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An OCT and OCT Angiography Study
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Purpose: To investigate the factors associated with visual improvement in response to oral
carbonic anhydrase inhibitors (CAls) and the occurrence of microvascular changes in patients
with retinitis pigmentosa—associated cystoid macular edema (RP-CME).

Methods: This retrospective cohort study included 59 eyes from 39 patients with RP-CME
who underwent at least 3 months of oral CAl treatment. The eyes were divided into responding
and nonresponding groups based on optical coherence tomography (OCT) criteria (resolution of
cyst and reduction of foveal or parafoveal volume). All eyes were assessed before and after
treatment using OCT and OCT angiography.

Results: Thirty-three eyes (65.9%) demonstrated a positive response to treatment, and 26
eyes (44.1%) did not. Compared with nonresponding eyes, responding eyes had a significantly
higher frequency of multilayer CME than CME limited to the inner nuclear layer (P = 0.016).
Subgroup analysis within the responding group revealed that improvements in visual acuity were
more likely in eyes with fovea-involving CME and a higher baseline external limiting membrane and
ellipsoid zone width. Microvascular parameters showed no significant changes after treatment.

Conclusion: Eyes with CME extending to the outer nuclear layer or central fovea, and
higher initial photoreceptor integrity may be prognostic factors associated with structural
and functional improvements after carbonic anhydrase inhibitors treatment. Early treatment
of multilayer CME with foveal involvement seems to be crucial in preventing irreversible
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thinitis pigmentosa (RP) causes night blindness
nd progressive peripheral visual field loss, with
gradual deterioration of central visual acuity. The
development of ocular complications, including cys-
toid macular edema (CME), can further reduce visual
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acuity at any stage of the disease. The prevalence of
RP-associated CME (RP-CME), as detected by optical
coherence tomography (OCT), ranges between 5.5%
and 49%.'#

RP-CME treatment may improve vision even if the
underlying disorder continues to progress. Several
therapeutic options, including laser therapy, topical
and oral carbonic anhydrase inhibitors (CAls), perioc-
ular and intravitreal steroids, intravitreal antivascular
endothelial growth factor (anti-VEGF) agents, and even
vitrectomy have been reported.’ Although positive
effects are not consistently observed in all patients, top-
ical or oral CAls are frequently used as an initial ther-
apeutic approach.

In our previous report using OCT angiography
(OCTA), we found no reduction in vascular density or
focal vascular disruption of retinal capillary plexuses in
patients with RP-CME.® To date, no studies have
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investigated microvascular changes elicited by CAI treat-
ment in patients with RP.

This study aimed to investigate the factors associ-
ated with the response of patients with RP-CME to
oral CAI and improvement in their visual function and
to explore whether microvascular changes occurred
after treatment.

Methods

All procedures conformed to the tenets of the
Declaration of Helsinki, and the study design was
approved by the Institutional Review Board of Asan
Medical Center (Seoul, Korea; IRB No. 2020-0291).
The need for written informed consent was waived due
to the retrospective nature of this study.

Patients

This retrospective cohort study identified all patients
treated at Asan Medical Center between March 2017
and May 2021 with the term “retinitis pigmentosa”
appearing in their electronic records. Data collected
from records included age, sex, best-corrected visual
acuity (BCVA), and OCT and OCTA findings. The
BCVA in Snellen values was converted to the loga-
rithm of the minimum angle of resolution for statistical
analysis.

Patients were included in this study if they met the
following inclusion criteria: (1) confirmed diagnosis of
unilateral or bilateral RP-CME (if bilateral, each eye
was evaluated individually); (2) treatment with oral
CALI and (3) pretreatment OCT/OCTA scans acquired
within 2 weeks of treatment initiation and posttreat-
ment OCT/OCTA scans acquired at least 3 months
after treatment initiation.

Patients were excluded if any of the following
criteria were met: (1) other treatments for RP-CME
within 3 months of initiation of oral CAI; (2) history of
vitrectomy or concomitant ocular diseases other than
cataracts; (3) low-quality OCT and OCTA images
because of media opacity or poor fixation; (4)
refractive errors (spherical equivalent) of -6 diopters
or greater; or (5) history of systemic diseases with an
established effect on retinal vasculature.

Optical Coherence Tomography and Optical
Coherence Tomography Angiography Imaging

An Optovue RTVue XR Avanti with AngioVue
imaging system (Optovue, Fremont, CA) was used to
obtain the OCT and OCTA images. We selected the 6-
mm retinal map analysis protocol, with 250-pm inter-
vals in the central 4-mm area, for the volume scans to

reconstruct a surface map with numeric averages of the
measurements for each of the nine map sectors, as
previously defined by the Early Treatment Diabetic
Retinopathy Study (ETDRS).

First, RP-CME was classified by the vertical and
horizontal distributions of the CME as previously
reported.® For the vertical distribution, eyes were
divided into inner nuclear layer (INL)-only CME or
multilayer CME (INL + outer nuclear layer [ONL] +
ganglion cell layer [GCL]). For the horizontal distri-
bution, eyes were divided into parafovea-only CME
(pCME) or parafoveal and foveal CME (fiCME) ac-
cording to central fovea involvement (central 1-mm
circle).

In addition, OCT parameters included central foveal
thickness (CFT), parafoveal thickness, central foveal
volume, parafoveal volume, horizontal width of the
residual external limiting membrane (ELM) and
ellipsoid zone (EZ) line, and subfoveal choroidal
thickness (SFCT). A horizontal scan through the fovea
was used to evaluate the horizontal width of the
residual ELM and EZ lines and the SFCT using the
measuring tool. Termination of the EZ was determined
using a previously described protocol.” The SFCT was
the average of the choroidal thickness, which was
measured manually by two independent investigators
(JJH.Y. and C.H.M.) at seven locations (subfoveal
region and at 1000-um intervals from the fovea to
3,000 um in the nasal and temporal positions). Each
investigator obtained five measurements per image and
discarded the maximal and minimal values. The mean
value of the remaining measurements was used in sub-
sequent analyses.

To acquire the OCTA images, macular 3 X 3 mm?
scans were performed. All images were assessed inde-
pendently by two investigators (J.H.Y. and C.H.M.) to
ensure correct segmentation and sufficient quality of
the images. In cases of incorrect segmentation, the
boundary was manually adjusted using the AngioVue
module. Images with insufficient quality were
excluded according to the following criteria: (1)
images not centered on the macula; (2) presence of
focus loss, blink lines, motion artifacts, specular dots,
or edge duplication; and (3) images with segmentation
errors because of extensive retinal degeneration. The
parameters registered included foveal and parafoveal
flow densities (FDs) of the superficial capillary plexus
(SCP), deep capillary plexus (DCP), choriocapillaris,
and foveal avascular zone (FAZ).

Oral Carbonic Anhydrase Inhibitors Treatment

Oral CAI therapy (125-500 mg/day) was initiated in
all patients. The treatment dose was chosen based on
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the discretion of the treating physician. Follow-up vis-
its were scheduled for 1 month to 3 months after treat-
ment initiation, and the follow-up interval was based
on various factors. At each visit, OCT and OCTA
scans were performed to determine the improvement
in CME. If the patient failed to demonstrate a signif-
icant response but the treatment was well-tolerated, the
dosage was maintained. If oral CAI was not well-
tolerated or if improvement was observed, the dosage
was gradually tapered.

A positive treatment response was considered to be
achieved when the eyes met the following criteria:
one or more complete resolutions of cyst and a
decrease of at least 4% in foveal volume or in
parafoveal volume in at least one of the four
parafoveal ETDRS quadrants. To assess the complete
resolution of the cyst, two independent investigators
(JJHY. and C.H.M.) blinded to the volumetric
macular scans and other clinical data independently
reviewed the pretreatment and posttreatment struc-
tural OCT raster scans. In cases of disagreement, a
third blinded investigator (Y.H.Y.) adjudicated the
decision.

Statistical Analysis

All statistical analyses were performed using the
SPSS software (v. 26.0; IBM Corp, Armonk, NY).
Continuous variables are presented as mean = SD.
Intergroup comparisons for continuous variables were
evaluated using a paired #-test, a Mann—Whitney U
test, or a Wilcoxon signed-rank test, as appropriate.
The chi-square test or the Fisher exact test was used
to compare categorical variables. Statistical signifi-
cance was set at P < (.05.

Results

After application of the inclusion and exclusion
criteria, 59 eyes from 39 patients were included in
this study. Twenty of these patients had bilateral
RP-CME, whereas the remaining 19 had unilateral
RP-CME. The mean age of the patients was 44.7 +
17.3 years (range: 22—82 years). The characteristics
of the eyes included in this study are summarized in
Table 1.

Baseline Characteristics

Of the 59 eyes included in this study that received
oral CAI, 33 eyes (55.9%) demonstrated a positive
response to treatment, whereas the remaining 26
(44.1%) did not respond. No patient showed asym-
metrical response to oral CAI in either eye. The

baseline clinical characteristics of the two groups are
summarized in Table 2. Compared with patients with
nonresponding eyes, patients with responding eyes
were significantly older (49.3 = 17.1 vs. 38.9 = 16.0,
P =0.024) and had significantly worse BCVA (0.35 +
0.27 [Snellen equivalent, 20/45] vs. 0.19 + 0.17
[Snellen equivalent, 20/31], P = 0.009). In addition,
responding eyes had a significantly higher frequency
of multilayer CMEs (P = 0.016). There were no sig-
nificant differences in macular thickness, macular vol-
ume, SFCT, or ELM/EZ width. Longer treatment
duration and higher cumulative doses of oral CAI were
observed in nonresponding eyes than in responding
eyes, but these differences were not statistically signif-
icant (7.00 = 5.76 vs. 8.27 = 5.95, P = 0.345; and
37.50 + 25.83 vs. 45.18 £ 42.46, P = 0.560; Table 2).

Changes in Optical Coherence Tomography and
Optical Coherence Tomography
Angiography Parameters

After oral CAI treatment, responding eyes showed a
statistically significant decrease in anatomical param-
eters concerning thickness and volume, whereas non-
responding eyes did not (Table 3, Figures 1 and 2).
However, SFCT was significantly decreased in both
responding and nonresponding eyes (258.48 =+
106.32 vs. 252.21 + 106.31, P = 0.014 and 257.00 £
111.13 vs. 244.42 + 109.03, P = 0.010, respectively).

Table 4 summarizes the microvascular characteris-
tics of the responding and nonresponding eyes before
and after treatment. The foveal and parafoveal FD at
the SCP, DCP, and FAZ showed no statistically sig-
nificant changes before and after treatment. Although
both groups seemed to have decreased FD on OCTA,
no improvement in focal vascular disruption or capil-
lary dropout, especially in areas of CME, was detected
(Figures 1 and 2).

Best-Corrected Visual Acuity Changes and
Predictors of Best-Corrected Visual
Acuity Improvement

The mean BCVA improved from 0.35 + 0.27
(Snellen equivalent, 20/45) to 0.31 + 0.29 (Snellen
equivalent, 20/41; P = 0.047) in responding eyes.
The BCVA improved in 12 of 33 responding eyes
(36.4%) and deteriorated only in one responding eye
(3.0%). The remaining 20 of 33 responding eyes
(60.6%) demonstrated no change in their BCVA. In
nonresponding eyes, BCVA tended to get worse from
0.19 £ 0.17 (Snellen equivalent, 20/31) to 0.22 £ 0.15
(Snellen equivalent, 20/33), although this difference
was not statistically significant (P = 0.051).
Interestingly, responding eyes, BCVA improvement
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Table 1. Baseline Clinical Characteristics of the Eyes
Included in This Study

RP-CME Eyes (n = 59)

Mean age, years 44.7 (17.3)
Range, years 22-82
Female, n (%) 38 (64.4)
BCVA, logMAR 0.28 (0.24)
(Snellen equivalent 20/
38)
Pseudophakia, n (%) 20 (33.9)

CFT, um 271.58 (53.27)
PFT, pm 301.66 (32.42)
SFCT, um 257.83 (106.60)
Foveal volume, um?3 0.21 (0.04)
Parafoveal volume, pm?3 1.90 (0.20)
Total volume, pwm?3 2.11 (0.23)
ELM width, pm 3,375.44 (2011.01)
EZ width, pm 2,740.70 (2,106.90)
INL-only CME: Multilayer CME, 26 (44.1): 33 (55.9)
n (%)

pCME: fiCME, n (%)
Duration of oral CAl use, months

33 (55.9): 26 (44.1)
7.56 (5.78)

Data are presented as mean (SD), unless otherwise indicated.

was observed in 11 of 22 eyes with fiCME, while
only 1 of 11 eyes without foveal involvement
(pCME) showed BCVA improvement (P = 0.027,
Table 5). In addition, eyes with multilayer CME
tended to show visual improvement, but these
differences were not statistically significant (P =
0.054; Table 5). Eyes that showed BCVA
improvement had a higher ELM and EZ width than
eyes that did not show BCVA improvement (P =
0.005 and P = 0.011; Table 5). No baseline OCTA
parameters showed any significant differences
according to visual improvement (data not shown).

Discussion
CME is one of the few treatable causes of vision

loss in RP. In this retrospective study of 59 eyes
treated with oral CAI, we compared pretreatment and

posttreatment OCT and OCTA images. After treat-
ment, there was resolution of the cyst and a significant
volume reduction in 33 eyes and visual improvement
in 12 eyes. It was found that 23 out of 33 eyes affected
by multilayer CME showed a response (69.7%). By
contrast, only 10 of 26 eyes affected by INL-only
CME responded to treatment (38.5%). Among re-
sponding eyes, those with fiCME and higher baseline
ELM and EZ widths were more likely to show BCVA
improvement. In addition, we confirmed that eyes with
RP-CME did not show a significant change in FD
within individual capillary layers after oral CAI
treatment.

In previous studies, patients with RP were consid-
ered to have responded to treatment if they achieved a
CFT reduction of 11.0% or above.®~!! However, based
on our previous finding that RP-CME is mostly
located in the INL of the parafoveal macula, we con-
sidered that treatment response for CFT reduction may
underestimate the improvement of pCME. In fact,
PCME accounted for 55.9% of the eyes in this study.
In addition, CFT can vary substantially among indi-
viduals owing to factors such as age, sex, refractive
error, and even the degree of degenerative change in
RP. With the advent of OCT technology, volumetric
macular scans for OCTA can be acquired within a few
seconds. You et al assessed the sensitivity and speci-
ficity of CFT and central macular fluid volume
(CMFV) using macular OCTA volumetric scans for
the diagnosis of diabetic macular edema (DME) and
suggested that measurement of CMFV may improve
diagnostic accuracy for DME as well.'? Therefore, we
hypothesized that changes in foveal and parafoveal
volume could be more useful for assessing the
response to oral CAI in RP-CME. In this study, a
treatment response to oral CAI was observed in
55.9% of the eyes included, a percentage which is
somewhat higher than that reported in a previous study
that used CFT-based OCT criteria to define treatment
response.!? A possible reason for the higher response
rate in our study included the use of macular volume-

Table 2. Comparisons in Baseline Characteristics Between Responding and Nonresponding Eyes

Responding Eyes (n = 33) Nonresponding Eyes (n = 26) P
Mean age, years 49.3 (17.1) 38.9 (16.0) 0.024*
BCVA, logMAR 0.35 (0.27) 0.19 (0.17) 0.009*
(Snellen equivalent 20/45) (Snellen equivalent 20/31)
INL-only CME: Multilayer CME, n 10:23 16:10 0.016t
pCME: fiCME, n 11:22 15:11 0.061t
Duration of oral CAl use, months 7.00 (5.76) 8.27 (5.95) 0.345*

Cumulative dose of oral CAI, g

37.50 (25.83)

45.18 (42.46) 0.560*

Data are presented as mean (SD), unless otherwise indicated.
*Statistical comparison using the Mann-Whitney U test.
TStatistical comparison using the chi-square test.
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Table 3. Comparisons of Pretreatment and Posttreatment Optical Coherence Tomography Parameters in Responding
Eyes and Nonresponding Eyes

Responding Eyes (n = 33)

Nonresponding Eyes (n = 26)

Pretreatment Posttreatment P* Pretreatment Posttreatment Pt
CFT, pm 267.79 (51.20) 240.12 (39.60)  <0.001 276.38 (57.45) 282.00 (65.84) 0.306
PFT, pm 297.76 (37.75) 286.76 (34.30) <0.001 306.62 (24.70) 307.77 (30.23) 0.686
SFCT, pm 258.48 (106.32) 252.21 (106.31) 0.014 257.00 (111.13) 244.42 (109.03) 0.010
Foveal volume, pm?3 0.21 (0.04) 0.19 (0.03) <0.001 0.22 (0.05) 0.22 (0.05) 0.176
Parafoveal volume, um3 1.87 (0.24) 1.80 (0.22) <0.001 1.93 (0.15) 1.93 (0.19) 0.638
Total volume, pum?3 2.08 (0.26) 1.99 (0.24) <0.001 2.14 (0.19) 2.16 (0.23) 0.780

ELM width, pm
EZ width, pm

3,123.06 (2028.83) 3,069.76 (2019.68)
2,521.67 (2058.32) 2,457.12 (2037.70)

0.276 3,695.77 (2021.06) 3,667.81 (2049.22) 0.324
0.179 3,018.69 (2,215.73) 3,042.62 (2,233.70) 0.849

Data are presented as the mean (SD).

*Statistical comparison between pretreatment and posttreatment data of responding eyes using the paired t-test.
TStatistical comparison between pretreatment and posttreatment data of nonresponding eyes using the Wilcoxon signed-rank test.

based OCT criteria, which reflected pPCME improve-
ment with more sensitivity.

Although several mechanisms have been proposed
to explain the etiology of RP-CME, we have pre-
viously found no alteration of microvascular parame-
ters. This suggests that RP-CME may not be
primarily vasculogenic but may be related to Miiller
cell dysfunction.® In addition, we showed that most
cysts in eyes affected by RP-CME were located in
the INL and within the parafoveal macula. When
CME extended to the ONL, it tended to involve the
central macula and damage foveal photoreceptors.
Based on our previous findings on the spatial distribu-
tion of RP-CME, we hypothesized that RP-CME pro-
gressed from INL to ONL or GCL (multilayer CME),
or from pCME to fiCME, and that this progression led
to the disruption of foveal photoreceptors and subse-
quent visual deterioration.

In this study, responding eyes had a significantly
higher frequency of multilayer CME. In addition,
compared with pCME, fiCME seemed to be more
responsive to oral CAI treatment. According to our
hypothesis for RP-CME progression, CAI treatment
becomes more effective when RP-CME progresses to
the ONL or central fovea than when RP-CME is
limited to the INL and within the parafoveal macula.
Therefore, aggressive treatment should be considered
when CME involves the central macula and progresses
to the ONL. We also found that higher initial ELM and
EZ widths predicted a favorable response to oral CAL
Considering that ONL fluid may damage the underly-
ing photoreceptors, resulting in EZ disruption,'* early
treatment of multilayer CME with foveal involvement
seems to be a good strategy in preventing irreversible
photoreceptor damage.

The OCTA results confirmed that there were no
significant changes in FD after oral CAI treatment in
both responding and nonresponding eyes. In the

context of DME or retinal vein occlusion (RVO), an
improvement in FD after anti-VEGF injections was
positively correlated with visual acuity.'>~!7 The lack
of significant changes in FD after CME treatment
observed in this study suggests that RP-CME may
not be primarily vasculogenic.

Unlike the case for vasculogenic CME such as DME
and RVO, we have quite frequently observed mild or
no fluorescein leakage in RP-CME eyes, which has
been described in many previous studies.!'81° More-
over, the amount of fluorescein leakage was not cor-
related with the degree of CME. Under normal
conditions, retinal capillaries are known to be en-
sheathed by processes from Miiller cells.?? However,
this barrier function is impaired under pathologic con-
ditions by the secretion of VEGF and tumor necrosis
factor, which increases vascular permeability.?!~>* In
addition, the expression of pigment epithelium-derived
factor is reduced under pathologic conditions in the
retina and in Miiller cells, resulting in an upregulation
of VEGEF in Miiller cells and further impairment of the
barrier function.?>2¢ Thus, we presume that the mild
degree of fluorescein leakage observed in RP-CME
may be caused by breakdown of the capillary barrier
induced by Miiller cells.

The rationale for the use of oral or topical CAls
involves increasing retinal pigment epithelium
(RPE) pumping. Several studies have demonstrated
the efficacy of oral and topical CAls in RP-CME,
and a response to treatment with these therapeutic
agents has been reported in up to 60% of
patients.® 13 In this study, despite differences in the
criteria used to define a positive response, we
observed that 55.9% of eyes showed an improve-
ment after treatment. In agreement with findings
from a previous study, eyes with CME that extended
to the ONL were more likely to respond to treat-
ment.'% It has been postulated that CAI might reduce
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Fig. 1. Representative OCT and OCTA images of eyes with retinitis pigmentosa—associated cystoid macular edema (RP-CME) responded to oral CAIL
A. Pretreatment and posttreatment OCT and OCTA images of an eye with parafoveal CME. B. Pretreatment and posttreatment OCT and OCTA images
of an eye with CME involving the fovea. Regardless of treatment response, RP-CME eyes did not show a significant change in vascular density or
improvement in focal vascular disruption, especially in the CME areas, after treatment. VA, visual acuity; FV, foveal volume; PV, parafoveal volume.

ONL fluid more effectively than INL fluid due to
better access to the RPE basolateral membrane than
to the neurosensory retina.!®?” However, in this
study, 10 of 33 eyes with ONL fluid did not respond
to oral CAI, suggesting that the treatment effect may
not be simply derived from enhanced RPE pumping
activity. Because Miiller cells are known to have
large amounts of active carbonic anhydrase,?® inhi-
bition of this enzyme in Miiller cells may play a
relevant role in the observed effects.

Despite the effectiveness of oral CAI at the anatomical
level, reports on its functional efficacy have been
inconsistent.!3>%30 In this study, among 33 responding
eyes, 12 eyes showed an improvement in BCVA, while
the remaining 21 failed to show improvements despite
comparable decreases in macular thickness and volume.
Eyes with BCVA improvement had larger ELM and EZ
widths at baseline. Interestingly, most eyes with BCVA
improvement showed CME extending to the ONL
(91.7%) or involving the central fovea (91.7%). We
hypothesize that these eyes affected by multilayer fiCME

responded well to CAI and exhibited subsequent func-
tional improvement when they were treated before pho-
toreceptor degeneration. By contrast, if the eye had long-
standing CME resulting in EZ disruption, BCVA did not
respond to CAI treatment, even if improvement at the
anatomical level was evident. We conclude that timely
CME treatment is critical for preserving residual vision
in patients with RP-CME.

This study has several limitations. First, because of
its retrospective nature, the follow-up period and
treatment duration varied. Second, as genetic charac-
terization of RP was not generally available, this
information was not included in this study. Future
studies are needed to evaluate whether different
genetic backgrounds may influence the response to
oral CAL Third, this study included a relatively small
number of patients. Further large-scale prospective
studies with longer follow-up periods are needed to
clarify whether anatomical improvement leads to
functional improvement and to investigate whether
persistent CME is associated with long-term vision
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loss. Finally, we excluded eyes with epiretinal mem-
branes and vitreomacular traction, but we cannot
exclude the possibility that vitreomacular interface
disease may be associated with the development of
RP-CME.

In conclusion, we demonstrated that 55.9% of
eyes with RP-CME showed improvements at the
anatomical level after oral CAI treatment. BCVA

: - , |VA: 0.5 / FV=0.193 / PV=1.844
Fig. 2. Representatlve OCT and OCTA images of eyes with RP-CME that did not respond to oral CAI A. Pretreatment and posttreatment OCT and

OCTA images of an eye with parafoveal CME. B. Pretreatment and posttreatment OCT and OCTA images of an eye with CME involving the fovea that
showed no improvement in the best-corrected visual acuity. VA, visual acuity; FV, foveal volume; PV, parafoveal volume.

improved when photoreceptor integrity was pre-
served at baseline. Eyes with CME extending to
the ONL or central fovea were more likely to
respond to CAI treatment and show subsequent
visual improvement. Macular vascular density was
not significantly altered by CAI treatment. Based on
these observations, we recommend early treatment
of multilayer CME with foveal involvement to

Table 4. Comparisons of Pretreatment and Posttreatment Optical Coherence Tomography Angiography Parameters in
Responding and Nonresponding Eyes

Responding Eyes (n = 33)

Nonresponding Eyes (n = 26)

Pretreatment Posttreatment P Pretreatment Posttreatment P*
SCP foveal FD 18.78 (4.93) 18.02 (4.46) 0.057 22.12 (6.01) 22.73 (5.28) 0.089
Parafoveal FD 44.52 (4.18) 44.00 (5.04) 0.190 47.20 (3.03) 46.89 (3.34) 0.632
DCP foveal FD 28.98 (6.41) 29.71 (7.26) 0.364 34.53 (6.40) 34.01 (6.77) 0.294
Parafoveal FD 41.02 (6.98) 41.75 (7.61) 0.328 42.19 (5.77) 40.83 (5.97) 0.204
Choriocapillaris foveal FD 51.92 (7.16) 53.17 (7.47) 0.086 54.91 (7.86) 53.20 (8.62) 0.278
Parafoveal FD 60.87 (5.90) 62.23 (6.26) 0.216 59.51 (5.45) 59.33 (5.96) 0.861
FAZ, mm? 0.31 (0.11) 0.31 (0.11) 0.111 0.25 (0.07) 0.25 (0.07) 0.661

Data are presented as mean (SD).
*Statistical comparison using the paired t-test.
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Table 5. Predictors of BCVA Improvement in Responding Eyes

BCVA Improvement (n = 12) BCVA Loss or No Change (n = 21) P
BCVA, logMAR 0.33 (0.22) 0.36 (0.29) 0.909*
(Snellen equivalent 20/43) (Snellen equivalent 20/46)
CFT, pm 282.67 (39.32) 259.29 (55.99) 0.175*
PFT, pm 308.25 (30.90) 291.76 (40.63) 0.152*
SFCT, pm 231.92 (96.55) 273.67 (110.88) 0.291*
Foveal volume, pm?3 0.22 (0.03) 0.20 (0.04) 0.175*
Parafoveal volume, pm3 1.94 (0.19) 1.83 (0.25) 0.152*
Total volume, pm?3 2.16 (0.21) 2.04 (0.27) 0.104*
ELM width, pm 4,359.17 (2,350.60) 2,416.71 (1,451.31) 0.005*
EZ width, pm 3,721.67 (2,551.06) 1835.95 (1,357.05) 0.011*
INL-only CME:Multilayer CME, n 1:11 9:12 0.054t
pCME:fiCME, n 1:11 10:11 0.027t
Duration of oral CAl use, months 7.75 (6.41) 6.57 (5.47) 0.868*
Cumulative dose of oral CAI, g 40.00 (27.34) 36.07 (25.50) 0.782*

Data are presented as mean (SD), unless otherwise indicated.
*Statistical comparison using the Mann-Whitney U test.
TStatistical comparison using the Fisher exact test.

prevent irreversible structural damage and to poten-
tially decelerate underlying photoreceptor loss.

Key words: retinitis pigmentosa, cystoid macular
edema, optical coherence tomography angiography,
carbonic anhydrase inhibitor.

Acknowledgments

Y. H. Yoon: consultant for Allergan; Bayer Health-
care Pharmaceuticals; Alcon Laboratories, Inc.; and
Boehringer Ingelheim/Lecture fees from Alcon Labo-
ratories, Inc.; Allergan; and Bayer Healthcare Phar-
maceuticals/Grant support from Allergan and Bayer

Healthcare Pharmaceuticals.

References

. Adackapara CA, Sunness JS, Dibernardo CW, et al. Prevalence
of cystoid macular edema and stability in oct retinal thickness
in eyes with retinitis pigmentosa during a 48-week lutein trial.
Retina 2008;28:103-110.

2. Hagiwara A, Yamamoto S, Ogata K, et al. Macular abnormal-
ities in patients with retinitis pigmentosa: prevalence on OCT
examination and outcomes of vitreoretinal surgery. Acta Oph-
thalmol 2011;89:e122—€125.

. Hajali M, Fishman GA, Anderson RJ. The prevalence of cys-
toid macular oedema in retinitis pigmentosa patients deter-
mined by optical coherence tomography. Br J Ophthalmol
2008;92:1065-1068.

4. Makiyama Y, Oishi A, Otani A, et al. Prevalence and spatial
distribution of cystoid spaces in retinitis pigmentosa: investi-
gation with spectral domain optical coherence tomography.
Retina 2014;34:981-988.

. Strong S, Liew G, Michaelides M. Retinitis pigmentosa-
associated cystoid macular oedema: pathogenesis and avenues
of intervention. Br J Ophthalmol 2017;101:31-37.

6. Yeo JH, Kim YJ, Yoon YH. Optical coherence tomography

angiography in patients with retinitis pigmentosa-associated

cystoid macular edema. Retina 2020;40:2385-2395.

10.

11.

12.

13.

14.

15.

. Ramachandran R, Cindy XC, Lee D, et al. Reliability of a

manual procedure for marking the EZ endpoint location in
patients with retinitis pigmentosa. Transl Vis Sci Technol
2016:5:6.

. Genead MA, Fishman GA. Efficacy of sustained topical dor-

zolamide therapy for cystic macular lesions in patients with
retinitis pigmentosa and usher syndrome. Arch Ophthalmol
2010;128:1146-1150.

. Grover S, Apushkin MA, Fishman GA. Topical dorzolamide

for the treatment of cystoid macular edema in patients with
retinitis pigmentosa. Am J Ophthalmol 2006;141:850-858.
Strong SA, Hirji N, Quartilho A, et al. Retrospective cohort
study exploring whether an association exists between spatial
distribution of cystoid spaces in cystoid macular oedema sec-
ondary to retinitis pigmentosa and response to treatment with
carbonic anhydrase inhibitors. Br J Ophthalmol 2019;103:233—
237.

Karasu B. Short-term outcomes of subtenon triamcinolone ace-
tonide injections in patients with retinitis pigmentosa-
associated cystoid macular edema unresponsive to carbonic
anhydrase inhibitors. Int Ophthalmol 2020;40:677-687.

You QS, Tsuboi K, Guo Y, et al. Comparison of central mac-
ular fluid volume with central subfield thickness in patients
with diabetic macular edema using optical coherence tomog-
raphy angiography. JAMA Ophthalmol 2021;139:734-741.
Liew G, Moore AT, Webster AR, et al. Efficacy and prognostic
factors of response to carbonic anhydrase inhibitors in man-
agement of cystoid macular edema in retinitis pigmentosa.
Invest Ophthalmol Vis Sci 2015;56:1531-1536.

Murakami T, Nishijima K, Akagi T, et al. Optical coherence
tomographic reflectivity of photoreceptors beneath cystoid
spaces in diabetic macular edema. Invest Ophthalmol Vis Sci
2012;53:1506-1511.

Hsieh YT, Alam MN, Le D, et al. OCT angiography bio-
markers for predicting visual outcomes after ranibizumab
treatment for diabetic macular edema. Ophthalmol Retina
2019;3:826-834.

. Ghasemi Falavarjani K, Iafe NA, Hubschman JP, et al. Optical

coherence tomography angiography analysis of the foveal
avascular zone and macular vessel density after anti-VEGF
therapy in eyes with diabetic macular edema and retinal vein
occlusion. Invest Ophthalmol Vis Sci 2017;58:30-34.



1804 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES ¢ 2022 ¢« VOLUME 42 « NUMBER 9

17.

18.

19.

20.

21.

22.

23.

24.

Kaya M, Ozturk T, Atas F, et al. Effect of intravitreal dexa-
methasone implant versus ranibizumab on vessel density in
branch retinal vein occlusion. Eur J Ophthalmol 2021. doi:
10.1177/11206721211008354:11206721211008354.
Hirakawa H, lijima H, Gohdo T, et al. Optical coherence
tomography of cystoid macular edema associated with retinitis
pigmentosa. Am J Ophthalmol 1999;128:185-191.

Chung H, Hwang JU, Kim JG, et al. Optical coherence tomogra-
phy in the diagnosis and monitoring of cystoid macular edema in
patients with retinitis pigmentosa. Retina 2006;26:922-927.
Vecino E, Rodriguez FD, Ruzafa N, et al. Glia-neuron interactions
in the mammalian retina. Prog Retin Eye Res 2016;51:1-40.
Eichler W, Kuhrt H, Hoffmann S, et al. VEGF release by
retinal glia depends on both oxygen and glucose supply. Neu-
roreport 2000;11:3533-3537.

Eichler W, Yafai Y, Wiedemann P, et al. Angiogenesis-related
factors derived from retinal glial (Miiller) cells in hypoxia.
Neuroreport 2004;15:1633-1637.

Yafai Y, landiev I, Wiedemann P, et al. Retinal endothelial
angiogenic activity: effects of hypoxia and glial (Miiller) cells.
Microcirculation 2004;11:577-586.

Noda K, Ishida S, Shinoda H, et al. Hypoxia induces the
expression of membrane-type 1 matrix metalloproteinase in

25.

26.

27.

28.

29.

30.

retinal glial cells. Invest Ophthalmol Vis Sci 2005;46:3817—
3824.

Hauck SM, Schoeffmann S, Amann B, et al. Retinal Mueller
glial cells trigger the hallmark inflammatory process in auto-
immune uveitis. J] Proteome Res 2007;6:2121-2131.

Zhang SX, Wang JJ, Gao G, et al. Pigment epithelium-derived
factor downregulates vascular endothelial growth factor
(VEGF) expression and inhibits VEGF-VEGF receptor 2 bind-
ing in diabetic retinopathy. J Mol Endocrinol 2006;37:1-12.
Wolfensberger TJ. The role of carbonic anhydrase inhibitors in
the management of macular edema. Doc Ophthalmol 1999;97:
387-397.

Ochrietor JD, Clamp MF, Moroz TP, et al. Carbonic anhydrase
XIV identified as the membrane CA in mouse retina: strong
expression in Miiller cells and the RPE. Exp Eye Res 2005;81:
492-500.

Fishman GA, Gilbert LD, Fiscella RG, et al. Acetazolamide for
treatment of chronic macular edema in retinitis pigmentosa.
Arch Ophthalmol 1989;107:1445-1452.

Grover S, Fishman GA, Fiscella RG, et al. Efficacy of dorzo-
lamide hydrochloride in the management of chronic cystoid
macular edema in patients with retinitis pigmentosa. Retina
1997;17:222-231.



