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ABSTRACT

Introduction: In China, the demand for
implantable collamer lens (ICL) surgery is
booming. Immediate sequential bilateral ICL
surgery (ISBICLS) benefits patients and clinics,
but it remains controversial and lacks

standardization. We aim to investigate the
prevalence of, factors for, and surgeon attitudes
toward ISBICLS.
Methods: In this cross-sectional survey study,
an electronic questionnaire about the practice
and attitudes toward performing ISBICLS or
delayed sequential bilateral ICL surgery
(DSBICLS) was distributed to 792 qualified ICL
surgeons in Mainland China, between 4 April
and 22 April 2022.
Results: A total of 531 surgeons (66.79%) from
30 provinces in Mainland China responded.
Among them, 374 (67.23%) were currently
performing ISBICLS. Fifty-two percent (277) of
surgeons reported performing ISBICLS more
than 50% of the time, while 85.05% of surgeons
chose to perform the second eye surgery 1 day
after the first eye surgery. Seventy percent (248)
of surgeons performing ISBICLS chose to per-
form the second eye surgery less than 30 min
after the first eye surgery. Surgeons who started
ICL surgery earlier (before 2010, OR = 2.772,
95% CI = 1.290–5.957, P = 0.009; 2011–2013,
OR = 2.479, 95% CI = 1.060–5.800, P = 0.036),
completed one-eye ICL surgery faster (\ 3 min,
OR = 3.936, 95% CI = 1.505–10.293, P = 0.005)
and modified the second eye ICL selection less
frequently (1–25%, OR = 0.203, 95%
CI = 0.054–0.771, P = 0.019; 26–50%, OR =
0.173, 95% CI = 0.041–0.726, P = 0.017;
51–75%, OR = 0.299, 95% CI = 0.041–0.726,
P = 0.123; 76–100%, OR = 0.163, 95%
CI = 0.039–0.688, P = 0.014) tended to perform

Xiaoying Wang and Xingtao Zhou are considered
co-senior authors.

Yinjie Jiang and Xun Chen contributed equally and are
considered co-first authors.

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s40123-022-00599-4.

Y. Jiang � X. Chen � M. Cheng � B. Li � Y. Lei �
Y. Xu � X. Zhou (&) � X. Wang (&)
Fudan University, Eye Ear Nose and Throat Hospital,
No. 19 BaoQing Road, XuHui District, Shanghai
200031, China
e-mail: doctzhouxingtao@163.com

X. Wang
e-mail: doctxiaoyingwang@163.com

Y. Jiang � X. Chen � M. Cheng � B. Li � Y. Lei �
Y. Xu � X. Zhou � X. Wang
National Health Commission Key Lab of Myopia
(Fudan University), Shanghai, China

Y. Jiang � X. Chen � M. Cheng � B. Li � Y. Lei �
Y. Xu � X. Zhou � X. Wang
Shanghai Research Center of Ophthalmology and
Optometry, Shanghai, China

Ophthalmol Ther (2023) 12:217–237

https://doi.org/10.1007/s40123-022-00599-4

http://orcid.org/0000-0001-5419-6318
https://doi.org/10.1007/s40123-022-00599-4
https://doi.org/10.1007/s40123-022-00599-4
https://doi.org/10.1007/s40123-022-00599-4
https://doi.org/10.1007/s40123-022-00599-4
http://crossmark.crossref.org/dialog/?doi=10.1007/s40123-022-00599-4&amp;domain=pdf
https://doi.org/10.1007/s40123-022-00599-4


ISBICLS. No significant association was found
among clinical settings, preoperative measure-
ment devices, and hospital policies with per-
forming ISBICLS. Regarding their attitudes
toward ISBICLS, 54.63% preferred ISBICLS and
45.37% preferred DSBICLS. The main support-
ing reasons were patient convenience (98.64%),
faster vision rehabilitation (73.56%), and
improved perioperative compliance (73.22%).
The concerns regarding ISBICLS included the
risk of endophthalmitis (62.22%), lack of rec-
ommendation in expert consensus (61.67%),
and decreased vault predictability (60.93%). The
most common desires for further adoption were
expert consensus on surgical criteria and patient
indicators for ISBICLS (82.3%).
Conclusions: ISBICLS has been gradually
adopted in Mainland China, but has not been
widely accepted as a routine procedure. Sur-
geons’ experience and skills mainly influence
whether ISBICLS is performed. Further research
is needed to explore standardized protocols to
prevent endophthalmitis, the appropriate time
interval of two eye surgery, and requisitions for
surgeon skills.

Keywords: Healthy policy; Expert consensus;
Refractive surgery; Implantable collamer lens;
Immediate sequential bilateral surgery; Delayed
sequential bilateral surgery; Clinical efficiency

Key Summary Points

This study developed a novel
questionnaire to investigate the
prevalence of, factors for, and surgeons’
attitudes toward immediate sequential
bilateral ICL surgery(ISBICLS), and
distributed it to 792 ophthalmologists in
Mainland China.

ISBICLS has not been widely accepted as a
routine procedure in Mainland China.
The experience and skill of surgeons
mainly influences whether they
performed ISBICLS. The broad range of
identified factors provides basis for further
evidence-based research.

Endophthalmitis risk and vault
predictability should both be
predominant factors in determining the
appropriate workflow of ICL surgery.

Our findings may inform the future
revision of expert consensus of ICL
surgery, including the standardized
protocols to prevent endophthalmitis, the
appropriate time interval of two eye
surgery, and requisitions for surgeon
skills.

INTRODUCTION

Refractive surgery has shown rapid develop-
ment and a large potential market demand [1].
The implantable collamer lens (ICL; STAAR
Surgical, Monrovia, CA, USA) is the most widely
used and latest phakic intraocular lens (PIOL)
worldwide, which has been implanted into over
two million eyes for myopic correction [2] and
provided satisfactory visual outcomes [3, 4]. In
China, ICL implantation has a[ 20-year history
since 2003 [5, 6]. In 2014, new ICL models—the
ICL V4c with central flow—were approved by
Chinese Food and Drug Administration (CFDA)
and have become the current mainstream in the
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Chinese market. The central hole design is
proven to improve aqueous humor circulation
without the need for peripheral iridotomy, and
also provides good vision quality [7, 8] [espe-
cially the newest model EVO ? (V5) with
higher optic diameter [9]]. Nowadays, ICL
implantation in China accounts for 10.95% of
refractive surgeries and is increasing by 40.8%
annually [10]. The coronavirus disease 2019
(COVID-19) pandemic also prompted hospitals
to minimize individual patient contact [11].
Thus, improving clinical efficiency is attracting
increasing attention.

ICL implantation is an intraocular surgery
that involves the implantation of ICL lens
into the posterior chamber while preserving
the natural crystalline lens. Until now,
delayed sequential bilateral ICL surgery
(DSBICLS), performing the bilateral ICL
implantation on different sessions, is pre-
ferred to prevent endophthalmitis or other
complications according to the expert con-
sensus in many countries, such as China [12],
Germany [13], and the USA [14]. Immediate
sequential bilateral ICL surgery (ISBICLS),
performing the bilateral ICL implantation on
the same session, was first described at the
annual meeting of the Association for
Research in Vision and Ophthalmology in
2019 [15]. It truly brings great convenience
for patients and clinicians, but contradicts
the existing recommendations. Although
immediate sequential bilateral cataract sur-
gery (ISBCS) has gained popularity among
developed countries due to its great clinical
efficiency [16, 17] and substantial progress
has been made in providing appropriate
patient indicators for ISBCS [18–20], the risk
of endophthalmitis remains a concern
[16, 18]. In terms of ICL surgery, some sur-
geons have proposed adjusting the second
eye’s ICL size based on the first eye’s vault,
which may improve the predictability
[21, 22] Other controversies include depriv-
ing patients of a surgical selection in the
second eye [23], economic factors, and
medicolegal issues.

Recently, ISBICLS has been routinely
adopted by some hospitals in Mainland
China. However, whether bilateral ICL

implantation should be performed in the
same session remains controversial and is a
crucial consideration. Furthermore, hospital
administrators and surgeons are likely to be
interested in any additional factors associated
with its adoption.

In 2019, Chinese expert consensus on PIOL
implantation was published to inform future
better practices of ICL surgery [12]. In this
study, we used a questionnaire reviewed by
specialists of Chinese ICL core expert group to
investigate prevalence and surgeon attitudes
regarding ISBICLS and analyzed the trends in
performing ISBICLS. We compared the sur-
geons’ characteristics between those currently
performing ISBICLS or not and assessed factors
affecting the adoption of ISBICLS in Mainland
China.

METHODS

This study adhered to the tenets of the Decla-
ration of Helsinki and was approved by the
Ethical Committee Review Board of Fudan
University Eye and ENT Hospital (2021018).

Questionnaire Preparation

A questionnaire was formulated from discussion
of our research group (consisting of six clinical
staff of ophthalmology) and consultations with
two clinical professionals at the Fudan Univer-
sity Eye Ear Nose and Throat Hospital (Shang-
hai, China). The questionnaire was externally
reviewed by two methodologists at the School
of Public Health of Fudan University and ten
clinical professionals from the Chinese core
expert group of ICL surgery for further modifi-
cations. Before use, the questionnaire was sent
to 19 qualified ophthalmologists performing
ICL surgery nationwide to consolidate the
questions (not included in the final analysis) on
two occasions, 3 weeks apart, for validation of
repeatability. The questionnaires were initially
prepared in Chinese, translated into English,
and then back-translated into Chinese to assess
the accuracy. Consent was obtained from the
participants that the data would be used as part
of a study.
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Questionnaire Content

ISBICLS was defined as bilateral ICL surgery
performed on the same day. DSBICLS was
defined as second eye ICL surgery per-
formed[1 day after the first eye surgery.

To investigate the prevalence of adoption of
ISBICLS, we asked surgeons whether the respon-
dent indicated that they had performed ISBICLS.
Surgeonswhohadperformed ISBICLSwere asked
about their current percentage of performed
ISBICLS cases as a screening question to identify
surgeons who currently performed ISBICLS and
those who currently performed DSBICLS (in-
cluding those who stopped performing ISBICLS
and never performed ISBICLS). We also inquired
about the time interval between bilateral ICL
surgery when performing ISBICLS or DSBICLS.
To investigate the surgeons’ attitudes toward
ISBICLS, the survey askedwhether they preferred
ISBICLS or DSBICLS as routine procedure. All
respondents were asked about their experience
with ICL surgery and hospital policies on ICL
surgery, as well as their supporting reasons,
concerns, and desire for adopting ISBICLS. A
mixture of single-choice, multiple-choice, and
free-text entries were included (see Supplemen-
tary Material for the questionnaire).

Questionnaire Distribution

The questionnaires were distributed electroni-
cally between 4 April and 22 April 2022, on the
survey website (https://www.wenjuan.com/) by
the STAAR surgical department in Mainland
China. The inclusion criteria were qualified ICL
surgeons in Mainland China (qualified ophthal-
mologists by the Chinese National Health Com-
mission and who had independently performed
ICL surgeries in at least 20 eyes). The questions
were provided in Chinese, which was the first
language of all respondents. Final submissionwas
allowed only after all questions were answered.

Statistical Analysis

Categorical variables were presented as numbers
along with proportions and compared by chi-
square tests. In addition, to evaluate factors

associated with surgeons currently performing
ISBICLS, a post hoc analysis was performed
using univariate and multivariate logistic
regression models. The variables in univariate
logistic regression model (Supplementary
Table 2) with P-value\ 0.05 were included as
covariables in the multivariate logistic models.
For the association of clinical settings with the
outcome, we adjusted for demographic charac-
teristics (job title, departments, medical insti-
tution type, and medical institution level). For
the association of surgeon experience or skills
with ICL surgery, we adjusted additionally
when to start ICL surgery, the total surgical
volume, the time of one-eye ICL surgery, the
preoperative measurement devices, and ICL
surgery management type, except for percent-
age of modifying the second eye ICL selection
(due to potential mediation). Finally, we made a
fully adjusted logistic regression model. All sta-
tistical descriptions and analyses were per-
formed in SPSS (version 25.0; SPSS Inc, IBM,
China). Two-tailed values were considered sta-
tistically significant at P\0.05.

RESULTS

Our data were collected from all 30 provinces
where ICL surgery is available in Mainland
China. Of the 795 ophthalmologists sent the
questionnaire, a total of 531 (66.79%) respon-
ded. The number of respondents from all pro-
vinces is presented in Supplementary Table 1.
Demographic characteristics of the respondents
are presented in Table 1 (205 female and 326
male; mean age, 47.77 ± 7.77 years). Among all
531 respondents, ICL V4c was the most com-
mon implanted ICL model (522, 98.3%),
EVO ? (V5) was reported to be implanted by 19
surgeons (Table 1).

Prevalence and Trends of Performing
ISBICLS

Among all responders, 361 (67.98%) reported
performing ISBICLS. In contrast, 170 (32.07%)
have not performed ISBICLS. Of the 361 sur-
geons who had performed ISBICLS, four (1.11%)
stopped performing ISBICLS. Thus, a total of
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357 (67.23%) were currently performing
ISBICLS. In terms of the percentage of per-
forming ISBICLS, 277 (52.17%) reported per-
forming ISBICLS more than 50% of the time
(Table 2). Most (69.53%) surgeons performing
ISBICLS chose performing the second eye
surgery\ 30 min after the first eye surgery,
while the other surgeons performed the second
eye surgery in a separate session with a
delay[30 min. In terms of DSBICLS, 85.05% of
surgeons chose performing the second eye sur-
gery 1 day after the first eye surgery (Table 2).

Figure 1 shows the trends of performing ICL
implantation and ISBICLS. With the increase in
ICL surgeries, an increasing number of surgeons
have started performing ISBICLS since 2002.
Before 2014, only88 surgeonsperformed ISBICLS
among the total of 212 ICL surgeons. In 2015,
therewas a small spikeof 5.54% in thepercentage
of ISBICLS. The increasing rate of ISBICLS peaked
in 2020 (11.86%), with 57.44% of all surgeons
performing ISBICLS. After the epidemic of
COVID-19, the proportion of surgeons perform-
ing ISBICLS increased by 22.41% since 2020. The
increasing rate of surgeons performing ICL sur-
gery at the same time was 18.27%.

FACTORS ASSOCIATED
WITH THE CURRENT ADOPTION
OF ISBICLS

Surgeons’ Characteristics

A higher percentage of surgeons performing
ISBICLS come from optometry departments
(65.93% versus 51.76%, P = 0.006), private spe-
cialized hospitals (61.06% versus 44.83%,
P = 0.002), municipal (34.45% versus 29.31%),
or other level of medical institutions (11.76%
versus 5.17%, P = 0.027), and had performed
higher number of corneal refractive surgeries
(80.67% versus 68.39%, P = 0.002) than sur-
geons who did not perform ISBICLS (Table 1).

Surgeons’ Experience with ICL Surgery

Surgeons currently performing ISBICLS tended
to have higher ICL surgery volume during the

past year (P = 0.025), have more ICL surgeries
overall (P = 0.025), and have lower surgical time
per eye (P = 0.001) than surgeons who per-
formed DSBICLS (Table 3). These surgeons also
tended to consider parameters measured by
Pentacam (83.47% versus 72.41%, P = 0.003)
and ultrasound biomicroscope (UBM) (72.27%
versus 62.64%, P = 0.024) when designing ICL
size. Most surgeons (64.22%) reported modifi-
cation of the second eye ICL selection according
to the postoperative vault of the first eye in\
25% of cases. Surgeons who currently per-
formed ISBICLS were less likely to consider this,
compared with those who currently performed
DSBICLS (P = 0.037, Table 3).

Most (84.75%) surgeons performed ICL sur-
gery as outpatient or day care surgery. A higher
proportion of ICL surgeries were performed as
inpatient surgeries among surgeons who did
not perform ISBICLS (12.32% versus 21.26%,
P = 0.007). The charge for the second eye sur-
gery (P = 0.829) and indicators accounting for
individual performance (P = 0.201) did not dif-
fer significantly between those currently per-
forming ISBICLS (Table 3).

Logistic Regression Results

The factors that were statistically correlated to
performing ISBICLS in univariate logistic
regression analysis are presented in Supple-
mentary Table 2. The multivariate logistic
regression analysis of factors associated with
performing ISBICLS are presented in Table 4.
When only adjusting for demographic factors,
surgeons who come from private specialized
hospitals (OR = 1.724, 95% CI = 1.045–2.843,
P = 0.033) were more likely to performed
ISBICLS, while those who come from cataract or
lens surgery departments (OR = 0.637, 95%
CI = 0.422–0.963, P = 0.032) were less likely to
perform ISBICLS. However, this association did
not achieve significance after we adjusted sur-
geons’ experience and skills. Surgeons who
started performing ICL surgery earlier (before
2010, OR = 2.772, 95% CI = 1.290–5.957,
P = 0.009; 2011–2013, OR = 2.479, 95%
CI = 1.060–5.800, P = 0.036) and completed
one-eye ICL surgery in\ 3 min (OR = 3.936,
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Table 1 Surgeons’ characteristics

Total Currently
performed
ISBICLS

Currently
performed
DSBICLS

P-value

(N = 531) (N = 357) (N = 174)

Sex, no. (%)

Male 326 (61.39) 221.00 (61.90) 105.00 (60.34) 0.729

Female 205 (38.61) 136.00 (38.10) 69.00 (39.66)

Age (years), no. (%)

B 35 11 (2.07) 9 (2.52) 2 (1.15) 0.091

36–45 167 (31.45) 114 (31.93) 53 (30.46)

46–55 236 (44.44) 147 (41.18) 89 (51.15)

C 55 117 (22.03) 87 (24.37) 30 (17.24)

Level of education, no. (%)

Junior college 11 (2.07) 8.00 (2.22) 3.00 (1.72) 0.892

Bachelor’s degree 194 (36.53) 129.00 (36.13) 66.00 (37.93)

Master’s degree 187 (35.22) 128.00 (35.85) 58.00 (33.33)

PhD or higher 139 (26.18) 92.00 (25.77) 47.00 (27.01)

Job title, no. (%)

Attending physician 59 (11.11) 46.00 (12.89) 13.00 (7.47) 0.095

Associated chief physician 252 (47.46) 174.00 (48.74) 78.00 (44.83)

Chief physician 220 (41.43) 137.00 (38.38) 83.00 (47.70)

Years of working experience, no. (%)

B 10 16 (3.01) 13.00 (3.60) 3.00 (1.72) 0.508

11–20 166 (31.26) 115.00 (32.13) 51.00 (29.31)

C 20 349 (65.73) 229.00 (64.27) 120.00 (68.97)

Departments, no. (%)

Optometry (refractive surgery) 326 (61.39) 235.00 (65.93) 91.00 (51.76) 0.006

Cataract or lens surgery 171 (32.20) 99.00 (27.70) 72.00 (41.76)

Others 34 (6.40) 23.00 (6.37) 11.00 (6.47)

What other ophthalmological surgeries have you performed?

Cataract or lens surgery 418 (78.72) 274.00 (76.75) 144.00 (82.76) 0.112

Corneal refractive surgery 407 (76.65) 288.00 (80.67) 119.00 (68.39) 0.002

Type of medical institutions, no. (%)

222 Ophthalmol Ther (2023) 12:217–237



95% CI = 1.505–10.293, P = 0.005) were more
likely to perform ISBICLS. Preoperative mea-
surement devices were not association with
their decision of performing DSBICLS or
ISBICLS (Pentacam, OR = 1.540, 95%
CI = 0.944–2.512, P = 0.084, UBM, OR = 1.427,
95% CI = 0.928–2.194, P = 0.106). In the final
fully adjusted model, these associations still
persisted and a higher percentage of modifying
the second-eye ICL selection according to the
first eye’s outcome (1–25%, OR = 0.203, 95%
CI = 0.054–0.771, P = 0.019; 26–50%, OR =
0.173, 95% CI = 0.041–0.726, P = 0.017;
51–75%, OR = 0.299, 95% CI = 0.041–0.726,
P = 0.123; 76–100%, OR = 0.163, 95%
CI = 0.039–0.688, P = 0.014) were less likely to
perform ISBICLS.

SURGEONS’ ATTITUDES
REGARDING ISBICLS AND DSBICLS

Overall, 295 (54.63%) supported ISBICLS as a
routine procedure compared with 245 (45.37%)
who preferred DSBICLS. Most (77.84%) sur-
geons who performed ISBICLS preferred
ISBICLS, but 22.16% of them still preferred
DSBICLS.

Reasons for Preferring ISBICLS or DSBICLS

The most common reasons for preferring
ISBICLS were the convenience for patient
(98.64%), faster recovery of bilateral vision
(73.56%), and improved perioperative compli-
ance (73.22%) (Fig. 2A). Higher percentage of
surgeons who currently performed ISBICLS

Table 1 continued

Total Currently
performed
ISBICLS

Currently
performed
DSBICLS

P-value

(N = 531) (N = 357) (N = 174)

Public general hospital 172 (32.39) 99.00 (27.73) 73.00 (41.95) 0.002

Public specialized hospital 38 (7.16) 21.00 (5.88) 17.00 (9.77)

Private general hospital 24 (4.52) 19.00 (5.32) 6.00 (3.45)

Private specialized hospital 296 (55.74) 218.00 (61.06) 78.00 (44.83)

Level of medical institution, no. (%)

Provincial 306 (57.63) 192.00 (53.78) 114.00 (65.52) 0.027

Municipal 174 (32.77) 123.00 (34.45) 51.00 (29.31)

Others 51 (9.60) 42.00 (11.76) 9.00 (5.17)

What is the ICL model you implant?

ICL V4 with central hole (V4c) 522 (98.31) 352 (98.60) 170 (97.70) 1.000

EVO ? ICL (V5) 19 (3.58) 12 (3.36) 7 (4.02)

Other 1 (1.88) 0 (0.00) 1 (0.01)

Demographic variables were presented as numbers (percentages),and compared by chi-square tests. A higher percentage of
surgeons performing ISBICLS come from optometry departments (65.93% versus 51.76%, P = 0.006), private specialized
hospitals (61.06% versus 44.83%, P = 0.002), municipal (34.45% versus 29.31%), or other level of medical institutions
(11.76% versus 5.17%, P = 0.027), and had performed corneal refractive surgeries (80.67% versus 68.39%, P = 0.002) than
surgeons who did not perform ISBICLS
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(73.67%) agreed that ISBICLS improved periop-
erative patients’ compliance than those who
currently performed DSBICLS (55.56%). Among
those preferring DSBICLS, the primary reason
for performing DSBICLS was the safety of sur-
gical approach (98.37%) (Fig. 2B).

Concerns About ISBICLS

Expert consensus was the main concern among
surgeons currently performing ISBICLS (62.6%,
Fig. 3). Among surgeons performing DSBICLS,
they were mainly concerned about the risk of
endophthalmitis (76.47%) and vault pre-
dictability (74.12%), followed by the risk of
other complications (22.98%), visual outcomes
(20.90%), patient wishes (12.24%), and hospital
policy (18.64%, Fig. 3). Individual financial
reasons (2.26%) and insufficient familiarity

with sequential bilateral eye surgery (1.32%)
were less likely to be reasons for concern than
any other factors (Fig. 3).

Desire to Further Adopt or Attempt
ISBICLS

The most common desire to support further
adoption or attempt ISBICLS was expert con-
sensus on surgical criteria and patient indicators
for ISBICLS (82.3%), more evidence regarding
effectiveness and safety of ISBICLS (75.71%),
and improved ICL surgical design (55.93%).
Experience of colleague success in ISBICLS was
also important among surgeons currently per-
forming ISBICLS (51.25%, Fig. 4). The other
desires, including accurate measurement devi-
ces (i.e., intraoperative real-time optical coher-
ence tomography (OCT)) and standardization of

Table 2 The procedure of bilateral Implantable Collamer Lens surgery in Mainland China

Total (N = 531) Currently performed ISBICLS (N = 357) Currently performed
DSBICLS (N = 174)

Percentage of performing bilateral ICL surgery on the same day, no. (%)a

None / 0 (0.00) /

1–25% / 59 (16.53) /

26–50% / 21 (5.88) /

51–75% / 14 (3.92) /

76–100% / 263 (73.67) /

Time intervals between two-eye surgery when performing ISBICLS, no. (%)a

Less than 30 min 251 (69.53) 248 (69.47) 3 (75.00)

0.5–2 h 46 (12.74) 46 (12.89) 0 (0.00)

2–4 h 46 (12.74) 45 (12.61) 1 (25.00)

More than 4 h 18 (4.99) 18 (5.04) 0 (0.00)

Time intervals between two-eye surgery when performing or if you have to perform DSBICLS, no. (%)

1 day 273 (85.05) 123 (83.11) 150 (86.71)

2–7 days 47 (14.64) 24 (16.22) 23 (13.29)

More than 7 days 1 (0.31) 1 (0.68) 1 (0.58)

ICL implantable collamer lens, ISBICLS immediately sequential bilateral ICL surgery, DSBICLS delayed sequential
bilateral ICL surgery
aAnswered only by those who have performed ISBICLS (including those who stopped performing ISBICLS for certain
reasons)
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sterilization procedure for phakic IOL surgery
were mentioned in the free text answer. More
detailed opinions or recommendations to the
ISBICLS are presented in the Supplementary
Material.

Surgeons Who Abandoned ISBICLS

Four surgeons who have been doing ICL surg-
eries since 2004, 2010, 2015, and 2016 have
abandoned ISBICLS. In 2020, 2011, 2015, and
2018, respectively, they had performed ISBICLS.
All of them implanted the ICL V4c model. Two
of them preferred ISBICLS and the other two
preferred DSBICLS. The reason why they sup-
ported ISBICLS or DSBICLS were similar to the
total result. All of them reported that they
mainly concerned about lack of expert consen-
sus. The other concerns included the increasing
risk of endophthalmitis (3/4) and vault pre-
dictability (1/4). All of them desired to have
expert consensus on surgical criteria and patient
indicators for ISBICLS and more evidence
regarding effectiveness and safety of ISBICLS.

DISCUSSION

In China, the demand of ICL surgery is boom-
ing. Immediate sequential bilateral surgery has
greater convenience for patients and improves

clinical efficiency, but it remains controversial
and lacks standardization. Since refractive sur-
gery has ushered in an era of personalization,
establishing uniform rules to carry out ISBICLS
or DSBICLS is no longer rational. We identified
essential factors to adopt ISBICLS for ICL sur-
gery, hoping to provide a basis for further evi-
dence-based research and revisions of the
Chinese expert consensus of PIOL
implantation.

In our study, an increasing number of sur-
geons have started performing ISBICLS in recent
decades. The first small spike of ISBICLS was in
2015, 1 year after the introduction of new ICL
models, ICL V4c with central hole, in China.
We think that the improved safety of the ICL
V4c model led to an increase in the number of
ISBICLS. The central hole design is proven to
improve aqueous humor circulation, which
reduces the risk of postoperative excessive
intraocular pressure and cataracts. In our clini-
cal practice, peripheral iridotomy can be per-
formed using a neodymium-doped yttrium
aluminum-garnet (Nd:YAG) before surgery
[24, 25]. Thus, we think the iridotomy in the V4
model did not play a key role in deciding whe-
ther bilateral ICL implantation is performed on
the same day. According to our data, ICL V4c
dominates almost all of the implanted ICL
models on the Chinese market (98.31%) as the
ICL V5 (19 of 531 responders) and ICL models
for hyperopia compensation have not become
popularized in China, further studies are needed
to explore whether the ICL model may influ-
ence the procedure of bilateral ICL surgery.
Another peak in ISBICLS occurred in 2020,
which could be explained by the fact that the
COVID-19 pandemic and the booming demand
for refractive surgery prompted hospitals to
develop workflows that were both highly effi-
cient and low-contact with patients. Although
67.23% of surgeons currently perform ISBICLS,
only 52.16% perform ISBICLS in the majority of
cases, and only 54.63% of surgeons prefer
ISBICLS as routine practice. These results sug-
gest that ISBICLS has been gradually adopted
among surgeons, but it has not been accepted as
routine procedure in Mainland China.

The benefits of ISBICLS for patient conve-
nience were commonly accepted by surgeons,

Fig. 1 The annual proportion of surgeons who started
performing ICL surgery and immediate sequential bilateral
ICL surgery (ISBICLS). With the increase in ICL
surgeries, an increasing number of surgeons have started
performing ISBICLS since 2002. The increasing rate of
ISBICLS peaked in 2020 (11.86%), with 57.44% of all
surgeons performing ISBICLS
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Table 3 Surgeon experience with implantable collamer lens surgery

Total (N = 531) Currently performed
ISBICLS (N = 357)

Currently performed
DSBICLS (N = 174)

P

How many ICL surgeries have you performed in the past year (eyes)? no. (%)

\ 100 195 (36.72) 117 (32.77) 78 (44.83) 0.025**

100–500 223 (42.00) 154 (43.14) 69 (39.66)

501–1000 73 (13.75) 57 (15.97) 16 (9.20)

[ 1000 40 (7.53) 29 (8.12) 11 (6.32)

How many ICL surgeries have you performed(eyes)? no. (%)

\ 200 138 (25.99) 85 (23.81) 53 (30.46) 0.024**

200–1000 211 (39.74) 134 (37.54) 77 (44.25)

1001–3000 106 (19.96) 80 (22.41) 26 (14.94)

[ 3000 76 (14.31) 58 (16.25) 18 (10.34)

How long does it take you to complete an ICL surgery for one eye? no. (%)

B 3 min 139 (26.18) 110 (30.81) 29 (16.67) 0.001***

4–6 min 263 (49.53) 169 (47.34) 94 (54.02)

7–10 min 101 (19.02) 65 (18.21) 36 (20.69)

11–30 min 28 (5.27) 13 (3.64) 15 (8.62)

Categories of surgical management, no. (%)

Outpatient or day care surgery 450 (84.75) 313 (87.68) 137 (78.74) 0.007***

Inpatient surgery 81 (15.25) 44 (12.32) 37 (21.26)

Indicators to account for individual performance, no. (%)

Numbers of surgical eyes 442 (83.24) 292 (81.79) 150 (86.21) 0.201

Numbers of surgical patients 89 (16.76) 65 (18.21) 24 (13.79)

Charge of the second eye surgery, no. (%)

DSBICLS[ ISBICLS 67 (12.62) 45 (12.61) 22 (12.64) 0.829

DSBICLS = ISBICLS 435 (81.92) 291 (81.51) 144 (82.76)

DSBICLS\ ISBICLS 29 (5.46) 21 (5.88) 8 (4.60)

Preoperative measurement devices when designing ICL size (multiple choice)

Pentacam measurements 424 (79.85) 298 (83.47) 126 (72.41) 0.003***

UBM measurements 367 (69.11) 258 (72.27) 109 (62.64) 0.024**

AS-OCT measurements 194 (36.53) 134 (37.54) 60 (34.48) 0.493

What percentage of time do you modify your ICL selection in the second eye according to the vault from the first eye? no.

(%)
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which was consistent with previous reports
[16, 17]. Interestingly, those who performed
ISBICLS tend to believe that ISBICLS may have
more potential advantages in clinical outcomes,
such as improved perioperative compliance.
The medication administration in the early
perioperative period that differed between
bilateral eyes in DSBICLS may inconvenience
patients. In the early postoperative period, the
inappropriate usage of prednisolone acetate
may lead to steroid intraocular pressure eleva-
tion, especially in high myopia. Patients’ com-
pliance and perceptions towards ISBICLS and
DSBICLS remains to be explored in further
study.

Almost all surgeons who preferred DSBICLS
were concerned about the safety of ISBICLS.
Endophthalmitis (infectious or aseptic) after
ICL surgery has rarely been reported but has
serious consequences [26–29]. Until recently,
management of post-ICL endophthalmitis still
follows the recommendations for cataract sur-
gery [12]. However, ICL implantation differs
from cataract surgery, with younger surgical
populations, less comorbidities, simpler surgical
procedure, shorter surgical time, and faster
recovery. Routine preventive treatments such as
intracameral antibiotic injection in cataract
surgery, and patient indicators for ISBCS
[12, 13] may not be applicable in ICL surgery. In
our study, most surgeons reported concerns
regarding the risk of endophthalmitis, espe-
cially among those who did not perform
ISBICLS. We also found that surgeons from

cataract departments were less likely to perform
ISBICLS in our first logistic regression model,
because they may be more familiar with delayed
sequential bilateral cataract surgery (DSBCS).
More detailed regulations related to periopera-
tive sterilization measures (e.g., changing oper-
ating instruments, operating tables, or even
operating rooms) for ICL surgery are necessary
for the safe practice of ISBICLS.

Vault considerations also affect the choice of
ISBICLS or DSBICLS. This was another common
concern for those who had never performed
ISBICLS. Previous studies proposed that
DSBICLS can be used to adjust the size of the
second eye based on vault of the first eye 1 day
after surgery, thus decreasing the risk of bilat-
eral ICL size exchange [21, 22, 30]. According to
our results, although the percentage of such
cases was negatively associated with performing
ISBICLS, most surgeons reported that it occur-
red less than 25% of the time. Thus, DSBICLS
was performed to improve surgical outcomes
only in specific cases rather than routine
practice.

In addition, the time interval for bilateral eye
surgery also differed among surgeons. In terms
of performing ISBICLS, almost one third of
surgeons reported that they performed bilateral
surgery in separate sessions (with a delay of over
30 min after the first surgery), which may be an
alternative choice for ISBICLS. When perform-
ing DSBICLS, most (85.05%) surgeons in our
survey chose to perform the second eye surgery
1 day later (Table 2). However, the vault on the

Table 3 continued

Total (N = 531) Currently performed
ISBICLS (N = 357)

Currently performed
DSBICLS (N = 174)

P

0% 31 (5.84) 28 (7.84) 3 (1.72) 0.037**

1–25% 341 (64.22) 226 (63.31) 115 (66.09)

26–50% 63 (11.86) 39 (10.92) 24 (13.79)

51–75% 39 (7.34) 29 (8.12) 10 (5.75)

76–100% 57 (10.73) 35 (9.80) 22 (12.64)

ICL implantable collamer lens, ISBICLS immediately sequential bilateral ICL surgery, DSBICLS delayed sequential
bilateral ICL surgery
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Table 4 Logistic regression for factors associated with currently performing immediate sequential bilateral ICL surgery
(ISBICLS)

P-value Adjusted odds
ratio (95% CI)

P-value Adjusted odds
ratio (95% CI)

P-value Adjusted odds
ratio (95% CI)

Job title

Attending physician Reference Reference

Associated chief

physician

0.318 0.706

(0.356,1.399)

0.144 0.588

(0.289,1.199)

0.17 0.604

(0.294,1.241)

Chief physician 0.304 0.691

(0.341,1.399)

0.074 0.501

(0.235,1.068)

0.081 0.505

(0.234,1.089)

Departments

Optometry

department (refractive

surgery department)

Reference Reference Reference

Cataract or lens

surgery department

0.032 0.637

(0.422,0.963)

0.057 0.636

(0.400,1.014)

0.051 0.627

(0.393,1.002)

Others 0.781 0.896 (0.411,1.95) 0.899 1.055

(0.459,2.425)

0.993 0.996

(0.429,2.313)

Type of medical institution

Public general hospital Reference Reference Reference

Public specialized

hospital

0.795 0.909 (0.443,

1.866)

0.1 1.565 (0.917,

2.670)

0.925 1.038 (0.478,

2.255)

Private general hospital 0.11 2.277 (0.829,

6.253)

0.983 0.992 (0.462,

2.129)

0.172 2.14 (0.719,

6.373)

Private specialized

hospital

0.033 1.724 (1.045,

2.843)

0.088 2.501 (0.873,

7.166)

0.203 1.432 (0.824,

2.488)

Level of medical institution

Provincial level Reference Reference Reference

Municipal level 0.245 1.629 (0.716,

3.708)

0.274 1.611 (0.686,

3.781)

0.35 1.515 (0.633,

3.625)

Others 0.994 1.002 (0.616, 1.63) 0.906 1.031 (0.617,

1.724)

0.826 1.061 (0.629,

1.788)

When did you start performing ICL surgery

Before 2010 0.009 2.772 (1.290,

5.957)

0.02 2.505 (1.152,

5.447)

2011–2013 0.036 2.479 (1.060,

5.800)

0.043 2.433 (1.029,

5.755)
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Table 4 continued

P-value Adjusted odds
ratio (95% CI)

P-value Adjusted odds
ratio (95% CI)

P-value Adjusted odds
ratio (95% CI)

2014–2016 0.32 1.426 (0.709,

2.868)

0.397 1.356 (0.67,

2.744)

2017–2019 0.279 1.378 (0.771,

2.464)

0.376 1.305 (0.724,

2.354)

After 2020 reference

How many ICL surgeries have you performed in the past year

\ 100 Reference Reference

100–500 0.649 1.152 (0.627,

2.115)

0.526 1.223 (0.657,

2.274)

501–1000 0.657 1.253 (0.462,

3.398)

0.628 1.285 (0.466,

3.546)

[ 1000 0.719 0.782 (0.204,

2.995)

0.799 0.837 (0.213,

3.286)

Until now, how many ICL surgeries have you performed?

\ 200 Reference Reference

200–1000 0.111 0.589 (0.307,

1.129)

0.154 0.627 (0.33,

1.192)

1001–3000 0.462 0.705 (0.278,

1.789)

0.701 0.835 (0.332,

2.101)

[ 3000 0.438 0.594 (0.159,

2.217)

0.618 0.72 (0.198,

2.619)

How long did it take for you to complete an ICL surgery for one eye?

B 3 min 0.005 3.936 (1.505,

10.293)

0.008 3.751 (1.41,

9.978)

4–6 min 0.119 1.976 (0.840,

4.645)

0.112 2.032 (0.848,

4.867)

7–10 min 0.092 2.167 (0.881,

5.330)

0.111 2.114 (0.841,

5.311)

[ 10 min

ICL surgery management type

Outpatient or day care

surgery

Reference Reference

Inpatient surgery 0.059 0.593 (0.345,

1.019)

0.105 0.633 (0.364, 1.1)
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first postoperative day may not be
stable enough to provide a reliable reference
[25, 31, 32], while too long of an interval may
cause inconvenience to the patient. Studies are
needed to determine the reasonable time
interval for the better predictability of vault
surgical safety.

To further explore factors related to the
practice of ISBICLS, we investigated surgeons’
experience and skills with ICL surgery, preop-
erative devices, and hospital management fac-
tors. As expected, the most crucial factor was
the surgeon experience with ICL surgery. Sur-
geons who currently performed ISBICLS had

started ICL surgery earlier, had higher annual or
total surgical volume, and completed one-eye
surgery faster. The numbers of years performing
ICL surgery and one-eye surgical time were sig-
nificantly associated with performing ISBICLS,
which suggested that more experienced and
skilled surgeons may have the ability to treat
corresponding complications to ensure the safe
outcomes. Consistently, more surgeons who
performed DSBICLS were concerned about vault
predictability (Fig. 3), possibly due to lack of
experience with ICL selection and surgical
skills. Thus, ISBICLS may not be suitable for
beginners and is recommended for skilled

Table 4 continued

P-value Adjusted odds
ratio (95% CI)

P-value Adjusted odds
ratio (95% CI)

P-value Adjusted odds
ratio (95% CI)

Preoperative measurement devices when designing ICL size(others-reference)

Pentacam

measurements (ACD,

WTW)

0.084 1.540 (0.944,

2.512)

0.06 1.617 (0.98,

2.666)

UBM measurements

(STS)

0.106 1.427 (0.928,

2.194)

0.062 1.52 (0.979,

2.361)

What percentage of time do you modify your ICL selection in the second eye according to the vault from the first eye?

0% (I never referred to

the first eye)

Reference

1–25% 0.01 0.183 (0.05,

0.669)

26–50% 0.013 0.173 (0.043,

0.695)

51–75% 0.091 0.276 (0.062,

1.23)

76–100% 0.009 0.157 (0.039,

0.631)

Multivariable regression models were performed to evaluate factors associated with surgeons currently performing ISBICLS.
The variables in the univariate logistic regression model (eTable 2) with P-value\ 0.05 were included as covariables in the
multivariate logistic models. For the association of clinical settings with the outcome, we adjusted for demographic
characteristics (job title, departments, medical institution type, and medical institution level). For the association of surgeon
experience or skills with ICL surgery, we adjusted additionally when to start ICL surgery, the total surgical volume, the time
of one-eye ICL surgery, the preoperative measurement devices, and ICL surgery management type, except for the percentage
of modifying the second eye ICL selection (due to potential mediation). Finally, we made a fully adjusted logistic regression
model
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surgeons. Studies are needed to determine
whether surgeons can perform ISBICLS during
their learning curve. However, surgeons desired
improved ICL surgical design rather than
training for surgical skills. Further studies are
needed to explore more factors of the surgical
teams (including the operative designers).

According to our data, Pentacam and UBM
measurements were the main preoperative
devices when designing ICL size, and were used
more often by those who performed ISBICLS.

However, no significant association was found
between the devices with adoption of ISBICLS.
The manufacturer provided STAAR Surgical
Online Calculation &Ordering System (OCOSTM)
based on white to white (WTW), and anterior
chamber depth (ACD) measured by Pentacam
are used as standard methods [33]. In addition,
the UBM could provide a more accurate assess-
ment of the ciliary sulcus morphology in cus-
tomized design of ICL size [34–37], although its
repeatability depends largely on the operator’s

Fig. 2 The reason why surgeons supported immediate
sequential bilateral ICL surgery (ISBICLS) or delayed
sequential bilateral ICL surgery (DSBICLS) as routine
practice. A The most common reasons for preferring
ISBICLS were the convenience for patient (98.64%), faster

recovery of bilateral vision (73.56%), and improved
perioperative compliance (73.22%). B The primary reason
for supporting DSBICLS was the safety of surgical
approach (98.37%)
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skill [38]. Real-time OCT is also mentioned by
two surgeons in the free text answers to
improve the predictability of postoperative
vault. These results suggest that accurate pre-
operative measurement devices may improve
the predictability of the postoperative vault and
help the adoption of ISBICLS.

The inconvenience to patient daily life caused
by unilateral vision loss within the perioperative
period may increase the demand for DSBICLS.
Thus, we hypothesize that the categories of sur-
gical management may affect the adoption of
ISBICLS. In our study, a higher percentage of
ISBICLS were performed as outpatient surgeries,
and surgeons in private specialized hospitals were
more likely to perform ISBICLS. This can be
explained by the fact that private hospitals have
less hospital beds than public medical institutions
in Mainland China [39] and suggests the poten-
tial advantage of ISBICLS in improving clinical
efficiency. However, this did not achieve a sig-
nificant association with the outcome after we

adjusted for surgeons’ experiences, which sug-
gested that the clinical settings were not the main
factors influencing the adoption of ISBICLS when
the surgeon had sufficient surgical skills to ensure
the surgical safety.

No significant difference was found for per-
forming ISBICLS regarding the other economic
factors, including the number of surgical eyes
affecting personal individual income and
charge for the second eye. Moreover, individual
financial reasons were the concern of only
2.26% of surgeons. Thus, the main factors
associated with adoption of ISBICLS were
regarding surgical safety and predictability,
including surgeons’ experience, skills, and vault
considerations, rather than the hospital policy
or economic factors. Our results inform the
future revision of existing expert consensus on
PIOL implantation, which was also the most
desirable support for the adoption of ISBICLS in
our study. Interestingly, out of four surgeons
that abandoned ISBICLS in favor of DSBICLS,

Fig. 3 Surgeons’ concerns about immediate sequential
bilateral ICL surgery (ISBICLS). For those who currently
performed ISBICLS, the main concern was expert
consensus (62.6%). For those who currently performed
DSBICLS, the main concern was the risk of

endophthalmitis (76.47%) and vault predictability
(74.12%), followed by the risk of other complications
(22.98%), visual outcomes (20.90%), patient wishes
(12.24%), and hospital policy (18.64%)
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three had performed ISBICLS before the 2019
Chinese expert consensus of PIOL was pub-
lished and one surgeon performed ISBICLS in
2020 and then stopped. All of them were mainly
concerned about the lack of expert consensus.
Thus, we think one of the main cause for
abandoning ISBICLS was the medicolegal issues.
Actually, our data demonstrated that surgeons
currently performing ISBICLS were also con-
cerned about the lack of expert consensus. As an
EVO-ICL refractive surgery center with the lar-
gest single-center surgical volume in China, we
have been through the process of abandoning
ISBICLS to DSBICLS due to medicolegal issues,
and then finally back to ISBICLS owing to the
increased demand for ICL surgery. Future revi-
sion may include standardized protocols to
prevent endophthalmitis, the appropriate time
interval of two eye surgery, and requisitions for
surgeon skills and devices. Additional studies
are needed to explore the feasibility of ISBICLS
in various clinical settings.

To the best of our knowledge, this is the first
large-scale survey on the status of practicing
ISBICLS and surgeon perceptions regarding
adopting ISBICLS, covering all 30 provinces
where ICL surgery is available in Mainland
China. Our participants come from a variety of
geographical locations and medical institution
levels, which is one of our strength as we cap-
tured the wide range of surgeons’ attitudes and
experiences.

Our study had several limitations. First, our
study was cross sectional. Although we
demonstrated some factors were associated with
performing ISBICLS, causal and temporal rela-
tionships could not be inferred (e.g., surgical
volume). Second, the results were self reported
and may introduce reporting bias or recall bias.
The detailed information (e.g., when to start,
surgical volume) may be over- or underesti-
mated. Third, even though we eliminated a
number of possible confounders, there may still
be some residual confounders from unmeasured

Fig. 4 Surgeons’ desire for further adoption of immediate
sequential bilateral ICL surgery (ISBICLS). The most
common desire to support further adoption or attempt
ISBICLS was expert consensus on surgical criteria and
patient indicators for ISBICLS (82.3%), more evidence

regarding ISBICLS effectiveness and safety (75.71%), and
improved ICL surgical design (55.93%). Colleague success
in ISBICLS was also important among surgeons currently
performing ISBICLS (51.25%)
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factors, such as the surgical procedures (e.g., the
sterilization procedures between the two-eye
surgeries) and the rate of complications. Finally,
four surgeons had stopped performing ISBICLS,
we analyzed their answer separately, and
attributed the reason why the abandoned
ISBICLS partly to medicolegal issues. However,
we did not directly ask them the reason why
they stopped performing ISBICLS, so further
studies are needed to explore the other factors
influencing the adoption of ISBICLS.

CONCLUSIONS

In recent decades, increasing numbers of sur-
geons in Mainland China are performing
ISBICSL; however, ISBICLS has not been accep-
ted as routine practice. ISBICLS may benefit
patients in convenience and improve their
perioperative compliance. The appropriate sur-
gical procedures must be chosen by considering
a variety of factors, especially the surgeon’s
experience, skills, and vault considerations.
Both risks of endophthalmitis and vault pre-
dictability should be the predominant factors in
determining the appropriate workflow of ICL
surgery. Perioperative sterilization for ICL sur-
gery needs to be standardized in detail, instead
of following the management of cataract sur-
gery. Additional studies are needed to deter-
mine the reasonable time interval for the better
predictability of vault. For future better practice
of ICL surgery, a set of applicable and stan-
dardized surgical protocols remains to be
explored to provide evidence for the revision of
expert consensus.
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