using a peribulbar injec-
tion of 4 mL of a mixture of 4% xylocaine, and 0.75%
marcaine. A fornix based conjunctival flap was made, the
sclera was exposed, and hemostasis by wet-field cautery
was performed. A one-third scleral thickness superficial
flap (5.0 mm X 5.0 mm) was dissected at the 12-o’clock
position at least 1.0 mm into the clear cornea. A second
flap of deep sclera was dissected, Schlemm’s canal was
deroofed, and a trabeculo-Descemet membrane window
was created. The deep scleral flap was excised, and the
juxta-canalicular trabeculum and Schlemm’s endothelium
were removed using small blunt forceps. The superficial
scleral flap was sutured with 2 to 4 interrupted nylon 10-0
buried sutures.

Postoperative treatment included a combination of
dexamethasone and tobramycin 4 times daily for 2 wk.
The dosage was tapered by one drop weekly until discon-
tinuation after 8 wk. When the vessel density increased or
flattening occurred, we intensified the postoperative anti-
inflammatory treatment (prednisolone acetate every 1 h
to 2 h during waking hours). When filtration through the
trabeculo-Descemet membrane was insufficient because
of an elevated IOP, a goniopuncture was performed with
the neodymium:yttrium-aluminum-garnet (ND:YAG)
laser in the thin driest anterior portion of the trabeculo-
descemet membrane.

Statistical analysis

A statistics program (SPSS version 15.0 for Windows;
SPSS Inc., Chicago, 1) was used for all analyses. The dis-
tribution of data was determined using the Kolmogorov-
Smirnov test. A paired 7 test was used to analyze RNFL
thickness differences in individual eyes basis and to com-
pate parameters before and after surgery. A comparison
between the two study groups was carried out, and Pear-
son’s correlation was used to analyze the association be-
tween parameters. The number of glaucoma medications
and the visual acuity were compared using the Wilcoxon
signed rank test. Since multiple correlations were inves-
tigated, the P value was adjusted using the Bonferroni
correction. A P value of 0.05 or less was considered to be
statistically significant.

RESULTS

Thirty-five eyes of 35 patients were qualified for this
study; thirty-five eyes underwent deep sclerectomy and
the fellow eyes served as the control eyes. The patient de-
mographics and baseline characteristics for both groups
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Table 1 Demographic and clinical features of the studied patients

Parameters Surgery group Control group 2 value'
No. of patients 85
Age (yr) 622425
Gender

Male 18 (51%)

Female 17 (49%)
Diabetes mellitus 8
Hypertension 25
Cup/Disc ratio 0.76 +2.4 0.57£21 F'=3.52

P=0.012"
IOP diurnal range’ 1217+£221 826+331 F=4.64
P=0.015"

Preoperative IOP 234+6.1 185+23 F=354
(mmHg) P =0.015'
Preoperative 31+£05 1.7£04 F=256
medication P=0.021"
Preoperative VF MD -92+53 -45+41 F=421
(dB) P=0.017"
Preoperative VF PSD 57+3.1 48+29 F=456
(dB) RI=10:25
Preoperative VA 0.73+£0.4 0.86+0.2 F=3.61
(logMAR) P=0.36

'Significant at P < 0.05; *Difference between the lowest and highest
recorded intraocular pressure (IOP). One-way ANOVA test (F) and y*
test were used. VF: Visual field; MD: Mean deviation; VA: Visual acuity;
PSD: Pattern standard deviation; logMAR: Logarithm of minimal angle of
resolution.

are presented in Table 1.

The mean 1IOP, the mean number of medications
used, and VI indices before surgery were significantly
lower in the control group than in the surgery group (P =
0.001). The mean preoperative IOP in the surgery group
was 23.4 £ 6.1 mmHg; 6 mo after surgery, the mean IOP
decreased to 10.6 £ 25 mmHg (P < 0.001). The mean
percent change in IOP was 45.4% % 16.5% (range, 16%
to 65%). In 24 eyes (68.6%), the IOP reduction exceeded
30%.

At six months, complete success, defined as IOP of
21 mmHg or less and IOP reduction of greater than or
equal to 20% without anti-glaucoma medication, was
achieved in 91.4% (32/35) of the patients, qualified suc-
cess, defined as having an IOP of 21 mm Hg or less and
an IOP reduction of greater than or equal to 20% with
anti-glaucoma medication, was achieved in 5.7% (2/35) of
the patients, and failed surgery, defined as having an ad-
ditional surgery, occurred in one patient (2.8%). ND:YAG
laser goniopuncture was performed in 6 eyes (17.1%).

The mean number of medications used decreased
significantly from 3.1 * 0.5 before surgery to 0.9 £ 0.2
after deep sclerectomy (P < 0.001). No significant change
was found between the visual acuity before and 6 months
after surgery (P = 0.365).

The mean preoperative and postoperative MD was
-9.2 * 5.3 and -8.6 * 4.6, respectively (P = 0.361). The
mean preoperative and postoperative PSDs were 5.7 *
3.1 and 5.3 £ 3.1, respectively (P = 0.325). These results
revealed no difference between preoperative and postop-
erative MD and PSD of the VF results in the study group.
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Table 2 Mean peripapillary retinal nerve fiber layer thickness
measurements in eyes that underwent deep sclerectomy

compared with the contralateral eye of the same patient as
measured by optical coherence tomography

Parameter Pre-operative (um) Post-operative (um) P value'
Overall
Surgery group 71.6£18.6 89.5+21.2 0.015'
Control group 725+17.8 71.7£20.3 0.165
Superior quadrant
Surgery group 85.8+25.1 96.7 £23.2 0.021'
Control group 85.7+24.1 86.5+21.5 0.114
Nasal quadrant
Surgery group 54.6+21.5 72.0+25.1 0.014'
Control group 56.5+18.9 582+221 0.356
Inferior quadrant
Surgery group 81.3+251 69.2+225 0.023"
Control group 83.1+182 83.3+20.1 0.453
Temporal quadrant
Surgery group 56.2+19.2 75.2 +20.1 0.016"
Control group 57.0+18.5 58.1+21.5 0.451
'Significant at P < 0.05.

Table 2 summarizes the mean peripapillary RNFL
thickness measured by OCT for the entire study. A sig-
nificant increase was found in the mean overall and qua-
drantic RNFL thickness in the surgery group. The mean
overall RNFL thickness change in the surgery group was
7.5 £ 9.6 um (range, -28.3 umto 15.2 um; median, -1.35
um, P = 0.001). In the surgery group, the RNFL thick-
ness increased in 32 eyes (91.4%) after surgery. In the
control group, the mean overall RNFL thickness change
was -4.3 £ 5.4 um (range, -17.8 pm to 10.5 pum, P =
0.145).

The correlations between the RNFL changes after
surgery and age, IOP change (mmHg), percent change
in IOP, preoperative MD, PSD, BCVA, and the change
in the VF MD and PSD are shown in Table 3. A signifi-
cant correlation was found between the RNFL thickness
changes after surgery and the preoperative MD (P = 0.374
and P = 0.075, respectively). There were no significant
changes in the control group in the MD (P = 0.132), PSD
(P =10.145), or IOP (P = 0.127) at the 6-mo follow up.

In the present study we did not found a significant
correlation between BCVA and overall or segmental
RNFL thickness in the study group. There was a signifi-
cant cotrelation between BCVA and overall RNFL thick-
ness, and also between BCVA and the RNFL thickness
by quadrants (temporal, inferior, and superior) in the
control group (Figure 1).

DISCUSSION

Several studies reported less cupping of the optic disc
after IOP reduction in some patients after glaucoma
surgery. This observation is more likely to be due to a
simple shift in anatomic structures rather than recovery
or reversal of damage. This anatomic change has been
documented by stercoscopic disc photography, com-
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Table 3 Pearson's correlation between change in mean retinal

nerve fiber layer thickness and age, intraocular pressure, and
global visual field indices in the surgery group

r P value'
Age -0.164 0.276
IOP change (mmHg) -0.235 0.023
IOP change (%) -0.453 0.036
BCVA -0.153 0.216
Preoperative VF MD (dB) 0.374 0.075
Preoperative VF PSD (dB) -0.182 0.383
Change in VF MD 0.395 0.064
Change in VF PSD 0.186 0.625

'Significant at P < 0.05. IOP: Intraocular pressure; BCVA: Best corrected
visual acuity; VF: Visual field; MD: Mean deviation; PSD: Pattern standard
deviation.

puter-assisted planimetry, optic nerve head analysis, and
conofocal scanning laser ophthalmoscopy“’ﬂ. When IOP
is lowered, there is less stretch on the lamina cribrosa,
and the disc is able to return to its normal position. How-
evet, there is no consensus regarding whether the chang-
es associated with IOP reduction occur only in the optic
nerve head or also in the peripapillary RNFLY.

Until recently, the assessment of the RNFL has been
largely subjective. OCT, developed to assess tissue thick-
ness in vivo, is a non-invasive imaging technique that al-
lows high-resolution cross-sectional ocular imaging and
evaluates and quantifies the peripapillary RNFL thick-
ness. OCT provides real-time, immediate, objective, and
reproducible quantitative measurements of the RNFL
within a short time during first visit and offers a repro-
ducible technique with a standard deviation of measure-
ments of 10 um to 20 um for the mean overall RNFL
thickness>".

In the present study, we prospectively assessed the
functional changes in peripapillary RNFL thickness by
OCT and global VF indices by automated perimetry in
35 patients who underwent monocular deep sclerectomy.
In addition, our purpose was to evaluate the correlation
of global indices with the structural glaucomatous dam-
age. We used OCT with fast RNFL thickness scan, which
reduces the examination time and improves the accuracy
and centration of the scans'”.

We found a significant change in the peripapillary
RNFL thickness in the surgery group. The RNFL thick-
ening was significant for the overall measurement and
in all quadrants. These results are consistent with those
reported by Aydin ¢ a/”, who found a significant increase
in the overall peripapillary RNFL from 72.8 um to 81.7
um after filtration surgery measured by OCT in 18 eyes
that underwent trabeculectomy and in 20 eyes that under-
went combined trabeculectomy and cataract extraction.

Several studies reported no significant changes in the
peripapillary RNFL thickness. Using a Rodenstock optic
nerve head analyzer, Sogano ez al” found that although
the cup volume decreased and the rim area increased sig-
nificantly after trabeculectomy, the RNFL height did not
change 2 mo to 6 mo after surgery. Moreover, Irak ez a/”
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Figure 1 A female patient aged 45 years with high tension glaucoma undergoing deep sclerectomy. A: Preoperative peripapillary circular optical coherence
tomography (OCT) tomograms; B: Postoperative peripapillary circular OCT tomograms. TEMP: Temporal; SUP: Superior; NAS: Nasal; INF: Inferior.

used confocal scanning laser ophthalmoscopy to evaluate The differences between our findings and those of
49 eyes 3 mo after filtration surgery and did not find a Aydin ¢ a/® could be attributed to several factors. First,
significant change in the RNFL cross-sectional area. the absence of a control group in their study precluded
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achieving definite conclusions. Moreover, their study
was retrospective and the results obtained should be in-
terpreted cautiously. In addition, those authors assumed
that the RNFL thickness does not change after cataract
surgery, and they combined the data obtained from trab-
eculectomy or combined cataract extraction and trabecu-
lectomy.

The mean preoperative RNFL thickness was 6.2 pm
lower in our study than in the study of Aydin e# al”. Cu-
riously, despite a higher mean thickness before surgery
than in our patients, the mean preoperative MD was
worse. This finding can be explained partially by an in-
crease in the diffuse VF defects as the result of cataract
artifacts. In fact, to avoid the effect of cataract removal
on the VF test, they analyzed the data in only 35 eyes that
had undergone only deep sclerectomy.

It has been reported that glaucomatous progression
is more likely to be detected using OCT compared to
HVE This may reflect OCT hypersensitivity or true dam-
age identified by OCT before detection by conventional
methods!"”. In addition, the differences may be the result
of different degrees of preexisting glaucomatous dam-
age. Some experimental and clinical studies have shown
that restoration of anatomic position is more likely to oc-
cur in the early stages of glaucorna[()’m’m.

The physiological basis of the improvement in optic
nerve head appearance and RNFL thickness with IOP
reduction is not clear. It has been suggested that IOP
reduction results in less posterior bowing of the lamina
criborsa!™®"”.

Our results revealed that overall and segmental RNFL
thickness seems to be more reliable index. Deep struc-
tural alterations revealed by OCT constitute an impot-
tant indication of early functional changes. The VF MD
seems to be more sensitive for the patients with POAG.

Several studies have shown a high correlation between
the degree of improvement in the morphologic features
of the optic nerve head and the percent of IOP reduc-
tion™ . Aydin ez al” reported that after filtration surgery,
a 0.5-pum increase in the mean RNFL could be expected
for each 1-mmHg decrease in IOP. Although a differ-
ence in IOP reduction could explain different results, the
mean IOP change after surgery obtained in our study
was 1.5 mmHg more than that obtained by Aydin e# a/”.
Moreovert, in the present study, the mean percent change
in IOP was 45.3% *£ 16.4%. Twenty-seven eyes (77.1%)
had an IOP reduction of more than 30%, which is simi-
lar to data (73.7%) reported by Aydin ez a/”.

In the present study we did not find a significant cor-
relation between BCVA and overall or segmental RNFL
thickness in the study group. There was a significant
correlation between BCVA and overall RNFL thickness,
and also between BCVA and the RNFL thickness in all
quadrants (temporal, inferior and superior) in the control
group. The highest correlation between BCVA and the
RNFL thickness in the temporal sector (r = 0.432, P <
0.001) was most likely due to the location of the maculo-
papillary bundle in this region of the optic disc.
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Mechanisms that explain an improvement in RNFL
thickness with IOP reduction are unclear. After the reti-
nal nerve fiber is damaged, it cannot regenerate. One
plausible explanation is recovery of compressed RNFL.
Moreover, it is possible that some axons are able to func-
tion marginally while the IOP is high and can recover
some physiologic functions when the IOP is lowered, but
this is a biomechanical or physiologic restoration, not an
anatomic one.

In the present study, we found a significant increase in
peripapillary RNFL thickness after successful deep sclerec-
tomy. The only factor significantly correlating with changes
in the RNFL thickness was the preoperative VE MD.

In conclusion, our results showed an increase in
RNFL thickness after deep sclerectomy that correlates
with IOP reduction. OCT measurements atre affected by
IOP reduction after deep sclerectomy as these changes
may have some clinical significance in long-term follow-
up. Thus, we recommend obtaining OCT images after
deep sclerectomy procedure as a baseline for follow-up
of POAG patients.
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COMMENTS

Background

There is controversy about the effect of intraocular pressure (IOP) reduction
on the peripapillary retinal nerve fiber layer (RNFL), which also is considered a
marker of structural optic nerve damage. However, the effect of IOP reduction
on peripapillary RNFL is still unclear. Some studies have found no significant
changes in the retinal cross-sectional area using confocal scanning laser oph-
thalmoscopy (CSLO) and an optic nerve analyzer, whereas others have shown
a significant increase in mean retinal height at the optic disc margin by CSLO.

Research frontiers
The study found a significant change in the peripapillary RNFL thickness in the
surgery group. The RNFL thickening was significant for the overall measure-
ment and in all quadrants.

Innovations and breakthroughs

The mean preoperative RNFL thickness was 6.2 um lower in our study than
in the study of Aydin et al. Also, the authors found a significant change in the
peripapillary RNFL thickness in the surgery group. The RNFL thickening was
significant for the overall measurement and in all quadrants. These results are
consistent with those reported by Aydin et al, who found a significant increase in
the overall peripapillary RNFL from 72.8 um to 81.7 um after filtration surgery.

Applications

The results showed an increase in RNF thickness after deep sclerectomy that
correlates with IOP reduction. optical coherence tomography (OCT) measure-
ments are affected by IOP reduction after deep sclerectomy as these changes
may have some clinical significance in long-term follow-up. Thus, the authors
recommend obtaining OCT images after deep sclerectomy procedure as a
baseline for follow-up of primary open-angle glaucoma patients.

Peer review

This manuscript describes a study in which retinal nerve fiber layer thickness
was measured before and after deep sclerectomy using optical coherence to-
mography. This study is generally well designed.
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