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Influencing factors comparing different vault
groups after phakic implantable collamer lens
implantation: review and meta-analysis

Pengcheng Zhang'?", Chenjun Guo®', Song Wang*, Wenshan Jiang?, Dan Wang? and Hong Yan'""

Abstract

Background Studies on the factors affecting vault after posterior chamber phakic Implantable Collamer Lens (ICL)
have been carried out, but most of them are single-centered and subjective selections of parameters. The present
study aimed to systematically analyze the factors for vault.

Methods A systematic review of case series, case-control, and cohort studies derived from the articles published in
PubMed, the Cochrane Library, Embase, Web of Science, CNKI, CBM, Wanfang and VIP, as well as ClinicalTrials, which
were conducted to search for studies on factors of vault using four core terms: phakic intraocular lenses, vault, risk
factor and observational study, from January 01, 1997, to February 20, 2023. The included studies were meta-analyzed
quantitatively and described qualitatively. Subsequently, meta-regression and subgroup analysis were used.

Results We identified 13 studies (1,607 subjects), and 14 factors were considered. Meta-analysis showed that
anterior chamber depth (ACD), horizontal corneal white-to-white (hWWTW), ICL-size, and age are dual effects of the
abnormal vaults; anterior chamber volume (ACV) and lens thickness (LT) are a one-way effect; while axial length (AL),
ICL- spherical equivalent (ICL-SE) and Km are insignificant. In addition, descriptive analysis of anterior chamber angle
(ACA), horizontal sulcus to sulcus (hSTS), ciliary processes height (T value), crystalline lens rise (CLR), and gender
showed that all factors except gender tend to have significant effects on vault. Sensitivity analysis showed stable
combined results. Country and design respectively affect the heterogeneity in ACD and ICL-size at low vault, while
design affects the heterogeneity in ACD at high vault. No publication bias exists.

Conclusions Vault after ICL is related to multiple factors, especially anterior segmental biologic parameters, and they
are weighted differently. We hope to provide a reference for the selection and adjustment of ICL.
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Background

Modern refractive surgery mainly includes keratomileu-
sis and intraocular refractive surgery [1]. Due to its good
correction of keratoconus or hyperopia, the phakic intra-
ocular lens, particularly the Vision Implantable Collamer
Lens (ICL) V4/V4c, has received much attention [2, 3].
ICL implantation is an intraocular procedure which pro-
vides superior visual quality, minimal complications and
is reversible [4]. Its safety, efficacy and long-term stability
have been universally proven [5, 6].

However, long-term follow-up is required after ICL
implantation, with a focus on site identification to assess
safety. Vault, as an important parameter of ICL posi-
tion in the posterior chamber and assessment of safety
[7], refers to the maximum vertical distance between
the apex of the anterior surface of the crystalline lens
and posterior surface of ICL [8]. The ideal vault is 250—
750 pum, which means an abnormal vault if beyond this
range [9]. Too low a vault can easily cause cataracts, too
high interferes with the anterior chamber, rubs the iris,
and induces persistent high intraocular pressure, uveitis,
etc. [10, 11].

Currently, studies on the factors affecting vault have
been carried out, but most of them are single-centered
and subjective selections of parameters, lacking a more
comprehensive and systematic study, which is the vital
feature of this review. Except for anterior chamber depth
(ACD) and horizontal corneal white-to-white (hWTW)
[12, 13], all other factors have not been elucidated and
the weights are not yet known. Aiming to provide clues
for preoperative ICL selection and vault prediction, this
study undertook a systematic evaluation and meta-anal-
ysis, focusing on two questions: (1) What are the factors
influencing high or low vault compared with the normal
one, and what are the similarities and differences? (2)
How can the controllable part of the above factors be
avoided to improve the accuracy of ICL selection?

Methods

Search strategy

According to prespecified criteria [14] outlined by the
preferred reporting items for systematic reviews and
meta-analyses (PRISMA) guidelines, this study protocol
was registered with PROSPERO (No. CRD42023403759).
Two investigators (PZ and CG) independently searched
eight databases to identify all the eligible literature from
January 01, 1997, to February 20, 2023: PubMed, the
Cochrane Library, Embase, Web of Science, Chinese
National Knowledge Infrastructure (CNKI), Chinese Bio-
medical Literature (CBM), Wanfang and VIP, by a com-
bination of Medical Subject Headings [MeSH] terms and
keywords. The ClinicalTrails and China Clinical Trials
Registry were also searched manually for unpublished
relevant literature. It contained four core components,
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linked using the AND operator: (1) phakic intraocular
lenses (e.g. phakic, implantable collamer lens, ICL, intra-
ocular lens implantation); (2) vault (e.g., arch height, arch
highness, high arch); (3) risk factor (e.g., influenc* fac-
tor, relate*, predict*); (4) observational study (e.g., case-
control study, cohort study, case series study). Search
terms were reviewed by an independent specialist (HY)
to ensure its comprehensive and relevant.

Search selection and data extraction

Two researchers (PZ, CG) independently performed lit-
erature screening and data extraction, and appraisal of
study quality using the same criteria. Duplicates were
eliminated in Endnote (version X9), then titles and
abstracts were screened for eligibility, a full text was read
for re-screening, and studies were finally included in the
quantitative analysis. Disagreements were adjudicated by
consultation between the two reviewers and arbitration
by a third reviewer (HY). Inclusion criteria: (1) design
types were observational studies, including case series,
case-control or cohort studies; (2) the study subjects had
refractive error and received ICL implantation, regardless
of gender or age; (3) were divided into groups based on
vault, which of 250-750 um were considered as normal
vault group, larger or less than this range as high and low
vault, respectively; the difference in age between groups
was less than 5 years, and they were admitted to the same
hospital during the same period; (4) had full text avail-
able. Exclusion criteria: (1) reviews, meta-analyses, case
reports, letters, conference proceedings; (2) with incon-
sistent study purposes or designs; (3) publications with
low quality or duplicated, no control group, or incom-
plete data; (4) studies with grouping basis or definition of
factors significantly different from the general criteria or
most study criteria.

Quality assessment

The quality of the included literature was evaluated using
the Newcastle-Ottawa Scale (NOS) [15]. The NOS con-
sists of 8 entries in 3 dimensions with a total score of 9.
Higher scores are associated with better quality, with a
score greater or equal to six being of higher quality [16].

Statistical analysis

The combined effect sizes for continuous variables were
expressed utilizing standardized mean differences (SMD)
with a 95% confidence interval (CI). Heterogeneity
between studies was tested using Q statistic and I [2] test.
When the I [2] value was more than 50%, which indicated
a significant heterogeneity, the random-effects model
was used. Otherwise, the fixed-effects model was chosen.
The stability of the results was tested by sensitivity anal-
ysis. The heterogeneity was considered large when I [2]
was larger than 75%, and meta-regression and subgroup
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analysis were performed to assess significant factors of
it. Statistical analyses were performed with the software
Review Manager 5.4 (Cochrane Collaboration, London,
UK) and STATA/SE version 16 (Stata Corporation, Col-
lege Station, TX, USA). The test level was a=0.05.

Results

A total of 840 articles were identified by computer
searching, and 13 studies [9, 17-28] finally met the inclu-
sion criteria after screening and extraction (Fig. 1), all of
which were single-center studies without the combina-
tion of other ocular diseases affecting visual acuity.

Study characteristics and quality assessment

Table 1 summarizes the characteristics of the studies
included in the evidence synthesis. Thirteen included
studies were all observational (8 case series [9, 20, 22-27],
4 case-control [18, 19, 21, 28], and 1 cohort [17]); Five of
them were in English and 8 in Chinese; For measurement
of vault, 6 studies used Pentacam [18, 21-25] and 7 ones
used AS-OCT [9, 17, 19, 20, 26-28], while ultrasound
biomicroscope (UBM) was also used as a complementary
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measure of correlative indicators, such as horizontal sul-
cus to sulcus (hSTS), lens curvature and ciliary processes
height (T-value). A total of 1,607 patients (2,202 eyes)
with 20 factors were included, and the duration ranged
from 0.25 to 24 months. The literature quality was evalu-
ated by the NOS, which showed 7’ in 3 articles [23, 27,
28], 8 in 8 articles [17, 18, 20-22, 24-26], and 9’ in the
remaining ones [9, 19]. All were larger than 6 points,
indicating the good quality of the included studies.

Meta-analysis

Low vault vs. Normal vault (L VS N, Fig. 2): A total of
11 studies [9, 17, 19-24, 26-28] involved ACD in the
included articles, with a significant heterogeneity
(P<0.05, ’=77%), and random-effects model showed
that ACD was a protective factor for the postoperative
low vault [SMD=-0.85, 95% CI (-1.13, -0.56), P<0.00001];
similarly, hWTW and ICL-size were also protective. Four
studies [22, 23, 26, 27] involved anterior chamber vol-
ume (ACV) without significant heterogeneity (P=0.81,
P=0%), fixed-effects model proved that ACV was a pro-
tective factor for low vault [SMD=-0.69, 95% CI (-0.93,

791 potentially eligible studies identified 49 po

tentially eligible

by database search, of which: studies identified though
ClinicalTrials or other

123 pubmed, 14 Cochrane, 102 EMbase,
191 Web Sci, 66 CNKI, 115 Wanfang, 88

additional sources

VIP, 92 CBM.

!

‘ 840 total retrieval literature

4.{ 399 duplicates removed ’

441 remaining after 375 records excluded after
removing duplicates title and abstract review

53 records excluded

27 low quality, different definitions of
grouping or factors

12 with inconsistent study purpose
or type

08 were reviews, letters, or
conference proceeding

66 full-text articles assessed
for eligibility

06 those with incomplete data or no
available full texts

‘

‘ 13 studies included in final synthesis

Fig. 1 PRISMA flow diagram
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Table 1 Characteristics and quality of studies included in this systematic review
Article Design  Country Age Duration  Size/eyes Method Factor NOS
(Month) (L/N/H) (S+C+E=T)
QiGW CsS China 272+64 3 22/86/10 Pentacam  [(1)(2)4)(8)] 44+142=7
2020 [23] (7)0)(11)(12)
Wang J Css China 2440576 12 4/68/8 Pentacam  [(1)(2)(17)] 4+2+2=8
2021 [24] (16)
XiongY CSS China 28.40£7.40 0.25 10/246/20 AS-OCT (MBI 3+1+3=7
2020 [27] @G)6)7)(®8)
©00)1(12)
Wuy CSS China 23.60£4.35 3-6 0/39/19 Pentacam  [(1)(2)(5)(10)(9)(13)] 3+2+3=8
2022 [25] @EN)12)(14)(15)
LiN CSS China 25.17£4.57 24 1/126/21 Pentacam  [(H(2)#)(8)] 4+143=8
2019 [22] (7)0)(11)
Zhang X 1:1 China 18~47 12-24 76/140/58  AS-OCT (MERB)E)®0eNA(T)  4+1+2=7
2021 [28] CCT
XiH Css China 2827+739 1 12/62/24 AS-OCT (MR)B)D5)6)] 4+1+3=8
2022 [26] (10)
Cui TF 1:1 China 262+84 12 38/70/29 Pentacam  [(1)(3)(6)(16)] 4+2+42=8
2019 [21] cCcT 0)
Kyum KW 2012 [20]  CSS Korea 26.1£4.0 2 8/93/29 AS-OCT (MBI 442+2=8
20014
Khan MA 1:2 Japan 2893+526 12 27/54/0 AS-OCT (MA7(18)(12)] 4+42+43=9
2022 [19] CcCT @@ ©00N14(19)
ChenQ 1:2 China 25.13£529 1 0/54/27 Pentacam  [(4)(16)(19)] 4+1+4+3=8
2020 18] ccr MEEB)E)E)(10)(14)(17)
Cerpa MS CSS Spain 32.27+7.56 4 34/272/54 AS-OCT [(MG@)0)(17)] 44+2+3=9
2021 [9] 0)(11)(19)(20)
Alfonso JF CS Spain 31.25+691 3 65/227/31 AS-OCT [(1)(2)] 4+1+3=8
2012 [17]

CSS, case series study; CCT, case-control study; CS, cohort study. L/N/H, low vault/ Normal vault/ High vault. S+C+E=T, population selectivity +comparability
between groups-+outcome/exposure factor measure=total score. Influencing factors: (1) ACD; (2) h(WTW; (3) LT, lens thickness; (4) ACV, anterior chamber volume;
(5) ACA, anterior chamber angle; (6) ICL-size; (7) ICL-SE; (8) AL, axial length; (9) CCT, central corneal thickness; (10) age; (11) Kf (12) Ks (13) LDist, Alpha angle; (14) pupil
diameter; (15) Kappa angle; (16) posterior chamber structure, including posterior chamber angle, ciliary processes height (T value), or distance between STS plane
and crystalline lens (STSL); (17) crystalline lens, including CLR and LG, its rise and curvature; (18) iris morphology, iris concavity; (19) gender; (20) ATA, angle to angle

distance. Factors in ‘[]" are significant ones in the corresponding literature

-0.45), P<0.00001]; idem, the effect values (SMD) and
95% CI of age and lens thickness (LT) were >0, which
were risk factors. In contrast, the total effect values of the
forest plots of axial length (AL), ICL-spherical equivalent
(ICL-SE), and Km all crossed the null line and had no sig-
nificant effect.

High vault vs. Normal vault (H VS N, Fig. 3): A total of
12 studies [9, 17, 18, 20-28] involved ACD which was a
risk factor for the postoperative high vault [SMD=0.38,
95% CI (0.07, 0.68), P=0.02], with a significant hetero-
geneity (P<0.00001, =83%). In the same way, hWTW
was also a risk factor, with ACV and AL having no obvi-
ous effect. ICL-size referred in Six studies [18, 21, 25-28]
with insignificant heterogeneity (P=0.15, ’=38%), which
was a risk factor for high vault [SMD=0.51, 95% CI (0.33,
0.69), P<0.00001]; idem, the SMD and 95% CI of age
were <0, which was a protective factor, while ICL-SE, LT,
and Km all had no obvious effect.

Sensitivity analysis, meta-regression and subgroup
analysis

Table 2 mainly lists studies with significant changes after
a one-by-one exclusion and a significant reduction in het-
erogeneity (’=0%, P=0.61) when the ICL-size was ana-
lyzed at low vault, excluding the study of Xiong et al. [27].
Results after switching to a fixed-effects model showed
[SMD=-0.42, 95% CI (-0.50, -0.35), P<0.00001], indicat-
ing that it was the main source of heterogeneity, but there
was no significant difference in the meta-analysis, and
the combined results were stable. After the remaining
studies were excluded one by one, the heterogeneity did
not change obviously; all the meta-analyses had P<0.10,
indicating that the stabilities of their combined results
were still in an acceptable range.

Meta-regression analysis was performed to screen for
factors that might influence heterogeneity: country and
design were factors for heterogeneity of ACD and ICL-
size respectively on low vault. (Z=2.64, -1.85, P=0.008,
0.064). Meanwhile, design on high vault was a factor for
ACD heterogeneity (Z=-4.00, P<0.001). The factors with
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or Subgrou
111ACDLVSN
Alfonso JF 2012
Cerpa MS 2021
CuiTF2018
Khan MA 2022
Kyum WK 2012
LiN2019
QiGW2020
WangJ 2021
XiH2022
Xiong Y 2020
ZhangX 2021
Subtotal (95% CI)

Low vault Normal vault
Mean SD Total Mean SD Total Weight
305 023 85 316 031 227 115%
313024 34 320026 272 107%
297 048 38 32602 70 99%
312 01 27 315 01 54 95%
36402 8 3802 93 0%
3022 41 347 04 124 107%
301 024 22 3202 86 94%
309 03 4 319024 68 49%
313022 12 351 024 62 75%
285029 10 319 024 246 78%
285 047 76 324 022 140 112%
387 1442 100.0%

Heterogeneity. Tau*= 0.16; Ch*= 4301, df= 10 (P < 0.00001); F=77%
Testfor overall effect 2= 5.84 (P < 0.00001)

11.2hWTW-.LVSN
Alfonso JF 2012
Cerpa MS 2021
CuiTF2018
Khan MA 2022
LiN2019
QiGW2020
WangJ 2021
XiH2022
Xong Y 2020
Zhang X 2021
Subtotal (95% CI)

146 03 22 1161 032 85
1142 004 4 1155 036 68 48%
149 04 41 1161 033 124 131%
1146 049 10 1152 038 246 86%
1.25 032 38 1147 035 70 122%
1162 033 65 11.71 037 227 145%
1189 041 34 1184 045 272 131%
1122 033 76 1145 035 140 143%
1129 033 27 1129 031 54 11.2%
1101 023 12 1147 032 62 82%
307 1263 100.0%

Heterogeneity. Tau= 0.10; Chi*= 27.26, df= 8 (P = 0.0006), F=71%
Test for overall effect Z=2.94 (P=0.003)

14.3(CLsize-L VSN
Cui TF2018
XiH2022

Xong Y 2020

Zhang X 2021
Subtotal (95% Cl)

1256 038 38 1297 037 70 298%

1231 026 12 1265 037 62 130%

1279 038 10 1273 036 246

1256 04 76 1302 03¢ 140 6§72%
126 212 100.0%

Heterogeneity. Tau*= 0.00; Chi*= 0.99, df= 2 (P = 0.61); F= 0%
Testfor gverall effect Z= 9.98 (P < 0.00001)

Testfor suborouo differences: Chi*= 19.26. df= 2 (P < 0.0001). = 89.6%
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Std. Mean Difference

IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

037 [065,-010)
064 [1.00,-028)
130}1.3,-095)
030(076,047)
071 (144,000
072}1.08,-036)
074 11.22,-026)
04111.42,060)
1501226,-091)
099 }163,-035)
A4
085[4.13,.056]

Not estimable
-0.37(1.38,0.65)
-0.34(0.70,0.01)
-0.16[-0.79,048)
-0.64[1.05,-0.24)
-0.25[-0.52,003)

041024, 047)
067 [095,-0.39)
0.00[-0.46, 0.46)
1.481214,-081)
-0.391-0.65,-0.13]

1.00}151,-067)
095 1.58,-0.31)

Not estimable
-1.27[1.57,-0.96)
A1A7[-140,-094]

o

2 A 1 2
Favours [Lowvault] Favours [Normal vaulf
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Lowvault su. std.
Study or Subqroup Mean SD_Yotal Mean SD_Total Weight IV, Fixed, 95% C1. WV, Fixed, 95% CI
121 ACV-LVSN
LiN2019 16968 201 41 18742 2761 124 454%  -06340.99,-027) —=—
Qi 6V 2020 1675 267 22 1893 283 86 255%  -077(1.25,-029] e
XiH2022 16233 148 12 1819 2216 52 145%  -0.91(155,029) —_—
Xiong Y 2020 17730 10 193 31 246 146%  -052[115012) —_—
Subtotal (95% CI) 85 518 100.0% .45] -
Heterogeneity: Chi*= 0.9, df= 3 (P= 0.81); = 0%
Testfor overall effect Z=5.59 (P <0.00001)
1.22AgeL VSN
CerpaMs 2021 358 74 3¢ 326 76 202 182% 0.43(0.08,0.79) —
Knan MA 2022 2893 576 27 2893 505 54 109%  0.000.46,046) —
LiN2019 2583 387 41 2505 486 124 186%  0.17(019,052) -
06V 2020 267 68 22 261 6 86 108% 010037057 o
X H2022 3142 1013 12 2885 726 62 60%  035(027,097) T
Xiong Y 2020 202 98 10 286 72 246 58%  0.08(055071) I
Znang X 2021 3022 417 76 2825 523 140 208% 020008048
Sublotal (95% C) 222 984 1000%  021[0.05,0.36]
Heterogeneity: Chi*= 2.95, df= 6 (P = 0.82); P= 0%
Testfor overall effect Z= 2,64 (= 0.008)
123LTLVSN
CuiTF2019 387 031 38 374 024 70 250% 0.48(0.08,0.88] ——
Kyum Wi 2012 376 023 8 385 023 93 76% 0471025120 o ——
XGH2022 423 038 12 391 029 62 97% 1.04(0.40, 1.68) R
Xiong Y 2020 381 042 10 371 028 246 100%  0.35(028,098) I
Znang X 2021 392 031 76 37 025 140 47.7% 0.80(0.51,1.09) ——
Subtotal (95% CI) 144 611 100.0% 0.6810.48, 0.88) >
Heterogeneity. ChP*= 4.17, df= 4 (P = 0.38), = 4%
Testfor overall effect: Z= 6.63 (P <0.00001)
124 ALLVSN
LiN2019 264 145 41 2692 172 128 286%  -031 067,004 —=
QI GW 2020 2633 152 22 2695 169 86 163%  -0.34(081,0.14) T
Xiong Y 2020 28 2 10 272 23 246 90% 0350028098 —
Zhang X 2021 268 158 76 2693 187 140 464%  -0.17 (0.45,0.11] —=T
Subtotal (95% C) 149 596 100.0%  .0.19(.0.38,.0.00] 4
Heterogeneity. Ch= 361, 6f= 3 (P = 0.31);, F= 17%
Testfor overall effect Z= 1.99 (P = 0.05)
125SELVSN
Cerpa S 2021 187 3¢ 114 336 202 165% 0.60(0.24,0.96)
CulTF2019 394 38 895 352 70 137%  0.0200.37,042)
Knan MA 2022 264 27 797 215 54 100%  -0.15(062,031)
LiN2019 318 41 822 284 128 172%  -0.08(0.43,028)
Qi Gv¢ 2020 308 22 -92 298 86  98% -0.09 [0.56,0.38)
Xiong Y 2020 37 10 107 4 246 54%  -022[0086,041)
ZhangX 2021 438 76 942 323 140 274%  0.10(018,037)
Subtotal (95% Iy 992 100.0%  0.08(.0.07,0.23]
Heterogeneity. Chi*= 11.33, df= 6 (P= 0.08), = 47%
Testfor overall effect 2= 1.06 (P = 0.20)
126KmLVSN
CerpaMs 2021 438 23 34 442 16 72 195%  -0.48(053,019 T
Knan MA 2022 4305 13¢ 27 4255 087 54 113% 0.47(0.00,0.94] e
LiN2019 4447 167 41 4375 144 124 198%  0.28(008,063 T
i 6V 2020 442 174 22 4386 15 86 11.3%  022(025,059 —
Xiong Y 2020 432 11 10 435 15 246 62% —
Zhang X 2021 4391 19 76 4381 166 140 319% ——
Subtotal (95% Ciy 210 922 100.0% >

Heterogeneity. Chi*= 6,93, of= § (P = 0.23); = 28%
Testfor overall effect Z=1.30 = 0.19)

Testfor suborouo differences: Chi*= 83.69. df= 5 (P < 0.00001). = 94.0%

Fig. 2 Meta-analysis of the effect of factors on low vault after ICL surgery (L VS N, low vault group vs. normal vault group)
Each square indicates a study, and the area of squares is proportional to the weight. The diamond represents the pooled SMD and 95% Cl.

Study or Subgroup
21.1ACD-HVSN
Alfonso JF 2012
Cerpa S 2021
Chen Q2020
CuiTF2019
Kyum WK 2012
LiN2018

Qi GV 2020
Wang J 2021
VY2022
XiH2022
Xiong Y 2020
Zhang X 2021
Subtotal (95% CI)

Testfor overall effect: Z:

212hWTW.HVSN
Afonso JF 2012
Cerpa M8 2021
Chen Q2020
CuiTF2019
LiN2018

Qi GV 2020
‘WangJ 2021
VY2022
XiH2022

Xiong Y 2020
Znang X 2021
Subtotal (95% CI)
Heterogeneity. Ta
Testfor overall effect:

214 ACVHVSH
Chen 02020
LiN2018

i 6w 2020

WiuY 2022

XiH 2022

Xiong ¥ 2020
Subtotal (95% CI)
Heterogeneity: Tau*=
Testfor overall effect:

215ALHVSN
Chen Q2020
LiN2018

Qi 6V 2020

Xiong Y 2020

Znang X 2021
Subtotal (95% C1)
Heterogeneity. Tau*=
Testfor overall effect:

Highvault Std. i St
Mean SD Total Mean SD Total Weight IV, Random, 95%Cl IV, Random, 95% Cl
328 028 31 316 031 227 Notestimable
342 028 54 328 025 272 103%  050[0.21,080) —
333 025 27 334 022 54 93% -0.04[0.51,042) T
316 026 29 326 022 70 94%  -0.4310.86,001) I
395 025 29 38 022 93 95%  066[023,108 —_—
341024 21 37 024 124 92%  098(052.147) —
343 025 10 32 026 86 7.8%  088[0.21,155
346 019 8 319 024 68 72% 113038189 m—
328 03 19 316 03 39 86%  039}0.15,095 T
363 016 24 351 024 62 92% 0.54(0.06,1.02) —
320 022 20 319 024 26 93%  0.42}0.04,088 —
311027 58 326 022 140 102%  -055(0.86,-0.24] —_
1254 1000%  038(0.04,072] -
Heterogeneity Tau*= 0.27; Chi*= 62.74, df= 10 (P <0.00001); F= 84%
18 (P =0.03)
1184 023 31 1171 037 227 103% 036-0.01,074] —
1202 042 54 1184 045 272 112%  0.40{0.11,070) .
1161 026 27 1163 026 54 92% -0.08[-0.54,0.39] T
1138 033 29 1147 035 70 96% -0.22[-0.65,0.21] /T
182 021 21 1S 033 124 91%  066[0.19,1.13) _—
1184 028 10 1161 032 8 7.0% 0.72[0.06, 1.38]
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Table 2 Sensitivity analysis
Factor Article Heterogeneity test Meta-analysis
(%) P SMD (95% Cl) P
Low vault vs. Normal vault
|CL-size Primary Meta 81 0.001 -0.83(-1.38,-0.28) 0.003
(Removed) Xiong 2020% 0 061 -1.17 (-1.40,-0.94) <0.00001
(Removed) Zhang 2021% 82 0.004 -0.64 (-140,0.11) 0.09
(Removed) Cui 2019 88 0.0003 -0.71(-1.56,0.13) 0.10
Age Primary Meta 0.82 0.21 (0.05, 0.36) 0.008
(Removed) Cerpa MS 2021 0 0.96 0.15(-0.01,0.32) 0.07
High vault vs. Normal vault
hWTW Primary Meta 72 <0.0001 0.31(0.06,0.57) 0.02
(Removed) Wu 20227 71 0.0004 0.26 (0.00,0.51) 0.05
Table 3 Meta-regression
Meta_es ACD:LVSN ICLsize: LVS N ACD:HVSN
Conf 4 P Conf Y4 P Conf Y4 P
Year -0.042 -1.05 0.292 -0.092 -0.30 0.768 -0.016 -0.33 0.743
Nation 0.218 2.64 0.008" — — — 0.047 0.34 0.735
Design 0.091 0.41 0.685 -0.794 -1.85 0.064 -0.820 -4.00 0.000
Method 0.029 0.09 0.928 0.378 045 0.653 -0.132 -041 0.685
Time -0.125 -0.74 0462 -0.450 -1.60 0.110 -0.155 -0.82 0412
NOS 0.293 1.58 0.115 -0420 -0.56 0573 0.190 0.70 0.483
Myopia -0.506 -1.61 0.107 — — — -0.572 -1.60 0.109
ICL-V 0430 1.24 0216 — — — 0173 041 0.682

* represents that the corresponding factor is statistically significant (test level: a=0.10);

—, means that the corresponding factor does not differ between groups or there is covariance

regression p<0.10 were selected for further subgroup
analysis to explore the significant factors of heterogeneity
and the differences between subgroups. (Table 3).

Subgroup analysis: Country was not a main source of
ACD heterogeneity on low vault ( [2] cpiese, others=63-29%,
0%, P=0.01, 0.51), and as shown in Figs. 4-1, the small
diamond-shaped squares all fell to the left of the invalid
line and do not intersect, which means ACD was a pro-
tective factor for low vault both in Chinese and others
(Japanese, Korean, and Hispanic). Similarly, design was
neither a main source of ICL-size heterogeneity on low
vault nor of ACD heterogeneity on high vault. Mean-
while, the protective effect of ICL-size on low vault was
primarily due to the findings of case-control or cohort
designs, but the risk of ACD on high vault was mainly
derived from case series studies (Figs. 4-2, 4-3).

Descriptive analysis

Other factors were not meta-analyzed because of too few
studies (<3), covering 4 cohort studies [18, 19, 21, 28]
and 3 case series ones [9, 24, 26], involving a total of 5
factors including anterior chamber angle (ACA), hSTS,
T value, crystalline lens rise (CLR) and gender. The study
of Xi et al. [26] showed a positive association between
ACA and vault at one month postoperatively (r=0.412,
P<0.001), and its weight was second only to WTW and

LT. Chen and Cerpa [9, 18], on the other hand, denied it
(both P>0.05). Cui et al. [21] emphasized the necessity of
posterior chamber structure for ICL size selection; Chen
et al. [18] held against it (P=0.09). They [18, 21] both
supported the contribution of T value to vault, but Cui
believed that it contributed the most to vault. Significant
differences in CLR have been demonstrated [9, 19, 24] (all
P<0.001), and Wang et al. [24] found a negative correla-
tion between CLR and vault (r=-0.509, P<0.01). Included
studies [9, 18, 19] showed no difference between genders
except for Chen (P=0.04).

Publication bias

Publication bias was assessed by Egger test for individual
factors that was included in more than 10 articles. The
results suggest that there was no publication bias (Z=-
0.04, -0.70, 1.94, 1.34; P=0.971, 0.484, 0.052, 0.182) for
ACD and hWTW in either the low or high vaults groups
(Fig. 5).

Discussion

The reliability of the results needs to be verified [29].
First, the study of Xiong et al. [27] was a significant fac-
tor in analyzing ICL-size heterogeneity at low vault.
Next, subgroup analyses showed that none of the fac-
tors was the main source of respective heterogeneity.



Zhang et al. BMC Ophthalmology (2024) 24:70

Page 7 of 10

41 Subgroup analysis of ACD by nationally 4 Subgroup anaiysis of ICLsize by design 4-3 Subgroup analysis of ACD by design
1, China; 2, Others i Y oy — 1, Case senies study; 2, Case-control or cohort study
Lowvaut  Normal vaut AU L oSy Highvaut  Nomelvaut
Study N Mean 0 N Nean $D Lowveut — Nomal vault Study N Mean 8D N Mean $D
\ 1 [
f Sty N lleen D N lean D
QG20 2 301 % 8 32.% _ll_ i E QG200 10 343 5 & 32 % —:—l—
Wengd2t 4 300 5 68 319 4 —— WangJ22 B 345 19 68 319 A ——
XogY2) 10 295 29 2% 39 2 — ongY2) 10 1279 3 2 1213 3 { —— || xogvam 2 32 2% 319 A +
m cpamer | fmmoswmsems 4| oy T,
ThangX 202 6 295 AT 140 324 2 - R I - Al S
Heleogenely: 1 =052, =83.28%, K =58
NHAR 232 0 % A —I—} ey ' -l‘ XRaR 230 6 K _lLl—
ilfan B s w2 — Testof ;) =58 p=001 [ gm0z & 36 5 % 3 2 N
Heetogeny: T =010, ' =60.29%, H' =272 < { Oe.rpaMSZOZ.izlﬂ 342 zgyznz ‘329 B —[l;
Tes 016 =:() = 1636 p =001 } 2 | ?ﬁ:;ogew?;m 02006] puomz; e :
) | T 16 0% 4 10 100 —l—{ :
\ : 2
KumkKW2R 8 364 2% % 38 2 — CulTF?ﬂl? Z38 12.5? K '70)1297 K —++ P :
KhanhA22 2 342 1 & 316 | - He:efogeﬂellf] =000, =000, H =100 ’{ CHTFNMY 2316 % 10 3% 2 —f |
CepalS2 3 303 2 2 38 B - Tl =8:(1):06,p=00 : ChnQAM 277 3% B 5 3% 2
Nm”mz“ 3'025 2 mz R '+ | Nionso JF2012 31 328 29 21 316 31
Heerogeneiy =000, =0.00% K =100 } ® g T, 0088 55 |
Testof,=8:(3)=230,p=05 ‘ Overall * Tes0f8,=8: Q{3 = 15.84,p =000 :
\ Henprely =025, =4150% =540 l |
Overall < M L [ Overal <
Bty 016, <1084 H =43 \ el 0= 02,00 [ Heengenety =023, = 62T8%, H' =51 [
Teslof8,28: Q(10)=4357,p=000 } Tl g 0204 =05 [ Testof6=6:0[11) =638, p=000 |
Q) =204, p=0. |
Testof group dferences: Q:{f) = 11.32,p =000 , ’1 \ | Testof group Gferences: Q1) = 1039,p=0.00
p) 4 0 { ) 1 0 1 2
Randomefecs DerSimonanLai model Rendon-efets DerSinoicnLed model Rendomsefects DerSinorizn i moge

Fig. 4 Subgroup analysis

The protective effect of ACD on low vault applied to dif-
ferent countries. There was no difference in the effect of
ICL-size on low vault among design subgroups, and its
protective role was derived mainly from case-control or
cohort studies. The effect of ACD on high vault was rela-
tively heterogeneous on case-control and cohort studies,
and its risk role was mainly derived from case series ones.
There was no publication bias.

Possibility analysis of results generation

Age becomes a dual factor, suggesting the need to focus
on overall factors [30]. The eye undergoes age-related
changes, such as CLR enlargement, pupil narrowing, and
iris deformation [31, 32], which have an impact on vault.
Studies [17, 33] have found a decrease in vault of approxi-
mately 5 um per year, making age a protective factor for
high vault. ACV narrowing or LT thickening can cause
low vault in one direction, implying that both are more
common (e.g., glaucoma, cataract, and diabetes) [34, 35],
and have a greater impact on posterior chamber struc-
ture [36]. Posterior chamber structure, one of the most
important factors affecting vault [21], reverse compres-
sion of the iris concave surface can result in a reduced
vault (<100 um) [19]; a small posterior chamber angle

can restrict ICL contact with the deep surface of the cili-
ary sulcus and result in a high vault. Thus, scholars pro-
posed to use the direct parameters, LC and hSTS, which
reflect the size of the ciliary sulcus space, as novel indi-
cators to select ICL [37]. Also, the significant effects of
ACA, hSTS, T value and CLR on vault corroborated the
importance of posterior chamber structure on vault,
which needs to be focused on its accurate measurement.
None of the changes in AL [38], Km or ICL-SE have a
significant effect on vault, suggesting a limited influence
of non-posterior chamber structure. The short dura-
tion (only 1 week) of the study of Xiong et al. [27] may
explain why it is the main source of heterogeneity. The
difference in results between meta-regression and sub-
group analysis is related to the different principles of the
two methods [39]. The design belongs to methodological
heterogeneity and the country is classified as clinical one
[40].

Applications and implications

Only by making primary and secondary references to
the factors, it is expected to improve the accuracy. Later
studies could include multi-center data, and the factors
with greater weight can be incorporated into regression
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Fig. 5 Funnel diagram

mathematical models to quantitatively predict and guide
clinical practice.

The results of individual factors were strongly influ-
enced by the number of articles; the study sources may
have regional bias; and a few main sources of heterogene-
ity were not effectively identified despite meta-regression
and subgroup analysis. However, this study is close to
clinical controversy, with comprehensive content, rigor-
ous screening and a large number of cases, and selected
initial data of the included literature, while in-depth
exploration of the main sources of heterogeneity, and the
results were stable and reliable.

Conclusions

Vault after ICL is related to multiple factors, especially
anterior segmental biologic parameters, and our find-
ings emphasize the similarities, differences and weights
of influencing factors. ACD, hWTW, ICL-size, and age
are the dual factors of vault; ACV and LT are the unidi-
rectional factors; while AL, ICL-SE, and Km have little
influence. Except for gender, all other factors tended to
be significant. It could provide preliminary guidance for
the consideration of factors in the size selection of ICL

or intraoperative adjustment, which is helpful to improve
the safety and visual quality of ICL.
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