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FIVE-YEAR FOLLOW-UP OF MACULAR
MORPHOLOGIC CHANGES AFTER
RHEGMATOGENOUS RETINAL
DETACHMENT REPAIR

Fourier Domain OCT Findings

SAADIA RASHID, MD, SUMAN PILLI, MD, ERIC K. CHIN, MD, ROBERT J. ZAWADZKI, PuD,
JOHN S. WERNER, PuD, SUSANNA S. PARK, MD, PuD

Purpose: To evaluate serially long-term macular morphologic changes after successful
macula-involving rhegmatogenous retinal detachment repair and correlate changes with

macular function.

Methods: Repeat Fourier domain optical coherence tomography (FD OCT) imaging and

microperimetry (MP-1) testing of 8 of the initial cohort of 17 eyes studied 5 years earlier.

Results: The mean follow-up after rhegmatogenous retinal detachment repair was 3.4
months (range, 1-8.5 months) for the first FD OCT and 5 years (range, 3.75-5.75 years) for
the follow-up FD OCT. The final postoperative best-corrected visual acuity mean was 20/201
(range, 20/20 to counting fingers). Six eyes with final best-corrected visual acuity >20/40
had an intact external limiting membrane and progressive resolution of photoreceptor inner
segment-outer segment junction disruption and/or subretinal fluid on serial FD OCT, which
correlated with improvement in macular function on MP-1. Two eyes with poor or worsening
best-corrected visual acuity on follow-up had persistent or worsening inner segment-outer
segment disruption on serial FD OCT. External limiting membrane was intact in one eye and
persistently disrupted in the other.

Conclusion: Macular function may progressively improve or worsen long-term after
successful rhegmatogenous retinal detachment repair. Progressive resolution of subretinal
fluid and/or inner segment—outer segment disruption on FD OCT correlated with improve-
ment in macular function, whereas worsening or persistent inner segment-outer segment

disruption correlates with worsening or persistently poor visual outcome.

RETINA 33:2049-2058, 2013

hegmatogenous retinal detachment (RRD) is a fairly
common sight-threatening disease with an esti-
mated incidence rate of 17.9 per 100,000 persons in
the United States." Despite successful anatomical
repair, visual acuity usually does not return to baseline
when the RRD involves the macula preoperatively.
This has been attributed to various factors such as epi-
retinal membrane (ERM), presence of residual postop-
erative subretinal fluid (SRF), cystoid macular edema,
macular hole, retinal folds, pigment migration, and
duration of retinal detachment before surgical repair.>™®
Time domain optical coherence tomography (TD
OCT; Stratus, Carl Zeiss Meditec, Inc., Dublin, CA)

has been used in the past to study changes in macular
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morphology 1 month to 24 months after successful repair
of RRD involving the macula.®” Persistent subfoveal
fluid after repair and increased preoperative foveal thick-
ness were found to be OCT features associated with
worse visual outcome after surgery.® However, another
study by Seo et al’ contradicted this finding by reporting
that the presence and extent of submacular fluid after
successful scleral buckle surgery for macula-involving
RRD did not influence final visual acuity.

With the introduction of Fourier domain OCT (FD
OCT), that is, spectral domain OCT, with image
acquisition speeds of ~100 times or faster than TD
OCT and axial resolution of 3 um to 5 um (compared
with 10 pm axial resolution of TD OCT), photoreceptor
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layer inner segment/outer segment (IS/OS) disruptions
were reported by several groups after successful repair
of RRD.*'® These changes could not be realized well
using TD OCT."? Serial FD OCT macular imaging at 1
month to 6 months after successful repair of RRD
showed that resolution of macular IS/OS disruption
correlated with subsequent visual acuity improve-
ment.'? Serial FD OCT imaging 1 month to 25 months
after RRD repair showed the importance of external
limiting membrane (ELM) integrity in predicting sub-
sequent IS/OS restoration and visual acuity recovery
after RRD repair.'?

In this study, a research-grade FD OCT constructed at
our institution was used to study serially the morpho-
logic changes in the macula 5 years after successful
repair of macula-involving RRD. This FD OCT
instrument produces axial image resolution of 4.5 um,
a somewhat higher image resolution than current com-
mercially available FD OCT systems.®” The same FD
OCT system was used 5 years earlier to study macular
morphologic changes noted within 1 year after success-
ful RRD repair."® This earlier study was the first study
to use FD OCT to study this condition and concluded
that there is a strong correlation between decreased
macular function on microperimetry (MP-1) and the
presence of photoreceptor disruption or SRF on FD
OCT."® The current study using the same original
cohort is the longest follow-up study to date using this
imaging system to evaluate serially the long-term mac-
ular morphologic changes after successful anatomical
repair of macula-off RRD.

Methods

This study is a prospective observational follow-up
study of 17 patients who were enrolled 5 years earlier
and imaged with the same research-grade FD OCT
instrument used in the current study.13 The original 17
patients were selected after a chart review of patients
seen at the University of California Davis Eye Center
between January 2005 and December 2006 for primary
macula-off RRD."? These patients had successful repair
of RRD with two or fewer procedures or surgeries.'
Exclusion criteria included dense ocular media, preex-
isting macular conditions (e.g., age-related macular
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degeneration), and clinically evident postoperative
changes (e.g., cystoid macular edema and significant
ERM) that were likely to adversely affect visual out-
come. Written informed consent was obtained before
imaging. The study was conducted according to a pro-
tocol approved by the Office of Human Research Pro-
tection at the University of California Davis School of
Medicine.

Of the original cohort of 17 patients, 8 patients were
eligible and willing to participate in this long-term
follow-up study using FD OCT imaging and micro-
perimetry (MP). The patients for the current study
were enrolled from October 15, 2010 to May 20, 2011
after obtaining a second informed consent.

Demographic data collected included age, sex,
ocular history, duration of preoperative symptoms,
extent of RRD, and surgical details. Best-corrected
visual acuity (BCVA) by Snellen chart, anterior
segment examination, and dilated fundus examination
with indirect and slit-lamp biomicroscopy were per-
formed on all patients.

The study eyes were imaged with the same research-
grade FD OCT system used in our earlier study.13
Briefly, these images were acquired using a broad band-
width superluminescent diode light source (model D855;
Superlum, Diode Ltd., Moscow, Russia). Measured
axial resolution was 4.5 um, and estimated transverse
resolution was 10 um to 15 wm. A set of 100 B-scans
(1,000 A-scans/B-scan, 24 frames per second), covering
a 6 X 6 X 2-mm volume of macula (lateral x lateral x
depth), was acquired for each patient in ~4 seconds.

Four patients also underwent functional vision
testing with the MP-1 Microperimeter (Nidek
Technologies Nidek Technologies, Padova, Italy)
as was done in our previous study.13 Four patients were
unable to perform the test because of poor fixation. The
central 20° was tested in patients with undilated pupils
using a Goldmann size-III stimulus and 4-2-1 staircase
as described previously.13 Fixation was tracked by the
infrared camera, and the visual field was projected onto
the corresponding fundus photograph. The test was con-
sidered reliable if >80% and >90% of fixation points
were within 2° and 4° of center, respectively.

Results

Among the original 17 subjects who were imaged
with FD OCT, 8 eyes from 8 subjects were imaged for
the second time with the same FD OCT to study the
long-term morphologic changes in the macula after
successful RRD repair. Tables 1 and 2 summarize the
demographic and clinical data for these 8 subjects. The
mean postoperative follow-up duration at the time of
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the initial FD OCT scan for these 8 subjects was 3.4
months (range, 1-8.5 months). The mean postopera-
tive follow-up for the final FD OCT scan was 5.0 years
(range, 3.75-5.75 years).

The duration of vision loss secondary to RRD before
surgical repair ranged from 1 day to 2 months (Table 1).
In one patient, the duration of vision loss from retinal
detachment was unknown. The short- and long-term
visual outcomes after RRD repair are summarized in
Table 2. The mean preoperative Snellen BCVA among
these 8 eyes was 20/941 (range, 20/80 to hand motions).
The mean BCVA at the initial postoperative FD OCT
imaging was 20/209 (range, 20/20 to counting fingers
[CF]). The mean BCVA at the final postoperative
FD OCT imaging was 20/201 (range, 20/20 to CF).
Three patients had an inferior retinal detachment suc-
cessfully repaired after one surgery. The other five
patients had superior retinal detachments repaired with
pneumatic retinopexy combined with retinal cryopexy
or laser retinopexy. Among these 5 patients, 2 patients
required repeat pneumatic retinopexy for recurrent
retinal detachment not involving the macula at 1
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and 2 weeks after the initial pneumatic retinopexy.
Both eyes were successfully treated with repeat pneu-
matic retinopexy and retinal cryopexy.

Table 3 summarizes the preoperative and postoper-
ative clinical and morphologic FD OCT findings of the
patients at the time of the initial and final scan. These
patients can be subdivided into two groups: Group 1
consisting of patients with excellent visual outcome
with persistent or progressively improved visual out-
come (i.e., 6 patients) and Group 2 consisting of pa-
tients with poor visual outcome with persistent or
progressive vision loss (i.e., 2 patients).

Group 1: Patients with Good and/or Improving
Visual Outcome

Among the 6 patients (Patients 1 through 6) with
excellent visual outcome with persistent or progres-
sively improving BCVA after successful RRD repair,
preoperative BCVA ranged from 20/150 to hand
motions and the duration of vision loss before repair
ranged from 2 days to 10 days (unknown in 1 patient).

Table 1. Demographic Data for Patients With Rhegmatogenous Retinal Detachment

Age at  Duration Number of
Time of  of RRD Clock Hours

Patients RRD/ Before of RRD

Number  Gender Repair Location of RRD Involved Procedure Additional Procedure

1 56/M Unknown Superotemporal HST 4 Pneumatic Recurrent macula-on
and 1 quadrants of retinopexy with RRD at POW#4, s/p
RRD cryotherapy repeat cryotherapy

and pneumatic

2 64/M 7 days  Superotemporal HST 2 Pneumatic None
and 1 quadrants of retinopexy with
RRD cryotherapy

3 58/F 2 days Multiple superior and 12 Scleral buckle and None
inferior breaks with cryotherapy
inferior 2 quadrants
of RRD

4 57/M 7 days  Superotemporal HST 5 Pneumatic None
and 1 quadrant of retinopexy with
RRD laser

5 50/F 2 days Superotemporal hole; 4 Pneumatic None
superior 1 quadrants retinopexy with
of RRD cryotherapy

6 51/M 10 days Superotemporal HST 4 Pneumatic Recurrent RRD at 1
and 1 quadrants of retinopexy with week, s/p repeat
RRD cryotherapy pneumatic and

cryotherapy

7 38/F 2 months Inferior 2 quadrants of 4 Scleral buckle, None

RRD cryotherapy, and
external drainage
8 68/F 1day  Multiple inferior breaks 4 Pars plana History of 2 superior

with inferior 2
quadrants of RRD

RRD, 5 months and 1
year prior, s/p
pneumatic and
cryotherapy X2

vitrectomy, scleral
buckle

HST, horseshoe tear; POW, postoperative week; s/p, status post.
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Table 2. Clinical and FD OCT Findings on Initial (Short-term) Scan and Final (Long-term) Scan After Rhegmatogenous
RRD Repair

Follow-up Duration Post-RRD

Patient Demographics Repair VA
Patient Age/ Initial Scan Final Scan Preoperative  Postoperative VA  Postoperative VA
Number Gender (Months) (Years) VA (Initial Scan) (Final Scan)
1 60/M 2.5 3.75 20/150 20/25 20/20
2 70/M 2 5.4 CF 20/50 20/30
3 62/F 1 5.75 CF 20/60 20/25
4 63/M 2 5.3 CF 20/40 20/25
5 50/F 6 5.75 20/150 20/20 20/20
6 51/M 8.5 4.8 HM 20/20 20/20
7 38/F 2.5 4.9 CF CF CF
8 68/M 3 4.18 20/80 20/25 20/40

HM, hand motions; VA, visual acuity.

Five patients in this group had retinal detachment
repaired by pneumatic retinopexy, combined with
retinal cryopexy or laser retinopexy. One patient had
scleral buckle surgery with retinal cryopexy. The
duration of retinal detachment was 10 days or less in
all eyes (Table 1). Two of these patients had a history
of a retinal detachment (macular sparing) that had been
repaired with pneumatic retinopexy.

Postoperative BCVA at the time of the initial FD
OCT ranged from 20/20 to 20/60 among these 6 eyes,
with 4 eyes having BCVA worse than 20/20 (Patients
1, 2, 3, and 4) at the time of the initial FD OCT scan.
All these 4 patients had foveal photoreceptor IS/OS
disruptions noted on the initial postoperative FD OCT
images (Figure 1A). These photoreceptor changes
resolved partially (Patient 4) or completely (Patients
1, 2, and 3) on the follow-up postoperative FD OCT
scan, concurrent with progressive improvement in
BCVA in all 4 eyes (Figure 1B). Patient 3 was noted
with mild residual IS/OS disruption in the peripheral
macula, not affecting the fovea. Of note, all six pa-
tients had an intact ELM on the initial postoperative
FD OCT scan. Subretinal fluid was present in 2 pa-
tients that completely resolved on the final follow-up
FD OCT image (Figure 1, A and B). The final post-
operative BCVA was 20/30 or better in all 6 eyes in
this group, despite the presence of an ERM noted in 2
eyes (Patients 2 and 3) and mild associated macular
thickening in 1 eye (Patient 2).

Follow-up MP-1 testing was performed on Patients
3 and 4. Areas of the macula with restoration of IS/OS
and resolution of SRF correlated with areas of
improved sensitivity on MP in both patients (Figure
1, C and D). Patients 1 and 2 were not available for
MP testing.

The remaining 2 patients in this group (Patients 5
and 6), who had BCVA 20/20 at the time of both the
initial and the final FD OCT imaging, had intact IS/OS

junctions and ELM on both the initial and final FD
OCT scans (Figure 2, A and B). Patient 5 had SRF
noted on the initial FD OCT scan that corresponded to
areas of decreased sensitivity on MP-1 (Figure 2C), as
reported in our previous study.'> At follow-up of 5.75
years, there was complete resolution of the SRF on FD
OCT (Figure 2B) with normalization of macular sen-
sitivity on follow-up MP-1 (Figure 2D).

Of interest, Patient 6 had intact IS/OS and ELM on
the initial and final scans and visual acuity remained at
20/20. However, the patient had some decreased
sensitivity on MP-1 scanning initially at 8.5 months,
which did not correspond to any anatomical abnor-
mality via FD OCT. These abnormalities on MP-1
completely resolved at 4.8-year follow-up MP-1
testing.

Group 2: Patients with Persistently Poor and/or
Worsening Visual Outcome

Among the 2 patients in this group, Patient 7 had
severely decreased BCVA at CF preoperatively, which
failed to improve postoperatively 4.9 years after
successful repair of RRD. This patient had the longest
duration of retinal detachment (i.e., 2 months) before
repair of RRD among our study subjects and had
scleral buckle surgery requiring retinal cryopexy. The
initial FD OCT scans acquired 2.5 months after repair
of RRD showed multiple areas of photoreceptor IS/OS
junction disruption extending into the fovea with an
intact ELM (Figure 3A). The follow-up postoperative
FD OCT image obtained 4.9 years after successful
surgical repair showed that the subfoveal IS/OS junc-
tion disruption was persistent and more evident with
an intact ELM (Figure 3B). Additionally, a new ERM
was seen at the final follow-up FD OCT image, with-
out associated macular traction or edema. Of interest,
the outer nuclear layer thickness was decreased on



Table 3. Macular Morphology Results Visualized Using FD OCT at Initial (Short-term) and Final (Long-term) Follow-up Examination

Macular Morphology on Final FD OCT Scan

Macular Morphology on Initial FD OCT Scan

Patient

ELM

Normal

ERM

IS/0S

Complete restoration

SRF
None

ELM

Normal

ERM

SRF IS/OS
Minimal

None

Number

Absent

Absent

disruption

Present Disruption

Normal

Persistent ERM with mild

Resolved Complete restoration

Normal

ERM with mild retinal

retinal thickening
Persistent ERM; no CME

thickening
Present; no CME

Normal

Resolved Complete restoration,

Normal

Present Disruption
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disruptions
Worsening disruption

Persistent

New ERM; no CME

None

Subfoveal

Disruption Absent

None

disruption

disruption

CME, cystoid macular edema.

both the initial and final FD OCT scans (Figure 3, A
and B). The final BCVA remained CF. MP-1 could not
be performed because of poor fixation.

Patient 8 had 2 previous episodes of superior macular-
sparing retinal detachment that had been successfully
repaired with pneumatic retinopexy. The preoperative
BCVA was 20/80. One day after vision loss secondary
to RRD involving the macula, successful repair was
achieved with a combination of vitrectomy and scleral
buckle surgery. The BCVA improved to 20/25 post-
operatively 3 months after successful repair. The initial
FD OCT scan showed subtle areas of foveal IS/OS
junction and ELM disruption (Figure 4, A and C).

The BCVA subsequently declined to 20/40 at
4.2-year follow-up. The final follow-up FD OCT
image revealed an increase in foveal IS/OS junction
disruptions when compared with the initial scan image
(Figure 4, B-D), with worsening disruption of foveal
ELM. In addition, a new ERM was noted on FD OCT
without macular traction or edema. MP-1 could not be
performed reliably on this patient because of poor fix-
ation. The worsening of the visual acuity could not be
accounted for by any other eye findings.

Discussion

This is the longest prospective follow-up study to
date of patients with successful anatomical repair of
RRD involving the macula imaged serially with FD
OCT. Our study is also the only study thus far where
visual function was assessed by both microperimetry
and BCVA and correlated with FD OCT findings
serially. A research-grade FD OCT and microperim-
etry (MP-1) used in the original cohort was again used
for direct comparison in this follow-up study.'® The
research-grade FD OCT instrument used in this study
provides a somewhat higher axial image resolution
than the currently commercially available FD OCT
(spectral domain OCT) instruments. Our previous
study published in 2008 was the first report using
FD OCT to correlate areas of photoreceptor disruption
and persistent SRF with decreased macular function on
microperimetry.'? The current study was undertaken to
further understand the long-term morphologic and
functional changes in the macula in eyes after success-
ful macular-involving RRD repair.

In our study, we found that BCVA may improve or
worsen long-term after RRD repair. The disruption of
photoreceptor IS/OS is found to be the most important
correlate of visual acuity and function in the early
postoperative period and long-term follow-up. A pre-
vious study using serial FD OCT scan from 1 month to
25 months after surgical repair also found that the
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Fig. 1. Fourier domain OCT and microperimetric findings of Patient 3 with progressive improvement in BCVA at 5.75 years after RRD repair. The
BCVA at the time of the initial FD OCT scan 1 month after surgical repair was 20/60. Fourier domain OCT shows diffuse disruption of the photo-
receptor IS/OS junction line with an intact ELM and SRF (A). The BCVA improved to 20/25 when the second FD OCT image was obtained at 5.75
years (B). Note that the IS/OS line is intact expect for some mild disruption in the peripheral macula. External limiting membrane is also intact.
Microperimetry (MP-1) done at the time of the first FD OCT scan shows areas of decreased sensitivity (yellow dots) in the macula (C) that correlated
with the region of the macula with SRF and/or IS/OS disruption noted on FD OCT. Follow-up MP-1 (D) obtained 5.75 years after surgical repair shows

almost complete normalization of macular sensitivity.

photoreceptor IS/OS junction integrity was an important
factor correlation in visual restoration in eyes after repair
of macula-involving RRD.'? The mean postoperative
follow-up period for our current study was much longer
at 5 years (range, 3.75-5.75 years). With this longer
follow-up, our study shows that IS/OS disruption and
macular function can gradually improve, but some eyes
can have persistent or worsening IS/OS disruption with
extended follow-up in the absence of other visually sig-
nificant macular pathology. This latter finding is new.
The back reflection arising from the IS/OS junction
represents the abrupt boundary between the IS structures
and highly organized OS of the photoreceptor layer.
One hypothesis suggests that the hyperreflective IS/OS
line is because of back reflection of the perpendicular
photoreceptor stack, and hence, the disruption of IS/OS
junction may represent photoreceptor misalignment or
swelling of the photoreceptors. Recently, Spaide and

Curcio'” suggested that the band often attributed to the
boundary between the IS and OS of the photoreceptors
may actually align with ellipsoid portion of the inner
segments. In our study, the initial scan at the mean
follow-up of 3.4 months after RRD repair showed
IS/OS disruption in 6 of 8 patients (i.e., 75% of the
patients; 4 patients from Group 1 and 2 patients from
Group 2), with BCVA ranging from 20/25 to CF
among these patients. The 2 patients with 20/20
BCVA on initial scan had intact IS/OS junctions. Sub-
sequent follow-up FD OCT at mean 5 years after sur-
gery showed that of these 6 patients with IS/OS
disruption on initial scan, 4 had complete (n = 3) or
near complete (n = 1) restoration of IS/OS junction
that correlated with visual improvement in BCVA
(range, 20/25-20/30). The remaining 2 patients had
persistent (Patient 7) or worsening (Patient 8) IS/OS
disruptions resulting in persistently poor (i.e., CF) or
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"Subretinal fluid

200 uym &
Intact ELM

Complete resolution

Intact ELM of subretinal fluid

Fig. 2. Fourier domain OCT imaging and microperimetry of Patient 5. The initial postoperative FD OCT scan shows SRF and an intact photoreceptor
IS/OS junction and ELM. The BCVA was 20/20 (A). The final follow-up FD OCT scan at 5.75 years after surgical repair showed complete resolution of
SRF, and BCVA remained at 20/20 (B). MP-1 performed at the time of the initial FD OCT scan showed areas of decreased sensitivity in the temporal
macula (yellow dots) (C) where SRF was noted on FD OCT. The final follow-up MP-1 scan showed normalization of macular sensitivity (green dots)

concurrent with resolution of SRF on FD OCT (D).

worsening BCVA (i.e., 20/25 worsening to 20/40) at
5-year follow-up. Therefore, long-term visual outcome
after RRD repair seems to be dependent on foveal
IS/OS integrity and restoration. Previous studies
with shorter follow-up (up to 25 months), using
commercial FD OCT and TD OCT have similarly
shown photoreceptor IS/OS restoration as a prognos-
tic marker for visual improvement after RRD repair
and ERM peel after RRD repair.'*'* However, none
of the previous studies showed progressive worsen-
ing of vision and photoreceptor disruption after suc-
cessful repair of retinal detachment noted with
Patient 8 in our study with longer follow-up in the
absence of other concurrent visually significant
maculopathy. Although Patient 8 was noted with
anew ERM on the final FD OCT, this did not appear
to be visually significant since there was no foveal
traction noted on FD OCT. Our previous study has
shown that increase in foveal thickness from traction
of the ERM correlated best with visual acuity in eyes
with idiopathic ERM."?

It is of interest that among the four of six patients who
had IS/OS disruption on initial scan, with complete
restoration of IS/OS junction at the final follow-up, all
had an intact ELM seen on the initial FD OCT scan.
However, Patient 8 who had worsening IS/OS disruption
between the initial and final follow-up FD OCT scans
had ELM disruption seen on the iitial FD OCT scan
which appeared even more evident on the follow-up FD
OCT. Hence, ELM integrity in early postoperative phase
may be an important predictor of restoration of photo-
receptor IS/OS disruptions, as well as visual acuity and
function long-term. This possibility was also suggested
in previous reports of eyes after RRD with shorter
follow-up.'*'® In the absence of an intact ELM, photo-
receptor disruption may persist or even worsen as noted
in our study.

External limiting membrane is formed by the
junction of photoreceptor nuclei and Muller cells.'
Loss of ELM on FD OCT may be indicative of damage
or loss of the photoreceptor nuclear body and Muller
cells, which may lead to irreversible photoreceptor and
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Reduced ONL
thickness«

ELM intact

IS/OS disruption

Reduced ONL
thickness

ELM intact

&

IS/OS disruption

Fig. 3. Fourier domain OCT findings of Patient 7 with persistently
decreased visual acuity to CF at 5 years after RRD repair. An intact ELM
with a focal foveal disruption of the photoreceptor IS/OS junction is noted
2.5 months after surgical repair (A). The BCVA remained CF at 4.9 years
after RRD repair when the follow-up FD OCT was obtained showing
amore prominent foveal IS/OS junction with an intact ELM (B). The outer
nuclear layer (ONL) appears attenuated in both FD OCT images. This
patient had RRD present for 2 months before repair.

vision loss at long-term follow-up.'® Because histo-
pathological studies of fovea centralis have shown that
the inner half of the foveola is composed of inverted
cone-shaped zone of Muller cells in human retina,
damage to foveal Muller cells may also play a role in
long-term gradual degeneration of the foveal photore-
ceptor. Human Muller cells can differentiate into rod
photoreceptors when transplanted into mouse retina,
suggesting that Muller cells may have some plasticity
to act as photoreceptor progenitor cells under certain
conditions.'**°

Patient 7 is the only exception to the above observa-
tion. This patient had an intact ELM at the initial FD
OCT scan. However, BCVA postoperatively was CF
and failed to improve at long-term follow-up. One
explanation could be the long duration of RRD (i.e.,
2 months) before repair. Based on the previous studies,
repair of macula-off RRD may be delayed up to 1 week
after development of macula-off RRD without signifi-

cant adverse effect on visual outcome.’ However, visual
recovery with further delay in repair is generally poor-
er.* In our study, only Patient 7 had retinal detachment
duration of more than 10 days before repair of retinal
detachment. This patient failed to have restoration of the
IS/OS junction even after several years after successful
RRD repair, likely because of irreversible loss of photo-
receptors via apoptosis which may have occurred before
RRD repair.”'** Consistent with this theory is the atten-
uated outer nuclear layer in the fovea noted both in the
early and final FD OCT images (Figure 3). A wave of
photoreceptor degeneration via apoptosis is seen as early
as 1 and 3 days after experimental RRD. It is possible
that this mechanism of photoreceptor loss may not be
associated with disruption of ELM seen on FD OCT but
can result in profound early and persistent vision loss.”

Subfoveal fluid was present in 3 of 8 eyes at the
initial FD OCT imaging. Two of these patients had
RRD repaired via pneumatic retinopexy combined
with retinal cryopexy, and one patient had scleral
buckle repair with retinal cryopexy. Of interest, the
visual acuity at the initial FD OCT imaging was 20/20
and not affected by the presence of subfoveal SRF,
perhaps because of an intact foveal IS-OS junctions
(Patient 5). This patient did have some areas of
decreased sensitivity on MP-1 extrafoveally that
corresponded to areas of more prominent SRF on
FD OCT. In the other two patients with subfoveal
fluid, BCVA was decreased and both foveal SRF and
IS/OS defect were present on the initial postoperative
FD OCT scan. All three patients had complete
resolution of the SRF on follow-up FD OCT 5 years
later. Concurrent with resolution of SRF was improve-
ment in foveal IS/OS disruption, visual acuity, and
normalization of MP-1 sensitivity observed in all three
eyes. Historically, persistent SRF has been thought to
be responsible for persistently decreased BCVA
shortly after RRD repair.”*> However, studies with
longer follow-up have shown complete resolution of
SRF at 6 months to 24 months after scleral buckle
surgery with no influence on the final visual acuity.®'?

Our present study has some obvious limitations. The
sample size is very small because only 8 of the original
17 patients could be contacted and agreed to partici-
pate in this follow-up study. Thus, our impressions are
based on the limited observations, and future larger
studies are needed to validate our impressions. Sec-
ond, these results are based on a cohort of patients
with favorable preoperative factors such as shorter
duration of retinal detachment before repair and
younger age. Many patients who underwent RRD
repair at the University of California Davis Eye Center
had complex RRDs requiring multiple repairs or had
significant postoperative changes in the macula that
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ERM, no CME

I1S/OS disruption

ERM, no CME ,

Worsening of
IS/OS disruption

Fig. 4. Fourier domain OCT findings of Patient 8 with initial transient improvement in BCVA after surgical repair of RRD. The initial postoperative FD
OCT image obtained 3 months after surgical repair showed subtle foveal IS/OS and ELM disruption and irregularity (A). The BCVA was 20/25. The
final follow-up FD OCT scan obtained 4.2 years after surgery showed worsening foveal IS/OS and ELM disruption (B). The BCVA declined to 20/40.
The C-scan superimposed on fundus photograph at 3 months postoperative scan and at the final follow-up showing the evolution of focal foveal IS/OS

disruption in the macula (C and D).

did not qualify them for the study. Nevertheless, this
study is the longest follow-up report using serial FD
OCT to study the long-term macular morphologic and
functional changes after successful macula-off RRD
repair and provides new insights regarding possible
mechanisms for visual recovery and visual loss after
RRD repair.

In conclusion, our study results suggest that the
macular function and BCVA may progressively improve
or worsen long-term after successful repair of macula-
involving RRD. The presence of foveal IS-OS photore-
ceptor disruptions seems to correlate with visual acuity
outcome after RRD repair both short-term and long-term.
The presence of an intact ELM in the early postoperative
course may be a good prognostic indicator in that it may
correlated with eventual restoration of photoreceptor IS/
OS disruption and visual recovery. In contrast, a loss of
ELM in the early postoperative FD OCT image may be
a poorer prognostic sign, potentially leading to perma-
nent or progressive photoreceptors damage and vision

loss. The presence of SRF on the early postoperative FD
OCT images may lead to transient decrease in visual
function, but SRF usually seems to resolve spontane-
ously with long-term follow-up. Thus, draining trace
amounts of residual SRF seen postoperatively on FD
OCT may not be necessary unless it increases or is
associated with worsening vision. Future studies using
newer imaging techniques, such as adaptive optics OCT
that allow even higher image resolution, may provide
more information regarding cellular changes associated
with retinal detachment and repair. A better understand-
ing of pathogenesis of the vision loss associated with
retinal detachment will allow us to develop a more
effective therapy to minimize long-term vision loss
associated with this condition.

Key words: external limiting membrane, Fourier
domain optical coherence tomography, microperime-
try, photoreceptor, rhegmatogenous retinal detach-
ment, spectral domain optical coherence tomography.
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