
Eye (2021) 35:3049–3055
https://doi.org/10.1038/s41433-020-01381-1

ARTICLE

Biometric refractive error after cataract and retina surgery: a
systematic review and a benchmark proposal

Alba Miele1 ● Carlo Fumagalli2 ● Giacomo Abbruzzese1 ● Alfonso Savastano 1
● Stanislao Rizzo1

●

Fabrizio Giansanti1 ● Gianni Virgili1

Received: 22 May 2019 / Revised: 25 November 2020 / Accepted: 18 December 2020 / Published online: 8 January 2021
© The Author(s), under exclusive licence to The Royal College of Ophthalmologists 2021

Abstract
Purpose To systematically review studies on refractive error after phacovitrectomy and phacoemulsification and to inves-
tigate factors associated with larger error.
Materials and methods A literature search was performed using PUBMED and EMBASE until May 2020. The articles were
included in the study if they reported data about refractive error as the difference in spherical equivalent between actual vs.
target refraction in patients who underwent phacovitrectomy and phacoemulsification according to the type of biometry
(ultrasound or optical). An inverse variance meta-analysis technique was used to pool errors; standard deviations (SDs),
which are an expression of random error, were reported descriptively as median and range of the 95% coefficient of
reproducibility (95% CR: 1.96 SD).
Results Twenty-one studies (197,353 eyes) were included. The mean error obtained using optical biometry was negligible
for phacoemulsification (0.04 D, 95% CI: −0.04 to 0.12; 8 studies, 587 eyes) and was consistent with larger datasets using
mixed biometric methods (0.02, 95% CI −0.07 to 0.04; 5 studies, 194,522 eyes). A trend towards hyperopia was found with
ultrasound biometry after phacoemulsification (+0.21 D, 0.00–0.42 D; 7 studies, 394 eyes). Mean error after phacov-
itrectomy was clinically insignificant with optical biometry (−0.10 D, −0.22 to 0.02;, 8 studies, 453 eyes), and) and a mild
myopic shift was possible with ultrasound biometry (−0.39 D, 95% CI: −0.68 to −0.09 D; 6 studies, 529 eyes). The 95%
CR was greater and more variable with ultrasound biometry in patients who underwent phacovitrectomy (median 1.75 D,
range 0.47–2.5) while it was consistent and lower with optical biometry in patients who underwent phacoemulsification
(median 0.96 D, range 0.60–1.2]).
Conclusions Phacovitrectomy causes a mild myopic shift compared to phacoemulsification, which is clinically relevant only
with ultrasound biometry. Furthermore, our review provides estimates of fixed and random error for postoperative vs. target
spherical equivalent as a continuous variable, that is easy to use as benchmark for quality assurance.

Introduction

Cataract surgery is the most common minimally-invasive
procedure performed worldwide and serves multiple pur-
poses, from improvement of pre-existing refractive error to

optimisation of uncorrected visual acuity. Phacoemulsifi-
cation combined with vitrectomy is also recommended
when cataract prevents optimal visualisation of the retina in
macular disease [1–4].

Accurate pre-operative measurements and optimisation
of IOL power formulas are key to reduce post-operative
refractive error and guarantee the best refractive outcome
possible [5, 6].

A mismatch between expected and achieved refractory
outcome is inevitable. A potential source of mismatch is the
accuracy of the device used for measuring axial length
(AL), such as optical biometry rather than ultrasound (US)
biometry. Formulas for intraocular lens power calculation
(Haigis, Hoffer –Q, Holliday, SRK/T) and IOL constants
can be optimised to reduce refractive error but none are
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ideal when vitrectomy is added to cataract surgery [7]. The
effect of intraocular silicone oil or gas tamponade can dis-
place the lens/IOL and reduce anterior chamber depth
(ACD) [8].

Phacovitrectomy, which involves combining phacoe-
mulsification and vitrectomy in a single procedure is
increasingly used, especially for the treatment of macular
holes and epiretinal membranes [9, 10]. Despite all the
advantages of phacovitrectomy, individual studies have
shown inconsistent findings regarding the accuracy of the
prediction of intraocular lens power calculations compared
to phacoemulsification [3, 10–12]. The latter is calculated as
the intended spherical equivalent to predicted spherical
equivalent (actual error minus the predicted). The negative
refractive error is called myopic shift, while the positive
refractive error is called hypermetropic shift [13, 14].

The aim of this study was to systematically review stu-
dies on refractive error after phacovitrectomy and phacoe-
mulsification and to investigate factors associated with
larger error.

Materials and methods

A search was performed until May 2020 on Pubmed and
Embase using the following search strings:

1) ((((Optical OR ultrasound) and biometr*)) AND
((macular AND (hole* OR pucker*)) OR Epiretinal mem-
brane* OR Retinal detach*)) AND (phacovitrectom* OR
Cataract* OR phaco-vitrect* OR Phacoemulsificat* OR
phaco-emulsificat*)) AND (((postoperat* OR post-operat*
OR change* OR outcome* OR target?) OR refract*) OR
“myopic shift” OR “intraocular lens”

2) (((((Optical OR ultrasound) AND biometr*))AND
((Macular AND (hole* OR pucker*))OR epiretinal mem-
brane*or retinal detach*)) AND (phacovitrectom* OR
cataract* Or phaco-vitrect* OR phacoemulsificat*OR
phacoemlusificat*)).

To identify the studies to be included in the systematic
review, initially titles were evaluated, then the abstract and
finally the complete text of the article. The articles included

in the study had to enrol patients in whom the intraocular
lens was positioned in the capsular bag and the patient
sample had to be greater than five. Those studies that did
not report continuous refractive error after phacovitrectomy
or phacoemulsification were excluded. Studies were also
excluded from the systematic review if the lens was routi-
nely positioned in the ciliary sulcus. Finally, when a two-
stage intervention was used in separate surgical interven-
tions (PPV and subsequently phacoemulsification), we
considered it as a single phacoemulsification.

Once the articles were selected, data were extracted
regarding the type of intervention performed (phacoe-
mulsification or phacovitrectomy), the refractive error after
these operations, the biometric technique used (optical or
ultrasound), the patient’s condition and the formula used.
We also recorded when patients were treated with silicone
oil as an intraocular tamponade. When studies reported data
obtained on the same sample with different formulas (SRK/
T, Holladay1/2, Hoffer Q, Barrett universal 2) we extracted
the results of the SRK/T formula as it was the most used
formula.

The search for articles and data processing were per-
formed by two operators. A third impartial reviewer was
involved in cases of disagreement.

Statistical analyses

An inverse variance meta-analysis technique was used to
pool refractive errors; standard deviations (SDs), which are
an expression of random error, were reported as median and
range of the 95% coefficient of reproducibility (CR:
1.96*SD). All analyses were carried out using Stata
15.2 software (StataCorp, College Station, TX, USA).

Results

Results of searches

Figure 1 summarises the PRISMA flow Diagram for article
selection based on searches conducted in May 2020.

Fig. 1 PRISMA flow diagram
updated in May 2020. The
PRISMA flow diagram for
article selection based on
searches conducted in May
2020.

3050 A. Miele et al.



Our systematic review was based on a total of 21 articles
(197,353 eyes), including: 13,119 eyes from 19 studies
conducted at a single centre; 8677 eyes from a large study
using an electronic database in Scotland (number of centres
not specified, seven consultants operated nearly all
patients); 175,557 cases from a Europe-wide database in 12
countries (53 sites, with the Netherlands as a single site)
from a recent study based on the EUREQUO registry [15].

Of the 21 articles included in this review, 8 compared
refractive error between phacovitrectomy for maculopathies
and phacoemulsification alone for cataract, [3, 9–12, 16–18]
9 studies investigated phacoemulsification alone [3, 10, 11,
17, 19–21], and 6 phacovitrectomy alone. [5, 12, 13, 22, 23]
In 14 studies on phacovitrectomy, 9 included only macular
diseases [3, 5, 10, 12, 18, 21, 24–26] and 5 included a
miscellanea of retina disease including retinal detachment
[11, 13, 22, 27, 28].

Regarding biometry techniques, 4 studies compared
optical with US biometry [11, 16, 26, 29], 6 studies each
used optical [5, 8, 12, 13, 23, 27] or US [3, 17–19, 21, 28]
biometry only. Among studies using US biometry, 2 articles
reported the refractive error after phacoemulsification in
eyes with silicone oil [8, 27].

Abu El Einen et al. [27], reported data in patients oper-
ated on cataracts after vitrectomy with silicone oil and we
only extracted the data relating to the B-scan ultrasound,
considering the A-scan ultrasound more subject to error.

Quantitative results

Figure 2 shows the meta-analysis of the mean differences
between predicted and target spherical equivalent. In this
figure, study weights (the boxes corresponding to point
estimates of each study) were derived by the fixed-effects
method for presentation purposes, whereas both fixed and
random effects meta-analyses are presented. As expected,
given its large sample size, EUREQUO had 90% of the
fixed-effect weight in the meta-analysis, but only 6% in
the random-effect model, meaning that smaller studies are
as informative as large studies in random-effects models.
Nonetheless, fixed and random effects point estimates are
very similar, suggesting the robustness of our meta-
analysis.

The mean spherical equivalent error (dioptre) obtained
with optical biometry was close to nil for phacoemulsifi-
cation, with 95% CI excluding clinically significant mean
error (0.04, 95% CI −0.04 to 0.12; 8 studies, 587 eyes). The
95% predictive interval, which includes between-study
variance and is interpreted as the interval of possible results
in a new study, was −0.22 to 0.30 D, also suggesting little
imprecision. These results matched those of larger studies
(5 studies, 194,522 eyes), including two electronic datasets,
using mixed biometric methods (0.02, 95% CI −0.07 to

0.04) which should have used optical biometry in nearly all
cases, according to standard clinical practice. A slightly
hyperopic shift was recorded when ultrasound biometry was
used after phacoemulsification (0.21, 95% CI 0.0–0.42;
7 studies, 394 eyes) with relatively large predictive intervals
(−0.48 to 0.91) because of larger heterogeneity of study
estimates.

Mean spherical equivalent error after phacovitrectomy
was also small when optical biometry was used (−0.10,
95% CI −0.22 to 0.02; 8 studies, 453 eyes) with larger 95%
predictive interval with respect to phacoemulsification
(−0.48 to 0.28). As expected, the mean error was larger
with ultrasound biometry, causing a myopic shift (−0.39,
95% CI: −0.68 to −0.09; 6 studies, 529 eyes) and large
between study (95% predictive interval −1.45 to 0.68).

Figure 3 shows the results of the individual studies
including the mean error (or fixed bias) with 95%
Bland–Altman limits of agreement (±1.96 times the SD of
the differences). The 95% CR is also presented, which
indicates the absolute value of the random component of the
error once the fixed bias is accounted for.

As expected, the 95% CR (in dioptres) was smaller for
studies where optical biometry was used with phacoe-
mulsification, the errors being between ±0.63 and ±1.2 with
a median of ±0.96. This error was slightly smaller than that
found in large studies using mixed or unspecified, biometry
techniques, which should have used optical biometry in all
but few difficult cases.

When optical biometry was used with phacovitrectomy,
a greater error was obtained, ranging between ±0.96 and
±1.7, with a median of ±1.4.

Ecobiometry resulted in a greater and more variable error
after phacoemulsification, between ±1.1 and ±2.6, with a
median of ±1.7. Noticeably, two of these studies performed
phacoemulsification after vitrectomy for retinal detachment,
with silicone oil making ecobiometry difficult to perform
and less precise. The same result was found for ecobiometry
after phacovitrectomy, with errors between ±0.47 and ±2.5
and a median of ±1.65.

Discussion

Our study has systematically reviewed the evidence on the
biometric error using the difference between intended and
target spherical equivalent with optical or ultrasound bio-
metry after phacoemulsification or phacovitrectomy. We
found that optical biometry yields no mean error after
phacoemulsification, whereas ecobiometry induces an
average mild hyperopic shift of about +0.2 D. Greater mean
differences are recorded after phacovitrectomy, with a
myopic shift between −0.2 and −0.4 D for optical and
ecobiometry, respectively.

Biometric refractive error after cataract and retina surgery: a systematic review and a benchmark. . . 3051



Moreover, we provide a description of the variability of
the random error across studies, expressed as 95% CR,
which shows the expected biometric error width around the
fixed bias. We found that the 95% CR is expected to be
within ±1 dioptre for 95% of patients for optical biometry
after phacoemulsification; using our estimates, the 99% CR
can be computed with an increase by about 30%, i.e. to ±1.3

dioptres, meaning that larger errors are expected in one in
100 patients. These values could be used as a basis for
quality assurance and patient information.

Biometric error is substantially larger after phacoe-
mulsification when ecobiometry is used (95% CR ± 1.7
dioptre, 99% CR about ±2.2 dioptre); moreover, the average
spherical equivalent error was variable across studies,

Fig. 2 Meta-analysis of the mean differences between predicted
and target refraction. In this figure, study weights (the boxes cor-
responding to point estimates of each study) were derived by the fixed-

effects method for presentation purposes, whereas both fixed and
random effects meta-analyses are presented.
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ranging from about 1–2.5 dioptres, meaning that patient
selection, the quality of ecobiometry or other clinical factors
could play a role to explain the differences between studies.

The random error was slightly larger with optical bio-
metry after phacovitrectomy, with a median 95% CR value
of ±1.3 dioptres and upper values of ±1.7 dioptres, meaning
that the 99% CR would be a median ±1.7 and upper values

of ±2.2 dioptres respectively. Errors are even larger when
ecobiometry is used with phacovitrectomy. Considering
fixed and random error, as well as heterogeneity of results,
we suggest that biometric error up to 3 dioptres is rare, but
not exceptional, after phacovitrectomy.

When searching for the evidence for our review, we did
not find previous meta-analyses of spherical equivalent

Fig. 3 The results of the individual studies including the mean
error (or fixed bias) with 95% Bland–Altman limits of agreement,
which express the maximum error obtained in the study, are

presented. The 95% CR is also presented which indicates the random
component of the error once the fixed bias is adjusted for.

Biometric refractive error after cataract and retina surgery: a systematic review and a benchmark. . . 3053



error as a continuous measure after cataract surgery or
phacovitrectomy. In 2017, the UK National Institute for
Clinical Excellence (NICE) conducted an evidence review
in support of cataract surgery guidelines and found 17 stu-
dies providing data on various questions regarding bio-
metry, focusing on several comparisons between biometric
formulas and IOL type, including accuracy in eyes with
different axial length, surgery in eyes with previous
refractive surgery, and refinement based on second-eye
surgery. This large assessment used Bayesian network
meta-analyses to pool mean absolute error and the propor-
tion within 0.25, 0.5 and 1 dioptre of target refraction, and
focused on comparisons between techniques and devices
rather than on the variability of biometric error across
providers, which is the scope of our review.

Our meta-analysis of biometric error as a continuous
measure has advantages in terms of transferability of the
results. In fact, the SD of the biometric error can be precisely
measured in a small sample of about 100 individuals [30],
which would be insufficient to reliably estimate the propor-
tion of subjects exceeding 1 dioptre, which is currently 5
patients in 100 interventions. We suggest that a collection of
data from a representative random sample of consecutive
cases may be used as the minimum sample size for quality
assurance audits using continuous spherical equivalent error.

Our study has several limitations. First of all, we did not
search for unpublished information from reports that may
have been collected as part of quality assurance initiatives in
individual services or health networks. Such information is
not only be difficult to retrieve, but also impossible to
collect systematically. Moreover, systematic reviews gen-
erally adopt validated instruments to assess risk of bias of
included studies. This was not possible in our review since
we are not aware of any tool that may be used in reviews of
measurement error. We suggest that studies should include
consecutive patients and motivate any missing follow-up
data and exclusions, for example because of complications
during cataract surgery. Studies could also report on any
quality assurance interventions adopted, which may enable
researchers to investigate sources of heterogeneity and
identify good practice.

A further limitation of our review concerns our analysis
plan, which did not aim to extract the proportion of patients
within ±1 dioptre of target refraction, which has been
widely used in studies on biometric accuracy after cataract
surgery. Nonetheless, we have presented above the advan-
tages of our method.

Finally, we did not provide subgroup data on factors that
influence biometric error. We refer to EUREQUO [15],
other reviews [26, 28, 29, 31], as well as to the NICE
guidelines [32] for systematic reviews on biometric error in
hyperopic or myopic eyes, or after refractive surgery.

Implication for clinical practice and future research

Our study showed that phacovitrectomy leads to mild
myopic shift compared to phacoemulsification alone. This
myopic shift is more evident using ultrasound biometry,
whereas it is clinically insignificant if optical biometry is
used. Furthermore, acceptable limits for biometric error,
which can be reasonably assumed to be our 99% CR esti-
mates, were estimated to be 1.3 D for phacoemulsification
and 1.7 D for phacovitrectomy. This data can be used as a
benchmark and information to the patient.

Summary

What was known before

● Phacovitrectomy causes a mild myopic shift compared
to phacoemulsification.

● The myopic shift is clinically relevant only with
ultrasound biometry.

● The myopic shit is clinically insignificant if optical
biometry is used.

What this study adds

● Furthermore, acceptable limits for biometric error,
which can be reasonably assumed to be our 99% CR
estimates, were estimated to be 1.3 D for phacoemulsi-
fication and 1.7 D for phacovitrectomy.

● This data can be used as a benchmark and information to
the patient.
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