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Introduction

An epiretinal membrane (ERM) is the proliferation of avascular 
cellular tissue in the inner surface of the retina, known as the 
internal limiting membrane (ILM).1 ERMs can be classified as 
idiopathic or secondary, depending on the etiology. The idio­
pathic subtype develops in the absence of retinal pathology, 
occurring in 95% of cases. The secondary subtype is typically 
triggered by an inflammatory response resulting from a preex­
isting ocular condition, such as a retinal tear, diabetic retinop­
athy, retinal vascular occlusion, or other ocular disorders.1,2

ERMs have varying degrees of visual significance depending 
on the opacity of the membrane, the amount of macular distortion, 
and the location. Patients tend to be asymptomatic when the mem­
brane is thin and translucent; however, as the membrane thickens 
and contracts, it appears more opaque and patients report signifi­
cant visual impairment. Symptoms include decreased visual acu­
ity (VA), metamorphopsia, micropsia, photopsia, and monocular 

diplopia, which can have profound effects on a patient’s day-to-
day activities (eg, reading, driving), thus contributing to an overall 
reduced quality of life.2

Management options for ERMs depend on the patient’s sub­
jective visual symptoms and the objective clinical findings, 
such as the disruption to the retinal layers and the opacity of the 
membrane.3 Patients who are asymptomatic are conservatively 
managed by observation. However, patients who present with 
significant visual disturbances and clinical findings are offered 
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surgical intervention that, in general, includes a pars plana vit­
rectomy (PPV), which aids in visual rehabilitation.4 The proce­
dure involves the removal of the vitreous and peeling of the 
ILM using a forceps and contrast dye, followed by fluid–gas 
exchange.5 However, it is common for PPV to accelerate cata­
ract progression in phakic patients. This occurs secondary to the 
use of gas endotamponade, which increases the partial oxygen 
pressure in the posterior segment, leading to oxidative damage 
to lens in the anterior segment.6 It has been reported that the rate 
of cataract progression in vitrectomized eyes is 6-times faster 
than in nonvitrectomized eyes, with 80% of patients requiring 
surgical intervention for cataract extraction within 2 years of 
the vitrectomy.4

An alternative procedure—combined phacovitrectomy sur­
gery—was introduced in 1990. It consists of PPV for ERM man­
agement and phacoemulsification with intraocular lens (IOL) 
implantation.4,7 The aim is to peel the ERM and remove the cata­
ract while correcting the patient’s refractive error simultaneously 
rather than treating the ERM first and then performing sequential 
surgery to remove the cataract. In recent years, combined surgery 
has become a routine and preferred surgical intervention option 
given the benefits to patients, including rapid visual rehabilitation, 
a reduced risk for intraoperative and postoperative complications 
from a second surgery, a reduced patient burden, and the cost-
effectiveness.8,9 However, to achieve the desired postoperative 
refractive outcome, an accurate biometric reading and preopera­
tive IOL power calculation are crucial. Inaccurate preoperative 
data can lead to an incorrect power estimation and unexpected 
postoperative refractive outcomes that can have an adverse impact 
on the patient.10,11

The outcomes of combined phacovitrectomy have been rigor­
ously debated, with studies reporting variable postoperative 
refractive outcomes and many reporting a postoperative myopic 
shift that usually does not occur in standard cataract surgery.10,12,13 
However, to our knowledge, no studies to date have compared the 
refractive results of combined phacovitrectomy and standalone 
phacoemulsification. The aim of this systematic review and meta-
analysis was to compare the postoperative refractive outcomes of 
these 2 procedures.

Methods

Search Strategy and Study Selection

A database search of Ovid MEDLINE, CINAHL, and the 
Cochrane Library was performed. The search terms included 
“epiretinal membrane”, “idiopathic epiretinal membrane”, 
“ERM”, “cellophane maculopathy”, “macular pucker”, “epiret­
inal fibrosis”, “retinal pathology”, “vitrectomy”, “phaco-vitrec­
tomy”, “phacovitrectomy”, “phacoemulsification”, “cataract 
extraction”, “cataract surgery with vitrectomy”, “intraocular 
lens”, and “IOL”, with truncation and Boolean operators used. 
Limitations were applied to the search strategy to include stud­
ies specific to humans and that are available in English. There 
were no restrictions on the year of publication. The gray litera­
ture was also searched using Google Scholar.

Randomized controlled trials and prospective and retrospec­
tive observational studies (including cohort and case control stud­
ies) comparing the refractive outcomes after phacovitrectomy for 
an ERM and cataract with the outcomes after standalone phaco­
emulsification for cataract were screened for inclusion.

Primary refractive outcomes included the refractive predic­
tion error and the mean absolute error, with the best-corrected 
VA (BCVA) being a secondary outcome. Studies that did not 
include the prediction error, mean absolute error, and BCVA as 
outcomes were excluded. Also excluded were articles that pre­
sented refractive outcomes for phacovitrectomy that were not 
specific to ERM (ie, combined results for other retinal condi­
tions, such as macular holes [MHs] or vitreomacular traction).

The title and abstract for all articles were screened using 
Covidence systematic review software, after which an indepen­
dent reviewer (O.E.) performed full-text screening. Uncertainty 
in screening was resolved by consensus with input from a sec­
ond reviewer (M.V.).

Data Extraction and Critical Appraisal

Data extraction was completed by one author (O.E.) using 
Covidence systematic review software and subsequently Excel 
software (Microsoft Corp). The information collected included 
study identifiers (title, authors, year of publication, country of 
origin, and study design); baseline demographics (number of par­
ticipants, type of intervention, number of eyes in each interven­
tion group, age, and sex); preoperative measurements, including 
axial length (AL), anterior chamber depth, keratometry values, 
and central macular thickness; surgical procedure and formulas 
used to determine IOL power; refractive outcomes, including the 
refractive prediction error and mean absolute error, expressed as 
a spherical equivalent; and BCVA. Information on the IOL, cal­
culation formula, surgery specifications, and number of surgeons 
was also extracted (Table 1).

Two reviewers (O.E., M.V.) independently assessed the 
quality of the included papers using the Critical Appraisal Skills 
Program checklist for cohort and case control studies. A score 
of 0 was assigned for items judged as “no” (high risk for bias) 
or “cannot tell” (unclear risk for bias) and 1 for “yes” (low risk 
for bias).14–16 A maximum score of 11 was possible for each 
appraisal, and any discrepancies in the scores were discussed 
until the reviewers agreed on a final score.

Outcome Measures, Data Synthesis, and Statistical 
Analysis

The primary outcome measures for the systematic review were 
the prediction error and the mean absolute error, expressed as a 
spherical equivalent. The prediction error was obtained by sub­
tracting the actual refraction postoperatively from the predicted 
refraction calculated preoperatively.17 A negative prediction 
error indicates a myopic outcome, whereas a positive prediction 
error indicates a hyperopic outcome.18 A narrative synthesis for 
prediction error was performed to report the weighted mean 
prediction error across the included studies.
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For the meta-analysis, the mean absolute error was used rather 
than the prediction error. The mean absolute error provides an 
average value for the errors without considering direction; there­
fore, it was used to avoid a positive/negative prediction error 
being cancelled out by a negative/positive prediction error.19,20 
The mean absolute error outcomes were combined for the meta-
analysis whereby the mean difference was calculated with the 
95% CI using a fixed-effect model. Heterogeneity between stud­
ies was evaluated by the χ2 test and I2 statistics, where P > .05 
and/or I2 < 50% was considered homogeneity.21

The secondary outcome, BCVA, was reported in a narrative 
synthesis given that a meta-analysis could not performed because 
of the significant heterogeneity.

Statistical analyses were performed with the Review Manager 
statistical software package (version 5.4.1, Nordic Cochrane 
Centre). All mean values are ± SD.

Results

Study Characteristics

Of the 3632 articles found in the database search, 188 duplicates 
were removed, leaving 3444 articles to be screened and 101 

full-text articles to be assessed for eligibility (Figure 1). Ninety-
four articles were excluded for the following reasons: wrong com­
parison group (n = 63), wrong study design (n = 2), wrong study 
outcomes (n = 24), or ERM results could not be extracted (n = 5). 
Seven studies were included in the data analysis, including 6 ret­
rospective case control studies18,19,22–25 and 1 prospective cohort 
study.17 Two studies were from South Korea and 2 from the United 
States; there was 1 study from each of the following countries: 
United Kingdom, Turkey, and Germany.

Table 1 shows the identifiers, baseline demographics, and 
surgical specifications extracted from the included studies. 
Across all studies, a total of 584 eyes were included, 278 eyes 
(48%) in the combined phacovitrectomy group (combined 
group) and 306 eyes (52%) in the standalone phacoemulsifica­
tion group (control group). The mean age was 67.3 years in the 
combined group and 70.4 years in the control group. At base­
line, the mean AL values was comparable between the 2 groups 
(23.73 mm and 23.53 mm, respectively) (Table 2).

In the studies, the biometry method included optical and 
ultrasound A-scan acquisition and the IOL formula used 
was the Haigis or SRK/T. Five articles detailed the surgi­
cal method; 3 studies specified phacovitrectomy with gas 
tamponade and 2 without gas tamponade. In all studies, the 

Figure 1.  Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart of study search strategy.
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participants in the control group were diagnosed with symp­
tomatic cataract only (without retinal pathology) and had 
routine phacoemulsification.

Refractive Predictive Error

Table 3 shows the length of the follow-up period and the post­
operative prediction error in each study. The predictive refrac­
tive mean was provided by Manvikar et al,25 Iwase et al,23 Kim 
et al18 (control group only), and Kang et al.24

For the 6 studies in which the postoperative follow-up visit 
occurred within the first 6 months after surgery, the combined 
weighted mean prediction error was −0.41 ± 0.85 D in the com­
bined group, a myopic shift, and 0.09 ± 0.45 D in the control group.

Mean Absolute Error

Three studies reported the mean absolute error values. These stud­
ies comprised a total of 230 eyes, 95 eyes (42%) in the combined 

group and 135 eyes (58%) in the control group. The meta-analysis 
showed significant between-group differences in the postoperative 
mean absolute error (mean deviation, 0.10; 95% CI, 0.02-0.17; 
P = .01), favoring the control group. No heterogeneity was noted 
between the studies (I2 = 0%; P = .46) (Figure 2).

Best-Corrected Visual Acuity

Of the 3 papers that reported BCVA, 2 reported the postopera­
tive outcome within the first 6 months and 1 reported long-term 
outcomes (1 year and 2 years postoperatively). Overall, the 
6-month review comprised 84 eyes (45%) that had phacovitrec­
tomy and 102 eyes (54%) that had phacoemulsification alone. 
The mean BCVA was 0.34 ± 0.21 logMAR in the combined 
group and 0.575 ± 0.23 logMAR in the control group (Snellen 
equivalent, 6/12 and 6/19, respectively). A meta-analysis was 
not performed for BCVA given the significant heterogeneity 
(I2 = 87%; P ≤ .0001).

Figure 2.  Forest plot of the mean absolute error, comparing combined phacovitrectomy with IOL implantation for epiretinal membrane vs 
concurrent cataract and phacoemulsification alone.
Abbreviation: IV, independent variable.

Table 3.  Follow-up period, predicted refraction, and postoperative prediction error for phacovitrectomy vs phacoemulsification.

Study Follow-up

Mean ± SD

Phacovitrectomy Phacoemulsification

Predicted Refraction (D) Prediction Error(D) Predicted Refraction (D) Prediction Error (D)

Manvikar25

(2009)
2-4 mo −0.42 ± 0.67 −0.10 ± 0.46 −0.34 ± 0.47 0.08 ± 0.32

Iwase23

(2013)
6 mo −0.67 ± 1.08 −0.73 ± 1.27 −0.36 ± 0.61 −0.22 ± 0.62

Kim18

(2015)
3 mo −0.269 ± 0.66 −0.36 ± 0.64 NA 0.077 ± 0.53

Ercan22

(2017)
8 wk NA 0.09 ± 0.50 NA 0.09 ± 0.40

Wagenfeld17

(2017)
4-6 wk NA −0.71 ± 0.36 NA −0.06 ± 0.26

Shi19

(2019)
5 mo NA −0.10 ± 0.52 NA 0.15 ± 0.45

Kang24

(2020)
2 y −0.53 ± 0.33 −0.37 ± 0.48 −0.77 ± 0.50 0.11± 0.90

Abbreviation: NA, not available.
aFirst author.
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Conclusions

Phacovitrectomy, which combines PPV, phacoemulsification, 
and IOL implantation, is routinely performed in patients with an 
ERM. Phacovitrectomy has been shown to have anatomic results 
equivalent to those of sequential surgery as well as advantages, 
such as that it is a single-step procedure, provides rapid visual 
acuity rehabilitation, and is cost-effective.26 Although the proce­
dure is safe, it has been reported that combined surgery may 
result in a higher incidence of postoperative complications (eg, 
cystoid macular edema and pupillary synechiae) than sequential 
surgery because of the longer duration of surgery and the risk for 
inflammation.26,27 Furthermore, the functional outcomes of com­
bined surgery can be compromised, with some studies suggesting 
that the postoperative refractive outcomes are variable and that a 
refractive surprise often occurs. Our systematic review consoli­
dated data from head-to-head studies that compared the refrac­
tive prediction error and VA of patients who had phacovitrectomy 
(combined group) for symptomatic ERM and concurrent cataract 
with the outcomes of patients who had standalone phacoemulsi­
fication (control group).

The findings in this study suggest that patients have a poorer 
refractive outcome after phacovitrectomy, although the VA out­
comes are similar to those of standalone phacoemulsification. The 
weighted prediction error in this study showed a significant myo­
pic shift equivalent to −0.50 D in the combined group, while the 
control group had a weighted mean of 0.09 D. Similarly, the meta-
analysis showed that standalone phacoemulsification results in a 
more favorable mean absolute error than combined surgery for 
ERM. This indicates that the mean absolute error in the control 
group achieved a refractive outcome closer to the target refrac­
tion. This is consistent with the literature that suggests that the 
benefits of a phacovitrectomy may be outweighed by the postop­
erative myopic shift.28,29

The cause of the myopic shift or the variability in refractive 
outcomes after phacovitrectomy is highly debated. Some suggest 
the variability in refraction after phacovitrectomy is a result of the 
intraocular gas tamponade that is injected during the fluid–gas 
exchange during the vitrectomy.28 It is hypothesized that the gas 
bubble causes forward displacement of the capsular bag and IOL 
as a result of the buoyant effect. When the IOL is displaced ante­
riorly, the IOL power has a stronger effect and, in theory, causes a 
myopic shift. However, the studies by Manvikar et al25 and Shi 
et al19 included in our analysis reported a myopic outcome in the 
combined group vs the cataract control group, despite patients 
having combined phacovitrectomy without gas tamponade. 
Manvikar et al25 reported a mean prediction error of −0.10 ± 0.46 D 
in the combined group and 0.08 ± 0.32 D in the phacoemulsifi­
cation group, while Shi et al19 reported −0.36 ± 0.64 D and 
0.077 ± 0.53 D, respectively (Table 3).

These outcomes are supported by another study30 that found 
no statistically significant differences in refractive outcomes 
with intraocular air or gas tamponade for phacovitrectomy sur­
gery for various conditions, including ERM, MH, and rheg­
matogenous retinal detachment (RRD). It has been suggested 

that once the gas dissipates, the IOL moves to a more posterior 
position, which weakens zonular elasticity.26 The varying hypoth­
eses in the literature show that the effect of the tamponade on the 
IOL remains unclear, although given the refractive outcomes, it is 
possible to conclude that the myopic shift after phacovitrectomy 
is independent of the use of gas tamponade.17

Biometric issues could be another reason for the myopic 
shift in patients with an ERM.29 AL measurement is crucial for 
accurate IOL power calculation for any cataract surgery and 
may be dependent on the biometer and/or the formulas used 
for IOL calculation. It has been reported that the myopic shift 
observed in patients after combined phacovitrectomy is caused 
by erroneous IOL calculations that underestimate the AL when 
ultrasound biometry is used to measure it.22,31 This is because 
ultrasonography uses sound waves to penetrate the eye and 
the echoes are an indirect measurement of the tissue, measur­
ing from the anterior cornea to the ILM, thus being suscepti­
ble to changes in macular thickness caused by ERMs. One 
study included our analysis used ultrasound biometry23; the 
prediction error was −0.73 ±1.27 D in the combined group 
and −0.22 ± 0.62 D in the control group (Table 3), showing a 
myopic outcome.

However, studies that used optical biometry also reported a 
postoperative myopic shift with phacovitrectomy, including 5 
studies in our analysis. Optical devices are thought to be reli­
able and repeatable in AL acquisition, measuring the distance 
between the tear film and the RPE layer, which is not affected 
by macular thickening.11,29 This outcome is supported by Kim 
et al,18 who reported that combined phacovitrectomy for ERM 
resulted in a significantly greater myopic shift postoperatively 
than phacoemulsification alone; in both groups, an A-scan and 
the IOLMaster (Zeiss) were used. There was no statistically sig­
nificant difference in the prediction error between the 2 groups. 
Therefore, it can be concluded that the myopic outcome is not 
attributable to the biometry method alone.

Although our analysis focused on the postoperative refractive 
outcomes after phacovitrectomy specific to ERMs, variable 
myopic refractive outcomes have also been observed for other 
vitreoretinal conditions, including MH and RRD. Faulkner-
Radler28 reported a mean prediction error of −0.26 ± 0.67 D in 
the MH group and 0.13 ± 0.61 D in the standalone phacoemul­
sification group. This was further verified by Patel (X),32 who 
reported a mean prediction error of −0.39 ± 1.01 D, confirming 
that standalone phacoemulsification has more favorable refrac­
tive outcomes.

With regard to IOL calculations, it has been suggested that the 
SRK/T formula is less accurate for the combined surgical proce­
dure than for cataract surgery alone.28,30 However, there are con­
flicting findings. Manvikar et al25 reported that the Haigis formula 
has a high degree of accuracy given that it incorporates the patient’s 
preoperative anterior chamber depth measurements as part of the 
IOL calculation. However, the anterior chamber becomes deeper 
postoperatively, which could contribute to the variability in results. 
Of the studies included in this analysis, 43% used the Haigis for­
mula and 57% used the SRK/T formula for the IOL calculations 
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and a myopic refractive outcome was observed with both formu­
las. At present, all IOL calculation formulas assume no retinal 
interference and no formulas are available for eyes having phaco­
vitrectomy or vitrectomy. Therefore, a new-generation formula 
may have to be developed to achieve good refractive outcomes for 
patients.18

Although. this systematic review found that a myopic shift 
with good VA is the most likely outcome of a phacovitrectomy, 
of the 7 studies included in this analysis, 6 were retrospective 
case control studies and 1 was a prospective case study. Including 
prospective cohort studies would provide more robust conclu­
sions. Furthermore, the articles included in this analysis had a 
varying number of surgeons (67% had 1 surgeon and 33% had 2 
surgeons; 1 article did not state the number of surgeons), likely 
as a result of local regulations in the region. For example, phaco­
vitrectomy is performed by 1 vitreoretinal surgeon in most coun­
tries; in some countries, however, phacoemulsification must be 
performed by a board-certified cataract surgeon and PPV by a 
vitreoretinal surgeon. This analysis did not statistically compare 
the refractive outcomes between a 1-surgeon and a 2-surgeon 
approach to determine the differences, if any, in the refractive 
outcomes and to eliminate the risk for bias. Other limitations 
include inconsistent review periods (dependent on specific clinic 
protocols) and that not all the articles specified whether patients 
with postoperative complications were included in their patient 
population, which could have affected the refractive outcomes, 
VA, and visual rehabilitation.

In conclusion, the results in this meta-analysis show that 
combined phacovitrectomy for an ERM results in higher refrac­
tion prediction errors than standalone phacoemulsification for 
cataract removal. Although there was a postoperative myopic 
shift in the combined group only, the postoperative VA was 
comparable between the 2 groups. The cause of the myopic 
shift remains unclear; however, results of the analysis and lit­
erature findings suggest that the myopic outcome is not attribut­
able to the biometry method alone and is independent of the use 
of gas tamponade.
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