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ciliary body or sulcus. The locations and dimensions 
of all CBCs were graphically represented.
Results The prevalence of CBCs in 158 patients 
undergoing ICL workup was 34.8%. Among the 159 
CBCs detected in 55 patients, 83 were in the sul-
cus (52%) and 76 were restricted to the ciliary body 
(48%). ICLs were implanted in 40 eyes with CBCs 
and 3 eyes with CBCs located within the sulcus hori-
zontally required ICL repositioning due to ICL rota-
tion or iris chafing.
Conclusion CBCs were incidentally found in 34.8% 
of patients undergoing ICL workup. ICL implantation 
was complicated in 3 of the eyes with CBCs in the 
horizontal sulcus. Although CBCs are not an absolute 
contraindication for ICL surgery, we recommend pre-
operative UBM screening of the ciliary sulcus.

Keywords Ciliary sulcus ultrasonography · Ciliary 
body cyst · Implantable collamer phakic lens · 
Myopia

Introduction

The implantable collamer lens (ICL) (STAAR Sur-
gical, Monrovia, CA, USA) is a foldable posterior 
chamber phakic intraocular lens used to correct 
refractive errors. ICL implantation can correct + 10 
diopters (D) to − 18D of sphere and ≤ 6D of astig-
matism. ICLs are manufactured to be centered hori-
zontally within the eye and implanted in the ciliary 

Abstract 
Purpose Phakic lens implantation in the ciliary sul-
cus of the eye can be complicated by coincident cili-
ary body cysts (CBC). We developed an ultrasound 
imaging and mapping protocol for these cysts.
Methods This is a retrospective case series of all 
patients who underwent ICL workup at a single insti-
tution from April 2015 to October 2019. A standard-
ized ultrasound biomicroscopy (UBM) imaging pro-
tocol was developed to screen for CBCs in either the 
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sulcus. Each haptic has 2 footplates to stabilize the 
ICL against the sulcus wall and maintain its desired 
vault from the crystalline lens. However, in many 
instances the footplates have been found to rest else-
where, such as atop the ciliary body [1, 2]. ICL length 
is chosen to achieve an optimal vault above the crys-
talline lens 250 and 750  μm. Lower vaults increase 
the risk of cataract formation [3, 4], and larger vaults 
can predispose to secondary glaucoma [5–7].

The presence of ciliary body cysts (CBCs) located 
at the iridociliary junction within the ciliary sulcus 
can complicate the positioning and vault of an ICL [8, 
9]. CBCs are not uncommon in the general popula-
tion. In previous studies, the prevalence of primary 
CBCs ranges from 4.9% to 54.3% [10–12]. Histologi-
cal studies show these CBCs to be fluid-filled cavi-
ties with an epithelial-lined wall [12]. They are more 
common in women than men and usually located in 
the horizontal meridian [12]. Although CBCs are tra-
ditionally detected by mydriatic examination with a 
Goldmann 3-mirror contact lens, ultrasound biomi-
croscopy (UBM) provides significant advantages, 
such as cross-sectional imaging, surface contour, 
internal reflectivity and border detection [8, 10, 13]. 
It also permits accurate and reproducible localization.

During evaluation for ICL placement in our clinic, 
UBM is routinely used to measure the sulcus-to-sul-
cus horizontal diameter and other internal dimensions 
to enable the use of ICL sizing nomograms which 
utilize these values [14, 15]. In addition, we per-
form a 360-degree qualitative assessment of the cili-
ary sulcus looking for anatomical anomalies, such as 
CBCs, to prevent postoperative complications related 
to improper ICL vault. The purpose of this study 
was to measure the prevalence and location of CBCs 
in candidates for ICL surgery, as well as to evaluate 
the safety and outcomes of ICL placement in these 
patients.

Materials and methods

Patients who were evaluated from April 2017 to 
October 2019 for ICL implantation at Cleveland 
Clinic Abu Dhabi (CCAD) were included in this 
retrospective review. All patients underwent preop-
erative screening and examination, which included: 
uncorrected distance visual acuity (UDVA), best cor-
rected distance visual acuity (BCVA), intraocular 

pressure (IOP) measurement, manifest spherical 
equivalent refraction (MRSE), slit lamp examination, 
gonioscopy, endothelial cell density (ECD) (CEM-
530 Specular Microscopy, Nidek, Gamagori, Japan), 
corneal tomography (Galilei dual Scheimpflug sys-
tem, Ziemer Ophthalmic System AG, Port, Switzer-
land), ocular biometry (IOL Master, Carl Zeiss Med-
itec AG, Jena, Germany), manual horizontal corneal 
diameter white-to-white measurement, cycloplegic 
refraction and dilated fundus examination.

Qualitative UBM analysis was done with the 
50  MHz Aviso S (Quantel Medical, Clermont-Fer-
rand, France) for 360-degrees around the ciliary sul-
cus looking for CBCs. The procedure is performed 
with a balanced salt solution filled ClearScan cover 
(ESI Inc. Minnesota, USA) over the tip of the ultra-
sound probe (Fig.  1). The ClearScan cover is com-
fortable for most patients due to its soft interface. 
This technique highly resolves soft tissue structures 
within a depth of 3 mm spanning 2 clock hours from 
the probe’s surface contact. Complete imaging of the 
ciliary body and sulcus is obtained with a series of 
transverse cuts, starting at the horizontal meridian, 
and progressing clockwise at 1 ½ clock hour intervals 
(i.e., 10:30–4:30, 12:00–6:00, 1:30–7:30) (Fig. 2).

An echo-free, round or oval fluid-filled lesion 
detected in the ciliary body or sulcus was defined as a 
cyst. The number, size (horizontal and vertical diame-
ters) and location by clock hour and anatomical loca-
tion were measured and documented on a 2–dimen-
sional map (Fig. 2). Cyst characteristics were further 
defined and recorded according to whether there was 
protrusion into the ciliary sulcus.

Quantitative measurement of the sulcus is then 
taken with the Compact Touch STS UBM (Quantel 
Medical, Cournon d’Auvergne, France) via a centered 
axial cut. The device measures the sulcus-to-sulcus 
(STS) diameter, aqueous depth (AQD), and distance 
between the STS plane and anterior crystalline lens 
surface (LC) (Fig.  3). All UBM examinations were 
completed by the same, experienced ultrasonography 
technician (KQ).

The inclusion criteria for ICL placement were: 
21–45  years of age, desire for spectacle and con-
tact lens independence, stable refraction ≥ 1  year, 
AQD ≥ 2.8 mm, ECD ≥ 2200 cell/mm2, stable corneal 
tomography, gonioscopy grade ≥ III in all 4 quad-
rants, and no history of cataract, glaucoma, uveitis, 
or uncontrolled diabetes. Lens power calculations 
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were performed considering the patient’s manifest 
and cycloplegic refraction using the manufacturer’s 
calculator (https:// ocos. staar ag. ch). A lens sizing cal-
culation is performed with the manufacturer’s nomo-
gram, which utilizes manual corneal white-to-white 
and AQD measurements. We also consider two exter-
nal nomograms for ICL sizing recommendations. The 
Kojima ICL sizing nomogram is based on STS diam-
eter, AQD and LC measurements [14]. The Dough-
erty ICL sizing nomogram is based on STS diameter 
and ICL power [15]. Final ICL size was at the dis-
cretion of the surgeon selecting the ICL closest to 

the average of the recommendations from all 3 sizing 
nomograms.

All ICL surgeries were performed by 4 experi-
enced surgeons. The surgical procedure was per-
formed through a 3.2 mm temporal corneal incision 
and 1 or 2 paracenteses as per surgeon preference. 
The anterior chamber was filled with a cohesive 
viscoelastic (Microvisc 1%; Bohus Biotech, Sou-
sel, Portugal). A VICMO (spherical) or VTICMO 
(toric) ICL was inserted into the anterior chamber 
with an injector cartridge and implanted into the 
ciliary sulcus within the horizontal meridian. For 

Fig. 1  Image of the 50  MHz Aviso S ultrasound biomicros-
copy (UBM) probe with ClearScan cover. Top, Probe with 
ClearScan cover before assembly. Left, Disposable Clearscan 

Cover filled with balanced salt solution. Right, during contact 
of the anesthetized eye, care is taken to open the lids without 
applying pressure to the globe

https://ocos.staarag.ch
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toric ICLs, rotation to the recommended axis is 
performed using a digital intraoperative guidance 
system (Callisto, Carl Zeiss Meditec AG, Jena, Ger-
many) from a preoperative reference image. Subse-
quently, viscoelastic is removed from the anterior 
chamber using a balanced salt solution. Acetylcho-
line 1% (Miochol®, Novartis, Camberley, UK) is 
instilled intracamerally to constrict the pupil, and 
compounded intracameral Cefuroxime 1 mg/0.1 mL 

is injected for infection prophylaxis prior to final 
hydration of corneal wounds. Postoperative fol-
low-ups were performed at approximately 1  day, 
1 week, 1-, 3-, 6- and 12-months following surgery. 
Postoperative evaluation included UDVA, CDVA, 
MRSE, IOP, slit lamp examination and ICL vault 
measurement via anterior segment ocular coherence 
tomography (Heidelberg Engineering, Heidelberg, 
Germany).

Fig. 2  Screening protocol for ciliary body cysts (CBCs). 
Left, White numbered areas show the scanning sequence and 
approximate ultrasound imaging depth used to create a 360° 
map of all ciliary body cysts. A 1 mm square grid is overlaid 
(yellow lines) and clock hours are indicated (red numbers). 

Right, Screening map with implantable collamer lens (ICL) 
image overlaid depicting a 1 × 2  mm sulcus cyst at 1 o’clock 
(brown oval) and a 1 mm cyst confined to the ciliary body at 6 
o’clock (green circle)

Fig. 3  Axial ultrasound biomicroscopy (UBM) measurements 
of a right eye. A = Sulcus-to-Sulcus, B = Distance between 
the STS plane and anterior crystalline lens surface, C = Aque-

ous depth, D = Interior chamber angle. UBM with probe posi-
tion = 9:00, gain = 110 decibels, dynamic range = 60 decibels, 
total gain control = 15 decibels
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Statistical analysis

Statistical analyses were performed using Microsoft 
R Open (Microsoft Corporation [2020]. MicrosoftR: 
Microsoft R umbrella package. R package version 
4.0.2.) and R Studio (RStudio Team [2021]. RStu-
dio: Integrated Development Environment for R. 
RStudio, PBC, Boston, MA). Unadjusted descriptive 
statistics were reported for the sample overall, and 
by subgroups of patients with and without CBCs. 
Unadjusted group comparisons on continuous and 
dichotomous variables were made using t-tests and 
logistic regression respectively. To examine the rela-
tionship between an outcome and a set of predictors, 
we utilized multivariate fixed effects linear or logistic 
regression models to estimate the partial regression 
relationships. For eyes that underwent ICL place-
ment, temporal trends among surgical patients were 
studied using linear mixed effects models. Further, 
likelihood ratio tests were used to check if CBC pres-
ence as a parameter improved the fit of the linear 
mixed effects models for post-operative outcomes 
(UDVA and IOP). In most instances, a two-tailed 
alpha of 0.05 is used to determine statistical signifi-
cance, aside from AQD in which case one- and two-
tailed tests were performed.

Results

Three hundred sixteen eyes of 158 consecutive 
patients (65 males, 93 females) who were undergoing 
workup for ICL implantation at Cleveland Clinic Abu 

Dhabi (CCAD) were included in this study. Mean 
patient age at the time of ICL evaluation was 31.1 
(± 6.4) years (range 20–48 years). The mean preoper-
ative MRSE was − 5.619 (± 3.74) diopters (D), (range 
− 23.375 to − 0.125) in myopic patients and + 4.025 
(± 2.67) diopters (D), (range + 0.375 to + 7.125) in 
hyperopic patients. Among 158 patients (316 eyes), 
CBCs were detected in 55 patients (34.8%) (95% 
CI [27.8, 42.5]) and 81 eyes (25.6%) (95% CI [21.1, 
30.7]). There were no solid tumors detected. Cysts 
were detected in 24 male (36.9%) and 31 female 
(33.3%) patients. They were unilateral in 30 patients 
and bilateral in 25 patients. Forty-two eyes (51.8%) 
had a single cyst, 16 eyes (19.7%) had 2 cysts, and 
23 eyes (28.4%) had ≥ 3 cysts. The mean size of cysts 
was 0.45  mm ± 0.19 (range 0.14–1.19  mm) verti-
cally and 0.56  mm ± 0.27 (range 0.05–1.66  mm) 
horizontally. Among 159 cysts detected, 83 (52.2%) 
were located within the sulcus and 76 (47.8%) were 
restricted to the ciliary body (Fig. 4).

Eighty-four (41.8%) CBCs were in the horizontal 
meridian (2–4 o’clock, 8–10 o’clock), 54 (26.9%) 
were in the vertical meridian (11–1 o’clock, 5–7 
o’clock), and 63 (31.3%) were in an oblique merid-
ian (remaining clock hours). There were no statisti-
cally significant differences between patients with and 
without CBCs for the preoperative parameters studied 
(Table 1).

There was a trend towards decreased AQD in 
eyes with CBCs (3.23 ± 0.26 mm) compared to eyes 
without CBCs (3.29 ± 0.24  mm), but that differ-
ence did not reach statistical significance (p = 0.078) 
using a 2–tailed test. Because CBCs are known to 

Fig. 4  Axial cuts of the two types of ciliary body cysts (CBCs). Right, a small CBC that is restricted to the ciliary body. Left, a 
larger ciliary body cyst which exhibits substantial extension into the ciliary sulcus
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be associated with anatomic angle narrowing [7, 16, 
17], there is a theoretical reason for the eyes with 
CBCs to have shallow AQD. Therefore, we calculated 
the p-value to be 1- tailed in the expected direction, 
which showed that eyes with CBCs had lower AQD 
than eyes without CBCs (p = 0.04).

A substantial number of ICL candidates in our 
practice have keratoconus due to high prevalence in 
our region [18]. Keratoconus was present in 43.7% 
of our study subjects, and there was no statistically 
significant relationship between keratoconus and the 
presence of CBCs.

Of the 316 eyes that underwent workup for ICL 
placement, 147 eyes of 85 patients eventually pro-
ceeded with ICL placement. All patients who under-
went ICL placement were myopic. In subgroup anal-
ysis of patients who underwent ICL placement, 107 
eyes of 60 patients without CBCs had ICL implanta-
tion, and 40 eyes of 25 patients with CBCs had ICL 
implantation. Preoperative characteristics of these 2 
groups revealed no statistically significant differences 
in age, gender, UDVA, CDVA, MRSE, or IOP. The 
average ICL vault measurement was 556.91 microns 

in patients without CBCs and 553.39 microns in 
patients with CBCs which was not statistically sig-
nificant (p = 0.9517). Of the 40 eyes of 25 patients 
with CBCs that underwent ICL placement, 12 eyes 
of 8 patients had CBCs within the horizontal merid-
ian located in the ciliary sulcus. The remainder of the 
eyes had CBCs located vertically, obliquely, or lim-
ited to the ciliary body where it was felt they would 
have no impact on ICL positioning or vault.

Of the eyes with CBCs within the horizontal sul-
cus that underwent ICL placement, surgery and post-
operative follow up were uneventful, except for 3 eyes 
of 3 patients. All 3 eyes required secondary ICL repo-
sitioning. Two of the cases involved toric ICLs that 
postoperatively rotated away from the intended axis 
of implantation, resulting in decreased vision. One 
of these cases had a single 1 mm diameter horizon-
tal sulcus CBC at 4 o’clock and the other had dual 
0.5  mm diameter sulcus CBC’s at 9:00 and 9:30 
o’clock. For the third case, after ICL placement in the 
horizontal meridian, the patient presented with pho-
tophobia, limbal injection and rare pigmented cells 
in the anterior chamber. The eye had 4 CBCs total, 
with one large 1 mm diameter CBC within the ciliary 
sulcus in the horizontal meridian at 4 o’clock. Post-
operative UBM showed the temporal ICL footplate to 
be resting on the wall of the CBC at 4 o’clock instead 
of the wall of the sulcus. The nasal footplate was thus 
rotated forward and pushing against the posterior 
aspect of the iris nasally, causing posterior iris chaf-
ing of the nasal footplate. UBM imaging identified 
an axis at 83° where we felt the footplates would not 
interfere with any CBCs, so this non-toric ICL was 
rotated to that axis and the symptoms resolved.

We sought to understand the trajectory of two 
post-operative outcomes–UDVA and IOP–over time 
between the 2 groups of patients who underwent ICL 
placement with and without CBCs. Linear mixed 
effects regression models were adjusted for patient 
level random effects, with a randomly varying inter-
cept by patient and a randomly varying intercept and 
slope for patient and eye laterality (see Appendix 1.1 
for regression coefficient tables of supplementary). 
It was noted that UDVA on the logMAR scale had 
a statistically significant non-linear trajectory over 
time. On the other hand, IOP did not show a statis-
tically significantly varying trajectory over time. The 
graphical representations of both trajectories are pre-
sented in Appendix 1.1 of  supplementary for further 

Table 1  Preoperative parameters in eyes with and without 
ciliary body cysts. UDVA = uncorrected distance visual acu-
ity, CDVA = corrected distance visual acuity, MRSE = mani-
fest refractive spherical equivalent, IOP = intraocular pres-
sure, ECD = endothelial cell density, AQD aqueous depth, 
WTW = horizontal white to white measurement, STS = sulcus 
to sulcus, LC = distance between STS plane and anterior crys-
talline lens surface

With cysts No cysts p (mean diff)

Mean/N SD/% Mean/N SD/%

Age 30.67 6.77 31.29 6.32 0.46
Male 36 44.4% 94 40.0% 0.48
UDVA 1.20 0.59 1.18 0.55 0.86
CDVA − 0.01 0.08 0.00 0.11 0.94
MRSE − 5.24 2.95 − 5.64 4.00 0.41
IOP 12.8 3.5 13.0 3.0 0.69
Gonioscopy 

grade
3.76 0.51 3.87 0.37 0.09

ECD 2623 275 2679 308 0.17
AQD 3.23 0.27 3.29 0.25 0.08
Corneal 

WTW 
11.66 0.39 11.73 0.47 0.28

STS diam-
eter

11.70 0.55 11.79 0.58 0.26

LC 0.59 0.16 0.61 0.19 0.42
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examination. Exploration of hierarchically nested 
mixed-effects linear models was done using a like-
lihood ratio test (LRT) to check for an association 
between the presence of CBCs and post-operative 
outcomes in a given eye (see Appendix 1.1 of supple-
mentary). The LRT for UDVA showed no significant 
association with CBC presence (χ2 = 2.59, p = 0.629), 
as did the LRT for IOP (χ2 = 3.13, p = 0.680).

Discussion

ICL placement is an excellent solution for vision cor-
rection. However, preoperative screening for sulcus 
pathology is important, and it is critical to understand 
if ICLs can be implanted in the presence of CBCs. Our 
protocol for screening the sulcus for CBCs prior to ICL 
placement is described. We consider the addition of 
the UBM to be extremely valuable, not only for pre-
operative ICL planning but also for managing postop-
erative complications. We prefer the ClearScan UBM 
technique as compared to the standard immersion shell 
technique. The ClearScan technique provides superior 
ciliary sulcus resolution (Fig. 5). Given that the Clear-
Scan is a single-use, fluid-filled, soft latex interface, it 
increases sterility and comfort for the patient. Commu-
nication between the ultrasonographer and surgeon is 
advised to highlight the potential risk of interference 
between CBCs and proper ICL footplate seating.

We found the prevalence of incidental CBCs to 
be 34.8% (95% CI [27.8, 42.5]). This data adds to 
a handful of other studies assessing the prevalence 
of CBCs in different regions of the world. In a ret-
rospective review of UBM cases in Brazil, CBCs 
were detected in 56 (4.9%) of 1157 patients [11]. In a 

prospective analysis of patients in Japan, CBCs were 
detected in 63 (54.3%) of 116 patients [10]. Lastly, a 
retrospective review of UBM cases at Wills Eye Insti-
tute found that CBCs were detected in 39 (14.8%) of 
263 patients [12]. Taken together, CBCs are more 
prevalent than realized because they are usually 
asymptomatic and require advanced examination and/
or imaging techniques to locate.

Overall preoperative characteristics and postopera-
tive outcomes, including UDVA and IOP, were simi-
lar in eyes that underwent ICL placement with and 
without CBCs. In this retrospective review, it was at 
the surgeon and patient’s discretion as to whether to 
proceed with ICL placement in the presence of CBCs. 
Many of these cases did not go forward after care-
ful informed consent discussion between the patient 
and surgeon about the inherent risks of implanting 
an ICL in an eye with CBCs. Most of the eyes with 
CBCs that underwent ICL implantation had CBCs 
either limited to the ciliary body or within a vertical 
or oblique region that would not interfere with ICL 
positioning or vault, because ICL placement in these 
eyes is generally considered safe. However, of the 40 
eyes of 25 patients with CBCs that underwent ICL 
placement, 12 eyes of 8 patients had CBCs within 
the horizontal meridian located in the ciliary sulcus. 
Extra consideration and more extensive postopera-
tive monitoring must be taken in these eyes, as there 
are known case reports of intraocular cysts affecting 
ICL positioning and leading to glaucoma.9 In our ret-
rospective review, 3 eyes of 3 patients with an ICL 
in the horizontal sulcus required reoperation with 
secondary ICL repositioning due to incorrect toric 
alignment in 2 eyes and iris chafing causing pigment 
release in the other. Exercise caution when rotating an 
ICL away from the horizontal meridian because the 
sulcus-to-sulcus diameter is typically greater verti-
cally, compared to horizontally [19–22], resulting in 
reduced ICL vault in the vertical meridian.

Two prior studies have assessed the safety and effi-
cacy of ICL placement in eyes with CBCs. Zhao et al. 
assessed ICL placement in 37 eyes of 19 patients with 
CBCs [23]. Surgery resulted in no complications and 
good refractive results. They monitored CBC size post-
operatively over 18 months and found no change in the 
CBC number, dimensions or characteristics after ICL 
placement. Li et al. assessed the outcomes of ICL sur-
gery in 54 eyes with CBCs, and they concluded that 
ICL placement was safe in eyes with a single CBC 

Fig. 5  Axial ultrasound biomicroscopy (UBM) imaging of in the 
horizontal plane of the same eye with a UBM probe centered on 
the pupil and bisecting the eye utilizing the clear scan cover (left) 
and the immersion scleral shell technique (right). Utilizing iden-
tical UBM settings, imaging with the Clear Scan shows a more 
detailed view of the ciliary body structures than the Scleral Shell 
technique due to deeper penetration within the tissue
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smaller than 1  mm or single quadrant CBCs [24]. 
However, they recommended avoiding ICL placement 
in eyes with multiple and/or multi-quadrant CBCs.

In patients found to have incidental CBCs dur-
ing preoperative UBM screening, we recommend 
first informing the patient and reassuring them that 
no tumor or neoplastic process is present. If CBCs 
are present within the ciliary sulcus in the horizon-
tal meridian, we warn the patient that postoperative 
ICL vault may be affected. If ICL vault is abnormal 
postoperatively, then additional surgical intervention 
might be required, whether it be ICL exchange, rota-
tion or explantation. We believe that undiagnosed 
CBCs within the sulcus might be an underlying cause 
of excessive ICL vault or other reported complica-
tions [21]. Routinely screening the sulcus preopera-
tively for sulcus pathology via UBM makes the sur-
geon better prepared to anticipate and manage cases 
related to improper ICL vault.

This study has several weaknesses. First, this 
was not a population-based screening, so the preva-
lence of CBCs in this study cannot be attributed to 
the regional population as there is inherent sampling 
bias towards patients with high refractive error. The 
patients in this review were coming for ICL workup 
and were also skewed towards younger myopic 
patients. Therefore, we believe this data to be relevant 
to ICL surgeons. Second, this study was retrospective 
in nature, so the decision as to whether to proceed 
with ICL placement was at the surgeon’s discretion 
upon consultation with the patient.

In conclusion, incidental CBCs were found in 
roughly one third of patients undergoing ICL workup 
at CCAD. We recommend methodical UBM preopera-
tive imaging of the ciliary sulcus prior to ICL implan-
tation. Given an increased incidence of reoperation in 
25% of eyes where there are sulcus CBCs in the axis of 
horizontal ICL implantation (from 2 to 4 o’clock and/
or 8–10 o’clock), we recommend caution against sur-
gery in these cases. In cases where there are oblique 
sulcus cysts and astigmatism correction is needed, we 
recommend requesting toric ICL manufacturing as 
opposed to reserving a toric ICL, which might require 
as much as 21 degrees of cyclorotation for astigma-
tism axis alignment. When considering ICL place-
ment in eyes with CBCs, the possibility of needing to 
reposition or explant an ICL should be included in the 
preoperative discussion with the patient.
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