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Abstract
Introduction: The aim of the study was to evaluate clinical
and biometric factors leading to a prediction error re-
lated to lens position in pars plana vitrectomy. Methods:
This study was conducted as a consecutive retrospective
case series at the Department of Ophthalmology,
Montpellier University Hospital. All medical files and PCI
biometrical reports from a single surgeon were reviewed
from 2017 to 2019. Patients who had phacoemulsifica-
tion with the ASPHINA 509 MP® intraocular lens were
selected and stratified into 3 groups: phacoemulsifica-
tion alone (group 1), phacoemulsification and vitrectomy
with gas tamponade (group 2), and phacoemulsification
and vitrectomy without tamponade (group 3). Clinical
factors and biometry factors from initial and final bi-
ometry were collected. Refractive error, actual lens po-
sition, C constant, axial length delta, and pre-operative

and post-operative anterior and posterior segment
variation parameters were calculated. Results: A total of
140 eyes were analyzed, 90 in group 1, and 25 in group 2
and 3. The mean prediction error was 0.10 ± 0.55 D
(group 1); −0.36 ± 0.74 D (group 2); and −0.12 ± 0.54 D
(group 3) with p < 0.05 for group 1 vs. group 2. The mean
actual lens position was 5.25 ± 0.29 mm; 5.66 ± 0.60 mm;
and 5.50 ± 0.43 mm for the 3 groups, respectively (p <
0.001). Axial length delta was −0.10 ± 0.13 mm in group
1, −0.062 ± 0.20 mm in group 2, and −0.022 ± 0.17 mm in
group 3 (p = 0.015). Multilinear regression analysis found
a significant and independent influence of vitrectomy
and gas tamponade on prediction error. Conclusion:
Myopic shift in the case of vitrectomy is multifactorial,
effective lens position is modified by vitrectomy and
vitreous refractive index is changing. The integration of
these data in formulas may improve refractive outcome
after cataract and vitrectomy surgery.
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Introduction

With optical biometry improvements and technical
evolution, cataract surgery is now considered a true re-
fractive surgery procedure. Postoperative results are not
as good with phacovitrectomy. We commonly observe a
myopic shift after a combined procedure [1–3] or after
vitrectomy in a patient previously operated on for cat-
aract [1]. This myopic shift could get worse in the case of
gas tamponade [2–4].

Some authors recommend choosing an intraocular
lens (IOL) with a lower power of 0.50 diopters during
combined surgery to anticipate the vitrectomy-related
anterior IOL displacement in the presence of tampo-
nade [4–6]. Some studies have showed a backward
movement of the IOL based on biometric parameters
after phacovitrectomy compared to a phacoemulsifica-
tion alone group [7]. Other studies reported no shift [8],
while yet other studies showed a hypermetropic shift in
the case of phacoemulsification in a previously vitrec-
tomized eye [9, 10]. Literature data are divergent on this
subject, and the elements responsible for this prediction
error are under debate.

IOL power calculation is themain pre-operative step to
reduce prediction error. The latest generation of optical
biometers can reduce measurement errors of anatomical
parameters with better accuracy for axial length (AL) and
keratometry. According to Olsen [11], 42% of refractive
errors are the cause of effective lens position (ELP)
prediction error. There is no specific IOL formula for
vitrectomy, and the IOL power calculation in the case of
phacovitrectomy remains challenging. The aim of this
study was to determine which clinical or biometric factors
were responsible for a prediction error associated with the
IOL position in vitrectomized patients.

Material and Methods

Study Population
We retrospectively and consecutively included all

patients who underwent cataract surgery with ASPHINA
509MP (Zeiss®) IOL implantation in the bag, either prior
to, after, or in combination with vitrectomy to compare
them to a control group of patients who underwent
phacoemulsification alone by the same single surgeon
with the same IOL in the same surgery conditions be-
tween May 2017 and May 2019 in the ophthalmology
department of Gui de Chauliac Hospital of Montpellier.

The studied patients were stratified into 3 groups:
• Phacoemulsification alone (group 1).

• Phacoemulsification and vitrectomy with gas tampo-
nade for retinal detachment and macular hole
(group 2).

• Phacoemulsification and vitrectomy without gas
tamponade for epiretinal membrane, vitreous hem-
orrhage, and complicated proliferative diabetic reti-
nopathy (group 3).
Vitrectomy was performed using a 25-gauge three-

port technique. Scleral plugs were put at 3.5 mm from the
limbus at 2, 10, and 8 o’clock for left eyes and 2, 10, and 4
o’clock for right eyes. Systematic sclerotomy suture with
resorbable wire was performed at the end of surgery.
Gases used in our study were consistently isoexpansive,
following the recommendations of the gas manufacturer.

For cataract removal, the technique included a 2.2-mm
post-limbal incision, a 5.5-mm centered curvilinear
capsulorhexis, and standard phacoemulsification with
implantation of the ASPHINA 509 MP (Zeiss®) in the
bag. All patients included in the study had uneventful
phacoemulsification or vitrectomy surgery.

Exclusion criteria were keratoconus and pre-operative
or postoperative astigmatism greater than 2D (diopters),
pre-operative, or post-operative inability to achieve bi-
ometry with optical low-coherence reflectometry, capsular
rupture during surgery, and implantation outside the
capsular bag. Patients with retinal detachment recurrence,
tractional retinal detachment, and detached macula were
not included. The research was approved by the University
Hospital of Montpellier and followed the tenets of the 1995
Declaration of Helsinki (revised in Edinburgh 2000).

Study Design
An Informatics file was created to report age, sex,

ophthalmologic history, type of surgical procedure, vit-
rectomy indication, post-operative refraction, pre-
operative, and post-operative biometry made with the
Lenstar LS900®. For patients with vitrectomy prior to
phacoemulsification, we used intermediate biometry to
evaluate prediction error.

Ethics
This retrospective study was approved by the Insti-

tutional Review Board of Montpellier University Hospital
(IRB ID: 202000607). Written informed consent from
participants was not required in accordance with local
guidelines.

Biometry Assessment
We analyzed pre-operative and 4–12-week post-

operative biometry for each patient. A comprehensive
biometric assessment was made with the Lenstar
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LS900® optical low-coherence reflectometry. The data
were analyzed using EyeSuite® v3.1.1. provided with
the biometer. The following parameters were mea-
sured: central corneal thickness, anterior chamber
depth (ACD), lens thickness (LT), AL, retinal
thickness, and mean K. The index of refraction
was 1.3375 for the cornea. Calculating IOL power
involved the Barrett Universal II formula for all
patients [12].

Prediction Error
It was defined as the difference between the post-

operative and the predicted spherical equivalent refrac-
tion error (i.e., post-operative refraction error – formula
predicted refraction error) [13].

Actual Lens Position
The actual lens position (ALP) of the IOL was mea-

sured at the exact postoperative position of the center of
the IOL from the corneal epithelium to the center of the
IOL as follows [14]:

ALP � ACD postoperatively + 1/2 LT postoperatively

C Constant
Defined by Olsen in 2014 [15], it is based on the

observation that the IOL tends to locate itself in a defined
position after standard cataract surgery, depending on the
IOL type. The effective C constant has been calculated
postoperatively as recommended in the literature after
surgery as follows:

C constant � ACD post + LT post/2 – ACD pre( ) / LT pre

where ACD post is the postoperative ACD and LT post is
the postoperative LT. C constant of 0.5 means that the
IOL is positioned at the equator of the pre-operative
capsular lens bag.

Anterior Segment Parameters
In each group, we measured the anterior chamber

deepening (ACD post-ACD pre) and the variation be-
tween the ratio anterior segment/AL in pre-operative (SA
pre/LA pre) and post-operative (SA post/LA post). SA pre
was defined by ACD pre + LT pre and SA post by ACD
post + LT post (Fig. 1).

Statistical Analysis and Outcome
Descriptive statistics, such as means, standard devi-

ations, and percentages, were used to summarize the
demographic and clinical characteristics of the study
population.We first performed linear univariate analysis
to evaluate our outcomes in each group, then multi-
variate linear regression to detect independent
relationships.

Multivariate linear regression was conducted, taking
into account the significant confounding factors identi-
fied in the univariate analyses. This adjustment enabled
us to better assess the independent effects of the variables
of interest in controlling for potential influences from
these confounders.

SAS 9 (SAS Inst., Cary, NC, USA) was used for data
analysis. The significance level was set at p < 0.05.

Our main outcome was prediction error measure in
the 3 groups. Our secondary aim was to study the ALP,
the C constant, the AL delta, the ACD delta, SA pre/LA
pre, and SA post/LA post delta in our 3 groups.

Fig. 1. Drawing of the different pre- and
post-surgery measures AS pre was defined
by ACD pre + LT pre and AS post by ACD
post + LT post. AL, axial length; LT, lens
thickness; AS, anterior segment (pre- and
post-operative); ACD, anterior chamber
depth; AL, actual lens position.
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Results

Population Characteristics
The study population consisted of 140 eyes of 140 patients

with a mean (SD) age of 72.41 ± 10.14 years. Patients were
divided into 3 groups by type of procedure. Table 1 shows the
patients’ characteristics by group. Table 2 shows indications
and temporality for the vitrectomy population. Group 1 and
group 3 were comparable for biometric parameters. Group 2
had a higher myopic population than the other 2 groups due
to the retinal detachment population.

Prediction Error
The mean prediction error was 0.107 ± 0.552 D, −0.362 ±

0.748D, and−0.121 ± 0.545D in group 1, group 2, and group
3, respectively, which was comparable to the literature’s data
(Table 3). Multiple pairwise comparisons (Bonferroni test)
showed that groups 1 and 2 were significantly different.

Gas and Positioning
Table 3 describes the type of gas used for patients in

group 2: SF6: 15 (60%), C2F6: 9 (36%), and C3F8: 1 (4%).
The tamponade durations were approximately 3 weeks for
SF6, 4 weeks for C2F6, and around 6 weeks for C3F8.

Regarding patient positioning post-surgery, those with
retinal detachment were positioned on the operated side for
the first 12 h. Following this, the positioning was determined
based on the location of the retinal tears and maintained for
1 week. Patients operated on for macular holes were in-
structed to maintain a face-down position for 1 week.

Biometry Variables
The mean anterior lens position was 5.255 ± 0.290

mm, 5.664 ± 0.604 mm, and 5.664 ± 0.436mm in group 1,
group 2, and group 3, respectively (Table 4). Results were
significant for group 1 versus group 3 (p < 0.001).

Mean C constant was 0.387 ± 0.040, 0.387 ± 0.040, and
0.417 ± 0.080 for the same groups (p 0.136). By com-
paring group 1 versus group 2 + group 3, we had a C
constant at 0.420 ± 0.113 for the vitrectomy group
(p = 0.07).

The AL variation was −0.108 ± 0.138 mm in the PKE
group alone and 0.062 ± 0.205 mm and 0.022 ± 0.171 mm
in groups 2 and 3 with a p at 0.015. The deepening of the
anterior chamber was 1.397 ± 0.283 mm; 1.366 ± 0.585
mm; and 1.362 ± 0.304 mm, respectively, in the 3 groups
(p = 0.874).

The ratio (SA pre/LA pre) was 32.4% ± 1.87, 31.5% ±
2.17, and 32.3% ± 1.78, respectively, in each group with
p = 0.074. Postoperatively, these same ratios were 22.4% ±
1.39; 23.2% ± 3.07; and 23.3% ± 1.63 (p < 0.015) with a
variation between the two at −30.8% ± 3.75 (group 1);
−26.3% ± 8.57 (group 2); and −27.8% ± 6.52 (group 3)
with p < 0.01. For the last two results, groups 2 and 3 were
significantly different from group 1.

Multiple Linear Regression Analysis
To identify independent relation for prediction error,

we performed multivariate regression analysis. The vari-
ables entered in the model were age, sex, gas tamponade,
vitrectomy, pre-operative ACD, and pre-operative AL.

Table 1. Characteristics of the study population by procedure type

Patient’s characteristics Group 1 Group 2 Group 3 p value

PCE only PCE/
PPV/T+

PCE/
PPV/T−

Clinical parameters
Subject number = eye number, n (%) 90 (64.28) 25 (17.86) 25 (17.86)
Side, right, n (%) 46 (51.1) 17 (68) 15 (60) 0.288
Age when PCE procedure was performed, years 75.1±10.4 66.7±8.0 68.4±8.3 <0.001 for G1 vs. G2 and G1 vs. G3
Gender, female, n (%) 46 (51.1) 13 (52) 8 (32) 0.161
Maculopathy history, n (%) 15 (16.6) 13 (52) 22 (88) <0.000001 between each groups

Biometrical parameters
IOL power, diopters 21.10±3.50 19.20±2.90 20.44±3.00 0.008 for G1 vs. G2
Pre-operative AL, mm 23.65±1.36 24.57±1.58 23.65±1.11 0.018 for G1 vs. G2
ACD pre, mm 3.12±0.41 3.37±0.34 3.16±0.41 0.020 for G1 vs. G2
LT, mm 4.51±0.44 4.34±0.38 4.48±0.47 0.211

Values are expressed as percentage, mean ± standard deviation. N, number of subjects; PCE, phacoemulsification; PPV, 3 ports
pars plana vitrectomy; T+, gas tamponade; T−, no tamponade at all; D, diopters.
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In our different models, vitrectomy and gas tamponade
significantly influenced the prediction error. We found the
same relationship for C Constant and ALP (Table 5). In this
analysis, the pre-operative AL and pre-operative ACD were
not statistically significant predictors of prediction error.

Discussion

In the present retrospective consecutive case series, we
observed, consistent with the literature, that vitrectomy
was associated with a systematic myopic shift, particularly
in cases with a history of gas tamponade. Previously, it
was known that vitrectomy could cause refractive
changes, but the exact mechanisms were unclear, with
studies showing conflicting results. Our research adds
new insights by demonstrating that, in phacovitrectomy

and vitrectomy without gas tamponade, the IOL tends to
be positioned more posteriorly compared to the phaco-
emulsification alone group. This highlights the significant
impact of ELP and changes in the vitreous refractive
index on postoperative refractive outcomes.

With technical advancements in PCI biometry, the
measurement errors for AL and keratometry have been
reduced. In our study, the main contributing factor to the
prediction error was an ELP as determined by our
multiple linear regression analysis. Furthermore, by using
a state-of-the-art biometer and small vitrectomy plugs, we
minimized the risk of post-operative astigmatism and
measurement errors.

Regarding the C constant for the implant used in our
study, it aligned with the findings reported by Olsen
and Hoffmann in 2014 [15] based on a sample of 2,043
patients, as well as the works of Plat and Hoa [14]

Table 2. Surgical parameters for vitrectomized patients

Surgical indication, n (%) Surgical procedure temporality, n (%) Tamponade, n (%)

Group 2 MH: 11 (22) Phacovitrectomy: 14 (28) SF6: 15 (60)
PCE/PPV/T+ RD: 14 (28) PCE then PPV: 5 (10) C2F6: 9 (36)

PPV then PCE: 6 (12) C3F8: 1 (4)

Group 3 ERM: 13 (26) Phacovitrectomy: 23 (46) None
PCE/PPV/T− IVH: 1 (2) PCE then PPV: 1 (2)

PDR: 11 (22) PPV then PCE: 1 (2)

Values are expressed as percentage, mean ± standard deviation. PCE, phacoemulsification; PPV, 3 ports
pars plana vitrectomy; T+, gas tamponade; T-, no tamponade; ERM, epiretinal membrane; MH, macular hole;
RD, retinal detachment; IVH, intra-vitreous haemorrage; PDR, proliferative diabetic retinopathy.

Table 3. Comparison of prediction error in diopters

Absolute value
(standard
deviation)

Mean (standard
deviation)

Median
(Q25; Q75)

Number of patients in
target refraction, n (%)

N p value Test

±1.00 D ±0.50 D ±0.25 D

Group 1 0.420±0.336 0.107±0.552 0.140
(−0.140; 0.460)

82 (91) 61 (68) 38 (42) 90 0.005* (G1 vs. G2
and G1 vs. G3)

WMK
Rk sumPCE only

(1 month)

Group 2 0.653±0.503 −0.362±0.748 −0.275
(−0.770; 0.145)

19 (76) 10 (40) 6 (24) 25
PCE/PPV/T+
(3 months)

Group 3 0.426±0.351 −0.121±0.545 −0.035
(−0.510; 0.305)

23 (92) 16 (64) 10 (40) 25
PCE/PPV/T−
(3 months)

Values are expressed as percentage, mean ± standard deviation. N, number of subjects; PCE, phacoemulsification; PPV, 3 ports
pars plana vitrectomy; T+, gas tamponade; T−, no tamponade at all; D, diopters. *Significant.
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constant was modified, indicating a potentially more
posterior position of the intraocular lens in this
group. Furthermore, an analysis of the variation in

ratios (anterior segment/AL) before and after surgery
also suggests that the implant is positioned more
posteriorly than expected during vitrectomy.

Table 4. Comparison of post-operative biometric characteristics

Group 1 Group 2 Group 3 Test p value

PCE only
(1 month)

PCE/PPV/T+
(3 months)

PCE/PPV/T−
(3 months)

ALP, mm 5.255±0.290 5.664±0.604 5.500±0.436 WMK Rk sum <0.001*
(G1 vs. G2 and G1 vs. G3)

C constant 0.387±0.040 0.422±0.141 0.417±0.080 0.136

AL delta, mm −0.108±0.138 −0.062±0.205 −0.022±0.171 0.015*
(G1 vs. G2 and G1 vs. G3)

ACD post – ACD pre, mm 1.397±0.283 1.366±0.585 1.62±0.304 0.874

AS pre/AL pre 32.4%±1.87 31.5%±2.17 32.3%±1.78 0.074

AS post/AL post 22.4%±1.39 23.2%±3.07 23.3%±1.63 0.015*
(G1 vs. G2 and G1 vs. G3)

AS delta −30.8%±3.75 −26.3%±8.57 −27.8%±6.52 <0.01*
(G1 vs. G2 and G1 vs. G3)

Values are expressed as percentage, mean ± standard deviation. ALP, actual lens position; AL delta, post-operative axial
length – pre-operative axial length; ACD, anterior chamber depth; AS, anterior segment; AS delta, (AS pre/Al pre) and (AS post/
AL post) delta; PCE, phacoemulsification; PPV, 3 ports pars plana vitrectomy; T+, gas tamponade; T−, no tamponade.
*Significant.

Table 5. Multivariate analysis with
linear regression for prediction error Variable Beta coefficient 95% confidence interval p value

lower bound upper bound

Age −0.0084 −0.0189 0.0022 0.1196
Gender M vs. F 0.108 −0.0926 0.3094 0.2880
Group 1 vs. group 3 −0.315 −0.5891 −0.0407 0.0247*
Group 1 vs. group 2 −0.545 −0.8278 −0.2620 0.0002*
ACD pre 0.196 −0.1069 0.4989 0.2029
AL pre −0.049 −0.1366 0.0386 0.2703

Age −0.009 −0.019 0.00089 0.0741
Gender M vs. F 0.119 −0.0706 0.3095 0.2161
Group 1 vs. group 3 −0.385 −0.6501 −0.1204 0.0047*
Group 1 vs. group 2 −0.629 −0.8968 −0.3615 <0.0001*
C constant 2.342 1.0797 3.6048 0.0004*

Age −0.007 −0.0169 0.0024 0.1423
Gender M vs. F 0.0335 −0.153 0.22 0.7229
Group 1 vs. group 3 −0.3615 −0.6159 −0.107 0.0057*
Group 1 vs. group 2 −0.7157 −0.9806 −0.4509 <0.0001*
ALP 0.5669 0.3343 0.7995 <0.0001*

ACD pre, pre-operative anterior chamber depth; AL pre, pre-operative axial length;
F, female; M, male. *Significant.
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Some authors have suggested that gas tamponade
could induce zonular elasticity, causing the IOL to shift
anteriorly once the gas has dissipated, resulting in a
myopic shift [6, 16]. However, our biometric studies did
not reveal any anterior movement of the IOL. Conversely,
other authors have proposed that the presence of gas
tamponade and zonular elasticity may lead to a more
posterior positioning of the IOL. In our study, we ob-
served a higher anterior lens position in group 3 com-
pared to group 1, despite similar baseline biometric data.

The Wieger ligament can affect the capsular plane
position [17] and may be altered during vitrectomy,
especially with anterior vitreous and hyaloid removal.
While hyaloid support and zonular damage influence IOL
position, these factors are not yet fully integrated into IOL
formulas, but their inclusion could improve refractive
outcomes.

Origins of the Myopic Shift
In our study, there were 5 indications of vitrectomy, 3

of which involved a clear modification of the macular
architecture (ERM, MH, and complicated PDR). Frings
[18] showed on 47 consecutive phacovitrectomy that
subjects with macular edema had less post-operative
prediction error with a smaller myopic shift than
subjects with normal macular profile. This result shows
us the underestimation of the photoreceptors-cornea
distance measure for subjects with macular edema. In
our study, the retinal detachment population had a
normal foveolar profile and the biggest myopic shift.
Group 3 patients, with a modified macular architecture
(ERM, PDR, MH), did not have such a high prediction
error.

Comparative data from the initial and final biometry
in our study suggest that vitrectomy induces a change
in implant position, and it is likely based on our results
that vitrectomy leads to poor prediction of ELP [11].
Group 3 patients, despite a more posterior position of
the intraocular implant on post-operative biometric
data, have rather good refractive results and are even
very close to group 1. Between these 2 groups, the
difference in prediction error was not significant. There
seems to be an element responsible for myopia in this
group that would “cancel” the hyperopia following the
retreat of the implant (online Supplement 1; for all
online suppl. material, see https://doi.org/10.1159/
000542358).

Vitreous refractive index is a bit superior to the
aqueous refractive index [19] and could explain myopic
shift [16]. Replacement of vitreous by balanced salt so-
lution is changing the refraction index of the eye optic

system. It is the only common parameter of all our
patients.

Some studies have highlighted this element as po-
tentially myopic but without fully integrating it as the
source of a systematic prediction error. To provide
context and contrast to our findings, a summary of past
studies compared to our current study is presented in
online Supplement 2.

Strengths and Weaknesses of Our Study
The strength of our study lies in its inclusion of a

wide range of retinal surgical indications commonly
encountered in everyday clinical practice, involving an
unselected population of patients at a hospital setting.
All patients were operated consecutively by the same
surgeon under the same operating conditions and with
the same techniques, both for the posterior and anterior
segments. It was the same ASPHINA® IOL for all
patients, ensuring standardized conditions across the
study population.

The use of 25 G plugs ensures that significant
topographic corneal changes or induced astigmatism
are not caused [20, 21]. The use of absorbable sutures
only results in refractive changes in the first few
weeks, thus limiting the impact of sclerotomies on
post-operative refraction [22]. Similarly, our results
did not show any variation in AL for the vitrec-
tomized patient groups.

The main limitation of this study is its small sample
and its retrospective nature: a larger sample study
should be conducted to confirm or not our assump-
tions. Second, our study focused solely on the Barrett 2
formula for refractive error calculations, which may
limit the generalizability of our findings to other for-
mulas. Conducting comparisons with different for-
mulas could provide a more comprehensive under-
standing of the topic. However, considering the po-
tential risk of increasing type I error and the widespread
use of the Barrett 2 formula in clinical practice, we
made a deliberate choice to maintain consistency and
reliability.

Necessary Further Investigation
Plat et al. [14], in accordance with Olsen Hoffmann

[15], demonstrated in their study that various IOLs are
not positioned in the capsular bag in the same manner as
each IOL possesses its specific C Constant. IOL design is a
key factor for its position in the bag, as shown by Hwang
and Jee [23] with a prediction error depending on the
number of haptics, for example, 2 or 4. In our study we
utilized a single IOL to limit design bias, although it
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would be intriguing to compare our findings with another
IOL design in a similar population. Most of our patients
had a standard AL between 22 and 26 mm. Eyes with an
AL <22 mm or >26 mm may be subject to other factors
influencing IOL position.

Data from studies of phacoemulsification in patients
already vitrectomized tend to show an absence of “shift”
or even a slight hyperopia [9, 10]. In our study we
compared the initial biometry (prior to vitrectomy and
phacoemulsification) with the final biometry, without
examining the intermediate biometry when it was
available. However, the number of patients in our study
was insufficient to establish a precise hypothesis for this
particular scenario. For now, aiming for +0.50 diopters
more than the true refractive target in the case of pha-
covitrectomy with gas tamponade for retinal detachment
and macular hole to anticipate the myopic shift seems a
good alternative.

Conclusions

This study determined that phacovitrectomy proce-
dures are associated with a consistent prediction error
leading to a myopic shift. This error is most pronounced
when intraocular tamponade is present during retinal
detachment or macular hole surgery. The advancement of
formulas incorporating deep-learning techniques may
contribute to improvements in this regard. Similarly, the
inclusion in IOL power calculation formulas of the
vitrectomy-related modification of the ELP and the
change in the refractive index of the vitreous body could
provide additional precision in the case of combined
phacovitrectomy surgery.

Statement of Ethics

This retrospective study was approved by the Institutional
Review Board of Montpellier University Hospital (IRB ID:
202000607). Written informed consent from participants was not
required in accordance with local guidelines.

Conflict of Interest Statement

The authors declare no conflicts of interest.

Funding Sources

The authors declare no funding or financial support was re-
ceived for this study.

Author Contributions

Eloi Debourdeau conducted the final manuscript preparation.
Pierre Pineau was responsible for data collection and the initial
manuscript drafting. Chloé Chamard, Julien Plat, Didier Hoa,
Frederico Manna, Sandrine Akouete, Max Villain, and Sandrine
Akouete provided critical reviews and comments. Thibaut Mural
and Nicolas Molinari contributed to both the statistical analysis
and the study methodology. Vincent Daien was involved in the
initial study design and provided critical reviews and comments.

Data Availability Statement

The data supporting the findings of this study are not publicly
available due to their containing sensitive information that could
compromise the privacy of research participants. However, the
data are available from the corresponding author upon reasonable
request (email: e-debourdeau@chu-montpellier.fr).

References

1 Hamoudi H, Kofod M, La Cour M. Refractive
change after vitrectomy for epiretinal mem-
brane in pseudophakic eyes. Acta Oph-
thalmol. 2013;91(5):434–6. https://doi.org/
10.1111/j.1755-3768.2012.02574.x

2 Cho KH, Park IW, Kwon SI. Changes in
postoperative refractive outcomes following
combined phacoemulsification and pars plana
vitrectomy for rhegmatogenous retinal detach-
ment. Am J Ophthalmol. 2014;158(2):251–6.e2.
https://doi.org/10.1016/j.ajo.2014.04.023

3 Rahman R, Bong CX, Stephenson J. Accuracy
of intraocular lens power estimation in eyes
having phacovitrectomy for rhegmatogenous
retinal detachment. Retina. 2014;34(7):
1415–20. https://doi.org/10.1097/IAE.
0000000000000072

4 Shiraki N, Wakabayashi T, Sakaguchi H,
Nishida K. Optical biometry-based in-
traocular lens calculation and refractive
outcomes after phacovitrectomy for
rhegmatogenous retinal detachment and
epiretinal membrane. Sci Rep. 2018;8(1):
11319. https://doi.org/10.1038/s41598-
018-29553-w

5 Patel D, Rahman R, Kumarasamy M. Accu-
racy of intraocular lens power estimation in
eyes having phacovitrectomy for macular
holes. J Cataract Refract Surg. 2007;33(10):
1760–2. https://doi.org/10.1016/j.jcrs.2007.
05.031

6 Falkner-Radler CI, Benesch T, Binder S.
Accuracy of preoperative biometry in
vitrectomy combined with cataract sur-

gery for patients with epiretinal mem-
branes and macular holes: results of a
prospective controlled clinical trial.
J Cataract Refract Surg. 2008;34(10):
1754–60. https://doi.org/10.1016/j.jcrs.
2008.06.021

7 Vander Mijnsbrugge J, Fils JF, Jansen J, Hua
MT, Stalmans P. The role of the vitreous
body in effective IOL positioning. Graefes
Arch Clin Exp Ophthalmol. 2018;256(8):
1517–20. https://doi.org/10.1007/s00417-
018-3994-9

8 van der Geest LJ, Siemerink MJ, Mura M,
Mourits MP, Lapid-Gortzak R. Refractive
outcomes after phacovitrectomy surgery.
J Cataract Refract Surg. 2016;42(6):840–5.
https://doi.org/10.1016/j.jcrs.2016.03.034

Factors Associated with Refractive Errors
Related to Lens Position

Ophthalmic Res 2025;68:52–60
DOI: 10.1159/000542358

59

D
ow

nloaded from
 http://karger.com

/ore/article-pdf/68/1/52/4313136/000542358.pdf by BIU
 M

ontpellier user on 03 February 2025

mailto:e-debourdeau@chu-montpellier.fr
https://doi.org/10.1111/j.1755-3768.2012.02574.x
https://doi.org/10.1111/j.1755-3768.2012.02574.x
https://doi.org/10.1016/j.ajo.2014.04.023
https://doi.org/10.1097/IAE.0000000000000072
https://doi.org/10.1097/IAE.0000000000000072
https://doi.org/10.1038/s41598-018-29553-w
https://doi.org/10.1038/s41598-018-29553-w
https://doi.org/10.1016/j.jcrs.2007.05.031
https://doi.org/10.1016/j.jcrs.2007.05.031
https://doi.org/10.1016/j.jcrs.2008.06.021
https://doi.org/10.1016/j.jcrs.2008.06.021
https://doi.org/10.1007/s00417-018-3994-9
https://doi.org/10.1007/s00417-018-3994-9
https://doi.org/10.1016/j.jcrs.2016.03.034
https://doi.org/10.1159/000542358


9 Lamson TL, Song J, Abazari A, Weissbart SB.
Refractive outcomes of phacoemulsification
after pars plana vitrectomy using traditional
and new intraocular lens calculation formulas.
J Cataract Refract Surg. 2019;45(3):293–7.
https://doi.org/10.1016/j.jcrs.2018.10.032

10 Kim YK, Woo SJ, Hyon JY, Ahn J, Park KH.
Refractive outcomes of combined phacovi-
trectomy and delayed cataract surgery in
retinal detachment. Can J Ophthalmol. 2015;
50(5):360–6. https://doi.org/10.1016/j.jcjo.
2015.07.003

11 Olsen T. Calculation of intraocular lens
power: a review. Acta Ophthalmol Scand.
2007;85(5):472–85. https://doi.org/10.1111/j.
1600-0420.2007.00879.x

12 Barrett GD. An improved universal theo-
retical formula for intraocular lens power
prediction. J Cataract Refract Surg. 1993;
19(6):713–20. https://doi.org/10.1016/s0886-
3350(13)80339-2

13 Hoffer KJ, Savini G. Update on intraocular lens
power calculation study protocols: the better
way to design and report clinical trials. Oph-
thalmology. 2021;128(11):e115–20. https://doi.
org/10.1016/j.ophtha.2020.07.005

14 Plat J, Hoa D, Mura F, Busetto T, Schneider
C, Payerols A, et al. Clinical and biometric

determinants of actual lens position after
cataract surgery. J Cataract Refract Surg.
2017;43(2):195–200. https://doi.org/10.1016/
j.jcrs.2016.11.043

15 Olsen T, Hoffmann P. C constant: new
concept for ray tracing-assisted intraocular
lens power calculation. J Cataract Refract
Surg. 2014;40(5):764–73. https://doi.org/10.
1016/j.jcrs.2013.10.037

16 Hamoudi H, La Cour M. Refractive
changes after vitrectomy and phacovi-
trectomy for macular hole and epiretinal
membrane. J Cataract Refract Surg. 2013;
39(6):942–7. https://doi.org/10.1016/j.jcrs.
2013.04.012

17 Ghaderi H, Ní Dhubhghaill S, Tassignon MJ,
Van Os L, Koppen C, Rozema JJ. The po-
tential influence of the ligament of Wieger on
the crystalline lens shape. Sci Rep. 2024;14(1):
4004. https://doi.org/10.1038/s41598-024-
54674-w

18 Frings A, Dulz S, Skevas C, Stemplewitz B,
Linke SJ, Richard G, et al. Postoperative re-
fractive error after phacovitrectomy for epi-
retinal membrane with and without macular
oedema. Graefes Arch Clin Exp Ophthalmol.
2015;253(7):1097–104. https://doi.org/10.
1007/s00417-015-2948-8

19 Sardar DK, Swanland GY, Yow RM, Thomas
RJ, Tsin ATC. Optical properties of ocular
tissues in the near infrared region. Lasers
Med Sci. 2007;22(1):46–52. https://doi.org/
10.1007/s10103-006-0421-y

20 Okamoto F, Okamoto C, Sakata N, Hiratsuka
K, Yamane N, Hiraoka T, et al. Changes in
corneal topography after 25-gauge trans-
conjunctival sutureless vitrectomy versus
after 20-gauge standard vitrectomy. Oph-
thalmology. 2007;114(12):2138–41. https://
doi.org/10.1016/j.ophtha.2007.01.034

21 Yanyali A, Celik E, Horozoglu F, Nohutcu
AF. Corneal topographic changes after
transconjunctival (25-gauge) sutureless vit-
rectomy. Am J Ophthalmol. 2005;140(5):
939–41. https://doi.org/10.1016/j.ajo.2005.
05.042

22 Shibata T, Watanabe A, Takashina H, Tsu-
neoka H. Effect on corneal shape of suturing
the scleral wound during 23-gauge vitreous
surgery. Jpn J Ophthalmol. 2012;56(5):441–4.
https://doi.org/10.1007/s10384-012-0169-9

23 Hwang HS, Jee D. Effects of the intraocular
lens type on refractive error following pha-
covitrectomy with gas tamponade. Curr Eye
Res. 2011;36(12):1148–52. https://doi.org/10.
3109/02713683.2011.632107

60 Ophthalmic Res 2025;68:52–60
DOI: 10.1159/000542358

Debourdeau et al.

D
ow

nloaded from
 http://karger.com

/ore/article-pdf/68/1/52/4313136/000542358.pdf by BIU
 M

ontpellier user on 03 February 2025

https://doi.org/10.1016/j.jcrs.2018.10.032
https://doi.org/10.1016/j.jcjo.2015.07.003
https://doi.org/10.1016/j.jcjo.2015.07.003
https://doi.org/10.1111/j.1600-0420.2007.00879.x
https://doi.org/10.1111/j.1600-0420.2007.00879.x
https://doi.org/10.1016/s0886-3350(13)80339-2
https://doi.org/10.1016/s0886-3350(13)80339-2
https://doi.org/10.1016/j.ophtha.2020.07.005
https://doi.org/10.1016/j.ophtha.2020.07.005
https://doi.org/10.1016/j.jcrs.2016.11.043
https://doi.org/10.1016/j.jcrs.2016.11.043
https://doi.org/10.1016/j.jcrs.2013.10.037
https://doi.org/10.1016/j.jcrs.2013.10.037
https://doi.org/10.1016/j.jcrs.2013.04.012
https://doi.org/10.1016/j.jcrs.2013.04.012
https://doi.org/10.1038/s41598-024-54674-w
https://doi.org/10.1038/s41598-024-54674-w
https://doi.org/10.1007/s00417-015-2948-8
https://doi.org/10.1007/s00417-015-2948-8
https://doi.org/10.1007/s10103-006-0421-y
https://doi.org/10.1007/s10103-006-0421-y
https://doi.org/10.1016/j.ophtha.2007.01.034
https://doi.org/10.1016/j.ophtha.2007.01.034
https://doi.org/10.1016/j.ajo.2005.05.042
https://doi.org/10.1016/j.ajo.2005.05.042
https://doi.org/10.1007/s10384-012-0169-9
https://doi.org/10.3109/02713683.2011.632107
https://doi.org/10.3109/02713683.2011.632107
https://doi.org/10.1159/000542358

	Clinical and Biometric Factors Associated with Prediction Errors Related to Lens Position in Vitrectomized Patients
	Introduction
	Material and Methods
	Study Population
	Study Design
	Ethics
	Biometry Assessment
	Prediction Error
	Actual Lens Position
	C Constant
	Anterior Segment Parameters
	Statistical Analysis and Outcome

	Results
	Population Characteristics
	Prediction Error
	Gas and Positioning
	Biometry Variables
	Multiple Linear Regression Analysis

	Discussion
	Origins of the Myopic Shift
	Strengths and Weaknesses of Our Study
	Necessary Further Investigation

	Conclusions
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


