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Purpose: To investigate whether intraoperative retinal changes during epiretinal
membrane (ERM) peeling affect anatomic or functional outcomes after surgery.

Methods: We measured retinal thickness using an intraoperative optical coher-
ence tomography (iOCT) device in patients undergoing pars plana vitrectomy with
membrane peeling for idiopathic ERM. Changes in intraoperative central macular
thickness (iCMT) were compared with postoperative improvements in CMT and best-
corrected visual acuity (VA).

Results: Twenty-seven eyes from 27 patients (mean age 68 years) underwent iOCT-
assisted ERMpeeling surgery. Before surgery, mean VAwas logMAR 0.50± 0.36 (Snellen
20/63), andmean baseline CMTwas 489± 82 μm.Mean iCMT before peeling was 477±
87 μm, which correlated well with preoperative CMT (P < 0.001). Mean change in iCMT
was −39.6 ± 37 μm (range −116 to +77 μm). After surgery, VA improved to logMAR
0.40 ± 0.38 (Snellen 20/50) at month 1 and logMAR 0.27 ± 0.23 (Snellen 20/37) at
month 3, whereas CMT decreased to 397 ± 44 μm and 396 ± 51 μm at months 1 and 3.
Eyes that underwent greater amount of iCMT change (absolute value of iCMT change)
were associated with greater CMT reduction at month 1 (P < 0.001) and month 3 (P =
0.010),whereas thosewithgreater intraoperative thinning (actual iCMT change) showed
a trend toward better VA outcomes at months 1 (P = 0.054) and 3 (P = 0.036).

Conclusions: Intraoperative changes in retinal thickness may predict anatomic and
visual outcomes after idiopathic ERM peeling surgery.

Translational Relevance:Our study suggests that intraoperative retinal tissue response
to ERM peeling surgery measured by iOCTmay be a prognostic indicator for restoration
of retinal architecture and for visual acuity outcomes.

Introduction

Surgical removal of idiopathic epiretinal
membranes (ERMs) has the ability to restore retinal
architecture and improve visual acuity, but outcomes
vary between individual patients.1,2 Predictors of
visual improvement after membrane peeling surgery
include clinical factors such as preoperative visual
acuity and duration of symptoms,3,4 as well as struc-
tural biomarkers such as photoreceptor integrity as

seen on optical coherence tomography (OCT) before
or after surgery.3–5 However, these prognostic factors
do not consider the anatomic changes that occur
during surgery, and whether retinal response to tissue
handling and instrumentation may impact surgical
success.

Intraoperative OCT (iOCT) provides high-
resolution cross-sectional visualization of the
neurosensory retina during vitreoretinal surgery
and may help guide surgical decision-making.6–14
In the Prospective Intraoperative and Perioperative
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Ophthalmic Imaging with Optical Coherence Tomog-
raphy (PIONEER) study, posterior segment surgeons
reported that iOCT altered surgical decision in 29%
of cases. For ERM surgery, iOCT identified occult
residual membranes in 12% of cases that necessi-
tated additional membrane peeling, and confirmed
completion of removal in 9% of cases that helped to
reduce unnecessary surgical maneuvers.15 The iOCT
also allows structural changes in retinal architecture to
be visualized with exquisite detail. Past studies have
demonstrated intraoperative changes in retinal thick-
ness and increased separation of outer retinal layers
immediately after membrane peeling. However, the
prognostic value of these structural changes remains
unclear.16

In this study, we investigate whether intraoperative
changes in retinal anatomy may affect functional or
anatomic outcomes after idiopathic ERM surgery.
Specifically, we hypothesize that greater tissue elastic-
ity, as demonstrated by retinal thickness changes
measured using a microscope-integrated iOCT
immediately after membrane peeling, may allow better
restoration of retinal architecture and rehabilitation
of vision.

Methods

Patient Selection

We reviewed the medical records and OCT images
of all consecutive patients who underwent pars plana
vitrectomy and membrane peeling for idiopathic
ERMs at the University of California Davis Eye
Center from October 1, 2015, to March 30, 2020,
with at least 3 months of clinical follow-up. All
patients who underwent membrane surgery during
this study period underwent iOCT-assisted idiopathic
ERM surgery using the Rescan 700 iOCT device
(Carl Zeiss Meditec, Dublin, CA, USA). Eyes with
other ocular comorbidities or history of ocular
surgery except uncomplicated cataract extraction were
excluded. We collected demographic and clinical data
including best-corrected visual acuity (BCVA), lens
status, and central macular thickness (CMT) at the
preoperative visit, and at postoperative months 1 and
3 visits. BCVA were measured using Snellen testing,
and converted to logMAR for statistical analysis. The
study was approved by the Institutional Review Board
of University of California, Davis, and was performed
in accordance with the tenets of the Declaration of
Helsinki.

OCT Imaging

PerioperativeOCT imageswere obtainedwith either
the Cirrus SD-OCT device (Carl Zeiss Meditec) or
the Spectralis OCT+SLOdevice (Heidelberg Engineer-
ing, Heidelberg, Germany). Cirrus OCT images were
captured as 6 × 6 mm volume scans, with 350 B-scans
and 350 A-scans per B-scan, with two images averaged
per scan. Spectralis OCT images were captured as 20°
× 20° (approximately 6 × 6 mm) volume scans with 25
B-scans and 512 A-scans per B-scan, with automated
real-time tracking setting of 10. CMT was automat-
ically measured from the central 1 mm area using
the OCT devices’ native segmentation algorithm for
retinal thickness measurements. All preoperative and
postoperative images were acquired longitudinally on
the same OCT system, with image registration enabled,
and image segmentation verified for accuracy. Images
with errors in foveal centration or inaccurate segmen-
tation were manually corrected.

Surgical Technique

All patients underwent standard three-port 23- or
25-gauge pars plana vitrectomy using the Constel-
lation vitrectomy system (Alcon, Fort Worth, TX,
USA) by one of four retinal surgeons with assis-
tance by a vitreoretinal fellow. After performing core
vitrectomy and inducing a posterior vitreous detach-
ment as needed, the ERM was peeled using end-
gripping forceps, using triamcinolone acetonide to
assist with visualization. Additional indocyanine green
staining and internal limiting membrane (ILM) peeling
were conducted at the discretion of the surgeon. The
intraocular pressure was maintained at the same level
using the Constellation system’s intraocular pressure
compensation feature at each time point of iOCT
image capture. Subconjunctival dexamethasone and
cefazolin were given at the conclusion of all cases.17

The iOCT Imaging and Analysis

The iOCT images of the macula were captured after
initiation of the infusion, but before performing vitrec-
tomy or membrane peeling, and immediately after
removal of the ERM and ILM. The iOCT images were
captured using the Rescan 700 iOCT device (Carl Zeiss
Meditec) as 6 × 6 mm volume scans, with 128 B-scans
and 512 A-scans per B-scan using the 128D lens of the
Resight 700 noncontact fundus viewing system. A-scan
depth was 2 mm (1024 pixels) for 24 of the 27 eyes, and
2.9 mm (1024 pixels) for the remaining three eyes after
a software update. The iOCT images were captured as
512 × 1024 pixel bitmap files, with 128 bitmap
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Figure 1. Preoperative OCT (A, B), iOCT (gray) before (C,D) and after membrane peeling (E, F), and postoperative OCT at month 3 (G,H) of
two patients exhibiting minimal (A, C, E, G) or prominent (B, D, F, H) iCMT change on iOCT after ERM peeling surgery.

images per volume stack. The iOCT images were
imported into the Duke Optical Coherence Tomogra-
phy Retinal Analysis Program software18 for semiauto-
mated segmentation of the internal limiting membrane
and the outer border of the retinal pigment epithelium–
Bruchs membrane complex,19,20 with manual adjust-
ments of the segmentation performed where neces-
sary. The fovea was manually identified by a masked
grader based on the location of greatest outer segment
elongation, and the intraoperative CMT (iCMT) was
measured from the central 1 mm diameter circle
to correspond with the preoperative and postopera-
tive OCT images and the central circle of the Early
Treatment Diabetic Retinopathy Study grid (Fig. 1).
Thickness measurements were determined using the
Duke Optical Coherence Tomography Retinal Analy-
sis Program after calibration with scan density and
resolution parameters provided by the manufacturer
based on model eyes. The calibration and measure-
ments were validated by correlating CMT measure-

ments from preoperative conventional OCT scans with
iCMT measurements before membrane peeling on
iOCT scans. In addition, average retinal thickness
across the central 3 mm–diameter region correspond-
ing to the central circle and inner ring of the Early
Treatment Diabetic Retinopathy Study grid was also
measured. Eyes with missing iOCT images or iOCT
image quality that was insufficient for semiautomated
segmentation were excluded from the study.

Statistical Analyses

Statistical analyses were performed using SPSS
software (version 22.0; IBM, Chicago, IL, USA).
We evaluated the correlation between iCMT before
membrane peeling and preoperative CMT using linear
regression analysis. The relationship between BCVA
and CMTwas also assessed by linear regression. Intra-
operative changes in iCMT before and after peeling
and changes in BCVA andCMTbefore and after ERM
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Figure 2. Scatterplots comparing preoperative CMT with iCMT before membrane peeling (A), and iCMT before membrane peeling with
iCMT change after membrane peeling (B).

surgery were compared using paired-samples t-tests.
Any association between iCMT change during surgery
and postoperative visual (BCVA change) or anatomic
(CMT change) outcomes at one and three months were
determined using univariate and multivariate linear
regression analyses. The iCMT change was analyzed
as either amount of iCMT change (absolute value of
iCMT change) or actual iCMT change, which takes the
direction of change into account. Variables included
in multivariate linear regression models include age,
gender, laterality, presence of a posterior vitreous
detachment, lens status, and amount or actual iCMT
change. P values <0.05 were considered statistically
significant.

Results

Baseline Characteristics

We identified 48 eyes from 48 patients that under-
went iOCT-assisted ERM peeling surgery that met
inclusion criteria during the study period. Seven eyes
were excluded because of poor-quality images, and
12 were excluded because of lack of complete image
acquisition. Two additional patients were lost to follow-
up after surgery. Therefore 27 patients (27 eyes) met
inclusion criteria for this analysis. The mean age of
patients was 68 years (range 48–81), with 12 female and
15male subjects, and 14 right and 13 left eyes. Nineteen
patients were phakic, and eight were pseudopha-
kic. Mean preoperative BCVA was logMAR 0.50 ±
0.36 (Snellen 20/63) and mean baseline CMT was

489 ± 82 μm, with no clear association between visual
acuity and anatomy before surgery.

Among the 19 phakic patients, six underwent
combined phacovitrectomy with cataract extraction
and intraocular lens placement before membrane
peeling. A posterior vitreous detachment (PVD) was
already present in 13 of 27 eyes and was surgically
induced in the remaining 14 eyes, of which nine eyes
had an additional iOCT image captured after PVD
induction and before ERM peeling. All eyes under-
went ERM peeling with triamcinolone acetonide, and
almost all eyes (26 of 27 eyes) had indocyanine green
staining and ILM peeling.

Intraoperative Thickness Changes

Before membrane peeling, mean iCMT was 477
± 87 μm, which correlated well with mean preopera-
tive CMT measurements of 489 ± 82 μm (r = 0.932,
P < 0.001, Fig. 2A) and validates the accuracy of
iCMTmeasurements using our segmentationmethods.
After membrane peeling, the mean iCMT was 454 ±
78 μm, which was significantly different from iCMT
before peeling (P = 0.028). Some eyes had decreased
macular thickness after ERM removal while others
showed no change or even increased thickness (range
−116 μm to 77 μm). The mean amount of iCMT
change after membrane peeling was 39.6 ± 37.0 μm.
Retinas that were thicker before peeling tended to show
a greater amount of iCMT change after membrane
removal (r = 0.633, P < 0.001, Fig. 2B). When intra-
operative macular thicknesses were averaged across the
central 3 mm diameter circle, a similar trend was noted,
although the degree of retinal thickness change was less
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pronounced (mean change 36.5 ± 44 μm). In a subset
of eyes in which a PVD was surgically induced and
iOCT was performed before and after PVD induction,
we noted no significant change in iCMT after PVD
induction (500 ± 58 μm vs. 496 ± 40 μm, P = 0.82).

Surgical Outcomes and Intraoperative
Predictors

Overall, subjects showed improved visual acuity
and decreased CMT after iOCT-assisted ERM peeling
surgery. Mean BCVA improved from logMAR 0.50 ±
0.36 (Snellen 20/63) to logMAR 0.40 ± 0.38 (Snellen
20/50) at month 1 (P = 0.007) and logMAR 0.27
± 0.23 (Snellen 20/37) at month 3 (P < 0.001),
after exclusion of two eyes that developed visually
significant cataracts. There were no significant differ-
ences in BCVA improvements between phakic versus
pseudophakic eyes at one month (P = 0.860) or three
months (P = 0.646), and between combined phacov-
itrectomies versus vitrectomy alone among phakic
patients at postoperativemonth 1 (P= 0.260) ormonth
3 (P = 0.786), consistent with published reports.21
Mean CMT decreased from 489 ± 82 μm before
surgery, to 397 ± 44 μm at month 1 (P < 0.001) and
396± 59 μmatmonth 3 (P< 0.001) after surgery. There
were no ERM recurrences detected during the follow-
up period.

Interestingly, the amount of iCMT change after
membrane peeling was associated with anatomic
outcomes at 1 month (r = 0.658, P = 0.001, Fig.
3A) and 3 months (r = 0.553, P = 0.003, Fig. 3B),
with eyes that demonstrated greater iCMT changes
showing greater CMT improvements after surgery.
Multivariate regression accounting for age, sex, later-
ality, PVD status, and lens status confirms that the
amount of iCMT change is independently associated
with anatomic outcomes at one and three months (P <

0.001 and P = 0.010, Table). By contrast, actual iCMT
change, which accounts for the direction of iCMT
change (i.e., whether retinal thickening or thinning
occurred after membrane peeling), did not impact
anatomic improvements at one and three months in
both univariate and multivariate regression models
(Fig. 3C and Fig. 3D, Table).

With respect to visual outcomes, the amount of
iCMT change showed a possible relationship with
visual outcomes at one month (r = 0.453, P =
0.030, Fig. 4A) but not at three months (r = 0.334,
P = 0.120, Fig. 4B), even after excluding the two
eyes that developed significant cataracts after surgery,
but was not confirmed on multivariate regression (P
= 0.124) (Table). However, the actual iCMT change

appeared to be associated with visual outcomes at
one month (r = 0.487, P = 0.018, Fig. 4C) and
three months (r = 0.530, P = 0.009, Fig. 4D), with
eyes that demonstrated intraoperative retinal thinning
exhibiting greater improvement in vision, and was
confirmed on multivariate regression at three months
(P = 0.036, Table) and possibly at one month (P
= 0.054, Table). Together, our results suggest that
intraoperative changes in retinal thickness may predict
surgical outcomes, with the amount of intraopera-
tive CMT change associated with anatomic improve-
ment and actual iCMT change associated with visual
recovery.

Discussion

The advent of commercial iOCT systems has broad-
ened the availability of this technology for intra-
operative visualization of retinal anatomy during
vitreoretinal surgery. In the DISCOVER study, both
anterior and posterior segment surgeons found iOCT
technology useful, with many indicating that iOCT
data impacted surgical decision making and altered
the procedure.22 Intraoperative OCT can also detect
microanatomic retinal changes duringmacular surgery.
In a study of 12 eyes that underwent ERM surgery with
a microscope-mounted iOCT system, central retinal
thickness was found to increase by less than 2% after
ILM peeling, although a majority showed a subreti-
nal hyporeflectance suggesting a shallow macular
detachment after membrane removal.23 In another
study of 10 eyes, retinal thickness measured using a
handheld iOCT decreased after membrane removal but
returned to baseline after additional ILM peeling.24
An analysis of subjects from the PIONEER study also
revealed an increased separation between the retinal
pigment epithelium and the ellipsoid and interdigi-
tation zones following membrane peeling, as identi-
fied on a single foveal scan.15 Another analysis from
the PIONEER study revealed a probable link between
intraoperative subretinal fluid under PFO tamponade
in patients undergoing surgery for macula-involving
retinal detachment and visual outcomes.25 A more
recent analysis of eyes that underwent full-thickness
macular hole repair from the PIONEER study revealed
several characteristics measured by iOCT may be able
to predict macular hole closure speed.26 These studies
provide insight into retinal changes during macular
surgery, and the impact of these changes on postop-
erative outcomes remain an active area of research.

In our study, we demonstrated variable changes
in intraoperative retinal thickness after ERM removal
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Figure 3. Scatterplots comparing the amount of iCMT change with postoperative change in CMT at month 1 (A) and month 3 (B) after
surgery, and actual iCMT change with postoperative change in CMT at month 1 (C) and month 3 (D) after surgery.

and found that the amount of iCMT change may be
associated with anatomic improvements up to three
months after surgery. We hypothesize that the amount
of iCMT change reflects retinal tissue elasticity—
a “stiffer” retina that does not exhibit as much
intraoperative change will less likely undergo signifi-
cant anatomic restoration postoperatively. In addition,
differences in the amount of ERM tractional force
across themacula released after ERMpeelingmay play
a role in iCMT change. Thus four different mechanis-
tic combinations could be theorized: low elasticity/low
traction could cause a minimal iCMT change, low
elasticity/high traction or high elasticity/low traction
could cause an intermediate iCMT change, and a

high elasticity/high traction could cause a large iCMT
change.

We also found that the actual iCMT change may
be associated with visual outcomes up to three months
after surgery. Unlike the amount of iCMT change that
reflects retinal elasticity or ERM traction, the actual
iCMT change incorporates directionality. We hypoth-
esize that iCMT decrease may signify preservation
or restoration of retinal and photoreceptor integrity,
whereas iCMT increase may suggest stretching and
possible cellular damage that could lead to eventual
function loss. Although the iOCT techniques used in
this study did not provide consistently adequate image
quality to enable accurate segmentation of individual
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Figure 4. Scatterplots comparing the amount of iCMT change with postoperative VA improvement at month 1 (A) and month 3 (B) after
surgery, and actual iCMT change with postoperative VA improvement at month 1 (C) and month 3 (D) after surgery.

retinal layers, future studies measuring the thickness of
these individual layers using a contact flat lens or other
iOCT systems with higher resolution could provide
greater insight into the structural integrity of the
photoreceptor layer following ERMpeeling. Few prior
studies demonstrated a strong, consistent correlation
between anatomic and functional improvements after
ERMsurgery.A study of 21 eyes that underwent vitrec-
tomy for idiopathic ERM showed significant retinal
thinning at three months after surgery, but significant
visual acuity improvements did not occur until nine
months after surgery.27 Although overall visual acuity
improved in our cohort within three months after
surgery, cataract progression limited visual gains in two

eyes. Perhaps a larger cohort with more pseudophakic
eyes, higher resolution imaging, and longer duration of
follow-up may overcome these limitations and reveal
a clearer relationship between intraoperative retinal
changes and visual outcomes.

Although qualitative features have been shown
to correlate well between intraoperative and preop-
erative OCT,28 the reproducibility of quantitative
measurements between the two modalities has not
been fully validated. In our analysis, we demonstrated
high correlation between the intraoperative CMT
(iCMT) measured from the central 1 mm–diameter
circle and preoperative CMT measured using conven-
tional OCT devices, although we did not perform
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axial length measurements to more precisely calibrate
iCMT and CMT measurements. Instead of relying
on single-location measurements, we used semiauto-
mated segmentation of the iOCT images, with averaged
retinal thickness measured up to a 3 mm–diameter
circle. This method reduces the variability of manual
caliper markings and image registration of the foveal
center. Also, the commercial microscope-integrated
iOCT device used in our study reduces the microscope
adjustments that are necessary when using handheld or
microscope-mounted units. Nevertheless, discrepancies
between these studies may still arise from differences
in membrane peeling technique and variable timing
of iOCT capture after ERM removal. Future studies
using video capture to provide more dynamic and
precisely timed retinal changes, or with X-Y tracking
to maintain foveal registration, may improve the repro-
ducibility of iOCT studies. Finally, our findings were
limited by the retrospective nature of the study. The
presence of a PVD was based on surgeon documenta-
tion on the operative report, and the method for how
this was assessedwas not clearly documented, although
PVD status did not impact our findings. Also, although
we reviewed clinical charts to exclude patients with
diabetic retinopathy or other retinal vascular condi-
tions, retinal tear or detachments, or ocular inflamma-
tory conditions that would suggest a secondary ERM,
we cannot exclude the possibility that some of the
cases were not truly idiopathic. Last, not all surgeons
consistently obtained high-quality iOCT images before
and after ERM peeling, so a large number of subjects
had to be excluded because of missing or poor-quality
images.

Intraoperative OCT helps with surgical decision-
making and reveals detailed anatomic retinal changes
that occur during vitreoretinal surgery. Our study
suggests that intraoperative retinal tissue response to
ERM peeling may predict the restoration of retinal
architecture and visual acuity outcomes following
surgery. Future prospective studies may help eluci-
date the prognostic implications of iOCT information
obtained during macular surgeries.
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