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Purpose: We assessed the role of vitreoretinal interface status in the development of
pseudophakic cystoid macular edema (PCME) after cataract surgery.

Methods: Prospective cohort study in which 112 patients (112 eyes) scheduled for
cataract surgery were selected at random to undergo spectral domain optical coherence
tomography (OCT) within 1 week preoperatively and at 1 and 3 months postoperatively.
Spectral domain OCT macular images included no vitreoretinal contact, focal and diffuse
vitreomacular adhesion, focal and diffuse vitreomacular traction, epiretinal membrane,
macular hole, and macular edema.

Results: The incidence of PCME was 11.6% (13 eyes), all of them being diagnosed at 1
month, and 7 eyes resolved at 3 months. The only risk factor for PCME was detection of
nonsurgical epiretinal membrane by spectral domain OCT before phacoemulsification,
being developed in 5 of 16 eyes (x2 = 0.08, odds ratio 4.53, 95% confidence interval 1.28–
16.13). Other variables such as posterior vitreous detachment, subfoveal choroidal thick-
ness, diabetes, or hypertension were not significantly associated with PCME.

Conclusion: In this cohort, preoperative detection of epiretinal membrane by spectral
domain OCT was a risk factor for PCME after cataract extraction. It is recommended to
perform a spectral domain OCT before cataract surgery because the presence of an
epiretinal membrane may be passed unnoticed by fundus examination.
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Lens opacity is the leading cause of visual loss, and it
is estimated that today 20 million people are blind

from this condition.1 Cataract surgery remains the
most effective way to help restore vision for those with
cataracts and is the most common procedure performed
by the ophthalmic surgeon worldwide. According to the
World Health Organization (WHO) for the control of
cataract avoidable blindness, it is necessary to increase
cataract operations to 20 million in 2010 with a final
target of 32 million cataract surgeries annually by the
year 2020.1 However, the foreseeable increase in cataract

operations will be also associated with an increased risk
of complications. Although technical advances have
largely improved the final functional results, the
development of postoperative complications such as
postoperative macular edema still remains a potential
sight-threatening problem of major concern. In a retro-
spective database study of 81,984 eyes undergoing cat-
aract surgery in 8 independent United Kingdom clinical
sites, a previous diagnosis of epiretinal membrane
(ERM) was associated with a risk ratio of 5.60 for the
development of pseudophakic macular edema.2
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Pseudophakic cystoid macular edema (PCME), also
known as Irvine–Gass syndrome, is one of the most
common complications after cataract surgery, being
diagnosed in 0.1% to 5% of cases with fundoscopy,
reaching more than 20% when ancillary tests are
used.3,4 It can occur during the first year after surgery,
but is more frequent within the first 3 months post-
operatively.5 Although it is usually a self-limiting
disease, in some cases, it can persist despite treat-
ment causing decreased visual acuity. The etiology is
not yet fully understood. Inflammatory mediators and/
or anterior–posterior traction induced during the sur-
gery have been suggested as main risk factors.2,6,7

These factors could disrupt the blood–retinal barrier,
increase vascular permeability, and cause intraretinal
cysts in predisposed eyes. Other conditions, such as
previous uveitis, diabetes mellitus, or traumatic sur-
gery, have also been implicated, but a definitive
pathophysiologic mechanism has not been identified.8

Optical coherence tomography (OCT) has modified
diagnoses of retinal alterations showing that vitreo-
macular interface abnormalities can cause vision
impairment.9 Optical coherence tomography has also
revealed that macular thickness can be modified after
cataract surgery, and that the presence of an ERM is
more frequent in eyes with PCME. However, little is
known about the role of preexisting vitreoretinal inter-
face abnormalities in the development of PCME after
cataract surgery.
We hypothesized that the occurrence of PCME after

cataract surgery may be more frequent among patients
with a previous abnormal vitreoretinal interface. To
this purpose, a prospective study was designed to
determine the relationship between the presence of
vitreoretinal interface abnormalities detected by OCT
before surgery and the development of PME after
cataract operation.

Patients and Methods

Study Design and Patients

This prospective cohort study was performed with
the approval of the Ethics Committee of Hospital
Universitari Vall d’Hebron (Barcelona, Spain). The
study was conducted in accordance with the principles
of the Declaration of Helsinki for the protection of
human subjects, and written informed consent was
obtained from all participants.
Patients of both sexes prospectively scheduled for

routine cataract surgery over a period of 4 months
(between July 1, 2016, and October 31, 2016) at the
Department of Ophthalmology of an acute-care tertiary
hospital in Barcelona (Spain) were selected at random (one
or two patients) from the operating lists of four ophthal-
mologists who perform cataract surgery at our institution.
Patients were selected provided they agreed to the previous
condition as to come to the hospital for two extra visits in
which ophthalmologic evaluation and OCT examination
were performed. Optical coherence tomography scans
should be of sufficiently good quality to assess the choroid.
Also, in patients selected for inclusion, a further ophthal-
mologic visit within 1 week before surgery was added.
Inclusion criteria were age .18 years, best-corrected

visual acuity (BCVA) equal or better than 20/400
Snellen (1.3 logarithm of the minimum angle of resolu-
tion [LogMAR]), and lens opacity allowing for visuali-
zation of fundus details and to obtain OCT images for
assessment of vitreoretinal interface. Patients with very
low vision (counting fingers) were excluded because
performance of OCT may be more complex and also
because macular pathology is more common. Patients
with high myopia (.6.0D and/or axial length . 26
mm), history of previous intraocular inflammation, ocu-
lar surgery, or indication of treatment with intravitreal
injection of antiangiogenic drugs were excluded from
the study. Treatment with the prostaglandin analog, lata-
noprost, was not allowed. Also, patients with macular
cysts, retinal vein occlusion, geographic atrophy, dense
hemorrhages, subfoveal fibrosis, choroidal neovascular
membrane, full-thickness macular hole, and ERM that
modified the foveal profile (normal foveal profile: the
one in which there was neither correction/elevation of
the foveal profile nor presence of ectopic material) were
excluded, as were those in which the quality of images
was considered inadequate by the investigators. One eye
per patient was included.

Procedures and Outcome

The study included a preoperative visit (baseline)
and 3 postoperative visits at 1 week and at 1 and 3
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months after cataract surgery. The baseline visit
included a complete medical anamnesis and an
ophthalmologic examination and spectral domain
OCT (SD-OCT). History of diabetes mellitus and
hypertension referred by the patient was recorded.
Best-corrected visual acuity was measured as
Snellen fraction (LogMAR in parenthesis). Spectral
domain OCT was performed with the Cirrus HD-
OCT 4000 (Carl Zeiss Meditec, Dublin, CA) under
pupil dilatation. Images were captured using macu-
lar cube (512 · 512) and the HD 5 Line Raster scan
protocol with enhanced depth imaging. Central mac-
ular thickness (CMT) was measured automatically,
whereas subfoveal choroidal macular thickness
(SFCT) was performed manually with the OCT cal-
iper, below the fovea from the outer limit of the
retinal pigment epithelium–Bruch membrane com-
plex to the inner of the sclera at the subfoveal
region. Spectral domain OCT macular images were
classified into the following categories: no vitreor-
etinal contact visible, focal and diffuse vitre-
omacular adhesion (VMA), focal and diffuse
vitreomacular traction (VMT), nonsurgical ERM,
macular hole, and macular edema. All images were
reviewed by two independent ophthalmologists (S.
C. and P.M.-R.), with a third ophthalmologist (M.A.
Z.) in case of discrepancy.
Complete ophthalmologic examination was per-

formed at all postoperative visits, and SD-OCT at 1-
and 3-month visits.
Standard small-incision cataract phacoemulsifica-

tion with foldable intraocular lens implantation
was performed in all patients. The INFINITI
Vision System (Alcon, Irvine, CA) was used in
all cases. The intraoperative lens implanted were
Acrysof SA60AT (Alcon Laboratories, Fort Worth,
TX) or AMO TECNIS-1 (Abbott Medical Optics,
Santa Ana, CA) at the surgeon’s discretion. Post-
operative treatment included topical dexametha-
sone and tobramycin (Tobradex, Alcon Cusi, S.
A., El Masnou, Barcelona, Spain), 5 times a day
for the first week, 4 times a day for the second
week, 3 times a day for the third week, and twice
a day for the fourth week. Topical nepafenac was
added when PME was documented at the 1-month
follow-up visit and treatment was maintained for 2
months.
Vitreomacular interface abnormalities were clas-

sified according to criteria of The International
Vitreomacular Traction Study Group.10 Posterior
vitreous detachment (PVD) was assessed clinically
and by OCT. Nonsurgical ERM was defined when it
did not affect the foveal profile or justified a decrease
in visual acuity.

Statistical Analyses

Patients who completed the 1- and 3-month
follow-up visits were included in the analysis.
Categorical data are expressed as frequencies and
percentages and continuous data as mean and SD.
The chi-square (x2) test or Fisher’s exact tests were
used for the comparison of categorical variables
between the groups of patients with and without pre-
operative vitreoretinal interface abnormalities, and
the Mann–Whitney U test or the Wilcoxon test for
the comparison of quantitative variables. Multiple
logistic regression analysis was used to assess var-
iables independently associated with development of
PCME. Statistical significance was set at P , 0.05.
Statistical analyses were performed with the Statis-
tical Package for the Social Sciences, version 20.0
software (SPSS, Inc, Chicago, IL).

Results

Of a total of 132 patients were assessed for
eligibility, 5 (3.8%) were excluded because of pre-
vious vitreoretinal surgery (n = 3) and indication of
intravitreal treatment with antiangiogenic drugs (n =
2). The remaining 127 patients underwent cataract sur-
gery. Intraoperative complications occurred in four
patients, including zonular disinsertion in two, tearing
of the anterior lens capsule in one, and rupture of the
posterior capsule in one. Anterior vitrectomy was nec-
essary in two patients. None of these four patients
developed cystoid macular edema.
Fifteen patients (11.8%) did not complete the 1- or

3-month follow-up visits for unknown reasons and
were excluded from the analysis. Therefore, the study
population consisted of 112 patients (112 eyes), 40
men and 72 women, with a mean (SD) age of 74.6
(7.6) years (range 50–87 years). Baseline (preopera-
tive) characteristics of these patients are shown in
Table 1. The preoperative characteristic of the 15 pa-
tients lost to follow-up were similar to those of the
patients included in the study. There were 30 patients
with Type 2 diabetes, 4 of which had mild or moderate
nonproliferative diabetic retinopathy. Early or interme-
diate age-related macular degeneration (AMD) was
found in 25% of patients. Posterior vitreous detach-
ment was present in 26 eyes (23.2%). The mean
BCVA was 20/55 (20/26) (range 20/28–20/40) (0.44
[0.12] logMAR, range 0.15–1.3 logMAR). The mean
CMT was 260.96 (28.02) mm (range 126–353 mm),
and the mean SFCT was 225.70 (85.87) mm (range
53–455 mm).
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The incidence of PCME was 11.6% (13 eyes). In all
cases, PME was diagnosed at 1 month after cataract
surgery. All these patients were treated with non-
steroidal anti-inflammatory drug drops until the 3-
month visit. Edema resolved in 7 eyes at 3 months
after cataract surgery. The mean BCVA in patients
with resolved PCME was similar to that of patients
without PCME (20/35 [20/35] vs. 20/30 [20/27], P =
0.67) (0.24 [0.24] vs. 0.18 [0.14] LogMAR). By con-
trast, patients with unresolved PCME showed worse
BCVA at baseline as compared with those without
PCME (20/57 [20/33] vs. 20/55 [20/29], P = 0.7;
0.46 [0.22] vs. 0.44 [0.17] logMAR). In the overall
study patients, the BCVA increased significantly from
20/55 (20/29) (0.44 [0.17] logMAR) at baseline to 20/
30 (20/27) (0.18 [0.14] logMAR) at 3 months after
cataract surgery (P , 0.05). However, BCVA
decreased in six eyes (5.4%), three of them with per-
sistent PME, two with AMD, and one with ERM and
a thick CMT at baseline (351 mm) but with normal
foveal profile.
The distribution of the study variables at baseline

and at the 3-month follow-up visit according to the
presence or absence of PCME is shown in Table 2.
The incidence of PCME was higher among patients
with diabetes, but the difference was not significant
(38.4% vs. 25.2%). Of the five patients with diabetes
and PCME, resolution was recorded in two patients

(40%), whereas among eight patients without diabetes
and PCME, resolution was observed in five patients
(62.5%). Two of the four patients with nonprolifera-
tive diabetic retinopathy showed PCME. The occur-
rence of PCME was unrelated to the presence of
hypertension, AMD, previous vitreous status, or devel-
opment of PVD at follow-up (Table 2).
The mean CMT was 260.96 (28.02) at baseline and

increases to 282.34 (65.32) at 1 month and to 275.38
(42.14) at 3 months after cataract surgery (P , 0.05).
Patients with PCME as compared to those without
PCME showed a significantly thicker retina at baseline
(279.31 [32.02] vs. 258.55 [26.71] mm, P = 0.045) and
at 3 months after cataract surgery (344.15 [71.11] vs.
266.35 [27.92] mm, P , 0.001), even in eyes with
PCME resolution in which CMT at 2 months was
305.14 (36.1) (P = 0.001).
Subfoveal choroidal macular thickness was measur-

able in 100 eyes (89.3%), and significant changes at 1
month and 3 months after cataract surgery as com-
pared with baseline were not found. Changes accord-
ing to the presence or absence of PME were not found
either (Figure 1). Development of PCME was neither
more frequent when the choroidal–scleral interface
was not visible.
In relation to vitreoretinal interface status, there was

only one case of discrepancy between the two inde-
pendent ophthalmologists, one established a diagnosis

Table 1. Baseline Characteristics of the 112 Study Patients

Variables Number (%) Mean (SD)

Sex
Men 40 (35.7)
Women 72 (64.3)

Age, years 74.6 (7.6)
Underlying diseases
Type 2 diabetes mellitus 30 (26.8)
Hypertension 66 (58.9)

Ophthalmoscopic examination
(fundoscopy and SD-OCT)
Mild or moderate NPDR 4 (3.6)
Early or intermediate AMD 28 (25)
Complete PVD 26 (23.2)
BCVA, Snellen 20/55 (20/26)
BCVA, LogMAR 0.44 (0.12)
CMT, mm 260.96 (28.02)
SFCT, mm 225.70 (85.87)

Vitreoretinal interface
Absence of vitreoretinal contact 65 (58.0)
Focal VMA 10 (8.9)
Diffuse VMA 18 (16.1)
Focal VMT 1 (0.9)
Diffuse VMT 1 (0.9)
ERM 16 (14.3)
Lamellar hole 1 (0.9)

NPDR, nonproliferative diabetic retinopathy.
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of VMT and the other established a diagnosis of
ERM (degree of agreement, kappa 0.98). The third
ophthalmologist confirmed the diagnosis of ERM.
No visible vitreoretinal contact was detected in 65
eyes (58%) at baseline. Focal VMA was observed in
8.9% of eyes, diffuse VMA in 16.1%, focal and
diffuse VMT in 0.9% each, ERM in 14.3%, and
lamellar hole in 0.9%. Previous VMA or VMT
detected by SD-OCT was not associated with the
development of PCME. The presence of nonsurgical
ERM at baseline was the only factor associated with
PCME, being developed in 5 of 16 eyes (31.2%) as
compared with 2 of 49 eyes without ERM (4.1%) (x2

= 0.08, odds ratio = 4.53, 95% confidence interval
1.28–16.13).

Discussion

This prospective cohort study was performed to
identify risk factors for the development of PCME
after cataract surgery.9,11 Identification of a nonsurgical
ERM on preoperative SD-OCT was the only variable
associated with PCME. Inflammatory, vascular,12–14

and mechanical15 factors have been implicated in the
appearance of macular edema after cataract extraction,
but the precise etiology remains unclear. Anterior seg-
ment manipulation during cataract surgery or changes
induced in the vitreous after lens removal could induce
alterations in the retina and cause edema in the poste-
rior pole. Increased inflammatory mediators in the vit-
reous after cataract surgery, such as prostaglandins and
leukotrienes, may disrupt the blood–retinal barrier,
resulting in dilatation of parafoveal retinal capillaries,
increased permeability, changes in the inner retina,16

and formation of cystic spaces in the central macula.17

In fact, the role of triamcinolone and dexamethasone
in the treatment of PCME is based mainly on their
inhibition of the biosynthetic pathways of leukotrienes
and prostaglandins and stabilization of the blood–
retinal barrier.18–21 However, the role of vitreous has
not been elucidated, although vitreoretinal interface
has been suggested to play an important role in the
onset of Irvine–Gass syndrome.8 In this study, how-
ever, previous PVD or vitreoretinal contact did not
seem to be a risk factor for PCME. This may indicate
that the development of cystoid macular edema may

Table 2. Distribution of the Study Variables in Patients With and Without PCME

Variables

Pseudophakic Macular Edema (PME)

PAbsent (n = 99) Present (n = 13)

Age, years, mean (SD) 74.5 (7.9) 76.2 (5.0) 0.59
Type 2 diabetes mellitus, % 25.2 38.4 0.31
NPDR, % 8 40 0.055
Hypertension, % 58.6 61.5 0.84
AMD, % 27.2 7.7 0.42
PVD at baseline, % 23.2 23.1 0.99
PVD at follow-up, % 12.1 15.4 0.74
BCVA, Snellen, mean (SD)
Baseline 20/55 (20/29) 20/59 (20/34) 0.78
At 3 months 20/30 (20/27) 20/43 (20/35) 0.25

BCVA, logMAR, mean (SD)
Baseline 0.44 (0.17) 0.47 (0.24) 0.78
At 3 months 0.18 (0.14) 0.34 (0.25) 0.25

CMT, mm, mean (SD)
Baseline 258.55 (26.71) 279.31 (32.02) 0.045
At 3 months 266.35 (27.92) 344.15 (71.11) ,0.01

SFCT, mm, mean (SD)
Baseline 223.64 (84.79) 220.77 (103.03) 0.74
At 3 months 223.67 (82.96) 224.77 (119.75) 0.88

Vitreoretinal interface at baseline, no. (%)
Absence of vitreoretinal contact, n = 65 59 (90.8) 6 (9.2) —

Focal VMA, n = 10 9 (90) 1 (10) —

Diffuse VMA, n = 18 18 (100) 0 —

Focal VMT, n = 1 1 (100) 0 —

Diffuse VMT, n = 1 0 1 (100) —

ERM, n = 16 11 (68.7) 5 (31.2) —

Lamellar hole, n = 1 1 (100) 0 —

NPDR, nonproliferative diabetic retinopathy.
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be influenced by other factors besides status of the
vitreoretinal interface.
In agreement with data reported by others,3,11,22

mean CMT showed a statistically significant increase
at 1 month after cataract extraction, which was main-
tained after 3 months, pointing out a possible leakage.
Also, baseline CMT was thicker in eyes developing
PCME, suggesting that increased CMT thickness may
be a predisposing factor for PCME or the presence of
subclinical PCME, which may not be detected by cur-
rent OCT imaging systems. Inflammatory mediators
may increase vascular permeability leading to an
increase in macular thickness and cyst formation in
eyes with predisposing conditions or previous retinal
vascular disease.
A history of ERM has been associated with an

increased risk of PCME.2,3 In a retrospective database
study of electronic medical records of 81,984 eyes
undergoing cataract surgery, a previous diagnosis of
ERM showed a relative risk of 5.60 (95% confidence
interval 3.45–9.07) for PCME after cataract surgery.4

In this retrospective database study, however, OCT
was not routinely performed before or after surgery,
so that the incidence of ERM could have been under-
reported. In our study, the presence of ERM in the
macular area with no foveal alterations was the only

risk factor for PCME and may implicate a previous
subclinical damage or increased predisposition to both
conditions. It has been estimated that subclinical ERM
as a predisposing factor to the onset of PCME can be
present in 2% to 35% of cases,8,23,24 with a higher
frequency in diabetics versus nondiabetics, as well as
in eyes with diabetic retinopathy and AMD.4,25–29 We
also found a higher occurrence of PCME in patients
with diabetes, particularly when diabetic retinopathy
was present, but a significant association was not
observed.
Intraoperative complications such as posterior cap-

sule rupture, vitreous loss, and lens material luxation
are well-known risk factors for PCME,4 although the
incidence of these complications have decreased in the
past years.28–30 In the present series, anterior vitrec-
tomy was necessary in 2 eyes, but in none of them
cystoid macular edema has developed at 3 months
after surgery.
Treatment of PCME also remains controversial

because macular edema may resolve spontaneously.
However, there is evidence that topical nonsteroidal
anti-inflammatory drugs are more effective than top-
ical corticosteroids in preventing PCME after cataract
surgery,31 although differences in final BCVA have
not been observed. In our patients, preoperative treat-
ment was not prescribed. Postoperatively, patients
were treated with a combination of tobramycin and
dexamethasone, which was tapered in 1 month. In
the 13 patients in whom PCME was documented at
1-month visit, topical nonsteroidal anti-inflammatory
drug drops were administered, with resolution of mac-
ular edema in 7 (53.8%). In these patients, the mean
BCVA was similar to those without PCME, although
CMT was higher. In the three eyes without resolution
of macular edema, BCVA decreased as compared with
baseline, which may suggest that persistence of edema
may be more relevant than its development.
It has been shown that SFCT increase after cataract

surgery and changes in SFCT are greater in patients
with PCME and preceded the increase in central retinal
thickness.32 In our study, significant changes in SFCT
were not observed in the overall study patients and in
those with PCME. The reason for this lack of associ-
ation is unknown. Also, PCME was neither more fre-
quent in eyes in which SFCT could not have been
measured because choroidal–scleral interface was not
visible. However, swept-source OCT is superior to
SD-OCT for measurement of choroidal thickness.33

In our center, patients are scheduled for operation
according to their order of inclusion in the waiting
lists. The first or the second patient in the list who
fulfilled the inclusion criteria and agreed to follow
the study protocol was selected. Patients were

Fig. 1. Optical coherence tomography image showing ERM. Central
macular thickness was 346 mm at baseline (top), but foveal profile and
external retina were preserved. This patient developed PCME (middle)
that resolved at 3 months (bottom).
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selected at random from the lists of four staff
ophthalmologists who perform cataract surgery at
our institution. The selection of more than one or
two surgeons aimed at achieving conditions that are
more similar to the real-world setting. Also,
although more patients could have been included
for each day of surgery, this limited number
ensured the proper quality of care necessary for
the study. Limitations of the study include the
relatively small number of patients and the fact that
other perioperative risk factors, such as phacoe-
mulsification time, were not assessed. Also, 15
patients were lost to follow-up and were excluded
from the analysis, but their preoperative character-
istics were similar to the overall study population
of 112 patients who completed the 2 follow-up
visits. When advanced cataracts are present, quality
of images of vitreoretinal interface by SD-OCT
may be suboptimal. However, poor image quality
was an exclusion criterion in our study. Other
limitations include the fact that fluorescein angiog-
raphy was not performed in the presence of post-
operative edema and that exact SFCT measurement
was not possible in all cases.
In conclusion, in the present cohort, preoperative

detection of a nonsurgical ERM by SD-OCT was
a risk factor for PCME after cataract extraction. It is
recommended to perform a SD-OCT before cataract
surgery because the presence of an ERM may be
passed unnoticed by standard ophthalmologic exami-
nation. Pretreatment with topical nonsteroidal anti-
inflammatory drug can be advocated for patients with
ERM on preoperative OCT scans. Further studies,
however, are needed to confirm the impact of vitreor-
etinal interface abnormalities on the development of
postsurgical macular edema.

Key words: epiretinal membrane, phacoemulsifica-
tion, pseudophakic macular edema, spectral domain
OCT, vitreomacular adhesion, vitreomacular traction,
vitreoretinal interface abnormalities.
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