
THREE-DIMENSIONAL RETINAL
DISPLACEMENT BEFORE AND AFTER
MACULAR PUCKER SURGERY
TOMMASO ROSSI, MD,* GIORGIO QUERZOLI, PHD,† PAMELA COSIMI, MD,*
GUIDO RIPANDELLI, MD,* LUCA PLACENTINO, MD,* DAVID H. STEEL, MD,‡
MARIO R. ROMANO, MD, PHD§

Purpose: To measure the coronal and sagittal retinal displacement before and after
surgery for epiretinal membranes in InfraRed horizontal foveal sections and optical
coherence tomography scans and describe displacement tridimensionality, vision loss,
and metamorphopsia.

Methods: Retrospective series with greater than 6-month average follow-up before and
after surgery. The record included best-corrected visual acuity, optical coherence tomography,
M-charts, and InfraRed retinography. Overall, pre- and postoperative coronal and sagittal retinal
displacement across the entire field, concentric circles at 0.5-, 1.5-, and 4.5-mm radii, and the
central horizontal and vertical meridian were calculated as the optical flow of consecutive
images.

Results: This study comprised 10 patients (4 men, 6 women), with 22.7 6 25.2 months
follow-up before surgery and 16.26 7.3 months after. Best-corrected visual acuity reduced
before surgery (0.15 6 0.67 logarithm of minimum angle of resolution to 0.38 6 0.85
logarithm of minimum angle of resolution; P , 0.05) and increased afterward (0.086 6
0.61 logarithm of minimum angle of resolution; P = 0.003). Preoperative coronal displace-
ment was 30.1 6 29.1 mm versus 67.0 6 23.4 mm after (P = 0.002). Sagittal retinal dis-
placement was 140.9 6 84.6 mm before surgery, 339.7 6 172.5 mm after (P = 0.017), and
357.6 6 320.8 mm across the entire follow-up. Preoperative best-corrected visual acuity
decreases correlated with the foveal coronal displacement. Vertical metamorphopsia cor-
related with the average coronal displacement within a 4.5-mm radius. Pre- and postop-
erative sagittal displacement correlated with horizontal metamorphopsia (P = 0.006 and P =
0.026). Postoperative sagittal displacement correlated with postoperative best-corrected
visual acuity (P = 0.026) and foveal thickness (P = 0.009).

Conclusion: This study confirms that postoperative displacement is greater than
preoperative and that sagittal displacement is greater than coronal and correlates with
best-corrected visual acuity and metamorphopsia changes.

RETINA 44:1329–1336, 2024

Idiopathic epiretinal membranes (ERMs) form after
incomplete detachment of the posterior vitreous when

hyaloid remnants remain adherent to the retinal surface
and cellular elements acquire contractile capabilities.1 Ep-
iretinal membranes may cause profound alterations of
both the inner and outer retina2 resulting in macular
pucker requiring pars plana vitrectomy (PPV) with mem-
brane peeling if visual acuity is significantly impaired.3

We recently calculated the tangential displacement
of the retina (i.e., across the coronal plane), using
a novel image analysis technique4 on InfraRed (IR)
images taken before and after macular pucker surgery

and demonstrated that retinal coronal dislocation after
surgery is indeed greater than before. We also found
only an erratic association between coronal displace-
ment, visual acuity, and metamorphopsia changes, in
agreement with previous studies.5,6

The purpose of this study is to add yet another tile to
the mosaic, calculating the retinal displacement both on
the coronal plane using IR images and on the sagittal
plane analyzing structural optical coherence tomography
(OCT) horizontal sections across the fovea. The rationale
is to explore displacement tridimensionality and look for
association with loss of vision and metamorphopsia.
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Materials and Methods

Study Participants

We retrospectively analyzed all patients undergoing
PPV and peeling for idiopathic ERM affecting the
fovea and classified them as Stages 2 and 3 according
to Govetto et al7 with documented pre- and postoper-
ative follow-up greater than 6 months.
All patients received surgery at the IRCCS Bietti

Foundation between June 2019 and January 2023 and
were operated by a single surgeon. The diagnosis was
confirmed by ophthalmoscopic examination and
spectral-domain optical coherence tomography.
Exclusion criteria were as follows: 1) concomitant

history of ocular and specifically macular disorders
including age-related macular degeneration, retinal
vascular occlusions, retinal detachment, trauma, ame-
tropias exceeding sf +1 and sf 23 in spherical equiv-
alent, and uveitis; 2) history of systemic diseases,
including hypertension and diabetes; 3) poor imaging
quality due to media opacity; 4) incomplete medical
records.
All included patients underwent at least two com-

prehensive office visits including refraction, best
corrected visual acuity (BCVA), biomicroscopy and
indirect ophthalmoscopy. Visual acuity measurement
used the Early Treatment Diabetic Retinopathy Study
acuity charts and Snellen fraction was converted to the
logarithm of the minimum angle of resolution
(logMAR). The degree of horizontal and vertical
metamorphopsia was assessed using M-charts (Inami,
Co, Tokyo, Japan).8 All included patients underwent
a complete visit at least 6 months before surgery and 1,
3, 6 months after surgery (6 7 days).
We defined as T-earliest (TE) the very first available

preoperative office visit, T0 the visit immediately
before surgery (within 7 days), and T-latest (TL) the
very last available postoperative visit. The number of
patients whose data were available per time interval
before and after surgery is reported in Table 1.

All patients provided written informed consent, and
this study adhered to the tenets of the Declaration of
Helsinki and received approval from the local Ethics
Committee (ERMLAB01 No. 77/18/FB).

Surgical Procedure

All patients underwent a standard 25-gauge 3-port
PPV with combined phacoemulsification if phakic
(using BVI R-Evolution CR800; BVI Medical Wal-
tham, MA) with ERM and internal limiting membrane
peeling with single Brilliant Blue G staining (Mono-
blue, BVI Medical Waltham).

Optical Coherence Tomography Image Acquisition

Spectral-domain OCT (Spectralis HRA-OCT, ver-
sion 1.5.12.0; Heidelberg Engineering, Heidelberg,
Germany) images were acquired using the horizontal
spectral-domain optical coherence tomography cross-
section (an average of 25–30 frames for each B-scan
was used to improve image quality as elsewhere re-
ported9). Only patients whose scans enabled the
follow-up modality were included in this study to
ensure the repeatability of scan location.

Coronal and Sagittal Displacement Measures

Coronal and sagittal distortion was measured by
comparing the displacement occurring between cou-
ples of successive images as elsewhere described.4

This study compared TE–T0 representing the preoper-
ative period, T0–TL (postoperative), and TE–TL for the
entire course of the disease.
Coronal displacement measures used IR scanning

laser ophthalmoscope scans obtained with an OCT
machine during each visit, while sagittal displacement
measures compared structural horizontal OCT scans
obtained across the fovea in follow-up mode. The
measurement procedure is based on the comparison
of the local anatomical structures visible on couples
of images using the Farneback motion estimation
method as described in detail by Scarinci et al.4 The
same procedure was used for the sagittal images but
for the preprocessing procedure that, in this case,
included the segmentation of the retinal layers, to
exclude from the analysis the region below the retinal
pigmented epithelium.
As a result of the image analysis, the two compo-

nents (Dx, horizontal and Dy, vertical) of the displace-
ment in the reference frame of the images are obtained
in microns (as given by the OCT image scale) and the
statistics such as mean values are computed using the
magnitude of the displacement vectors
D ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Dx2 þ Dy2

p
included in the selected region of

From the *IRCCS, Fondazione Bietti ONLUS, Roma, Italy; †DI-
CAAR Faculty of Engineering, University of Cagliari, Cagliari, Italy;
‡Biosciences Institute, Newcastle University, Newcastle Upon Tyne,
UK; and §Department of Biomedical Science, Humanitas University,
Milan, Italy.

None of the authors has any financial/conflicting interests to disclose.
This is an open access article distributed under the terms of the

Creative Commons Attribution-Non Commercial-No Derivatives
License 4.0 (CCBY-NC-ND), where it is permissible to download
and share the work provided it is properly cited. The work cannot
be changed in any way or used commercially without permission
from the journal.

Reprint requests: Tommaso Rossi, MD, Director of Ophthal-
mology, IRCCS Fondazione Bietti ONLUS, Via Livenza 3, Roma
00198, Italy; e-mail: tommaso.rossi@usa.net

1330 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES � 2024 � VOLUME 44 � NUMBER 8

D
ow

nloaded from
 http://journals.lw

w
.com

/retinajournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0
hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
2+

Y
a6H

515kE
=

 on 07/30/2024



interest. It should be noticed that since we obtained the
displacements in the reference frame of the images, the
“sagittal” displacements are not measured on a plane
but on the retinal layer segmented by the OCT. For the
same reason, in the structural scans, the third (“depth”)
dimension is not locally orthogonal to the retinal sur-
face but is rather oriented according to the y-axis of the
image. Furthermore, some deviation from the ideal
anatomic planes could be due to the posture of the
patient during the scan.

Main Outcome Measures

Main study outcome measures included BCVA,
M-charts grading, foveal thickness, and mean retinal
displacement of IR en face and structural OCT images.

Statistical Analysis

The analysis of variance with t-test and t-test for
repeated measures were used for numerical variables.
Bivariate Pearson’s r correlation coefficient was
applied for continuous variables, while Spearman’s
rho and Kendall’s Tau were used for the assessment
of ordinal variables such as ERM classification grades.
Shapiro–Wilk test was employed for the Gaussian dis-
tribution of data.
In all cases, P values ,0.05 were considered statis-

tically significant.

Results

Visual Acuity, Foveal Thickness,
and Metamorphopsia

Ten patients (four men and six women) satisfied the
inclusion criteria; the mean age was comparable
among the sexes: 72.1 6 7.3 years for men and
68.1 6 8.2 for women. Two patients were phakic
before surgery and underwent a combined PPV and

phacoemulsification procedure with intraocular lens
implantation.
The average preoperative follow-up was 22.7 6

25.2 months (range 6–85 months), and the average
postoperative follow-up was 16.26 7.3 months (range
6–30 months).
Visual acuity (Table 2 and Figure 1) significantly

reduced from TE to T0 (0.15 6 0.67 logMAR [20/28
Snellen] to 0.386 0.85 logMAR [20/47 Snellen]; P,
0.05) and increased from T0 to TL (0.086 6 0.61
logMAR [20/24 Snellen]; P = 0.003).
The preoperative BCVA decrease between TE and

T0 correlated with the coronal displacement within the
central fovea (1.5 mm radius; P = 0.039) and the hor-
izontal component of vertical crosshair line distortion
(P = 0.032). The postoperative BCVA increase (TL–

T0) correlated with the coronal displacement of the
vertical component of the vertical crosshair line during
the same period (P = 0.001).
Foveal thickness (Table 2 and Figure 1) slightly

decreased throughout follow-up, but the difference
between visits never reached statistical significance;
however, preoperative foveal thickness changes (TE–

T0) correlated with the coronal displacement of the
vertical crosshair line vertical component during the
same time frame (P = 0.010) and the postoperative
foveal thickness decrease correlated with coronal dis-
location in the horizontal line of the crosshair region
(P = 0.049).
Horizontal and vertical metamorphopsia increased

significantly in the pre-operative period (between TE

and T0). (Table 2 and Figure 2) while postoperative
changes did not reach statistical significance (T0 ₋ TL).
Horizontal metamorphopsia changes correlated with

the vertical ones after surgery (TL ₋ T0; P = 0.002) but
not before. Vertical metamorphopsia correlated with
the average retinal coronal displacement within a 4.5
radius between TL and TE (P = 0.029) but not with
smaller radii.

Table 2. Main Clinical Outcome Measures: BCVA, Foveal Thickness, and Vertical and Horizontal Metamorphopsia

TE T0 P (TE vs. T0) TL P (T0 vs. TL)

BCVA (logMAR) 0.17 6 0.11 0.43 6 0.22 ,0.01 0.10 6 0.16 0.003
OCT foveal thickness (m) 427.6 6 97 426.2 6 111.4 0.91 395.0 6 44.2 0.82
Horizontal metamorphopsia (°) 0.28 6 0.18 1.11 6 0.71 0.003 0.41 6 0.39 0.36
Vertical metamorphopsia (°) 0.36 6 0.19 1.18 6 0.74 ,0.01 0.84 6 0.24 ,0.001

Table 1. Number of Patients Available at Each Time Interval

,T-12 T-12 T-6 T0 T + 3 T + 6 T + 12 T + 18 .T + 18

8 9 10 10 10 10 10 9 7
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Coronal (En Face) Retinal Displacement

The average preoperative coronal (T0–TE) displace-
ment across the entire 9 · 9-mm area was 30.1 6
29.1 mm versus 67.0 6 23.4 mm after surgery (TL–

T0; P = 0.002). Pre- and postoperative displacement in
the central 1.5-mm radius was similar, while for a 4.5-
mm radius, the postoperative displacement was signif-
icantly greater (T0–TE: 19.8 6 17.9 mm vs. TL–T0:
40.7 6 11.6 mm; P = 0.017; Table 3).
Coronal displacement in the crosshair region where

the M-charts project is also reported in Table 3.
There was a centrifugal gradient in coronal displace-

ment: the 4.5-mm radius area showed a significantly
higher displacement compared with the central 1.5 mm
(Table 3) in the preoperative (TE–T0; P = 0.004), post-
operative (TL–T0; P = 0.002), and entire follow-up
(TL–TE; P . 0.001).

Interestingly, the coronal displacement occurring
across the entire pre- and postoperative follow-up (TL–

TE: 67.0 6 11.1 mm; Table 3) represented the greatest
linear dimension measured on the coronal plane
throughout this study.
Retinal coronal displacement across the entire 9 · 9-

mm IR photos highly correlated with the x component
of the horizontal crosshair line in the preoperative (TE–

T0; P , 0.001) and with the vertical component of the
vertical crosshair line (P = 0.002).

Sagittal (In-Depth) Retinal Displacement

The average sagittal retinal displacement measured
in OCT scans is reported in Table 4 and is significantly
greater after surgery than before.
Interestingly, the average sagittal dislocation was

significantly greater than the corresponding coronal
displacement of the horizontal crosshair line for each
considered time frame (P , 0.001 for T0–TE and TL–

T0; P = 0.01 for TL–TE).
Preoperative (T0–TE) and postoperative (TL–T0)

sagittal displacement correlated with horizontal meta-
morphopsia changes through the same time frame (P =
0.006 and P = 0.026, respectively).
Postoperative (TL–T0) sagittal displacement corre-

lated with postoperative BCVA changes (P = 0.026)
while both postoperative (TL–T0) and overall (TL–TE)
sagittal displacement correlated with OCT foveal thick-
ness changes (P = 0.009 and P = 0.035, respectively).
Sagittal displacement also correlated with the coro-

nal displacement along the crosshair horizontal and
vertical lines (P = 0.029 and P = 0.034, respectively),
the tangential displacement in the central 0.5 mm
radius (P = 0.077), and the change in horizontal meta-
morphopsia in the preoperative (T0–TE; P = 0.046)
and postoperative period (TL–T0: P = 0.034).

Discussion

Retinal displacement represents the hallmark of
ERMs, and the surgical removal of epiretinal tissue

Fig. 1. Visual acuity (BCVA; top right; A) and foveal thickness (bot-
tom right; B) during follow-up. Note the decrease between TE–T0 and
subsequent recovery.

Fig. 2. Vertical and horizontal
metamorphopsia during follow-
up.
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is the treatment of choice if vision decreases.10 The
pathogenic mechanism is often and improperly simpli-
fied as a “contraction” of the “retinal surface” and the
coronal (often and somehow improperly defined as
“tangential” in clinical speech) component is regarded
as the predominant feature, while ERMs indeed affect
the entire retinal structure, and displacement occurs
along all three axes as shown by en face11 (coronal)
and sagittal OCT imaging.12 Artificial intelligence al-
gorithms also found alterations in the inner perifoveal
retina to be better predictors of visual impairment13

than surface indicators, and Li et al.14 found the
amount of retinal surface undergoing thickening as
the only significant predictor of visual impairment
before surgery. A recent meta-analysis, however,
found the integrity of EZ, interdigitation zones, and
photoreceptor outer segment length as predictors of
better visual outcomes after surgery.15

The effects of retinal displacement and resultant
vascular pattern modifications16 interfere with axonal
transport17 and affect all retinal layers and cells,
including Muller,18 bipolar, astrocytes,19 ganglion,20

and photoreceptors, thus explaining vision loss and
metamorphopsia.
Although it is always impossible to pinpoint the

exact “beginning” of a disease, our series spanned
most if not all the pathological process with a lengthy
follow-up before and after surgery and most likely
included the most functionally significant part of dis-
ease development leading to visual loss and its resto-
ration. All patients, in fact, had TE visits at least six
months before surgery was deemed necessary and an
average BCVA of 20/28 (Table 2, Figure 1) at their
first visit.

Interestingly, both coronal and sagittal postoperative
displacement largely exceeded the preoperative (see
Tables 3 and 4) confirming earlier findings.4 Even
more importantly, the displacement vectors orientation
across the posterior pole (9 · 9 mm image; Figures 3
and 4) and occurring between the latest and earliest
visits (TL–TE) pointed in the most diverse directions.
The postoperative visual restoration and metamor-

phopsia reduction (Figure 1), reported in the litera-
ture21 and consistent with our series (Figure 2), do
not correspond to restoration of the previous anatom-
ical architecture since postoperative displacement ex-
ceeded the preoperative one and the mean difference in
retinal displacement between the earliest and latest
visits (TL–TE) was 67.0 6 23.4 mm on the coronal
plane and 357.6 6 320.8 mm across the sagittal plane
of the horizontal macular scan, respectively (Table 4).
In other words, whatever pathological displacement
occurred before surgery, causing visual loss and meta-
morphopsia, it did not reverse during the postoperative
period which is by no means a “disease rewinding”
process, despite functional improvement (see displace-
ment vectors in Figures 3 and 4).
The coronal displacement surprisingly did not

correlate with horizontal metamorphopsia, which
instead correlated with the sagittal displacement across
the horizontal macular OCT scan both in the pre-
operative (T0–TE; P = 0.046) and postoperative period
(TL–T0: P = 0.034). The reason could be related to the
“flattening effect” of all retinal layers within IR images
but is most likely due to the preferential displacement
along the sagittal axis and/or the higher impact of such
displacement on visual function. In addition, it should
be noted that the algorithm detection capability in

Table 3. Average Coronal Retinal Displacement Vector (in mm) of the Entire Considered Area and Concentric Circular
Areas Centered on the Foveola of Increasing Radius

T0–TE TL–T0 P TL–TE

Entire 9 · 9 mm field 30.1 6 29.1 65.9 6 18.8 0.020* 67.0 6 23.4
R , 0.5 mm 14.4 6 6.4 18.3 6 14.0 0.378 13.5 6 5.3
R , 1.5 mm 15.4 6 10.2 22.7 6 7.3 0.72 27.9 6 11.5
R , 4.5 mm 19.8 6 17.9 41.1 6 11.5 0.017* 40.7 6 11.6
Horizontal crosshair line 23.4 6 14.4 46.3 6 29.6 0.027* 51.2 6 31.1
Vertical crosshair line 22.8 6 13.3 47.0 6 23.8 0.027* 45.9 6 29.8

T0 is immediately (,1 week) before surgery.
*Flags significant P values.

Table 4. Average Sagittal Retinal Displacement Vector (in mm) Measured in OCT Horizontal Scan Transecting the Fovea
Images

T0–TE TL–T0 P TL–TE

Structural OCT 140.9 6 84.6 339.7 6 172.5 0.017 357.6 6 320.8

T0 is immediately (,1 week) before surgery.
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sagittal OCT scan is higher, and therefore there is
a higher density of vectors within the fovea and pos-
sibly more chances of achieving significance.
Our findings support the concept that ERMs should

not be considered a retinal surface disease since the
average sagittal dislocation was significantly higher
than the coronal one at any time frame (see Results
and Table 4). Such displacement also appeared to be
functionally relevant as it correlated with postoperative
BCVA changes and horizontal metamorphopsia both
in the pre- and postoperative periods, unlike coronal
displacement. The reason for such an apparent contra-
diction may reside as previously mentioned in the
highest resolution of OCT images offering more data
to the analysis but is most likely related to the stretch-
ing of cellular elements along the sagittal plane shown
by OCT images and perpendicular (and therefore
invisible) to the IR images plane (Figures 3, 5, and 6).
Interestingly, the coronal displacement showed

a centrifugal gradient with more displacement occur-
ring in the periphery (Table 3). This is likely due to the
force exerted by the vascular arcades being the stiffest
structure in the retina after ERM has been peeled,
often together with the internal limiting membrane or
with fragments of it. However, this behavior could
also be attributed to an algorithm selection bias due
to the preferential identification of “conspicuous
points” representing vessels in IR images.
In summary, we applied matrix dislocation analysis

to IR retinographies and OCT macular horizontal scans
to measure the vector dislocation along the coronal and
sagittal planes thus trying to compare them with
functional indicators before PPV for ERM removal.
Although we succeeded in demonstrating significant
dislocation and meaningful correlations, predictors of
visual behavior remain elusive and difficult to identify.

Key words: metamorphopsia, epiretinal membrane,
macular pucker, retinal layer, retinal displacement.
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Fig. 3. Pt 12 coronal (A) and
sagittal (B) displacement vectors
displaying the entire course of
the disease from the earliest
(224 months) to the latest (+30
months) available visit (TE–TL).
The sagittal OCT scan (B) is
a horizontal foveal scan taken
where the dashed black line is in
(A). Vision in the same time
frame returned close to pre-op
values from 0.22 logMAR (20/
33 Snellen) to 0.30 logMAR
(20/40 Snellen).

Fig. 4. Pt 14 coronal displacement between TE (12 months before
surgical indication was given) and TL (48 months after surgery). Note
the erratic direction of displacement vectors and their module (length of
the arrow): they indicate quite a significant change in retinal topography
after surgery and visual improvement from 20/50 (0.29 logMAR at TE)
dropping to 20/80 (0.60 logMAR at T0) and improving to 20/25 (0.09
logMAR at TL).
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