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ABSTRACT

Introduction: This study was performed to
observe the potential refractive prediction error
based on alternative A-scan ultrasound and fel-
low-eye biometry for phacovitrectomy in mac-
ula-off rhegmatogenous retinal detachment
(RRD) eyes.
Methods: Phakic macula-off RRD eyes without
axial length (AL) measurements obtained using
IOLMaster were included. Vitrectomy without
lens extraction was performed for RRD repair.

Preoperative AL was measured using alternative
A-scan ultrasound (AL-US). Postoperative AL
was obtained in eyes with silicone oil tampon-
ade (AL-SO) and preoperative fellow-eye biom-
etry (AL-FE) using IOLMaster. Other eyes that
faced the same preoperative situation but
underwent phacovitrectomy based on fellow-
eye biometry were recruited as controls.
Results: AL-US, AL–FE, and AL-SO were
25.39 ± 2.14 mm, 25.85 ± 2.16 mm and
26.08 ± 2.53 mm, respectively. The Bland–Alt-
man agreement among AL-US, AL-FE and AL-SO
was good (95.5%, 21/22 of cases were in the
LoA). The mean IOL power calculated using AL-
US (Power-US), AL-FE (Power-FE) and AL-SO
(Power-SO) was 16.81 ± 7.19 D, 14.74 ± 6.95 D
and 13.54 ± 8.32 D, respectively. The difference
between AL-US and AL-SO was significant
(P\0.05), while that between AL-FE and AL-SO
was not (P[ 0.05). The difference between
Power-US and Power-SO was significant
(P\0.05), while that between Power-FE and
Power-SO was not (P[ 0.05). Nine eyes under-
went phacovitrectomy based on fellow-eye
biometry and had a final postoperative myopic
shift of 0.64 ± 0.78 D.
Conclusions: Alternative A-scan ultrasound led
to a significant difference in AL and a prediction
error in IOL power, while fellow-eye biometry
provided similar results to silicone oil-filled eyes
after RRD repair.
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Key Summary Points

The potential refractive prediction error
based on alternative A-scan ultrasound
and fellow-eye biometry for
phacovitrectomy was analysed in macula-
off RRD eyes without the preoperative
IOLMaster-measured axial length (AL).

The alternative preoperative AL measured
with A-scan ultrasound would be
significantly underestimated in this
special situation, while the AL of the
fellow eye is more similar to the AL in eyes
filled with silicone oil tamponade after
RRD repair.

The calculated IOL power based on A-scan
ultrasound was significantly greater than
that based on data measured in silicone
oil-filled eyes.

A real-world series of 9 eyes that faced the
same preoperative situation but
underwent phacovitrectomy based on
fellow-eye biometry showed a
postoperative myopic shift of 0.64 ± 0.78
D.

INTRODUCTION

Rhegmatogenous retinal detachment (RRD) is a
common retinal disease with an incidence of
one in 10,000 people per year that often causes
visual field defects and moderate to severe
visual impairment [1]. Surgery is the only ther-
apeutic approach, and surgical techniques and
instrumentation developed in recent decades
have led to a high primary reattachment rate
[2]. Indeed, pars plana vitrectomy (PPV) is one
of the most effective procedures for the treat-
ment of RRD, with a mean postoperative
anatomical success rate of over 90% [3].

However, PPV has a higher incidence of cataract
progression than scleral buckling. A variety of
mechanisms might contribute to cataract pro-
gression: surgery can induce an inflammatory
response, as demonstrated by an increase in
aqueous flare values; or, in the absence of vit-
reous gel, molecular oxygen from the retinal
vasculature can reach the lens and promote
oxidative damage to the lens nucleus, an
increase in light scattering, and nuclear sclerotic
cataracts [4]. Due to postoperative complica-
tions involving the crystalline lens, more than
half of phakic patients who underwent vitrec-
tomy for RRD repair subsequently needed cat-
aract surgery within 1 year [5]. Thus, combined
phacovitrectomy was encouraged for patients
aged 50 or older due to the lower cost of surgery,
reduced complications and better visual out-
come [6–9]. In 10–17% of cases of RRD with
macular involvement, it was impossible to
measure the axial length (AL) using optic
biometry (IOLMaster) because of the limitations
of the machine, such as dense media opacity,
poor fixation by the patients or the lack of an
available machine [10–12]. Rahman et al. sug-
gested that AL measured by acoustic biometry
(A-scan ultrasound, US) could provide an alter-
native intraocular lens (IOL) power calculation
[12], and El-Khayat et al. reported that fellow-
eye biometry is also recommended [13],
although, to our knowledge, there has been no
published report on outcomes. On the other
hand, studies (including our previous work)
have shown that both underestimation of the
AL and anterior displacement of the IOL
potentially contribute to a postoperative myo-
pic shift after phacovitrectomy [14, 15]. Most
studies that have focused on myopic shifts after
phacovitrectomy have excluded cases in which
the preoperative IOLMaster measurement was
absent. Therefore, we conducted the present
study to focus on this commonly ignored but
not rare situation.

Here, we assessed the agreement in AL and
predicted IOL power of macula-off RRD eyes
among preoperative US, postoperative IOL-
Master and fellow eyes in order to evaluate the
potential refractive errors after phacovitrectomy
based on alternative US or contralateral
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measurements when preoperative IOLMaster
data were absent.

METHODS

Design and Participants

This retrospective, self-controlled study was
conducted in Shanghai Jing’an District Shibei
Hospital between September 2018 and Decem-
ber 2020. All study procedures were performed
in accordance with the tenets of the Declaration
of Helsinki and its amendments. The ethics
committee of Shanghai Jing’an District Shibei
Hospital approved this study. Written informed
consent was obtained from all the participants
for publication of their clinical data.

Phakic macula-off RRD eyes in which ocular
biometric measurements could not be obtained
using IOLMaster were included; the eyes
underwent 23-gauge PPV with silicone oil (SO)
tamponade but not lens extraction. Eyes with a
history of anisometropia and eyes with scleral
buckling surgery, recurrent retinal detachment
or other ocular problems that may have affected
biometric measurements, including corneal
scarring and lens dislocation, were excluded
[16].

Other patients who faced the same preoper-
ative situation but underwent phacovitrectomy
based on fellow-eye biometry for RRD repair
were recruited as controls at least 3 months after
SO removal. During follow-up, after excluding
those with recurrent RRD or other postoperative
complications, comprehensive refractive mea-
surements were performed to obtain the spher-
ical dioptre. The mean spherical error was
defined as the difference in spherical dioptre
between the postoperative and expected refrac-
tive outcomes.

Surgical Procedure

A standard 23-gauge PPV using the CON-
STELLATION� Vision 106 System (Alcon Labo-
ratories, Inc.) was performed in each case.
During the PPV, the RESIGHTTM Fundus View-
ing System (Carl Zeiss Meditec Inc.) was used.

Core vitrectomy, midperipheral vitrectomy and
vitreous base shaving under scleral depression
were performed to remove the vitreous. Perflu-
orocarbon liquid (Perfluoron; Alcon Laborato-
ries, Inc.) was used in some cases, depending on
the extent of retinal detachment. Endolaser
photocoagulation was performed around areas
with retinal breaks, and fluid–air exchange was
performed before silicone oil injection (Oxane
5700 centistokes; Bausch & Lomb Inc., Water-
ford, Ireland).

Measurement Techniques

Preoperative AL values of RRD eyes were mea-
sured using A-scan ultrasound biometry (UD-
6000 Ultrasonic A/B scanner biometer; Tomey
Corporation, Nagoya, Japan), as previously
described [17], instead of using IOLMaster.
Before SO removal, an optical coherence
tomography scan was performed to ensure that
the macula was attached in both eyes, and then
the AL values of postoperative RRD eyes and
fellow eyes were obtained with IOLMaster
(Model 700, Carl Zeiss Meditec Ltd, Jena, Ger-
many) using phakic and SO-filled phakic eye
programs, respectively. All the AL measure-
ments performed in this study were repeated
three times by experienced examiners. The IOL
power was calculated based on the constant A of
the AcrySof� IQ ReSTOR� SN6AD1 IOL (Alcon
Laboratories, Inc., Fort Worth, USA) with the
SRK/T formula.

Statistical Analysis

Continuous variables are expressed as the
mean ± standard deviation. Statistical analyses
were performed using the software package SPSS
Statistics 26.0 for Windows (SPSS Inc., Chicago,
IL, USA). Bland–Altman plots were drawn using
MedCalc 15.2.2 (MedCalc Software bvba,
Ostend, Belgium). Statistical significance was set
at P\0.05.
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RESULTS

Data from 22 eyes of 22 patients (12 males and
10 females) with an age range from 36 to
65 years (mean: 51.6 ± 8.3 years) were enrolled.
The mean duration of SO tamponade was
4.3 ± 0.8 months. The mean AL in eyes with
RRD measured by A-scan ultrasound (AL-US)
was 25.39 ± 2.14 mm (22.59–31.53 mm), the
mean AL of fellow eyes (AL-FE) was
25.85 ± 2.16 mm (22.47–31.56 mm), and the
mean AL in eyes with SO tamponade after RRD
repair (AL-SO) was 26.08 ± 2.53 mm
(22.75–32.81 mm). Independent-samples t tests
revealed that there was no significant difference
in AL-US, AL-FE or AL-SO between the sexes (all
P[ 0.05).

The mean IOL power calculated using AL-US
(Power-US) was 16.81 ± 7.19 dioptres (D), the
mean IOL power calculated using AL-FE (Power-
FE) was 14.74 ± 6.95 D, and the mean IOL
power calculated using AL-SO (Power-SO) was
13.54 ± 8.32 D. Bland–Altman plots demon-
strated that the agreement between AL-US and
AL-SO was good since 95.5% (21/22) of samples
were included in the 95% limits of agreement
(LoA), and the agreement between AL-FE and
AL-SO (95.5%, 21/22 in LoA) was similar, as
shown in Fig. 1A and B.

However, repeated-measures ANOVA
showed that the difference between AL-US and
AL-SO was statistically significant (P\0.05),
while that between AL-FE and AL-SO was not
(P[0.05, Fig. 1C). Correspondingly, the differ-
ence between Power-US and Power-SO was sta-
tistically significant (P\0.05), and the mean
difference (Power-US - Power-SO) was
3.27 ± 3.79 D, while that between Power-FE
and Power-SO was not significant (P[ 0.05,
Fig. 1D).

Nine eyes of 9 patients (4 males and 5
females) with a mean age of 58.1 ± 6.5 years
were recruited as controls. They were also pha-
kic macula-off RRD eyes without preoperative
IOLMaster measurements. Standard 23-gauge
phacovitrectomy with SO tamponade was per-
formed for each of them, and the implanted
IOLs were all AcrySof� IQ ReSTOR� SN6AD1
IOLs, for which the power was calculated with

the SRK/T formula based on fellow-eye biome-
try. The mean follow-up period after SO
removal was 8.9 ± 3.1 months. The mean
spherical error of those 9 eyes showed a post-
operative myopic shift of 0.64 ± 0.78 D.

DISCUSSION

The AL of an eye, which is measured as the
distance from the cornea to the inner limiting
membrane using A-scan US or the distance from
the cornea to retinal pigment epithelium using
IOLMaster [18], is the most crucial parameter in
the IOL power calculation. A 1-mm change in
the AL corresponds to an approximately 2.7-D
refractive error in the IOL power [19]. Nepp
et al. reported that the mean difference between
the US-measured AL and the IOLMaster-mea-
sured AL in SO-filled eyes was 0.4 mm, and only
46% of cases had a value of less than 0.3 mm,
while the value was greater than 1 mm in 26%
[20]. Thus, we measured the AL values of these
SO-filled eyes and normal fellow eyes in the
present study by means of IOLMaster to achieve
more accuracy and less deviation [16]. Our
results showed that the AL values of SO-filled
eyes after RRD repair were comparable with
those of fellow eyes, so it was not surprising that
the IOL power calculated using AL-SO was
similarly comparable to that calculated using
AL-FE. However, there were significant differ-
ences in both AL and IOL power between US-
measured preoperative data for macula-off RRD
eyes and IOLMaster-measured postoperative
data for SO-filled eyes. The mean AL-US was
approximately 0.68 mm shorter than the mean
AL-SO, and the mean Power-US was accordingly
3.27 D greater than the mean Power-SO. Thus,
there would be a clinically significant myopic
shift after SO removal if we performed phacov-
itrectomy for RRD repair based on the alterna-
tive A-scan-based IOL power calculation.

Phacovitrectomy is a safe and effective pro-
cedure to treat RRD. Kang et al. and Sakamoto
et al. confirmed that there is a tolerable bio-
metric error after the treatment of RRD with
phacovitrectomy in macula-sparing cases, with
comparable results obtained with acoustic and
optic biometry [21, 22]. Although the
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anatomical and functional results were compa-
rable with those obtained with single PPV and
delayed cataract surgery, the refractive out-
comes were less favourable and shifted towards
myopia, especially in macula-off cases [23].
When the macula was involved, there was a
mean prediction error of - 1.22 ± 2.32 D for
RRD eyes and a mean prediction error of -

0.01 ± 1.09 D for fellow eyes [13].
Pongsachareonnont et al. attributed this differ-
ence to an underestimation of 0.59 ± 0.90 mm
in AL measurements performed by IOLMaster
[24]. Kim et al. found that the underestimation
was associated with the macular retinal
detachment height [11]. Unlike the above
studies, the present study focused on a special
situation. Rahman et al. found that IOLMaster
could provide AL measurements in less than
one-quarter (13/54, 24.1%) of the cases [10].

Patients with worse vision, greater central
macular thickness and shallow anterior cham-
bers required more caution since their eyes were
prone to inaccurate preoperative biometry [25].
Since there were no preoperative IOLMaster
data to use as a reference, we could not calculate
a user-adjusted AL by combining acoustic and
optic biometry as previously described [12].
Therefore, delayed cataract surgery or phacov-
itrectomy using contralateral AL might be rec-
ommended. In the present study, we also
retrospectively reviewed 9 patients who faced
the same preoperative situation but underwent
phacovitrectomy based on fellow-eye biometry
in a real-world setting, and the mean spherical
error between their postoperative and expected
refractive outcomes was - 0.64 ± 0.78 D. This
postoperative myopic shift was expected and
comparable with eyes reported in previous

Fig. 1 Bland–Altman plots for AL-US and AL-SO
(A) and for AL–FE and AL-SO (B). The bold solid line
indicates the mean difference; the dotted lines represent the
95% limits of agreement (LoA), and the thin solid lines
represent the 95% CI of the upper/lower limits of the
LoA. Differences in axial length (C) and IOL power
estimation (D) among RRD eyes, SO-filled eyes and fellow
eyes (repeated-measures ANOVA, *P\ 0.05). AL-US

axial length of RRD eye measured by A-scan, AL-SO axial
length of eye with silicone oil tamponade for RRD repair,
AL–FE axial length of fellow eye, Power-US estimated IOL
power of RRD eye measured by A-scan, Power-SO
estimated IOL power of eye with silicone oil tamponade
for RRD repair, Power-FE estimated IOL power of fellow
eye
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studies that underwent phacovitrectomy for
RRD repair based on preoperative IOLMaster
data.

The results of this study should be inter-
preted with its limitations in mind. All the
participants we recruited underwent SO tam-
ponade, but interference with biometry (such as
underfilling/overfilling or emulsification of the
SO) was not entirely quantified. Also, some
characteristics of retinal detachment that might
be associated with the accuracy of AL measure-
ment, such as macular detachment height, were
not controlled.

CONCLUSION

Based on the present study, if IOLMaster cannot
be performed in eyes with macula-off RRD, the
use of ultrasound might lead to a refractive
prediction error in IOL power. Phacovitrectomy
using fellow-eye biometry as well as secondary
IOL implantation could be the better choice in
this situation.
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