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Abstract

Purpose— To assess changes in retinal nerve fiber layer (NFL) thickness in glaucoma patients after
filtration surgery by using optical coherence tomography (OCT).

Design— Retrospective observational case series.

Participants— Thirty-eight eyes of 31 glaucoma patients who underwent trabeculectomy or a
combined procedure of cataract extraction and trabeculectomy were evaluated retrospectively.

Methods— Eyes were imaged with OCT before surgery (1 week to 6 months before surgery; mean
+ standard deviation [SD], 71.3 £ 61.2 days) and after surgery (6-12 months after surgery; 247.2 +
63.5 days) to measure peripapillary NFL thickness.

Main Outcome Measures— Changes in mean and segmental NFL thickness with respect to age,
postoperative change in intraocular pressure (IOP), preoperative visual field test global indices, and
change in visual field global indices.

Results— A significant increase in the overall mean NFL thickness was present after surgery (P <
0.0001). Segmental analysis found a significant increase in NFL thickness in the nasal, superior, and
temporal quadrants. IOP decreased after surgery from 22.0 £ 6.4 mmHg to 11.4 £ 4.7 mmHg (mean
* SD). Twenty-eight (73.7%) of 38 eyes had an IOP reduction >30%. The mean NFL thickness
increase (0.5-um/mmHg decrease of 10P) was significantly correlated with the IOP reduction (r =
—0.41; P = 0.03). No correlation was found between NFL thickness changes and age, preoperative
visual field global indices, or change in visual field global indices.

Conclusions— A significant increase of the mean NFL thickness, which was related to I0OP
reduction, was detected after glaucoma filtration surgery.

Reversal of glaucomatous damage to the optic nerve head (ONH) and the retinal nerve fiber
layer (NFL) after intraocular pressure (IOP)-decreasing treatments has been documented in
congenital and infantile glaucoma and in chronic open-angle glaucoma in adults.1~20 studies
investigating reversal of ONH cupping in experimental models and in human subjects after
IOP reduction by medical and surgical treatments have been performed by evaluating
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stereoscopic disc photographs, computer-assisted planimetry, ONH analysis, and confocal
scanning laser ophthalmoscopy (CSLO).S_11 Changes have been documented in the optic disc
appearance and in stereoscopic parameters, such as neuroretinal rim area and cup volume.
However, the effect of IOP reduction on peripapillary NFL is still unclear. Some reports have
suggested a nonsignificant change in retinal cross-sectional area with a trend of increase with
IOP reduction,®: 7 whereas others have shown a significant increase of mean retinal height at
the optic disc margingv11 with CSLO.

In this study, we retrospectively assessed changes in NFL thickness after filtration surgery by
using optical coherence tomography (OCT), which is a noninvasive and reproducible technique
that permits high-resolution cross-sectional imaging of the retina.12:13 Previous studies
assessing the retinal and macular thickness changes as determined by OCT after cataract
extraction surgery did not find any significant change.l“'15 Assuming that NFL thickness also
does not change after cataract surgery, we combined the data obtained from trabeculectomy
or combined cataract extraction and trabeculectomy groups for this study.

Materials and Methods

VF Testing

Subjects enrolled in the study were consecutive glaucoma patients who underwent
trabeculectomy or combined surgery of phacoemulsification and trabeculectomy at the New
England Eye Center, Boston, Massachusetts, from November 1994 to October 1999. Informed
consent approved by the New England Medical Center Human Investigation Review
Committee was signed by all patients. All patients were scheduled for surgery when 10P
exceeded target pressure and/or when visual field (VF) defect and glaucomatous optic nerve
damage showed progression despite maximum-tolerated medical therapy. All operations were
performed by one surgeon (JSS), who used a standard surgical procedure. Patients were eligible
for this study if they had good-quality OCT images within 6 months before surgery and 6 to
12 months after surgery. All patients had a full ophthalmologic examination, including 1OP
measurement with Goldman applanation tonometry, on the same day of the OCT imaging.
Patients who had retinal pathology not attributed to glaucoma or the surgical procedure that
they underwent—such as diabetic retinopathy, age-related macular degeneration, or cystoid
macular edema—were excluded from the study.

All patients had VF testing with either Humphrey 24-2 full-threshold or Swedish interactive
thresholding algorithm standard perimetry. A reliable VF was considered as one with <30%
fixation losses, false-positive responses, or false-negative responses. The mean deviation (MD)
and pattern standard deviation (PSD) were used for the analysis.

OCT Scanning

Cross-sectional imaging of peripapillar¥ NFL was performed with our prototype OCT system,
which has been described previously.1 16-18 OCT is the optical equivalent of
ultrasonography for high-resolution measurements and cross-sectional imaging of the human
retina and NFL. Because of the different optical properties of the various retinal layers, OCT
is able to measure NFL thickness in a noninvasive and noncontact manner. The OCT system
used in this study acquired a typical 3-mm-deep, 100-pixel-wide image in <2.5 seconds. The
axial resolution of the OCT system was experimentally determined to be 14 um in air and 10
uminthe eye. After pupil dilation with 1% tropicamide and 2.5% phenylephrine hydrochloride,
each eye had circular scans around the optic disc with a diameter of 3.4 mm. Good-quality
OCT scans were defined as scans with a signal-noise ratio >40 dB and <15% consecutive and/
or <20% additive points with obvious misalignment of the surface or zero values. The average
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of three qualified circular scans was used to calculate the overall mean and quadrantic NFL
thickness.

Statistical Analysis

Results

Paired t tests were used to analyze NFL thickness differences on an individual eye basis and
to compare parameters before and after surgery. Pearson’s correlation was used to evaluate the
associations between parameters. We used mixed models with patient as a random effect to
obtain the P values for correlation and used t tests to adjust for the correlation between eyes
of a given patient. All analyses were performed with SAS software (version 8.2; SAS Institute
Inc., Cary, NC). P values <0.05 were considered to be statistically significant.

Thirty-eight eyes of 31 patients were qualified for this study; 18 eyes underwent
trabeculectomy with intraoperative application of mitomycin C or 5-fluorouracil, and 20 eyes
underwent combined phacoemulsification and trabeculectomy with mitomycin C. Patient
characteristics are presented in Table 1. Presurgery visual acuity was 20/40 or better in 27
(71.1%) eyes and worse than 20/40 in 11 (28.9%) eyes. Postsurgery visual acuity was 20/40
or better in 36 (94.7%) eyes and worse than 20/40 in 2 (5.3%) eyes. Preoperative OCT images
of peripapillary NFL were obtained a mean + standard deviation (SD) of 71.3 + 61.2 days
(range, 6-179 days) before surgery. Postoperative images were obtained a mean = SD of 247.2
+ 63.5 days (range, 183-365 days) after surgery. IOP change is presented in Table 2. Twenty-
eight (73.7%) of the 38 eyes had an IOP reduction of >30%.

Both preoperative and postoperative reliable VF tests were available for 30 of the 38 eyes
participating in the study. To avoid the effect of cataract removal on the VF test, we analyzed
the data in patients who had only trabeculectomy (15 eyes). Mean preoperative MD + SD and
PSD + SD were —11.3 + 9.2 dB and 8.2 + 4.2 dB, respectively. Mean postoperative MD and
PSDwere—10.6+8.1dB and 7.8 + 4.5 dB, respectively. These differences were not statistically
significant (P = 0.43 and P = 0.34, respectively).

Table 3 summarizes the mean peripapillary NFL thickness as measured by the OCT for the
entire study group. A significant increase in the NFL thickness was found for the overall
measurement and in all quadrants except the inferior quadrant. The NFL thickness change
(mean = SD) was 8.9 + 10.3 um for overall NFL (range, —12.7 to 36.5 «m; median, 9.9 um;
P =< 0.0001). We observed a mean overall NFL thickness increase in 31 (81.6%) of 38 eyes
(mean increase, 12.6 = 7.1 um). In segmental analysis, there was an increase of NFL thickness
in the superior quadrant of 25 (65.8%) eyes (mean, 16.7 + 11.8 um), in the nasal quadrant of
30 (78.9%) eyes (mean, 24.5 + 17.2 um), in the inferior quadrant of 21 (55.3%) eyes (mean,
20.3 £ 14.4 um), and in the temporal quadrant of 27 (71.1%) eyes (mean, 12.7 = 10.8 um).

To evaluate the relationship between preoperative glaucomatous damage and postoperative
thickness change, we arbitrarily divided the eyes into three equal groups on the basis of the
preoperative NFL thickness and compared the 1/3 group with the lowest thickness values with
the 2/3 group with higher values for overall circumpapillary and segmental NFL thickness
changes. There was no significant difference of postoperative NFL thickness changes between
these groups except for the temporal quadrant. In that quadrant, the NFL thickness increase
was significantly higher in the first group (with the lowest preoperative thickness values; P =
0.02).

Tables 4 and 5 summarize the mean NFL thickness measurements after dividing the patients
into two groups on the basis of surgical procedure.
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The correlation between the NFL thickness changes and the following factors are summarized
in Table 6: age, IOP change (mmHg), percentage of change in 10P (in overall group),
preoperative VF indices, and change in VF indices before and after surgery (only in eyes after
trabeculectomy). The only significant correlations were found with the IOP change (r =—0.41;
P =0.03; Fig 1) and the percentage of IOP change (r =—0.49; P = 0.02; Fig 2). In the quadrant
analysis of overall group, the only significant correlation between NFL thickness change and
IOP change occurred in the inferior quadrant (r = —0.38; P = 0.001). Using linear regression,
we found that for each IOP decrease of 1 mmHg after surgery, the overall mean NFL was
thicker by 0.5 um.

Discussion

This study evaluated the NFL thickness changes, as measured by OCT, after trabeculectomy
or combined cataract extraction and trabeculectomy. The OCT scans in this study were all

performed with a prototype device. Our group previously found a strong correlation between
NFL measurements obtained by a prototype and commercial OCT (Invest Ophthalmol Vis Sci
39[suppl]:S932, 1998). Thus, although the study has been performed with prototype OCT data,
these findings are also likely to reflect changes as determined by the commercial OCT device.

We found a significant increase in the peripapillary NFL thickness, as determined by OCT,
after glaucoma filtration surgery (Table 3). The NFL thickening was significant for the overall
measurement and in all quadrants except the inferior quadrant. Segmental analysis should be
performed cautiously because the reproducibility decreased for quadrant measurements in
glaucoma subjects, especially in the temporal and nasal quadrants.13 More subjects may be
needed for segmental analysis. The NFL thickness changes were found to be highly correlated
with IOP changes as determined either by the mean I0P change or the percentage of change.

To assess the association between preoperative glaucomatous NFL damage and postoperative
thickness change, we divided the eyes into three equal groups on the basis of the preoperative
NFL thickness; we compared the first group (with the lowest thickness values) with the second
group (with higher values for overall circumpapillary and segmental NFL thickness changes).
Between these two groups, there was no statistically significant difference of postoperative
NFL thickness changes except in the temporal quadrant. In that quadrant, there was a
significantly higher NFL thickness increase in the first group (with the lowest preoperative
thickness values; P = 0.02).

The reason for the differences in the NFL thickness changes between the two surgical
approaches is unclear (Tables 4 and 5) and might be due to the small sample size. On the basis
of our findings, after filtration surgery, we would expect a 0.5-um thickening of the mean NFL
for each 1-mmHg decrease of the 10OP, indicating the relationship between IOP reduction and
mean NFL thickness.

These findings were consistent with other studies in which different methods were used to
evaluate ONH changes after filtration surgery. These methods detected the changes in the ONH
and the NFL thickness along the ONH margin. Sogano et alb imaged 12 eyes with the
Rodenstock optic nerve analyzer 2 to 6 months after glaucoma surgery and found a significant
decrease in cup volume and an increase in rim area. No statistically significant change was
observed in that study in relative NFL height; however, the authors reported that relative NFL
height increased in 7 of 12 eyes in which IOP was markedly reduced, and the changes in NFL
height were shown by linear regression analysis to be pressure dependent.

Irak et al” used a CSLO device to evaluate 49 eyes of 49 glaucoma patients 3 months after
filtration surgery and found a significant decrease in mean cup area, cup volume, and cup-to-
disc arearatio, as well as a significant increase in mean rim area and rim volume. No significant
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change was found in NFL cross-sectional area, but the change was significantly associated
(P < 0.01) with the change in IOP. Lesk et al8 reported similar results with the CSLO device
in 17 glaucoma patients 6 months after surgery; however, the correlation with the IOP change
did not reach significance.

Kotecha et al0 evaluated longitudinal optic disc changes after trabeculectomy in 95 patients
with CSLO. They found a significant increase in rim area and rim volume at 2 years after
surgery. Segmental analysis showed a significant change in rim volume in the nasal,
inferonasal, superonasal, and superotemporal sectors. A significant correlation was reported
between changes in the optic disc parameters and reduction of IOP. Kotecha et al have
suggested that the improvement is confined to the nasal hemidisc and the adjacent NFL because
this area tends to be least affected by the disease, so nerve fiber bundle compression is not as
long-standing as that within the temporal hemidisc. Thus, with the reduction of IOP and anterior
movement of the lamina cribrosa, the retinal nerve fibers within the nasal region may regain
their original shape and thickness, whereas those within the temporal region may be too
damaged.

In contrast to these studies, Topouzis et al19 did not find any significant changes in ONH
parameters 8 months after surgery. This result might be due to the high degree of preexisting
glaucomatous damage (mean MD, —13.2 dB), because experimental studies®20,21 have
shown that reversal of damage is more likely to occur in earlier stages of glaucoma.

The physiologic basis of the improvement in ONH appearance and NFL thickness with IOP
reduction is not clear. It has been suggested that IOP reduction results in less posterior bowing
of the lamina cribrosa.122 This theory may explain changes in ONH parameters, such as the
decrease in cup volume and cup area and the increase in rim volume and rim area. However,
itis difficult to directly explain, with this mechanical theory, the increase in the NFL thickness,
which is detected with the peripapillary OCT scan in a 3.4-mm-diameter circle. Another
explanation for this improvement could be ONH and peripapillary swelling due to the sudden
postoperative IOP reduction. However, the inclusion criteria in our study were OCT scans
obtained 6 to 12 months after surgery, to minimize the likelihood of this effect. Therefore, it
is unlikely that postoperative edema accounts for our results. Finally, the increase of NFL
thickness may reflect the recovery of the compressed NFL, which regains its original shape
because of the IOP reduction. This relates to our initial point regarding the change in
configuration of the lamina cribrosa. As compression on the axons is relieved with 10P
reduction, the axons may recover their normal shape and size, with resultant increase in NFL
thickness and changes in ONH parameters.

The clinical implications of the ONH topography and NFL thickness improvement are unclear,
although previous studies have shown that there may be an associated improvement of visual
function that corresponds to this improvement.~"_"23‘25 However, in our study, we did not find
a significant change in the mean MD and PSD after surgery (P = 0.43 and P = 0.34,
respectively), and similar findings have been reported by Lesk et al.8 In terms of practical
implications, an increase in NFL thickness can be expected after IOP-decreasing procedures,
and we recommend obtaining new OCT images after these procedures as a baseline for follow-
up of glaucoma patients.

In conclusion, we showed an increase in NFL thickness after glaucoma filtration surgery that
correlated with 10P reduction. The physiologic basis for this improvement is unknown, and it
has yet to be evaluated whether these changes have any clinical significance in long-term
follow-up.
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Figure 1.
Scatterplot of mean retinal nerve fiber layer (RNFL) thickness change from before to after
filtration surgery and intraocular pressure (I0OP) change (mmHg).

Ophthalmology. Author manuscript; available in PMC 2007 August 2.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Aydin et al.

Page 9

B8 8 5

Q

Mean RNFL thickness change
3 3

N 80 -0 60 80 40 -30 -2 -0 0 10 2

IOP change (%)

Figure 2.
Scatterplot of mean retinal nerve fiber layer (RNFL) thickness change from before to after
filtration surgery and the percentage of intraocular pressure (IOP) change.
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Age, yrs (mean + SD)

Race
White
Black
Other

Gender (male/female)

Diagnosis
Primary open-angle glaucoma
Juvenile open-angle glaucoma
Normal tension glaucoma
Pseudoexfoliative glaucoma
Others

60.5+18.4

24
4

3
12/19

=
-bwoomo,

SD = standard deviation.
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Variable No. of Eyes Preoperative IOP, mmHg Postoperative IOP, mmHg
(mean + SD) (mean + SD)
Overall 38 22.0+6.4 114+ 47
Trabeculectomy group 18 23.6%75 9.6+35
Combined surgery group 20 205+5.0 13.0+5.1

I0P = intraocular pressure; SD = standard deviation.
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Variable Preoperative NFL, um Postoperative NFL, gm Mean Difference, um P Value
(mean + SD) (mean = SD) (mean + SD)
Overall 72.8+205 81.7+211 8.9+10.3 <0.0001
Superior 87.9+26.7 95.8+254 79+182 0.02
Nasal 55.3+25.3 72.0+28.7 16.7 £ 22.0 <0.0001
Inferior 85.9+335 92.0+36.5 6.1+20.2 0.07
Temporal 61.0+23.0 66.6 + 18.5 55+154 0.03

NFL = nerve fiber layer; OCT = optical coherence tomography; SD = standard deviation.
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Table 4
Mean Peripapillary NFL Thickness OCT Measurements in the Combined Surgery Group
Variable Preoperative NFL, um Postoperative NFL, #m Mean Difference, um P Value
(mean + SD) (mean = SD) (mean + SD)
Overall 720+241 79.1+224 71+72 <0.0004
Superior 85.6 £ 26.4 95.9+255 10.3+12.8 0.003
Nasal 54.1+27.4 65.1+29.3 11.0+£15.0 0.01
Inferior 84.7 +37.6 90.3+37.7 56+21.2 0.26
Temporal 62.3+25.8 64.5+19.0 21+128 0.33

NFL = nerve fiber layer; OCT = optical coherence tomography; SD = standard deviation.
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Table 5
Mean Peripapillary NFL Thickness OCT Measurements in the Trabeculectomy Group

Variable Preoperative NFL, um Postoperative NFL, um Mean Difference, um P Value
(mean + SD) (mean + SD) (mean + SD)
Overall 73.7+16.3 84.6 +19.7 109+128 0.004
Superior 90.4+275 95.7+26.0 5.3+£229 0.47
Nasal 56.6 +23.3 79.7£26.7 231269 0.01
Inferior 87.3+29.3 93.9+36.2 6.6 +19.6 0.18
Temporal 59.6 £ 20.0 68.9 £18.3 93+174 0.04

NFL = nerve fiber layer; OCT = optical coherence tomography; SD = standard deviation.
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Table 6
Pearson’s Correlation between Change in Mean NFL Thickness and Age, 10P, and Visual Field Parameters

Factor r P Value
Age” . -0.01 0.94
I0P change (mmHg) -0.41 0.03
I0P change (%) —0.49 0.02
Preoperative VF-MD 0.35 0.39
Preoperative VF-PSD1L —0.25 0.36
Change in VF-MD* -0.35 031
Change in VF-PSD¥ -0.17 0.60

*
Based on 38 eyes of the overall group.
TBased on 16 eyes of the trabeculectomy group.

iBased on 15 eyes of the trabeculectomy group.

1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

I0P = intraocular pressure; NFL = nerve fiber layer; VF-MD = visual field test mean deviation; VF-PSD = visual field test pattern standard deviation.
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